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ABSTRACT

The physicochemical parameters of Watari Dam were investigated for a period of ten months
between October, 2014 and September, 2015. Water samples for physicochemical
parameters were collected and analyzed fortnightly between 8:00 — 10:00 am using standard
methods. Four sampling sites (A, B, C and D) were chosen on the Dam based on the
ecological setting. The mean range of physicochemical parameters studied were water
temperature (21.5 — 29.5 'C), pH (7.3 — 8.9), DO (7.4 — 8.4mg/L), BOD (2.6 — 3.9mg/L),
turbidity (0.10 — 0.25 m), electrical conductivity (156 — 245uS/cm), TDS (167 - 389mg/L),
phosphate (0.5- 2.9mg/L) and nitrate (13.5 — 23.2mg/L). Physicochemical parameters showed
some degree of variations between the two season in which total dissolved solids, electrical
conductivity, turbidity and nitraterecorded significant difference between wet and dry season
(P<0.05) while no significant difference was observed in DO, BOD, phosphate, temperature
and pH. However, the phosphate concentration of 13.5 — 23.2mg/L and nitrate concentration
of 0.5mg/l to 2.89mg/L raised concern on accumulation of these elements that can posed
threat of pollution to the dam thus indicating anthropogenic influence. It is therefore
recommended that proper attention need to be given to the water body by appropriate
authorities due to its possible health implication on the consumers through continuous
monitoring so as to track any adverse environmental changes in the dam.
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INTRODUCTION

The quality of water is of vital concern for mankind because it directly linked with human
health (Abdulazeez, 2015). Freshwater has become a scare commodity due to over
exploitation and pollution (Muhammad and Saminu, 2012). Pollution is caused when a
change in the physical, chemical or biological condition in the environment harmfully affect
quality of human life including other animals and plants’ life (Oketola et al., 2006). Industrial,
sewage municipal wastes are been continuously added to water bodies hence affect the
physiochemical quality of water making them unfit for use of livestock and other organism
(Abubakar and Abdullahi, 2015). According to Ibrahim (2009) Water resources are of critical
importance to both natural ecosystem and human development. It is essential for agriculture,
industry and human existence. The healthy aquatic ecosystem is depended on the physico-
chemical and biological characteristics (Verma et al., 2012). The quality of water in any
ecosystem provides significantinformation about the available resources for supporting life in
that ecosystem (lbrahim, 2008). Good quality of water resources depends on a large number
of physic- chemical parameters and biological characteristics to assess the monitoring of
these parameters is essential to identify magnitude and source of any pollution load
(Adesaluet al.,2010). Due to increased population and use of fertilizers in agriculture and
man-made activities, the natural aquatic environment is increasingly polluted leading to
depletion of aquatic biota and water quality (Adakole et al., 2008 and Kawo et al., 2008).
Impairment of water quality in reservoirs arises largely from anthropogenic contamination
and natural mineralization (APHA, 1995 and Adamu et al., 2014).The physical and chemical
parameters serve as pollution indicators in water quality monitoring which is a fundamental
tool in the management of fresh water resources (Balarabe 2001). The monitoring of
physicochemical characteristics of a water body is vital for both long term and short analysis
(Wood, 1995). Distribution and productivity levels of organisms in any waterbody are largely
determined by physicochemical factors (Adakole et al., 2008). In developing countries,
industrial effluents and domestic sewage are indiscriminately discharged into adjoining rivers
and water bodies without any pretreatment (Tiseer et al., 2008). In view of forgoing this
research aimed at investigating physico-chemical parameters and ecological implications of
Watari Dam, Kano.

MATERIALS AND METHODS

Materials

All reagents used were of analytical grades and purchased from Ado Jones Scientific Supply
and General Enterprise, lIbrahim Taiwo Road, Kano State, Nigeria.Determination of
physicochemical parameters was carried out at soil Science Laboratory of Bayero University
Kano.

