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Introduction
Lakes are socio-economically and bio-aesthetically important 

aquatic systems [1]. They are reservoir of water comprises of diverse 
fish food which are essential resources for sustaining development 
of any nation. Nigeria is among the tropical countries endowed with 
immense renewable natural resources including freshwater resources. 
One of these resources is Eleyele reservoir in Southwestern Nigeria. 
Eleyele reservoir is a modified natural wetland type with area of about 
100 km2 including the catchment [2]. The Eleyele reservoir constructed 
in 1942, constitute a very important part of natural heritage which have 
widely been utilized by people of Ibadan and environs for decades. It 
is one of the most important lake systems in Southwest, Nigeria that 
provide nursery and breeding grounds for a large variety of fish species 
[3]. The reservoir is also abstracted by the Oyo State Water Corporation 
at Eleyele Treatment Works for treatment and supply of portable water 
to Ibadan people [4]. Thus, the reservoir is used primarily as a source of 
fishery development, domestic water supply and flood control.

Regrettably, Eleyele reservoir is fast becoming degraded due to 
pollution arising from domestic wastes, industrial effluent, agricultural 
run-offs and bad fishing practices. According to Ajani and Omitoyin 
[5], the free style way of disposing agricultural, industrial and domestic 
effluent into natural water bodies have cause serious contamination 
of the reservoir. It is currently believed that the Eleyele reservoir is 
impacted by chemical and pesticides released by agricultural activities, 
effluents discharged from aquaculture, solid wastes dumped from 
residential areas and fishing of juvenile fishes by artisanal fishermen. 
This problem came in the face of population explosion leading to 
speedy industrialization and urbanization in Ibadan. According to Abe 
et al. deteriorating habitat quality has become a debatable question for 
ecologists as these factors are expected to have adverse effects on fishes 
both physiologically and morphologically.

The quality of water in any ecosystem provides significant 
information about the available resources for supporting life in that 

ecosystem. Effluent discharges from industries contribute a serious 
environmental threat to water quality and aquatic resources, including 
biodiversity. However, declining water quality due to environmental 
perturbations threatens the stability of the biotic integrity and therefore 
hinders the ecosystem services and functions of aquatic ecosystems. 
Fish growth is directly related to the quality of the water; hence, water 
quality monitoring can be used as an index to assess the status of aquatic 
ecosystem in which the fish lives [6]. Water quality assessment generally 
involves analysis of physico-chemical, biological and microbiological 
parameters and addresses abiotic and biotic status of the ecosystem [7]. 

Several documented reports exist on the physic-chemical dynamics 
in Nigeria. These include the works of Olorode et al. [8] on five different 
rivers in River State, Hassan et al. [9] on Lower Ogun River, Akindele 
et al. [10] on Lake Tiga, Idowu et al. [11] on Ado-Ekiti reservoir, 
Onazeyi [12] on River Ogun, Iloba [13] on Ethiope River, Ogbuagu et 
al. [14] on Imo River, Ogunfowokan et al. [15] on three reservoirs in 
Osun State, Essien-Ibok et al. [16] on Mbo river, Bolaji [17] on Eleyele 
Lake catchment, Ayoola and Ajani [18] on wetland areas in Oyo State, 
Ibrahim et al. [19] on Kontagora Reservoir, Mustapha [20] on Oyun 
reservoir, Fafioye et al. [21] on Omi River, Mustapha and Omotosho 
[22] on Moro Lake, Idowu et al. [23] on Lake Alau, Kolo and Oladimeji 
[24] on Shiroro Lake, Oniye et al. [25] on Zaria dam. This work was 
therefore carried out to investigate some selected physical and chemical 
parameters of Eleyele reservoir and to make deductions on the temporal 
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Abstract
Eleyele reservoir is a vital resource for fishery, domestic water supply and flood control. Unfortunately, the 

reservoir is fast being degraded due to various anthropogenic activities around its catchments. Hence, this study 
evaluates spatio-temporal variations in the physico-chemical parameters of the reservoir. Eleyele reservoir was 
stratified into five zones (S1-S5) based on hydrological features and three sampling points were randomly selected 
per zone. Water samples were collected bi-monthly from each station for 24 months covering wet (May-November) 
and dry (December-April) seasons. Water parameters were analysed for alkalinity (mg/L), phosphate (mg/L), 
Dissolved Oxygen (DO, mg/L), Biological Oxygen Demand (BOD, mg/L), Chemical Oxygen Demand (BOD, mg/L) 
and temperature (°C) following standard procedures. Highest and least alkalinity (103.63 ± 14.87; 96.25 ± 11.41) and 
phosphate (2.00 ± 0.69; 1.94 ± 0.66) were recorded in S2 and S4, respectively. Temperature and DO ranged from 
26.53 ± 2.20 (S5) to 26.86 ± 2.45 (S1) and 4.24 ± 0.84 (S2) to 5.39 ± 0.82 (S5), respectively. Alkalinity were 99.72 ± 
12.41 and 100.91 ± 16.14, phosphate (1.71 ± 0.55; 2.10 ± 0.61), temperature (28.20 ± 2.34; 25.53 ± 1.74) and DO 
(4.48 ± 0.98; 4.85 ± 0.97) in dry and wet seasons, respectively. The mean values obtained for Biological Oxygen 
Demand (4.29 ± 2.23 mgl-1), temperature (26.64 ± 2.36), conductivity (0.270 ± 0.21 µScm-1), alkalinity (100.42 ± 
14.69), hardness (69.18 ± 30.94 mgl-1) and ions were within desirable limits for aquatic life. Crucial steps should be 
taken to reduce agricultural activities and anthropogenic discharges into the Reservoir.
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and spatial variations in water quality in terms of pollution and 
productivity.

