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Abstract

The physico-chemical water quality of the Obafemi Awolowo University
Teaching and Research Farm Lake, Ile-Ife, Nigeria, was studied over an an-
nual cycle (September 2006 to August 2007) almost 40 years after its im-
poundment in 1967. This was with a view to obtaining the then current state
of physico-chemical water quality parameters with their variations in time
and space as well as using some of the data obtained to evaluate the aging
process of the lake for the 40 years of its existence. There was no significant
(p > 0.05) horizontal variation (ie. upstream-dowstream) in the physi-
co-chemical characteristics of the lake whereas, Apparent-color, True color,
Turbidity, Total Suspended Solids (TSS), Total Solids (TS) and Total Acidity
increased significantly (p < 0.05) from the lake surface towards the bottom of
the lake. On the other hand, water pH, Dissolved Oxygen (DO); Dissolved
Oxygen Saturation (DO% Sat.) and Biochemical Oxygen Demand (BOD;)
decreased significantly (p < 0.05) from the lake surface towards the bottom of
the lake. Dissolved Oxygen (DO), Dissolved Oxygen Saturation (DO% Sat.)
and Nitrate ion ( NOj; ) were significantly higher (p < 0.05) in the dry season than
in the rainy season while, True colour, pH, Conductivity, Total Hardness, Cal-
cium ion (Ca®), Magnesium ion (Mg”"), Potassium ion (K*) and Sulphate ion
(SO ) were significantly higher (p < 0.05) in the rainy season than in the dry
season. The lake water could be regarded as shallow, coloured, turbid, less
transparent, slightly acidic, soft and well-buffered fresh-waterbodies with evi-
dence of aging (i.e. transforming the lake from an oligotrophic status to a eu-
trophic waterbody). The results indicated that the lake is suitable for most of
its applications with little or no adjustments as the case may be; except prob-
ably for drinking purposes where some microbial analysis may be necessary.
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1. Introduction

Water is probably the most important natural resource in the world, since with-
out it life cannot exist and industries cannot operate. Unlike many other re-
sources and/or raw materials, there is no substitute for water in many of its uses.
Water plays a vital role in the development of communities since a reliable
supply of water is an essential prerequisite for the establishment of a permanent
community [1]. Water intended for human consumption should be “safe” and
“wholesome” ie. free from pathogenic agent and harmful chemicals, pleasant to
taste and usable for domestic purpose [2]. The immense importance of water in
our daily life makes it imperative that thorough examinations be conducted on it
for most of its uses. The examinations mostly conducted are under the broad
headings viz: physical, chemical and biological analysis. Physical analysis in-
volves measurements of temperature, colour, odour and taste, solids and turbid-
ity. Chemical analyses involve the measurements of cations, anions, nutrient
compounds, toxic and non-toxic compounds and, of course tests for oxygen
demands by inorganic and organic substances [3]. Boyd, C. E. [4] defined water
quality as any characteristics of water, whether physical, chemical and biological,
that can also affect the survival, reproduction, growth and management of fish.
However more stringent control of water contaminants and higher quality stan-
dards apply to water intended for human consumption than for other uses.
Compounds such as phosphate and nitrate are two important nutrients in the
lake loading through point and non-point pollution sources such as washing,
bathing, agricultural activities in fringe area, joining of domestic raw sewage,
leading to the cultivation of water caltrop ( 7rapa spp.) and huge growth of aqua-
tic macrophytes. These nutrients have been found to support the fast growth of
aquatic plants (such as: water hyacinth (Eichhornia crassipes), Esthwaite water-
weed (Hydrilla spp.), hornwort (Ceratophyllum spp. etc.) as a result the abun-
dance of these plants lead to gradual shrinking of the lake area along with other
complications like low light penetration, reduces oxygen concentration, clogging
of water channels, lowers entertainment value of lake and sometimes the deple-
tion of the oxygen level can lead to fish mortality as well [2].

The Obafemi Awolowo University Teaching and Research Farm Lake was
impounded between March and July, 1967 majorly for agricultural purposes like
irrigation and fish farming by regular stocking of the lake with different fish spe-
cies. Adeniyi, F. [5] indicated that fish in the lake survive on the natural food
materials supplied through the two inlets (tributaries) and that the lake is often

coloured darkish brown due to the abundance of plankton life. Besides, in 1969
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the following compounds were recommended by the Fisheries Division, Minis-

try of Agriculture and Natural Resources, Ibadan as manure for the lake

1) About 4 standard head-pans of poultry droppings per acre per month. This
was spread uniformly over the lake for some periods in 1969 and 1970.

2) Four pounds of Triple superphosphate per acre per month for a period of six
months. This was also done for a while and later cancelled due to experiment
being conducted by the Zoology Department of the then University of Ife.

The lake was also drained a number of times in 1970 due to cropping activities
and this has continued till present. However, Aderounmu et al. [6] observed that
in 1970, the average minimum depth of 1.37 m was recorded for the lake in the
month of April, 1970, before drainage began; and the average maximum depth
of 5.70 m was recorded in September and October, 1970.

This present study was conducted between September, 2006 and August, 2007
almost 40 years after its impoundment in 1967 with a view to obtaining the then
current state of physico-chemical water quality parameters with their variations
in time and space as well as using some of the data obtained to evaluate the aging

process of the lake for the 40 years of its existence.

