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Seasonal variations in physicochemical properties of the surface water of River Osun in Osogbo,
Nigeria, were investigated from May to August 2012 and November to February, 2012/2013. The water
body of the mentioned river received water and wastes from the other effluences. Physicochemical
parameters were determined in triplicate at three different points of the river, across the two seasons of
the year. The points were named AR, BR and CR, for the rainy season and AD, BD and CD for the dry
season. Samples taken from May to August represents the rainy season in the year 2012, while that of
November to February 2012/2013 represents the dry season analysis. Standard methods were used in
carrying out the experiments. Parameters values were gotten by the mean calculated from the triplicate
determination of each sampling point. The average result determined revealed pH level of 5.87 and 6.63
for rainy and dry seasons, respectively; 137.00 and 101.33 µscm-1 for conductivity, 90.50 and 21.06 mg/L
for total alkalinity, 2.53 and 1.77 mg/L for biochemical oxygen demand (BOD), dissolve oxygen (DO) of
3.17 and 3.97 mg/L, chloride of 10.47 and 8.20 mg/L, total hardness of 4.13 and 2.73 mg/L, chemical
oxygen demand (COD) of 3.58 and 2.81, mg/L, total dissolved solids (TDS) of 62.53 and 35.43 mg/L, total
suspended solid (TSS) of 25.40 and 9.30 mg/L, nitrate-nitrogen of 1.72 and 3.87 mg/L, nitrite-nitrogen of
0.23 and 0.23 mg/L and ammonia nitrogen 0.35 and 0.31 mg/L, respectively for the months of May and
August 2012 and November and February 2012/2013. Heavy metal concentration were also analyzed for
iron (Fe) which gave the value of 0.001 and 0.0027 mg/L, copper (Cu) 0.0010 and 0.0013. mg/L, 0.0020
mg/L and 0.002mg/L for zinc (zn) and 0.0023 and 0.0013 mg/L for nickel, all represents the two seasons,
respectively. The parameters determined revealed that in most point of the river, rainy season exhibit
higher values than the dry season. This could be as a result of the effluence flowing into the river body
with more loads during the rainy season as compared to the dry season.
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INTRODUCTION
The quality and quantity of surface water in a river basin
is influenced by natural factors such as rainfall,

temperature, weathering of rocks and anthropogenic
changes that curtail natural flow of the river, or alter its
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hydrochemistry (Raj and Azeez, 2009).
Water quality is influenced by natural factors and
human activities both of which are subject to hydrologic
study (Isirimah, 2000). Industrial activities and organization in developing country including Nigeria have
gradually led to the deterioration and contamination of
natural environment (Agbozu and Ekweozor, 2001). Also,
advancement in technology as well as increase in
population has led to environment concern relative to
indiscriminate dumping of refuse and discharge of
industrial effluents (Wills, 2000). Quality of water generally refers to the component of water, which is to be
present at optimum level for suitable growth of plants and
animals. Various factors like temperature, turbidity,
nutrients, hardness, alkalinity and dissolved oxygen play
an important role in the growth of plants and animals in
water body, on the other hand biological oxygen demand
indicate the pollution level of the water body (Kamal et
al., 2007). Several authors have reported that the Nigeria
environment has deteriorated tremendously (Oluwande,
1974; Pickford, 1985). The natural quality of water varies
from place to places with climate and geology, with
stream discharge and with seasons of the year. Water
quality is modified by temperature, soil bacteria, evaporation and environmental pollution and other environmental factors including live stock waste. It is desirable
that industrial development brings obvious benefit;
scientific evidence now claims that uncontrolled industrial
and urban practice have led to unacceptable high level of
harmful toxic substance in the air, pollution of rivers,
lakes, coastal wastes and soil, destruction of forest and
environmental hazards (UNEP, 1985).
Pollution studies on 26 rivers in some Southern and
Northern state of Nigeria (Ajayi and Osibanyo, 1981), on
river in Nigeria delta (Kakulu and Osibanjo, 1992), on South
West Nigeria (Okoye, 1981) showed that, with the exception
of iron, the concentration of most metal in the surface waters
was generally lower than global average levels for surface
water and the international drinking water standard.
Pollution level, be it short term or long term, reversible
or irreversible, significant or insignificant and primary or
secondary, must be assessed due to the harmful effect.
Hence, this research work has shown the pollution level
of the mentioned river water across the two seasons of
the year through the determination of their physico-chemical
properties and with this, the usage of the water can be
determined.
MATERIALS AND METHODS
Water samples were collected from the Osun River in Osogbo,
Osun State for the period of one year. Samples were collected
between the months of May-August, 2013 for the rainy season
samples another collection was done between November-February
of the same year for the dry season samples. Sampling locations
were selected along the Osun River and the points of the collection
were named A, B and C. point A is the entrance of the town, point B