Materials and Methods
Eleyele reservoir (Figure 1) is the second largest reservoir in 

Oyo State, Nigeria, stretching from Latitude 7°25'30''-7°26'30'' N and 
Longitude 3051'30''-3°52'30'' E. The features of the reservoir have 
been adequately described by Kareem et al. [26] who reported that 
the reservoir is usually flooded with the water level rising during early 
period of rainy season. Five sampling stations were chosen within 
the lake based on hydrological features [27,28]. These stations were 
designated as S1: Apete/Elewure, S2: Agbaje/Babalegba, S3: Oteru/
Oniyere, S4: Arinkinkin/Spillway and S5: Elemu/Ago-Ilaje (Figure 
1). The name of each station represents the entry points of rivers and 
streams into the main Reservoir besides numerous tributaries as well as 
the exit point. Also, three sampling points were randomly selected in 
each station. The exact location of each sampling points was determined 
by using Garmin’s GPSMAP eTrex® 10 type Sensors.

Water samples were collected at the five stations fortnightly in 
clean plastic air tight bottles (250 ml) for 24 months (November 
2014-October 2016) during early hour of morning (07:00-08:00 hr). 
Water temperature, pH, transparency and depth were measured in-
situ. Temperature was measured with a Celcius thermometer of 0.1°C 
readability, pH by a portable digital meter (Hanna model H1-98107), 
transparency by Secchi disc and depth with calibrated rope supported 
with iron rod. In the Wet laboratory of Aquaculture and Fisheries 
Management, Winkler’s method was employed for dissolved oxygen, 
Intelligent meter (AD. 33915) for conductivity and total dissolved 
solid, HANNA meter (HI3811) for total alkalinity while chloride, total 
hardness, calcium, magnesium, sodium, potassium, total dissolved 
solids, total solids, biochemical oxygen demand, chemical oxygen 
demand, sulphate, phosphate, nitrate, nitrite and ammonia were 
analyzed according to APHA [29] and Hach [30]. Air temperature, 
humidity and rainfall data was collected from the Meteorological 
unit, Department of Geography, University of Ibadan, Nigeria. Data 

generated were subjected to both descriptive (means and standard 
deviations) and inferential statistics (ANOVA) at p ≤ 0.05 with the data 
pooled and presented as seasonal and spatial mean variances. Statistical 
test was performed using SPSS (version 20.0, SPSS Inc., Chicago, II, 
USA) for Windows, 2007 while Duncan New multiple Range Test was 
employed to separate means of parameter with significant difference.

Results 
A summary of the physical and chemical parameters Eleyele 
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Figure 1: Land use/land cover and sampling distribution in Eleyele reservoir.

Parameter Range Mean ± SD
Optimum range

(Boyd in 1998)
DO (mgl-1) 2.18-6.86 4.69 ± 0.99 5.0-10.0

BOD (mgl-1) 1.13-16.80 4.29 ± 2.23 <10.0
COD (mgl-1) 53.4-325.00 130.23 ± 53.26 <50.0

Transparency (m) 0.30-2.00 0.81 ± 0.35 0.3-0.4
Temperature (°C) 22.00-32.20 26.64 ± 2.36 25.0-32.0

Conductivity (µScm-1) 0.19-0.37 0.270 ± 0.21 50-500
pH 5.66-8.46 7.11 ± 0.53 6.5-8.5

Nitrate (mgl-1) 1.24-11.50 3.84 ± 1.95 0.1-3.0
Nitrite (mgl-1) 0.01-1.25 0.22 ± 0.13 0.0-0.5

Ammonia (mgl-1) 0.25-6.81 2.03 ± 1.15 0.0-1.0
Phosphate (mgl-1) 0.53-3.63 1.93 ± 0.62 0.12
Alkalinity (mgl-1) 59.90-152.60 100.42 ± 14.69 50.0-300.0
Chloride (mgl-1) 1.53-51.60 10.11 ± 8.96 31.0-50.0
Hardness (mgl-1) 11.60-138.00 69.18 ± 30.94 30.0-180.0

TDS (mgl-1) 58.00-298.00 158.79 ± 33.23 30.0-200
Total solids (mgl-1) 90.00-782.00 358.26 ± 144.22 <500.0

Calcium (mgl-1) 2.10-58.50 24.77 ± 13.39 75.0-200.0
Magnesium (mgl-1) 0.71-6.47 3.51 ± 1.31 <150