Study Area

Watari Dam is a manmade lake built in 1977. It was situated 2 km from Bagwai town and
8km south west of Bichi, Kano, Nigeria. It has 1,959 hectares surface area with active storage
capacity of 92.74million litres. The dam is located between latitude 12°9'24"N and
8°8'12"Ewith two distinct seasons (wet and dry). The rainy season which last from May to
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October and the dry season last from November to April. The mean annual temperature is
between 16 — 41°Cand the mean annual rainfall range from 700 — 813mm. (Adamuet al.,
2014).
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Fig. I: Map of Watari Reservoir Showing the Sampling Sites (Source: Cartography Lab.
Bayero University Kano, 2017).

Sampling Sites

Five sampling sites designated as A, B, C, D and E were selected for the purposes of this
research based

Site A: Is at the upper site of the dam where irrigation activities take place during dry season.
Site B: Is at the lower point of the dam where there is less human activities.

Site C: The reservoir tanks use at Federal college of Education (Tech.) Bichi.

Site D: The outlet point of the reservoir tank where there is a lot of human activities like
washing of clothes among other activities.

Site E: Is at the upper point of the dam where there are less human activities.

Sample Collection
Samples were collected on monthly basis between the hours of 7am — 8am from October,

2014 — September, 2015 from five sampling stations that cut across two season of the year.
Determination of Physico-chemical parameters

Determination of Temperature (°C)

Digital thermometer (Jenway 100 model) was used to measure the water temperature in situ,

by immersing the thermometer into the water surface for about 30 seconds and allowed until
stabilized readings was taken twice as described by APHA (2005).
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Determination of pH
This was determined using pH meter (Jenway 3320) the pH reading was recorded according
to APHA (1995).

Dissolved Oxygen (DO)

It will be measured using DO meter (HANNA model HI9146) in which the probe was
inserted into the water until DO reading in mg/L is recorded as described by the
manufacturers.

Biochemical Oxygen Demand (BODs)

It was be measured after collecting the samples at each sites into a labeled 250mL dark bottle,
kept in an incubator in the laboratory at 21°C for 5 days, the DO will be measured again.
BODs was obtained by subtracting the 5-day DO reading from the 0 — day DO reading
(APHA, 2005).

Turbidity

The transparency of the water was measured using 20cm diameter Secchi disk, which was
dipped into the water until the disk disappeared and the depth was recorded. It was dipped
further and then withdrawn carefully and the depth at which it becomes visible was also
recoded. Actual measurement was obtained by taking the average of two reading (APHA,
2005).

Determination of Electrical Conductivity
This was measured using Conductivity meter (SUNTEX 9649 Model) by dipping the probes
into the water until the screen show a stable reading as described by the manufacturers.

Determination of Nitrate- nitrogen concentration

It was determined using phenol disulphuric acid method described by APHA (1995). The
method involves nitrate determination by phenol disulphuric acid using spectrophotometer
(1L 25Imodel). About 30mls of the water sample were placed in a porcelain dish and
evaporated in an oven. It was later allowed to cool. Two (2) ml of phenol of disulpheric acid
was added to the content of the porcelain dish. Thereafter, 20ml of distilled water and 7mls of
concentrated ammonia was added and thoroughly mixed with the content of the porcelain
dish. A yellow colour was later developed which indicate the present of nitrate. The intensity
of the colour was measured with a spectrophotometer set at a wavelength of 410nm in the
biochemistry laboratory Bayero University, Kano. A nitrate calibration curve was plotted
from the instrument reading using a known nitrate calibration standard curve to obtained
nitrate concentration in mg/L
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Determination of phosphate- phosphorus concentration

Phosphorus was determined by the procedure described by Boyd (1981).The procedure is as
follows, 50ml of the filtrated water sample, 4ml of ammonium molybdate reagent was added
and mixed. After 10minute a vyellow colour developed. It was measured using
spectrophotometer (1L251 model) at 690nm and standard calibration curve was prepared. The
value of phosphate was obtained by comparing absorbance of sample with the standard curve
and expressed as mg/I.