2. Materials and Methods
2.1. Area of Study

Ile-Ife is an ancient town in Southwestern Nigeria in which Obafemi Awolowo
University formerly known as University of Ife is situated. The Faculty of Agri-
culture of the University had set apart the Teaching and Research Farm for the
purpose of teaching students on the practical aspects of their courses as well as
research at various capacities for education, growth and development. The stu-
died lake is then situated in the Farm within the University. Ile-Ife and its im-
mediate satellite villages lie at approximately Latitudes 07°26'-07°33'N of the
Equator and Longitudes 004°30'-004°35'E of the Prime Meridian at mean alti-
tude of roughly 300 + 50 m above the mean sea level. Ife is about 40 km south of
Osogbo, the Osun State Capital, about 120 km north of the Atlantic Coast, and
about 600 km southwest of Abuja the Federal Capital of Nigeria [7]. The lake is
man-made being formed by the inundation of the area above the dam con-
structed a little below the confluence of two streams Elerin which flows between
two villages, Kajola and Obagbile villages and its tributary, Omifunfun stream,
and both flow from a relatively higher plain through a secondary forest. The lake
is situated north to north-east of the University Campus with a wavy-line trape-
zium basin shape, occupies an approximate area of 11 acres at maximum fill [5].
The dam wall lies at the valley below the Poultry unit of the farm just imme-
diately after The Faculty of Pharmacy drug research garden. The dammed end is
being provided with both auxillary and mechanical spillways for the drainage
and regulation of excess water. Fluctuation of water levels is always gradual as
the shoreline slopes gently except at the dam area where the slope is steep.

The climate of the Ile-Ife area is of the Moist Monsoon Equatorial type [8] [9].
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Two major seasons prevail in the area, which are: the dry season and the rainy
season. The dry season extends from November to March while the rainy season
covers the remaining part of the year [10]. The average rainfall is about 1433 +
256 mm (1955-1998) with a rainfall surplus of less than 1000 mm. The annual
regime is characterized by two peaks (occurring mostly in July and September)
separated by a relatively dry spell in August commonly referred to as “August
break” [11]. Ambient air temperatures are moderately high throughout the year
with maximum temperatures (32.2°C - 34.4°C) usually occurring in July-September
(7].

The area lies within the rainforest zone of Nigeria. It is mainly a lowland
rainforest, with some areas of derived grassland [12]. The forest subtype is the
dry deciduous forest [13]. The vegetation is that of the Guinean Congolean for-
est [7]. The lake area itself has a narrow shoreline even in the midst of dry sea-
son and the marginal vegetation consist of grass and watercourse community.
Dominant among the marginal plant species are: Aneilema beniniense which
tend to encroach on the water; and Axonopus compresus which was intention-
ally planted and maintained by regular cutting. The marginal vegetation gradu-
ally leads to a thin stretch of regrowth community which is bordered by the veg-
etable garden and plant nursery along the path leading from the Poultry unit and
either cocoa plantation or secondary forests [5]. Ile-Ife area is underlain by the
Pre-Cambrian Basement Complex rocks of which the major types are gneiss,
pegmatite, pegmatite schist and undifferentiated schist [14]. The soils of the area

are Lixosols and Ultisols [15].

2.2. Sampling Stations and Sample Collection

Three sampling stations (Station A, B and C; representing the upper reach,
mid-basin and dam site respectively) were sited along the horizontal axis of the
lake from where samples were collected monthly over an annual cycle (Septem-
ber 2006 to August 2007) from surface and at one meter depth intervals towards
the bottom of the lake as indicated in Figure 1. The grid-coordinates of the sta-
tions were determined using portable global positioning system (GPS) set and
are presented in Table 1.

The field survey for this study was conducted monthly for a period of one year
(September 2006 to August 2007). An improvised water sampler made of a bot-
tle with heavy stone tied at the bottom to sink the bottle to the desired depth of
the lake water and a removable cork as well as a calibrated rope on it was used
for sampling subsurface water at the indicated depths of the lake water. Water
temperature was measured in-situ using mercury-in-glass bulb thermometer
with calibration range (-10°C - 110°C), depth and transparency were also
measures in the field (using a Secchi disc). Samples for analysis of the physi-
co-chemical parameters were collected in a clean 2 litres plastic bottles (except
samples for Dissolved Oxygen (DO) and Boichemical Oxygen Demand (BOD)).

Glass reagent bottles were used to collect samples for DO determination and the
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samples were fixed on the field immediately after collection with Winkler’s rea-
gent (Manganous sulphate and Alkaline Iodide) while dark reagent bottles were
used for BOD determination then kept in a dark cupboard for 5 days for subse-
quent analysis using the Winkler’s iodiometric titration method [16]. Sample pH
was measured using a Lovibond (1000 - model) pH comparator, while electrical
conductivity was measured with (Jenway 4071 model) conductivity meter at
25°C. The conductivity meter was standardized using a set of potassium chloride
(KCl) standard solutions [16].
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Figure 1. Map of Obafemi Awolowo University (O.A.U.) and Ile-Ife Central L.G.A.
showing Teaching and Research farm Lake 1, O.A.U.

Table 1. Description and grid-coordinates of the Sampling Stations.

S/N Sampling Sampling Site Latitude  Longitude  Altitude
Station Depth Description (N) (E) (m)
1 AS Surface Near the dam  07°33.385'  004°32.980' 274
Al 1m
A2 2m
AB Bottom
2 BS Surface Mid lake 07°33.373'  004°33.032' 275
B1 1m
BB Bottom
3 CS Surface Near inflow 07°33.382"  004°33.129' 281
CB Bottom
m = metres; N = North; E = East.
DOI: 10.4236/jep.2019.107052 885 Journal of Environmental Protection