Sodium (mgl-1) 0.01-1.86 0.36 ± 0.25 <500
Potassium (mgl-1) 0.01-0.91 0.27 ± 0.21 0.5-10.0
Sulphate (mgl-1) 6.58-50.10 14.05 ± 5.54 <400

Depth (m) 1.20-11.10 5.17 ± 1.94 -

Table 1: Mean (± SD) and ranges of physico-chemical characteristics of Eleyele 
reservoir.
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Reservoir is presented in Table 1, including the mean ± standard 
deviation, minimum and maximum values. Results obtained from 
the study showed that DO 2.18-6.86 mgl-1 (4.69 ± 0.99 mgl-1), chloride 
1.53-51.60 mgl-1 (10.11 ± 8.96 mgl-1); calcium 2.10-58.50 mgl-1 (24.77 ± 
13.39 mgl-1); COD 53.40-325.00 mgl-1 (130.23 ± 53.26 mgl-1), phosphate 
0.53-3.63 mgl-1 (1.93 ± 0.62 mgl-1); ammonia 0.25-6.81 mgl-1 (2.03 ± 
1.15 mgl-1), and transparency 0.30-2.00 m (0.81 ± 0.35 m) were below 
the recommended standard limit.

The comparison of different parameters investigated with standard 
optimum range shows some factors like BOD, surface temperature, 
conductivity, pH, nitrite, alkalinity, total hardness, total dissolved 
solids, total solid, magnesium, sodium and sulphate were within 
optimum standard range while others were either below (DO, chloride, 
calcium and potassium) or above (COD, water transparency, nitrate, 
ammonia and phosphate) permissible level.

The mean (± SD) spatial values of physic-chemical factors measured 
during the study are shown in Table 2. Analysis of variance (ANOVA), 
revealed that with the exception of transparency, temperature, pH, 
nitrite, phosphate, total solids, calcium, sodium, potassium and 
sulphate, that showed non-significant variations (p>0.05), in the five 
sampling stations, all other parameters showed marked variations 
(p<0.05). The mean dissolved oxygen content of the Reservoir was 4.69 
± 0.9 mg/l and it varies from 4.24 ± 0.84 mg/l in S2 to 5.39 ± 0.82 mgl-1 

in S5. BOD values across the sampling stations fluctuated between 3.73 
± 1.20 mgl-1 (Station 4) and 4.80 ± 1.69 mgl-1 (S5), with a mean of 4.29 
± 2.23 mgl-1. S1 recorded the highest mean COD (134.06 ± 55.53 mgl-

1) while the lowest value of 123.52 ± 51.78 mgl-1 was observed in S3. 
The transparency was showed very narrow changes in all stations and 
varied between 0.79 ± 0.37 m and 0.84 ± 0.34 m. The maximum value 
was recorded in S1 and the minimum in S2, while the overall mean 
transparency recorded was 0.81 ± 0.35 m. 

Water temperature had its peak value in S1 (26.86 ± 2.45°C) and 
least value in S5 (26.53 ± 2.20°C). The general mean water temperature 
in the Reservoir was 26.64 ± 2.36°C. Values for conductivity ranged 

from 0.253 ± 0.03 µScm-1 (S4) to 0.285 ± 0.04 µScm-1 (S1) with the overall 
mean value of 0.275 ± 0.04 µScm-1. The mean pH value across stations 
was 7.11 ± 0.53 with the highest mean pH (7.16 ± 0.56) obtained in S2. 
Evident variations were observed in Nitrate with S2 had the highest 
value of 4.44 ± 2.71 mgl-1 and least (3.53 ± 1.34 mgl-1) found in S4. 
The mean nitrite value ranged from 0.20 ± 0.13 mgl-1 in S5 to 0.24 ± 
0.21 in S4 showing little changes. S1 and S2 showed significant highest 
ammonia concentration of 2.42 ± 1.46 and 2.56 ± 1.63, respectively. 
Also, S2 recorded the highest mean value for phosphate (2.00 ± 0.69 
mgl-1) and alkalinity (103.63 ± 14.87 mgl-1) while maximum value in 
chloride was realized in S4 (15.76 ± 14.13 mgl-1). 

Total Dissolved Solids (TDS) concentrations was highest in S2 
(168.64 ± 39.47 mgl-1) and lowest in S4 (148.00 ± 27.10 mgl-1), with 
overall mean of 158.79 ± 33.23 mgl-1. Mean total hardness ranged from 
60.35 ± 28.88 to 73.52 ± 30.11. The highest total hardness was recorded 
in S1 while the least was recorded in S5. The values of total solids varied 
between 341.17 ± 114.37 mgl-1 to 392.75 ± 161.05 mgl-1, with maximum 
value in S3 and minimum in S1. Calcium concentration ranged between 
23.12 ± 13.01 mgl-1 to 26.78 ± 14.36 mgl-1 with lowest in S5 and highest 
in S1, respectively. For magnesium and sodium, S1 showed highest 
value of 4.09 ± 1.27 mgl-1 and 0.42 ± 0.31 mgl-1, respectively while 
highest potassium value was observed in S2. The average value of total 
hardness during the study was 69.18 ± 30.94 mgl-1 with lowest value of 
60.35 ± 28.88 mgl-1 in S5 and highest value of 73.52 ± 30.11 mgl-1 in S1. 
The highest sulphate value of 14.61 ± 5.44 mgl-1 was observed in S3 and 
lowest value of 13.09 ± 3.97 mgl-1 was observed in S4. Mean depth of 
visibility was 5.17 ± 1.94 m with maximum of 6.53 ± 1.86 m in S4 and 
minimum of 4.48 ± 1.88 m in S1. 