RESULTS

The mean values of 54.32uS/cm and 113.18uS/cm were recorded in December and October
2014 respectively for electrical conductivity during the exercise (Figure 2). The mean
monthly values for surface water temperature determined during this research period ranged
from 19.80°C to 27.80°C figure 4, which was in January and September respectively. The
mean monthly range of pH values were from 6.54 to 7.47 in the June and February 2015
respectively figure 3.The mean values of 54.32uS/cm and 113.18uS/cm were recorded in
December and October 2014 respectively for electrical conductivity during the exercise.
Moreover, mean monthly values of 1.50 to 7.99mg/l were recorded in September and January
of 2015 respectively for dissolved oxygen (Figure 5). The mean monthly values for BODs
rangedbetween 0.54 to 3.60mg/l (Figure 6) recorded in September and February 2015. The
mean monthly values for Nitrate ranged between 0.03 to 3.99mg/l in the months of July and
October (Figure 8). The mean monthly phosphate values ranged between 0.43 to 5.27mg/l in
the months of September and November in the year 2014 and 2015 respectively (Figure 7).
However, the mean range of temperature value was between 23.61°C recorded at B and 25.
83°C recorded at site C, while, the range of 6.51 to 7.81 were recorded, with the lowest at site
C and the highest at site B. The range of mean values of electrical conductivity (Figure 2)
recorded along sites was 61.28 to 93.57us/cm (Table 2) with the least and highest values
recorded at sites A and E respectively.The dissolved oxygen (DO) mean values ranged
between 5.07 to 6.57mg/l with the lowest value recorded at site D and the highest recorded at
site E, alsoThe range of the BODs was 2.09 to 2.81mg/I with the least value recorded at site B
and highest at site E. The values of Nitrate sampled along sites ranged between 1.68 to
2.53mg/l (Figure 8). The lowest value was recorded at site A and the highest at site E.
Concentrations of Phosphate ranged between 1.92 to 2.67mg/l the lowest value was recorded
at site A and the highest recorded at site E.

On the other hand, values of temperature recorded (P<0.05) during the month are
significantly different with one another (Figure 4). However, there was no significant
variation (P<0.05) in values of temperature at all the sites sample. There were no significant
variations between values of pH recorded in the months of sampling and along the sites
respectively.Moreover, the values recorded for EC during the months were significantly
different (P<0.05), likewise the values recorded along the sites of collection. Between the
values of secchi disc transparency obtained, there was no significant variation at P<0.05,
while the values obtained along the sites of sample are significantly variable. There was a
significant variation at (P<0.05) between the values of dissolved oxygen (DO) obtained
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during the months of sampling (Table 6). While values obtained along the sites are not
significantly different (P<0.05). The values obtained for BODs was significantly different
(P<0.05) in the months (Table 6). But the result showed no significant difference (P<0.05)
along all sites of sample.The values obtained for Nitrate are significantly different (p<0.05)
from each other during the months, but they are not significantly different (p<0.05) along the
sites of sample collection (Table 7). More so, the obtained values for Phosphate throughout
the research period are not significantly different (p<0.05) (Table 6) and as well, along the
sites of samples.
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Figure 2. Monthly variation of Electrical Conductivity in each sampling site at Watari Dam
Kano
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Figure 3. Monthly variation of pH in each sampling site at Watari Dam Kano
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Figure 4. Monthly variation of Temperature in each sampling site at Watari Dam Kano
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Figure 5. Monthly variation of Dissolved Oxygen in each sampling site at Watari Dam Kano
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Figure 6. Monthly variation of Biochemical OxygenDemand in each sampling site at Watari
Dam Kano
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Figure 7. Monthly variation of Phosphate- Phosphorus concentration in each sampling site at
Watari Dam Kano
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Figure 8. Monthly variation of Nitrate- Nitrogen Concentration in each sampling site at
Watari Dam Kano
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Figure 9. Monthly variation of Total Dissolved Solids in each sampling site at Watari Dam
Kano