https://doi.org/10.4236/jep.2019.107052

A. l. Aduwo, I. F. Adeniyi

2.3. Laboratory Analyses of Samples

The analytical determinations of the physico-chemical parameters of the lake
water quality were carried out within the holding time of each parameter, fol-
lowing applicable standard methods [16] [17] [18] [19]. The (DO) dissolved
oxygen content and Biochemical Oxygen Demand (BOD) were determined by
Iodometric titration [16]. The total solids (TS) as well as total dissolved solids
(TDS) of the samples were determined gravimetrically after the samples were
oven dried to constant weight at 105°C + 2°C. Total suspended solids (TSS), was
calculated as the difference between TS and TDS [19]. Colour was determined
colorimetrically using a colorimeter (Jenway 6051 model) standardized with a
set of potassium chloroplatinate-cobalt solutions as Pt-Co standards, while tur-
bidity was determined using a turbidimeter with values expressed in nephelo-
metric turbidity units (NTU) [17]. Total acidity, total alkalinity and chloride
ions (CI") contents were determined by titrimetric methods [16] while sulphate
(SOi‘ ), nitrate (NO3) and phosphate (POi‘) ions were determined by spec-
trophotometric methods [17]. Calcium (Ca**) and magnesium (Mg*") ions were
determined by complexio-metric titration method using Na,EDTA while So-
dium (Na*) and Potassium (K*) ions were determined by the atomic emission
spectrophotometric method using a flame analyzer [16]. All the recommended
quality control (QC) and quality assurance (QA) measures were taken for each
determination.

The data obtained were subjected to appropriate statistical analyses including:
descriptive statistics, analysis of variance (ANOVA), cluster analysis and Prin-
cipal Component Analysis (PCA) using relevant statistical software viz Paleon-
tological Statistics (PAST), Microsoft Excel, Statistical Product and Service Solu-
tions (SPSS). Cluster analysis was computed using the correlation index and the

paired group method.

3. Results

3.1. Spatial Variations of Physico-Chemical Characteristic of
the Lake

There was no significant (p > 0.05) horizontal variation (ie. upstream - dow-
stream) in the physico-chemical characteristics of the lake as obvious in Table 2.
Vertical variations of the physico-chemical parameters revealed that the values
of Apparent-colour, True colour, Turbidity, Total Suspended Solids (TSS), Total
Solids (TS) and Total Acidity increased significantly (p < 0.05) from (the lake
surface = 420.3 + 59.4 Pt-Co; 122.3 + 11.8 Pt-Co; 31.1 £ 5.9 NTU; 135.0 + 22.7
mgL™; 194.3 £ 23.1 mgL™'; 10.87 + 0.75 mgCaCO,L™") towards (the bottom =
749.6 + 85.2 Pt-Co; 210.2 + 25.2 Pt-Co; 62.9 £ 7.7 NTU; 205.4 + 22.6 mgL™}
261.2 + 22.6 mgL™}; 16.69 + 1.17 mgCaCO,L™"). In the other hand, water pH,
Dissolved Oxygen (DO); Dissolved Oxygen Saturation (DO% Sat.), Biochemical
Oxygen Demand (BOD;) in the respective order decreased significantly (p <
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0.05) from the lake surface (6.64 * 0.05; 5.61 + 0.24 mgL™"; 73.74 + 3.13 mgL™;
5.71 £ 0.55 mgL™") towards the bottom (6.27 + 0.04 mgL™"; 2.35 + 0.23 mgL™}
29.69 £ 2.91 mgL™; 2.98 + 0.61 mgL™") of the lake respectively (Table 3).

Table 2. Horizontal variation of the physico-chemical characteristics of the lake water.

STATION
ANOVA
S/N Parameter Unit Upper reach Mid basin Dam site
(n =37) (n=26) (n=13)
Mean + S.E Mean + S.E Mean + S.E F P
1 Water-Temperature °'C 28.0+0.3 28.4+0.4 29205 1.763 0.179
2 Apparent-Colour Pt-Co 619.9 £72.0 494.6 £59.5 341.7 £31.9 3.088 0.052
3 True-Colour Pt-Co 168.3 +19.6 158.6 +17.3 161.9 +18.6 0.071 0.931
4 Turbidity NTU 47.7 £ 6.9 37.3£5.6 27.1%+3.9 1.913 0.155
5 Total Suspended Solids (TSS) mgL™ 164.0 +20.9 152 +22.1 111.0+11.2 1.079 0.345
6 Total Solids (TS) mgL™ 220.0 £21.0 208 +22.5 170.0 +13.2 0.896 0.413
7 pH 0-14 6.44 + 0.04 6.48 = 0.06 6.50 = 0.05 0.379 0.686
8 Conductivity uSem™! 84.00 = 3.50 83.00 +3.90 75.00 +2.40 1.185 0.312
9 Total Dissolved Solids (TDS) mgL™ 56.00 = 1.00 55.00 +2.70 50.00 = 2.00 0.868 0.424
10 Total-Alkalinity mgCaCO,L™! 22.10 £ 0.80 21.90 +0.60 22.20 £0.90 0.029 0.971
11 Total-Hardness mgCaCO,L™! 11.54 +£0.77 12.01 £0.98 10.38 +£0.74 0.559 0.574
12 Total-Acidity mgCaCO,L™! 14.00 + 1.00 13.00 +1.00 12.00 + 1.50 0.840 0.436
13 Calcium ion (Ca?*) mgL™ 3.92+£0.26 4.13+0.31 3.59 £0.26 0.571 0.567
15 Magnesium ion (Mg*") mgL™ 0.43 = 0.06 0.39 +£0.08 0.34 +£0.08 0.286 0.752
16 Sodium ion (Na*) mgL™! 6.42 £ 0.16 6.16 £ 0.17 5.93 £0.18 1.624 0.204
17 Potassium ion (K*) mgL™! 2.56 £0.17 2.49+0.21 2.11 £0.12 1.022 0.365
18 Bicarbonate ion ( HCO,') mgL™! 26.50 £ 1.00 26.20 £ 0.80 26.60 £ 1.10 0.029 0.971
19 Chloride ion (CI™") mgL™! 4.29£0.18 4.39 £0.23 4.18 £0.30 0.150 0.861
20 Sulphate ion (SO} ) mgL™ 4.63 £0.18 4.81 £0.32 4.66 + 0.52 0.121 0.887
21 Dissolved Oxygen (DO) mgL™ 3.60 £ 0.30 4.20 +£0.40 4.60 + 0.50 1.803 0.172
22 Dissolved Oxygen Saturation % 45.60 £ 4.00 54.10 £ 4.90 60.20 + 6.60 2.022 0.140
23 Biochemical Oxygen Demand (BOD;) mgL™ 4.30 £ 0.60 4.10 £ 0.60 3.20 £0.30 0.667 0.517
24 Organic-Matter (OM) mgL™ 8.16 £ 0.58 7.45 +0.61 7.11 £ 1.06 0.588 0.558
25 Nitrate ion ( NO; ) mgL™! 1.29 £ 0.14 1.13£0.12 0.92 + 0.09 1.505 0.229
26 Phosphate ( PO? ) mgL™ 0.22 £0.01 0.23 +£0.02 0.20 £+ 0.02 0.809 0.449