The seasonal variation patterns in the physico-chemical water 
quality of Eleyele reservoir are provided in Table 3. Results showed that 
mean DO (mgl-1) values, COD (mgl-1), water transparency (m), surface 
temperature (°C), conductivity (µScm-1), nitrate (mgl-1), ammonia 
(mgl-1), phosphate (mgl-1), chloride (mgl-1), total hardness (mgl-1), TDS 
(mgl-1) TS (mgl-1), calcium (mgl-1), magnesium (mgl-1), sodium (mgl-1), 
potassium (mgl-1), sulphate (mgl-1), and depth (m) vary significantly 

Parameters S1 S2 S3 S4 S5
DO (mgL-1) 4.48 ± 0.71ab 4.24 ± 0.84a 4.60 ± 1.17b 4.78 ± 0.96b 5.39 ± 0.82c

BOD (mgL-1) 4.26 ± 2.42ab 4.57 ± 3.34b 4.08 ± 1.74ab 3.73 ± 1.20a 4.80 ± 1.69b

COD (mgL-1) 134.06 ± 55.53b 132.30 ± 57.60b 123.52 ± 51.78a 128.39 ± 49.29ab 132.85 ± 52.48b

Transparency (m) 0.79 ± 0.37a 0.84 ± 0.34a 0.80 ± 0.35a 0.81 ± 0.36a 0.82 ± 0.34a

Temperature (°C) 26.86 ± 2.45a 26.62 ± 2.57a 26.66 ± 2.25a 26.54 ± 2.38a 26.53 ± 2.20a

Conductivity (µScm-1) 0.285 ± 0.04c 0.294 ± 0.04c 0.261 ± 0.04ab 0.253 ± 0.03a 0.266 ± 0.03b

pH 7.05 ± 0.47a 7.16 ± 0.56a 7.14 ± 0.54a 7.08 ± 0.55a 7.14 ± 0.53a

Nitrate (mgL-1) 3.98 ± 2.07ab 4.44 ± 2.71b 3.66 ± 1.85a 3.53 ± 1.34a 3.64 ± 1.36a

Nitrite (mgL-1) 0.23 ± 0.17a 0.23 ± 0.19a 0.22±0.15a 0.24±0.21a 0.20 ± 0.13a

Ammonia (mgL-1) 2.42 ± 1.46c 2.56 ± 1.63c 1.92 ± 0.70b 1.75 ± 0.60ab 1.52 ± 0.50a

Phosphate (mgL-1) 1.90 ± 0.47a 2.00 ± 0.69a 1.91 ± 0.61a 1.94 ± 0.66a 1.93 ± 0.65a

Alkalinity (mgL-1) 100.16 ± 18.97ab 103.63 ± 14.87b 100.09 ± 14.21ab 96.25 ± 11.41a 101.94 ± 12.16b

Hardness (mgL-1) 73.52 ± 30.11b 69.88 ± 33.08ab 71.23 ± 32.08ab 70.89 ± 29.53ab 60.35 ± 28.88a

TDS (mgL-1) 163.46 ± 30.84bc 168.64 ± 39.47b 160.17 ± 30.95bc 148.00 ± 27.10a 153.71 ± 33.39ab

Total solid (mgL-1) 341.17± 114.37a 343.75 ± 117.65a 392.75 ± 161.05a 360.32 ± 171.56a 353.33 ± 145.39a

Calcium (mgL-1) 26.78 ± 14.36a 24.45 ± 14.16a 25.00 ± 12.23a 24.48 ± 13.18a 23.12 ± 13.01a

Magnesium mgL-1) 4.09 ± 1.27d 3.74 ± 1.20cd 3.23 ± 1.25ab 3.46 ± 1.40bc 3.01 ± 1.21a

Sulphate (mgL-1) 14.05 ± 4.65a 14.37 ± 5.12a 14.61 ± 5.44a 13.09 ± 3.97a 14.13 ± 7.79a

Chloride (mgl-1) 13.12 ± 11.05b 14.19 ± 13.66b 3.11 ± 1.06a 15.76 ± 14.13b 4.36 ± 2.00a

Sodium (mgl-1) 0.42 ± 0.31a 0.39 ± 0.35a 0.28 ± 0.22a 0.33 ± 0.25a 0.37 ± 0.33a

Potassium (mgl-1) 0.27 ± 0.21a 0.28 ± 0.23a 0.27 ± 0.22a 0.26 ± 0.20a 0.24 ± 0.17a