DISCUSSION

During the study period, mean water temperature of the dam fluctuates between 26.30 — 28.6.
The low water temperature recorded in January might be due to the characteristic cool dry
North-East trade wind (Harmattan) between December and February while the high water
temperature in May was due to characteristic of hot weather in Kano. This trend of
temperature variation is in tandem with findings of Ibrahim (2009) in Challawa, River Kano
State, Kefas et al. (2015) in Lake Geriyo, Adamawa State, Ibrahim et al. (2009) in Kontogora
reservoir and AdakoleCet al. (2008) in Kubanni Lake. The values of temperature observed
are within the normal range of 8-300C recommended for standard for surface waters by
FEPA (1991). Seasonal variations indicated that during wet season (May- October) the
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temperature was more or less steady. The fluctuation in water temperature could be due to
change in the weather especially during rainy season when cloud cover reduces the intensity
of the solar radiation which limited light rays to the water surface (Abolude et al., 2013). The
optimal temperature observed in this Lake could be due to the shallow nature of the Lake,
which could be favourable to fish growth and other aquatic biota (Haruna and Abdullahi,
1999).

Nitrate - nitrogen ranged from 13.5 — 23.2mg/L. Nitrogen and phosphorus are important
elements regulate biological productivity in aquatic ecosystem and may be applicable to
Watari Dam (Mustapha, 2011). The mean total nitrate — nitrogen ranges between 12.6mg/l in
December and 23.2mg/l in June which is higher than 0.44 to 1.21mg/l as reported by
Abubakar (2006) and Kefas et al. (2015) in Lake Geriyo. The higher nitrogen observed in
June could be due to surface run-offs as well as the decomposition of organic matter. This
corroborates with the finding of Ufodike et al. (2001) in Dokowa Mine Lake. Ibrahim et al.
(2009) stated that high nitrate concentration in the lake is related to inputs from agricultural
lands. The values of nitrogen recorded in the present study were within the desirable limit of
20.0mg/l for drinking water recommended by (WHO, 2003). Variation of nitrate in the dam
reflects the effect of watershed and anthropogenic contamination around the dam.

The monthly variation of phosphate — phosphorus range from 0.5mg/l to 2.89mg/I in Watari
Dam is in agreement with what was observed by Kolo and Yisa (2002) in River Suka. The
phosphate concentration could also be due to lower water hardness, thus less co-precipitation
of phosphate with calcium carbonate, a phenomenon that has often been reported to occur in
many fresh water lakes (Ibrahim et al., 2009). The monthly variations phosphate was as a
result of significant seasonal and spatial variation in the weather and other human activities
near the dam such as irrigation and other farming activities (Wetzel, 2000).

The range of pH recorded during the study period was 7.3-8.9, the pH in the water body is
slightly alkaline. The highest of 8.9 was obtained in July. The present findings are tandem
with the findings of Akindele et al. (2013). Therefore the recorded pH values are suitable for
aquatic animals such as fish (Jahangir et al., 2000). The ph recorded also Fall within the EU
recommended range of 6 to 9 for fisheries and aquatic life (Akindele et al., 2013) but above
the WHO pH guideline for drinking water for effective disinfections with chlorine (WHO,
2003).The pH values obtained for this work are similar to the values obtained by Imam and
Balarabe (2012) in Bompai- Jakara Catchment Basin, Kano State. Average pH values
obtained in this study agree with those documented by Fakayode (2005) as values most
suitable for maximum productivity of aquatic organisms.