S.E. = Standard Error of Mean.
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Table 3. Vertical variation of the physico-chemical characteristics of the lake water.

WATER LEVEL
S/N Parameter Unit Surface Mid-depth Bottom ANOVA
(n=30) (n=20) (n=26)
Mean £ S.E.  Mean £ S.E. Mean + S.E. F P
1 Water-Temperature °'C 29.7+0.3 27.5+0.3 27.5+0.3 18.640  2.88 x 10770
2 Apparent-Colour Pt-Co 420.3+59.4 406.9 + 34.4 749.6 + 85.2 8.494 0.0005***
3 True-Colour Pt-Co 1223 +11.8 166.0 +17.8 210.2 £25.2 6.011 0.004**
4 Turbidity NTU 31.1+£59 259+28 629 +7.7 10.230 0.0001***
5 Total Suspended Solids (TSS) mgL™ 135.0 +22.7 103.5+9.7 205.4 +22.6 5.810 0.005**
6 Total Solids (TS) mgL™! 194.3 +£23.1 156.5 +10.6 261.2 £22.6 5.759 0.005**
7 pH 0-14 6.64 +0.05 6.44 £ 0.04 6.27 £0.04 1826  3.71 x 107%**
8 Conductivity uScm™ 83.90 £3.73 79.30 £ 3.60 82.27 £4.02 0.338 0.715
9 Total Dissolved Solids (TDS) mgL™! 55.33 +£2.17 52.50 +£2.39 55.00 +2.88 0.336 0.716
10 Total-Alkalinity mgCaCO,L™" 21.50 £ 0.88 23.00 £0.51 21.90 +£0.87 0.840 0.436
11 Total-Hardness mgCaCO,L™" 11.29 £ 0.90 11.49 £ 0.77 11.76 £ 0.96 0.074 0.928
12 Total-Acidity mgCaCO,L™" 10.87 £ 0.75 12.20 +1.17 16.69 +1.17 9.612 0.0002***
13 Calcium ion (Ca*") mgL™! 3.85+£0.28 3.95+0.27 4.02 £0.32 0.088 0.916
15 Magnesium ion (Mg™) mgL™ 0.40 + 0.06 0.39 + 0.07 0.40 + 0.08 0.008 0.992
16 Sodium ion (Na*) mgL™! 6.44 £ 0.19 6.06 £ 0.17 6.16 £0.16 1.269 0.287
17 Potassium ion (K*) mgL™! 2.50 £0.19 242 +0.21 2.45%0.20 0.036 0.964
18 Bicarbonate ion ( HCO,") mgL™ 25.80 £ 1.10 27.60 + 0.60 26.20 + 1.00 0.840 0.436
19 Chloride ion (CI™") mgL™! 4.20+0.23 4.22£0.20 4.49 £0.22 0.552 0.578
20 Sulphate ion (SO?" ) mgL™ 4.49 +£0.30 4.98 +0.31 4.71 £0.22 0.713 0.493
21 Dissolved Oxygen (DO) mgL™! 5.61+0.24 3.52+£0.25 2.35+£0.23 50.650 1.6 x 10714**
22 Dissolved Oxygen Saturation % 73.74+3.13 44.55+£3.10 29.69 +2.91 58.190 7.7 x 10710+
23 Biochemical Oxygen Demand (BOD;) mgL™ 5.71 £0.55 2.81+0.23 2.98 +0.61 9.869 0.0002***
24 Organic-Matter (OM) mgL™! 7.38 £0.64 6.90 £ 0.74 8.77 £ 0.65 2.029 0.139
25 Nitrate ion ( NO; ) mgL™! 1.16 £ 0.14 0.91 £ 0.05 1.39 £ 0.16 2.813 0.067
26 Phosphate ( PO} ) mgL™! 0.23 £0.01 0.20 = 0.02 0.23 £0.02 0.433 0.651

S.E. = Standard Error of Mean; ** = highly significant; *** = very highly significant.