Depth (m) 4.48 ± 1.88a 4.61 ± 1.67b 5.35 ± 1.73b 6.53 ± 1.86c 4.89 ± 1.84ab

Table 2: Spatial variation in physico-chemical parameters of Eleyele reservoir.
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indicated negative significance with alkalinity (r=-0.185; p<0.01)), 
chloride (r=-0.056) and total hardness (r=-0.437). A strong significant 
positive correlation (p<0.01) occurred between potassium and total 
hardness (r=0.520), while a significant positive correlation (p<0.01) 
occurred between TDS and potassium (r=0.363) as well as TS and 
potassium (r=0.334). Also, there is strong and significant correlation at 
p<0.01 between TS and TDS (r=0.538). There exists positive significant 
relationship at p<0.01 between BOD and total hardness (r=0.192), TDS 
(r=0.328) and TS (r=0.340) but showed significant negative correlation 
with pH (r=-0.344) and sodium (r=-0.296). 

A positive and strong correlation was observed between COD 
and chloride (0.518, P<0.01), whereas an inverse correlation was 
observed with sodium (-218, P<0.01). Phosphate was inversely strongly 
correlated with calcium (-0.500, P<0.01), magnesium (-0.537, P<0.01) 
and sodium (-0.497, P<0.01), but positively associated (p<0.01) with 
potassium (r=0.228), TDS (r=0.436), TS (r=0.462) and BOD (r=0.298). 
Temperature is positively correlated (p<0.01) with total hardness 
(r=0.214), calcium (r=0.257), magnesium (r=0.142), potassium 
(r=0.183), TDS (r=0.156) and sulphate (r=0.420) while it negatively 
correlated with the pH (r=-0.207), total alkalinity (r=-0.129), chloride 
(r=-0.371), BOD (r=-0.123), COD (r=-0.388), nitrate (r=-0.129), nitrite 
(r=-0.374) and ammonia (r=-0.470). The electrical conductivity was 
only strongly significantly associated with potassium (r=0.502), total 
hardness (r=0.481) and TDS (r=0.435) and weakly correlated with 
phosphate () and sulphate (r=0.155). Also, the depth was correlated 
positively and significantly (P< 0.01) with chloride (r=0.200), TS 
(r=0.132), COD (r=0.239), nitrate (r=0.116) and ammonia (r=0.132). 
A positive relationship exists between transparency and temperature 
(r=0.527), sulphate (r=0.349), sodium (r=0.278), magnesium (r=0.245) 
and calcium (r=0.241).

Discussion
The proper balance of physical, chemical, and biological properties 

of water in ponds, lakes and reservoirs is an essential ingredient 
for successful production of fish and other aquatic resources [22]. 
However, only few (BOD, temperature, conductivity, total alkalinity, 
total hardness and ions) among tested parameters in Eleyele Reservoir 
fell within optimum recommended range for growth and survival [31-
33]. Further, the spatio-temporal dynamics of the trophic lake is crucial 
in defining its water quality as well as biodiversity. In the present study, 
spatial variations among the investigated parameters were mostly 
statistically significant (p<0.05) except for transparency, temperature, 
pH, nitrite, phosphate, total solids, calcium, sodium, potassium and 
sulphate. According to Atobatele and Ugwumba [34] and Ayoade et 
al. [35], these marked spatial variations may be related to patterns of 
water use, temperature and rainfall influx. In contrast, only pH, BOD, 
nitrite and total alkalinity showed non-significant (p>0.05) temporal 
vicissitudes, and this seasonal vagary pattern is common for most 
tropical inland ecosystems as a result of allochthonous run-off into 
river basins during the rainy season [34,36-38].

The dissolved oxygen and BOD levels had the spatial mean values 
of 4.69 ± 0.99 mgl-1 and 4.29 ± 2.23 mgl-1 respectively in the entire 
reservoir. These findings were consistent with the results obtained by 
Ovie et al. [39] in Omi dam, Bolaji [17] in Eleyele Lake, Ibrahim et 
al. [19] in Kontagora reservoir, and Mustapha and Omotosho [22] in 
Moro Lake. However, this result implied that dissolved oxygen which 
is an important factor for aquatic life and the chemical characteristics 
of the environment was not completely satisfactory for aquatic life 
in Eleyele reservoir. This viewpoint is corroborated by many authors 
including Egemen [40], WHO [31] and Boyd [32], who established 

Parameters Wet season Dry season P-value
DO (mgl-1) 4.85 ± 0.97 4.48 ± 0.98 0.00*

BOD (mgl-1) 4.82 ± 2.66 3.54 ± 1.03 0.00
COD (mgl-1) 157.27 ± 53.42 93.26 ± 18.88 0.00*

Transparency (m) 0.60 ± 0.18 1.11 ± 0.32 0.00*
Temperature (oC) 25.53 ± 1.74 28.20 ± 2.34 0.00*

Conductivity (µScm-1) 0.276 ± 0.04 0.265 ± 0.04 0.01*
pH 7.07 ± 0.53 7.17 ± 0.52 0.06