Conductivity indicates presence of dissolved ions in water. The electrical conductivity values
in the dam were typical of freshwater body of 1 — 1000uS/cm as described by FME (2001).
Vajrapp and Singh (2005) reported that water with conductivity below 750 pS/cm is
satisfactory for aquatic biota, as the highest recorded was 245 us/cm in October. The higher
mean conductivity values in wet season than dry season is an indication of the presence of
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more ions in the wet season which could be due to influx of allochotonous and inorganic
materials from the stream surroundings. Electrical Conductivity was maximum in the month
of November (dry) while lowest was recorded in the month of August (wet). The high dry
season value may be due to the reduction in the water level and increases in nutrient due to
runoff of inorganic fertilizer from nearby farmland. Atobatele and Ugwumba (2008)
suggested that decrease in conductivity values during raining season might be due to dilution
of rainfall. The values obtained are in line with 4.99- 44.19 uS/cm reported by Abubakar
(2006) in Lake Geriyo. The high conductivity values observed may be due to the fluctuation
of monthly mean values of pH around the neutral point of 7 recorded in the Lake. Elleta
(2005) pointed out that ions were lower in the rainy season than in the dry season since
conductivity declines in the wet periods as the concentration of salts becomes more dilute.
Therefore, discharges can change the conductivity of a water body because of their make-up.
The highest value for Dissolved Oxygen was obtained in the month of February (dry). This
similar value for DO was observed by Ibrahim et al. (2009) in Kontagora reservoir who
reported that the cool harmattan wind which increases wave action and decrease surface
water temperature might have contributed to the increased oxygen concentration during the
dry season. The high oxygen value for the dry season coincides with periods of lowest
turbidity and temperature. The amount of dissolved oxygen in water has been reported not
constant but fluctuates, depending on temperature, depth and wind and amount of biological
activities such as degradation. In this study, the cool harmattan wind which increases wave
action and decrease surface water temperature might have contributed to the increased
oxygen concentration during the dry season, while the torrential rains, created increased
turbidity and decreased oxygen concentration during wet season. Oniye et al. (2002) made
similar observation in Zaria dam. The values of dissolved oxygen fell within the ranges (5.0-
9.0 mg/l) documented by Alabaster (1980) for good water quality suitable for aquatic
organisms. The monthly mean variation of the DO ranged from 3.15mg/l in the month of
April to 13.20mg/l in December. The monthly mean value of Do observed during the period
of study is lower than 12.02mg/l to 19.50mg/l as obtained by Abubakar (2006). The
fluctuation of DO during the period of research might be due to decomposition of organic
matter resulting in use of oxygen.

The BOD values recorded were less than 5 mg/l in all sites and seasons, indicating low level
of organic matter pollution sources in the area (Patki, 2002). Biological Oxygen Demand
(BOD) value was recorded during wet season (4.15 mg/L) could be as a result of massive
amount of waste flowing into the river during wet season hence oxygen will be consumed
faster by microbial population. The biodegradation of organic materials exerts oxygen tension
in the water and increases the BOD (Adesalu et al., 2010).

Higher value for TDS is potentially unhealthy for aquatic life. The highest TDS obtained in
the month of September (389mg/L) could be due to decaying of vegetation and wind effect at
onset of rain during wet season leading to increase in water turbidity, this in turn decreases
the light penetration, thus affects the photosynthesis, thereby suppressing the primary
producers in the form of algae and macrophytes. Similar observation was made by Atobatele
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and Ugwuba (2008) when they reported increase in the values of total dissolved solids during
the wet season which could be due to most of the vegetation was decaying so there was a rise
in amount of dissolved solids. Similar values were reported by Mustapha (2009) in Oyun
reservoir Offa, Nigeria. TDS concentrations at the range of 25-80mg/L represent
moderatewater quality which serves as potential impairment of Dam (Tanimu et al., 2011).
Total dissolved solids mean range values of 167 to 278mg/L was within the standard limit set
by FEPA (1991) for surface water 500mg/L.

Conclusion and recommendations

The physico-chemical parameters of Watari Dam during the study period were optimal for
aquatic organisms within the study period, however the phosphate concentration of 13.5 —
23.2mg/L and nitrate concentration of 0.5mg/l to 2.89mg/L raised concern on accumulation
of these elements that can posed threat of pollution to the dam. It is therefore recommended
that regulatory and statutory agencies such as NAFDAC, NASREA and SON should
strengthen their legislation against indiscriminate and improper waste disposal along water-
ways, dams inclusive. This will ease inflow and check contamination to a large extent.
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