3.2. Seasonal Variations of Physico-Chemical Characteristic of
the Lake

Table 4 presents the seasonal variations in the physico-chemical characteristics
of water from the lake. The Dissolved Oxygen (DO); Dissolved Oxygen Satura-
tion (DO% Sat.) and Nitrate ion ( NO; ) were significantly higher (p < 0.05) in
the dry season (5.10 + 0.40 mgL™’; 65.50 + 5.00 mgL™'; 1.47 + 0.29 mgL™") than in
the rainy season (3.60 + 0.20 mgL™; 46.50 + 3.20 mgL™’; 1.08 * 0.05 mgL™") re-

spectively. Likewise, True colour, pH, Conductivity, Total Hardness, Calcium
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ion (Ca*"), Magnesium ion (Mg**), Potassium ion (K*) and Sulphate ion (SOi’ )
were significantly higher (p < 0.05) in the rainy season: (182.1 + 14.0 Pt-Co;
6.75 + 0.03; 85.00 + 2.70 pScm™'; 13.01 * 0.52 mgCaCO,L™"; 4.43 + 0.17 mgL™}
0.47 + 0.05 mgL™'; 2.70 + 0.13 mgL™"; 4.92 + 0.19 mgL™) than in the dry season:
(105.1 + 10.2 Pt-Co; 6.68 + 0.08; 73.00 £ 1.60 uScm™; 6.65 £ 0.49 mgCaCO,L™
2.36 £ 0.19 mgL™%; 0.16 + 0.02 mgL™'; 1.67 *+ 0.04 mgL™"; 3.98 + 0.25 mgL™") re-
spectively.

Table 4. Seasonal variation of the physico-chemical characteristics of the lake water.

SEASON ANOVA
S/N Parameter Unit Dry season Rainy season
(n =18) (n =58) F P
Mean + S.E. Mean + S.E.
1 Water-Temperature °'C 27.9+0.5 28.5+0.3 1.345 0.250
2 Apparent-Colour Pt-Co 586.8 +126.3 511.6 £39.7 2.295 0.134
3 True-Colour Pt-Co 105.1 £10.2 182.1 £ 14.0 8.899 0.004**
4 Turbidity NTU 48.0+12.8 383+35 1.059 0.307
5 Total Suspended Solids (TSS) mgL™! 181.0 £ 42.8 142.0 £ 110.5 1.674 0.120
6 Total Solids (TS) mgL™! 231.0 +42.8 200.0 +10.9 0.993 0.322
7 pH 0-14 6.68 £ 0.08 6.75 £ 0.03 13.50 0.0004***
8 Conductivity pScm™! 73.00 £ 1.60 85.00 +£2.70 6.171 0.015*
9 Total Dissolved Solids (TDS) mgL™! 50.00 +1.30 56.00 + 1.80 3.089 0.083
10 Total-Alkalinity mgCaCO,L™ 22.10+1.70 22.00 +£0.40 0.017 0.898
11 Total-Hardness mgCaCO,L™" 6.65 + 0.49 13.01 £0.52 41.98 9.05 x 1079+
12 Total-Acidity mgCaCO,L™ 12.00 + 1.00 14.00 + 0.80 0.889 0.349
13 Calcium ion (CaZ*) mgL™! 2.36 +0.19 4.43 +0.17 40.650 1.4 x 1075+
15 Magnesium ion (Mg?*) mgL™! 0.16 + 0.02 0.47 +0.05 13.780 0.0004***
16 Sodium ion (Na*) mgL™! 6.29 +0.26 6.22 +0.11 0.114 0.737
17 Potassium ion (K*) mgL™! 1.67 + 0.04 2.70 +£0.13 18.820 4.48 x 1070
18 Bicarbonate ion ( HCO,') mgL™! 26.50 +2.00 26.40 +0.40 0.017 0.898
19 Chloride jon (CI™") mgL™! 4.16 +0.26 4.35+0.15 0.393 0.533
20 Sulphate ion ( SO ) mgL™! 3.98 +0.25 4.92£0.19 6.573 0.012%
21 Dissolved Oxygen (DO) mgL™ 5.10 £ 0.40 3.60 £0.20 10.220 0.002**
22 Dissolved Oxygen Saturation % 65.50 £ 5.00 46.50 +3.20 8.941 0.004**
23 Biochemical Oxygen Demand (BODs) mgL™ 3.90 £ 0.90 4.00 +£0.40 0.018 0.895
24 Organic-Matter (OM) mgL™ 7.30 = 1.00 7.87 £0.42 0.365 0.548
25 Nitrate ion ( NO; ) mgL™! 1.47 +0.29 1.08 + 0.05 4.391 0.040%
26 Phosphate ( PO? ) mgL™! 0.22 +0.02 0.22 +0.01 0.001 0.976

S.E. = Standard Error of Mean; * = significant; ** = highly significant; *** = very highly significant.
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3.3. Relationships among the Sampling Stations and the
Physico-Chemical Characteristics of the Lake

A relationship among the Sampling Stations based on the physico-chemical

characteristics of the lake water is presented in Table 5 and Figure 2. Stations

Al and B1 were the most related forming the first cluster followed by Stations BS

and AS; A2 and BB respectively. Altogether two major clusters were formed (CS,
CB, Al, Bl) and (BS, AS, A2, BB, AB). All the Sampling Stations showed signifi-

cant (p < 0.05) positive relationships based on the physico-chemical contents of

the water samples.

Table 5. Correlation coefficient matrix showing relationships among the sampling
stations based on the physico-chemical parameters of water quality.

Station AS Al A2 AB BS B1 BB CS CB
AS X
Al 0.981 X
A2 0.981 0.988 X
AB 0.983 0.967 0.992 X
BS 0.998 0.986 0.978 0.974 X
B1 0.981 0.999 0.988 0.967 0.987 X
BB 0.991 0.985 0.994 0.993 0.987 0.985 X
BB 0.969 0.990 0.961 0.933 0.981 0.991 0.962 X
CB 0.981 0.995 0.986 0.969 0.985 0.996 0.990 0.985 X

n =9, n = Number of parameters. p < 0.05, r = 0.602. p < 0.01, r = 0.735. p < 0.001, r = 0.847.