Nitrate (mgl-1) 4.67 ± 2.12 2.75 ± 0.63 0.00*
Nitrite (mgl-1) 0.23 ± 0.16 0.21 ± 0.19 0.32

Ammonia (mgl-1) 2.33 ± 1.34 1.61 ± 0.61 0.00*
Phosphate (mgl-1) 2.10 ± 0.61 1.71 ± 0.55 0.00*

Total alkalinity (mgl-1) 100.91 ± 16.14 99.72 ± 12.41 0.45
Chloride (mgl-1) 12.64 ± 10.22 6.56 ± 5.39 0.00*

Total Hardness (mgl-1) 72.65 ± 32.51 64.31 ± 28.00 0.01*
TDS (mgl-1) 169.82 ± 31.19 143.13 ± 29.50 0.00*

Total solids (mgl-1) 421.00 ± 133.64 270.43 ± 108.41 0.00*
Calcium (mgl-1) 18.99 ± 13.89 32.85 ± 6.97 0.00*

Magnesium (mgl-1) 2.99 ± 1.28 4.22 ± 0.98 0.00*
Sodium (mgl-1) 0.21 ± 0.18 0.56 ± 0.46 0.00*

Potassium (mgl-1) 0.32 ± 0.17 0.18 ± 0.14 0.00*
Sulphate (mgl-1) 11.97 ± 2.93 16.96 ± 6.87 0.00*

Depth (m) 5.74 ± 1.78 4.37 ± 1.86 0.00*

Table 3: Seasonal physico-chemical parameters of Eleyele reservoir.

(P<0.05) between seasons while BOD (mgl-1), pH values, nitrite (mgl-1) 
and alkalinity (mgl-1) were not significantly different between seasons 
(P>0.05). 

The mean dry season values of transparency (1.11 ± 0.32 m), pH 
(7.17 ± 0.52), surface temperature (28.20 ± 2.34 °C), calcium (32.85 ± 
6.97 mgl-1), magnesium (4.22 ± 0.98 mgl-1), sodium (0.56 ± 0.46 mgl-1) 
and sulphate (16.96 ± 6.87 mgl-1) were higher than those of wet seasons. 
However, dissolved oxygen (4.85 ± 0.97 mgl-1), BOD (4.82 ± 2.66 mgl-

1), COD (157.27 ± 53.42 mgl-1), conductivity (0.276 ± 0.04 µScm-1), 
nitrate (4.67 ± 2.12 mgl-1), nitrite (0.23 ± 0.16 mgl-1), ammonia (2.33 
± 1.34 mgl-1), phosphate (2.10 ± 0.61 mgl-1), alkalinity (100.91 ± 16.14 
mgl-1), chloride (12.64 ± 10.22 mgl-1), total hardness (72.65 ± 32.51 mgl-

1), total dissolved solids (169.82 ± 31.19 mgl-1), total solids (421.00 ± 
133.64 mgl-1), potassium (0.32 ± 0.17 mgl-1) and water depth (5.74 ± 
1.78 m) were higher in the wet season than the dry season.

Results of the correlation coefficient matrix between the various 
physico-chemical parameters studied are presented in Table 4. The 
dissolved oxygen had positive significant (p<0.01) relationship with 
potassium (r=0.259), total dissolved solids (r=0.278), total solids 
(r=0.362) and phosphate (r=0.422). It however showed negative 
significant correlation with pH (r =-0.172), chloride (r=-0.386), calcium 
(r=-0.253), magnesium (r=-0.436), sodium (r=-0.293), ammonia (r=-
0.297) and transparency (r=-0.140). Total alkalinity revealed negative 
significant association (p<0.01) with pH (r=-0.241), and very weak 
correlation with dissolved oxygen (r=0.064). There exists positive 
significant connection between chloride and total alkalinity (r=0.120; 
p<0.05) while a weak relationship occurred between chloride and pH 
(r=0.054).

Total hardness showed a negative significance with pH (r=0.402; 
p<0.01), positive significance with total alkalinity (r=0.188; p<0.01) 
and significant positive correlation with chloride (r=0.186; p<0.01). 
Calcium (r=0.071) and magnesium (r=0.088) are weakly associated 
with total alkalinity, however, they have positive significance (p<0.01) 
with chloride. Sodium showed positive significance at p<0.01 with pH 
(r=0.290), calcium (r=0.141) and magnesium (r=0.322). It however 
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that the minimum dissolved oxygen should not be less than 5 mgl-1 
for aquatic life in inland ecosystems. Dissolved oxygen and BOD 
values were significantly higher in Igunle Ero/Ago Ilaje as compared 
to other Stations. This higher dissolved oxygen in Igunle Ero/Ago Ilaje 
could be attributed to its transitional zone status between riverine 
and lentic ecosystem sections of the reservoir, its rich phytoplankton 
density and strong wind diffusion [36]. In addition, intense activities 
including fish landing operations and boat traffic in the area could be a 
supporting factor. Moreover, the concentrations of DO and BOD were 
significantly higher during wet season as compared to dry season. This 
observation agreed with the findings of Adjarho et al. [41], Anago et al. 
[42] Ibrahim [43] and Mustapha [36] in Wasai reservoir (Jakara dam), 
Awba Reservoir, Oyun Reservoir, and Ona River respectively.

Nitrite content did not show remarkable spatial fluctuation 
whereas, the results of nitrate and ammonia revealed spatial variation 
in its content. These variations in nitrate and ammonia concentration 
throughout the year may be due to microbial utilization as well as varying 
agricultural inflows. This phenomenon is also reported by Okbah and 
El-gohary [44] for evaluation of physic-chemical characteristics of Lake 
Edku, Egypt. The mean nitrate, nitrite and ammonia values recorded 
for the entire lake fell outside optimum recommended range [31,32], 
but coincided with the findings of Ovie et al. [39] in Omi dam, Nigeria. 
Also, higher nitrate, nitrite and ammonia values were observed during 
wet agreed with the finding of Ayoola and Ajani [18] on wetland areas 
of Oyo State, Nigeria. The mean temperature and pH recorded during 
the study were optimal for normal growth and survival of aquatic 
organisms [32]. Though, the pH range (5.66-8.46) which are slightly 
acidic to mildly alkaline fell below the lower limit defined by standard 
guidelines of 6.5-8.5 [31]. These results compared well with other 
similar man-made reservoirs as reported by Idowu et al. [11] in Ado-
Ekiti Reservoir, Akindele and Adeniyi [10] in Opa Reservoir, Anago et 
al. [42] in Awba Reservoir, Idowu and Ugwumba, [45] in Eleyele Lake, 
all in Southwestern Nigeria. Surface temperature was significantly high 
during the dry season and low during the rains. The low temperature 
observed during the rains could be due to high humidity and moderate 
or less sunlight in this period of the year. Similar observations have 
been reported in Ado-Ekiti Reservoir [11], Oyun Reservoir [36], Ero 
Reservoir [37], Egbe Lake [46], Oyan and Asejire Lakes [35].

The transparency and phosphate revealed non-significant 
differences in all the stations, although, Agbaje/Babalegba showed 
the highest spatial values. However, the range and means of these two 
parameters could be considered as being outrageous when compared 
with the standard limit recommended for aquatic life growth and 
survival [32]. In support of this view, Murdoch et al. [47] reported that 
high levels of both phosphates and nitrates can lead to eutrophication, 
which increases algal growth and ultimately reduces dissolved oxygen 
in the water. Phosphate in this study is remarkably higher (1.93 ± 0.62 
mgl-1) than 0.2-0.5 mgl-1 in Moro Lake [22] and 0.49 ± 0.51 mgl-1 in 
Opa Reservoir [10]. Phosphate and organic matter were also markedly 
higher in the rainy season than in the dry season. The result agrees with 
the findings of Onozeyi [12] who work on assessment of some physic-
chemical parameters of River Ogun. Also, Akindele and Adeniyi [10] 
asserted that this seasonal pattern can easily be linked to allochthonous 
inputs from the nearby terrestrial surfaces in the rainy season, thereby 
increasing their concentrations. The spatial mean value of transparency 
(0.81 ± 0.35 m) show good correspondence with 0.99 ± 0.26 m reported 
by Idowu et al. [11] for Ado-Ekiti Reservoir. Meanwhile, transparency 
progressively decreased with time with higher value obtained in the dry 
season (1.11 ± 0.32 m). This higher dry season secchi-disc transparency 
mean value could be due to absence of floodwater, surface run-offs 

and settling effect of suspended materials that followed the cessation 
of rainfall. Similar observation was made by Onozeyi [12] in River 
Ogun, Mustapha, [36] in Oyun lake, Ibrahim et al. [19] in Kontagora 
Reservoir, Oso and Fagbuaro [37] in Ero Reservoir, Fapohunda and 
Godstate [46] in Egbe Lake, Ayoade et al. [35] in Asejire and Oyan 
lakes, Idowu and Ugwumba [45] in Eleyele Reservoir.

The mean TS (358.26 ± 144.22 mgl-1) and TDS (158.79 ± 33.23 
mgl-1) in this study was comparably higher than the reported mean 
values in different lakes [10,36,42]. According to Rain and Thatcher, 
the quantity of TDS was proportional to the degree of pollution. The 
TDS were recorded more (168.82 ± 31.19 mgl-1) during wet season 
and this is because of the addition of solids from ran off water as 
supported by Kalwale and Savale [48] and Mustapha [36]. Mustapha 
[36] and Araoye [49] also observed higher TDS concentration during 
wet season in Asa and Oyun reservoirs, respectively. Water alkalinity 
and hardness are primarily a function of the geology of the area where 
the surface water is located and the dissolution of carbon dioxide 
(CO2) from the atmosphere [50]. Alkalinity, pH and hardness affect the 
toxicity of many substances in the water. In the present study, the total 
alkalinity and hardness value recorded compared favourably with the 
trend obtained in Çamligoze Dam Lake [51] and Kangsabati reservoir 
[52] and was within the optimum value [32]. There is marked variation 
in observed spatial alkalinity and hardness, which could be attributed 
to high influx of floodwater which contains suspended and dissolved 
materials. Total hardness was highest in wet season and conforms to 
the findings of Bera et al. [52] on Kangsabati reservoir, Onozeyi [12] on 
River Ogun, Mustapha and Omotosho [22] on Moro Lake, and Garg 
[53] on River Mandakini. On the contrary, Hujare [54] reported high 
total hardness concentration during summer than rainy season and 
winter season. 