1-

1-

1+
0.999 +
0.998+
0.997 4
0.996 —
0.995+
0.994 4
0.993 4
0.992 —
0.9914
0.99
0.989 +
0.988+
0.987 —
0.986 —
0.985—
0.984 +
0.983 4
0.982—
0.981
0.98 -
0.979—
0.978+
0.977 4
0.976 —
0.975+

Correlation coefficient (r)

0.974+

(%]
o

o
o

A1

B1

12}
o

L

AB

[as]
o

A2

%]
<<

- L

T
5

Sam plhg Statbon

Figure 2. Cluster analysis of the relationships among the Sampling Stations.
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Figure 3 is a cluster analysis of the relationships among the physico-chemical
characteristics of the lake. Altogether five major clusters were formed; the clus-
ters (Apparent Colour, Turbidity, TSS, TS, Organic Matter, Nitrate ion, True
Colour, Total Acidity) and (Conductivity, Potassium ion, TDS, Sodium ion,
Magnesium ion, Water Depth) as well as (Total Hardness, Calcium ion, Phos-
phate ion, Chloride ion) were significantly (p < 0.05) positively correlated. The
cluster (Total Alkalinity, Bicarbonate ion, Sulphate ion) showed positive
non-significant (p > 0.05) relationship with the first three clusters while (Water
Temperature, pH, DO, DO % Saturation, BOD,, Water Transparency) showed

inverse but non-significant (p > 0.05) relationships with the other four clusters.

3.4. Comparison of the Values of the Physico-Chemical
Characteristics of the Lake Water with Some Standard Water

Quality Guides

Table 6 shows the comparison of the mean values of the physico-chemical cha-
racteristics of the lake water with some Standard Water Quality Guides. Except
for the Apparent Colour, True Colour, Turbidity that were not within the per-
missible levels of the NIS, 2007 and Meade, 1989 values for drinking water and
fish/aquatic life respectively, the other phisico-chemical parameters of the lake

water were very much within the prescribed limits.
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Figure 3. Cluster analysis of the relationships among the physico-chemical characteristics

of the lake water.

DOI: 10.4236/jep.2019.107052

891 Journal of Environmental Protection


https://doi.org/10.4236/jep.2019.107052

A. l. Aduwo, I. F. Adeniyi

Table 6. Comparison of the values of the physico-chemical characteristics of the lake water with some Standard Water Quality
Guides [42] and [43].

Current Study QDrinking Water Water Quality for

S/N Parameter Unit Range Mean + S.E uality (NIS, 2007)  Fish/Aquatic life
(MPL) (Meade, 1989)
1 Water-Temperature °'C 24.0-33.5 28.3+0.2 Ambient -
2 Apparent-Colour Pt-Co 181.1 - 1826.3 529.4 +£42.2 15 TCU -
3 True-Colour Pt-Co 37.6 - 643.5 1652 £ 11.6 15 TCU -
4 Turbidity NTU 7.6-183.3 40.6 = 4.0 5 -
5 Total Suspended Solids (TSS) mgL™ 40 - 550 151 +12.8 ND <80
6 Total Solids (TS) mgL™! 90 - 590 207 +£13.1 ND -
7 *pH 0-14 6.00 - 6.85 6.38 + 0.09 6.5-8.5 6.5-8.0
8 Conductivity pScm™ 58 - 130 82+22 1000 -
9 Total Dissolved Solids (TDS) mgL™ 40 - 90 54+ 1.5 500 <400
10 * Total-Alkalinity mgCaCO,L™! 8.0 - 28.0 22.0+0.5 ND 10 - 400
11 * Total-Hardness mgCaCO,L™! 0.93 -23.31 11.51 £0.52 150 10 - 400
12 Total-Acidity mgCaCO,L™" 4.0 - 30.0 13+0.7 ND -
13 Calcium ion (Ca*") mgL™! 0.19 - 7.57 3.94+0.17 ND 4-160
15 Magnesium ion (Mg**) mgL™! 0.11 - 1.52 0.40 + 0.04 0.2 <15
16 Sodium ion (Na*) mgL™ 5.09-9.34 6.24 +0.09 200 75
17 Potassium ion (K*) mgL™ 1.42 -5.17 2.46 £0.11 ND <5
18 Bicarbonate ion ( HCO,') mgL™ 9.6 - 33.6 264+ 0.6 ND -
19 Chloride ion (CI™") mgL™! 1.14 - 6.94 4.31+0.13 250 -
20 Sulphate ion (SO} ) mgL™! 1.91-9.92 5.14+0.41 100 <50
21 * Dissolved Oxygen (DO) mgL™ 0.0-8.0 4.0+0.2 ND 5
22 Dissolved Oxygen Saturation % 0.0 - 105.5 51.0+2.8 ND -
23 Biochemical Oxygen Demand (BODs) mgL™ 0.4-16.0 4.0+0.3 ND -
24 Organic-Matter (OM) mgL™ 2.03-17.23 7.75 £ 0.40 5 -
25 Nitrate ion ( NO; ) mgL™! 0.55 - 4.70 1.17 + 0.08 50 0-3
26 Phosphate ( PO} ) mgL™! 0.10 - 0.56 0.22 +0.01 ND -

ND = No Data; MPL = Maximum Permitted Levels; S.E. = Standard Error, * = denotes most common water quality characteristics which will influence fish
health and growth (Meade, 1989).

3.5. Comparison between the Results the Present Study with
Previous Works on the Lake

Comparing the current values of some of the physico-chemical characteristics of
the lake water to the previous works on the lake; it is obvious that the nutrients
parameters (Organic matter and Phosphate) have increased over time. Mean-
while, Depth, pH, Conductivity, Cations and Anions (Ca**, Mg**, Na*, K* and
HCO;3 ) have all reduced in their values from the period of 1969 till present
2006-2007 (Table 7).
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Table 7. Comparison between the results the present study with previous works on the lake.

S/N

10
11
12
13
15
16
17
18
19
20
21
22
23
24
25
26
27

28

Previous Studies Current Study
Parameter Unit
Range Mean * S.E. Range Mean * S.E. References
Depth m 1.37 - 5.70 3.54 +£2.17 0.16 - 4.07 2.25+0.18 [6]
Transparency m 0.5-0.9 0.65 + 0.04 0.16 - 1.12 0.69 + 0.05 [44]
Water-Temperature °C 26.5 - 30.0 28.8+0.5 24.0 - 33.5 28.3+0.2 [44]
Apparent-Colour Pt-Co - - 181.1-1826.3 529.4 £42.2 -
True-Colour Pt-Co - - 37.6 - 643.5 165.2 +11.6 -
Turbidity NTU - - 7.6 -183.3 40.6 = 4.0 -
Total Suspended Solids (TSS) mgL™! - - 40 - 550 151 +12.8 -
Total Solids (TS) mgL™! - - 90 - 590 207 +13.1 -
pH 0-14 6.40 - 7.70 7.02 +0.24 6.00 - 6.85 6.38 + 0.09 [44]
Conductivity uSem™! 93.1-1124 103.9+238 58 -130 82+22 [44]
Total Dissolved Solids (TDS) mgL™ . - 40 - 90 54+1.5 -
Total-Alkalinity mgCaCO,L™"  0.166 - 0.272 0.217 + 0.009 08 -28 22.0+0.5 [44]
Total-Hardness mgCaCO,L™" - - 0.930-2331 11.51+0.52 -
Total-Acidity mgCaCO,L™! - - 04 - 30 13+0.7 -
Calcium ion (Ca?*) mgL™ 5.90 - 6.90 6.58 £ 0.15 0.19 - 7.57 3.94 +0.17 [44]
Magnesium ion (Mg**) mgL™! 320-410 3.58+0.17  0.11-1.52 0.40 £ 0.04 [44]
Sodium ion (Na*) mgL'1 2.40 - 3.80 2.97 £ 0.24 5.09 - 9.34 6.24 + 0.09 [44]
Potassium ion (K*) mgL'1 3.20 - 4.70 3.83 £ 0.27 1.42 -5.17 2.46 +0.11 [44]
Bicarbonate ion (HCO;") mgL™! - - 9.6-33.6 26.4+0.6 -
Chloride ion (CI™) mgL™! 430-670 547+038 1.14-6.94 431+0.13 [44]
Sulphate ion (SO? ) mgL™! - - 1.91-9.92 5.14 + 0.41 -
Dissolved Oxygen (DO) mgL™ - - 0.0 -8.0 4.0+0.2 -
Dissolved Oxygen Saturation % - - 0.0 - 105.5 51.0+2.8 -
Biochemical Oxygen Demand (BOD;) mgL™ - - 0.4-16.0 4.0+0.3 -
Organic-Matter (OM) mgL™ 1.03 - 4.24 - 2.03-17.23 7.75 £ 0.40 *Alamina, 1969
Nitrate ion ( NOj ) mgL™ - - 0.55 -4.70 1.17 £ 0.08 -
Phosphate ( PO} ) mgL™ 0.012-0.140 0.075+0.025 0.10-0.56 0.22 £0.01 [44]

S.E. = Standard Error of Mean * = Alamina, 1969; cited by [45].

4. Discussion

The significant increase (P < 0.05) in the mean values of apparent colour, true
colour, turbidity, TSS and TS from the surface of the lake to the bottom of the
lake could be due to resuspension of deposits materials from the bottom of the
lake during sampling. For instance resuspension of (organic particles: decom-
posed plant and animal matter as well as living organisms e.g. plankton) and/or

(inorganic particles: silt, clay and some chemical compounds) along the vertical
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column of the lake.

The significant (p < 0.05) decrease in the hydrogen ion concentration (pH)
values of water samples from surface water level to the bottom of the lake and
the corresponding significant (p < 0.05) increase in the acidity values from sur-
face water level to the bottom of the lake have also been reported in some
lakes/reservoirs by some authors. For instance, in Opa Reservoir [10], Eleiyele
Reservoir [20], Erinle Lake and its major inflows [21], Guma dam in Sierra
Leone [22] and Russell Pond, Woodstock, New Hampshire USA [23]. Such
downward decrease in pH seems to be a common limnological phenomenon in
lakes and probably because the top levels of water column usually comprise the
photosynthetic zone (trophogenic layer) while the bottom column is tropholytic
and characterised by relatively high organic matter decomposition and the re-
lease of carbon dioxide. A decrease in pH often implies decrease in photosyn-
thetic activities and this is usually coupled with increased concentration of car-
bon dioxide and other bye products of organic matter decomposition at the lake
bottom [24]. The increase in acidic condition with depth could also, be attrib-
uted to build-up of carbon dioxide from respiring organisms in the water col-
umn as respiration often exceeds production of oxygen by primary producers at
these depths [23]. The carbon dioxide produced by respiring organisms com-
bines with water molecules to produce carbonic acid leading to increase in acidic
condition.