The ionic composition of the water in Eleyele Reservoir was 
dominated by calcium (24.77 ± 13.39 mgl-1) followed by magnesium 
(3.51 ± 1.31 mgl-1). This phenomenon has also been reported by 
Golterman and Kouwe [55] as standard for freshwater. In a similar 
vein, major ions such as Ca2+, Na+, K+ and SO4

2+ was found relatively 
consistent in all sampling stations, however, little but significant 
variation in Mg2+ were detected between the stations. Whereas all the 
major ions (Ca2+, Na+, Mg2 and SO4

2+ -) except K+ were significantly 
higher in the dry season than in the wet season. Akindele and Adeniyi 
[10] and Mustapha [36] reported similar observations in Oyun and 
Opa Lakes respectively. The high content of chloride in the aquatic 
systems is responsible for a large amount of organic matter which in 
turn causes eutrophication [56]. Chloride was found optimum during 
the study ranged from 1.53 to 51.60 mgl-1 with a mean value of 10.11 
± 8.96 mgl-1 [32]. The chloride is higher in the wet season and lower 
in the dry season, when the dam had low water level. This could be 
due to high influx of flood water with its attendant concentration of 
suspended solids. Patra et al. [57], recorded similar result for Karala 
River.

Conductivity range for the entire reservoir compares well with 
the ranges recorded for other tropical Lakes [21,42,51]. Also, there is 
marked high conductivity in Apete/Elewure and Agbaje/Babalegba 
and this could be attributed to high influx water which contains a 
lot of suspended and dissolved materials. The seasonal distribution 
of conductivity during the period of investigation showed a narrow 
significant increase in wet season. Similar observation has been 
reported for other reservoirs in Southwestern Nigeria [22,36,42]. 
Ibrahim et al. [19] and Kolo and Oladimeji [24] however, reported 
higher conductivity in the dry season in Shiroro Lake and Kontagora 
Reservoir respectively. The mean range of chemical oxygen demand 
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(53.40-325.00 mgl-1) showed the reservoir to be highly polluted as it 
significantly fell out of optimum standard recommended range for 
both aquatic life and drinking [32]. Higher chemical oxygen demand 
concentration was found in the wet season with the highest value been 
recorded in most part of the reservoir. The medium of high level of 
COD in study area could be ascribed to very large discharge of industrial 
effluents into the upstream of the reservoir as asserted by Mustapha 
[36], thus, an indication of pollution. The mean value of COD recorded 
in Eleyele reservoir was comparatively higher than values obtained in 
Karola River [58], Oyun Reservoir [36] and Moro lake [20]. 

In the present study, DO show a positive significant correlation 
with TDS, TS and phosphate. This may be due to addition of varieties 
of biodegradable pollutants from domestic sewage, municipality’s 
wastes, run-off from agricultural land etc. that stimulate the growth 
of microorganisms which consume the dissolved oxygen for 
decomposition. Thus, the concentration gradually depletes. The present 
observation is in agreement with similar findings reported by Barat 
and Jha [59] and Chakraborty [60]. Total alkalinity with pH showed 
negative correlation but with Cl- showed positive correlation. This may 
be due to the rate of decomposition of discharged organic matters from 
different sources. The significant correlation between transparency, 
temperature and ions as revealed in this study agreed with finding of 
Balogun [61] in Badagry Creek. However, such relationship may be 
linked to low primary productivity which may have led to decrease DO 
concentration [62].

Conclusion
The study inferred that only few (BOD, temperature, conductivity, 

total alkalinity, total hardness and ions) among tested parameters in 
Eleyele Reservoir were consistent with desirable limits for aquatic 
life and drinking. Also, the physico-chemical parameters of Eleyele 
Reservoir showed distinct, temporal and spatial variations throughout 
study period. Lake water quality parameters undergo seasonal changes 
and values are generally higher during wet season. The present study 
has shown that Apete/Elewure (S1), Agbaje/Babalegba (S2) and Igunle-
Ero/Ago-Ilaje (S5) axis are much more polluted in terms of various 
physico-chemical parameters such as COD and nutrients. Water from 
Eleyele reservoir could be classified as moderately hard in terms of total 
hardness and eutrophic by secchi disc depth. Crucial steps should be 
taken to reduce anthropogenic discharges in the Lake basin, otherwise, 
high levels of pollution will not only affect aquatic life but will also 
invite socio-economic disasters. The results obtained from the present 
study shall be useful in future management of the Eleyele Reservoir.
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