Significant (p < 0.05) gradual decrease in dissolved oxygen (DO) and DO (%
Sat.) concentrations, along the water column from surface towards the bottom of
the lake could be linked with higher photosynthetic activities at the surface
and/or the higher decomposition processes at the bottom of the lake [22] [24]
[25]. There was total oxygen depletion (anoxic condition) at the bottom of the
lake in April 2007. Mtada, O. S. M. [22] and Akinbuwa, O. [24] respectively re-
corded similar anoxic conditions from Opa Reservoir and Guma dam at differ-
ent times of the year of their studies. Also, worthy of note is the level of oxygen
saturation in the lake which was mostly below 100%. This trend of under satura-
tion of oxygen was also recorded for Eleiyele Reservoir [20], River Oshun [26],
The Blue Nile [27], and River Sokoto [28]. Egborge, A. B. M. [26] and Holden et
al. [28] explained that the conditions of under saturation were associated with
high iron concentration as oxygen is involved in the oxidation of ferrous iron to
ferric iron. High amounts of iron are associated with anaerobic conditions [29].
This was probably the situation in the studied lake in view of its high iron con-
tents (from 0.00 - 20.20 mgL™") with overall mean of 3.99 mgL™". Ekpenyong, H.
[30] explained that some insoluble forms of iron such as ferric hydroxide could
be present in the lake that could not be detected and may reduce the iron con-
tent but also contributed to reduction in oxygen saturation. Super-saturation
was found to be a constant feature of the Volta River with considerably low iron
content [24]. [21] also, recorded similar condition of super-saturation with no
anoxic condition at the bottom of Erinle Lake, and explained was due to low

iron content of the lake. The vertical variation in similar manner of the Bio-
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chemical Oxygen Demand (BOD;) could be because life processes and organic
activities were more pronounced at the surface mainly within the euphotic zone.
Akinbuwa, O. [21] observed similar trend in vertical variation of (BOD,) in Er-
inle Lake.

Significantly, higher (p < 0.05) values of oxygen concentrations (DO and
DO%Sat.) during the dry season than in the rainy season is in line with the ob-
servation on six impoundments on River Oshun by Ekpenyong, H. [30] but
contrast the results of Yusoff et al [31] on Kenyir Reservoir, Malaysia. Higher
record of oxygen concentration during the dry season than in the rainy season as
recorded in this present study could probably be due to higher photosynthetic
activities during the dry season when there is normally more solar energy avail-
able to the lake than during the rainy season. Likewise higher values of nitrate
(NOj3) in the dry season could be because of reduction in the water volume
during the dry season and the dilution effect of precipitation and flooding dur-
ing the rainy season.

Significantly, higher (p < 0.05) true colour values in the rainy season could be
because of vegetation decay and higher influx into the basin during the rainy
season. The lower pH values (ie. more acidic) during the rainy season than in
the dry season recorded in this study was similar to the observations on six im-
poundments on River Oshun, Southern Nigeria [32]. This could be attributed to
the influx of acidic flood water, resuspension of bottom sediment during the
rains in contrast to evaporation of water, concentration of calcium salts as well
as increased photosynthetic consumption of carbon dioxide during the dry sea-
son as suggested by Imevbore, A. M. A. [20]; Akinbuwa, O. [21]; Akinbuwa, O.
[24]; Talling et al [27]; Holden ef al [28] and Umaru, D. D. [33].

Higher conductivity values measured from the lake water during the rainy
season could be attributed to run-off from the surrounding agricultural land.
Run-off from agricultural land is suspected to be chief contribution to solids and
dissolved ions in lakes and rivers, which in turns usually bring about corres-
ponding increase in the conductivity values. This can also be corroborated by the
similar significant higher concentrations of some major cations (Ca**, Mg** and
K*) and anion (SO? ) during the rainy season than in the dry season. Conduc-
tivity is a measure of the ability of water to conduct electric current. Current is
conducted in aqueous solution by the movement of ions (cations and anions) in
water which depends on their total concentration, valence and on the water
temperature. It is also noteworthy that the conductivity values of the lake fell
within the low-end range of known values for African lake waters being less than
600 pScm™ [26]. The lake thus belongs to Class 1 of the African waters with re-
gard to conductivity values. Class 1 waters are generally poor in chemical nutri-
ents. Similarly, the corresponding significant higher values of total hardness
during the rainy season is expected as calcium and magnesium have been noted
to be the most common sources of water hardness [34].

The positive significant (p < 0.05) relationship among the sampling stations as
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obvious in the cluster analysis of the relationships among the sampling stations
is an indication of the fact that the sampling stations were similar in their physi-
co-chemical properties. This is a common phenomenon in most small shallow
lakes.

The water from the lake could be regarded as being relatively clean as the
physical parameters (apparent colour, true colour and turbidity) were the only
parameters having their overall mean values higher than the prescribed stan-
dards limits for both drinking water and water for fish and aquatic life. Sources
of colour in waterbodies could be from phytoplankton blooms, decayed vegetal
materials as well as presence or introduction of fluvic and humic acid from mi-
crobial degradation of dead organisms [35]. Turbidity could results from al-
lochthonous and autochthonous weathered suspended materials in the water. It
is a measure of the cloudiness and murkiness of water due to suspended par-
ticles. The shallower the waterbody, the much easier for re-suspension of sus-
pended materials in the water that could cause a corresponding increase in the
turbidity of the water [36]. However, the lake water will require minimal treat-
ment for its suitability for drinking because high colour and turbidity values may
indicate potential risks for consumption. There should also be adequate cares
and control measures for its suitability for agriculture mostly fish culture as high
colour and turbidity values could all adversely affect the organisms living within
the waterbody by interfering with their food chain as well as releasing pollutants
in the aquatic ecosystem.

Increments in the nutrient compounds (Organic matter and Phosphate) and
the corresponding decrease in Depth, pH, Conductivity, Cations and Anions
(Ca*, Mg*, Na*, K" and HCO;) over time, ie from the period of 1969 till
present 2006-2007 is an indication of the fact that the lake is aging. Similar
changes in these recorded parameters and phenomena have been used as an in-
dication of eutrophication in lakes and other water bodies by various authors
[29] [37] [38] [39] [40] and [41].

5. Conclusion

The Obafemi Awolowo University Teaching and Research Farm Lake could be
regarded as slightly acidic, soft and well-buffered fresh-waterbodies. The lake is
shallow, coloured, turbid and less transparent. There is evidence of gradual de-
posits of allochthonous materials from the catchment basin transforming the

lake from the original oligotrophic status to a eutrophic waterbody.
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