is the heart of the town while point C is the ending of the town. The
sample collected were named AR, BR, CR and AD, Bd, CD, for the
rainy and dry season for each point, respectively. The samples
were collected at a depth of about 15 cm in clean white
polyethylene cans by dipping the cans into the river, immediately
after collection, the samples were carefully stoppered to avoid
contact with the air.
The parameters such as pH, conductivity and dissolved oxygen
were recorded immediately on the field. Other parameters such as
Biochemical oxygen demand, chemical oxygen demand, alkalinity,
total hardness, chloride were analyzed in the laboratory, using
standard method (APHA, 1992). The experiments were conducted
in triplicate for each points of collection and the average was
gotten.

RESULTS AND DISCUSSION
From the Tables 1 and 2, and Figures 1 and 2 the pH
value for the rainy season at point AR, BR and CR were
5.60, 6.00 and 6.00, respectively, while that of dry season
for point AD, BD and CD were 6.50, 6.80 and 6.60,
respectively. These recorded values for rainy season are
below the ambient water quality criteria recommend by
both national and international bodies (6.5-8.50) (FEPA,
1991; WHO, 1984). The slightly acidic nature may have
resulted from the effluence flowing into the river during
the rainy seasons. This correlates with the fact that
acidity in fresh water result from products of many
complex processes such as erosion from lateritic soil etc.
(Organ, 1988). The dry season show value within the
recommended criteria, which is due to lesser flow into the
river during the season.
Conductivity for the rainy season at point AR, BR, and
CR are 101, 170 and 140, respectively while point AD,
BD and CD gave 92, 110 and 102, respectively. Conductivity values depends on total concentration of ionized
substances and the temperature of the water, more
dissolved solids and ions are introduced into surface
bodies from municipal run off and other anthro-pogenic
source during the rainy season, therefore the higher
value are shown during the rainy season than the dry
season. The level of conductivity recorded during both
seasons is low when compared with that of FEPA (1991)
and WHO (1984).
Sulphate level recorded during rainy season for point
AR, BR, and CR which are 60.30, 90.10 and 90.00
respectively were lower than the ambient water quality
criteria of 200 mg/L (FEPA, 1991). Dry season, show the
value of 50.20, 57.60 and 56.00 for points AD, BD and
CD, respectively. These are also lower than the water
quality criteria. Higher value during the rainy season as
compared to the dry season could be attributed to the
effluents which result to increase in oxidation of sulphate
from waste entering into the river.
The value of dissolved oxygen is remarkable in
determining the quality criteria of an aquatic system. In
the system where the rate of respiration and organic
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Table 1. Physicochemical properties of River Osun water samples between the month of May and
August 2012 (rainy season).

Parameter
pH
Conductivity
Total alkalinity (mg/L)
Biochemical oxygen demand (BOD) (mg/L)
Dissolved oxygen (DO) (mg/L)
Chloride (mg/L)
Total hardness (mg/L)
Chemical oxygen demand (COD) mg/L)
Total dissolved solid (TDS) mg/L)
Total suspended solid (TSS) mg/L)
Nitrate - nitrogen (mg/L)
Nitrite - nitrogen (mg/L)
Ammonia nitrogen (mg/L)

AR
5.60
101
72.50
2.20
3.40
9.10
4.00
3.86
60.10
22.40
1.35
0.21
0.24

BR
6.00
170
99.50
2.80
3.20
11.30
4.60
3.54
62.20
25.20
1.84
0.24
0.39

CR
6.00
140
99.50
2.60
2.90
11.00
3.80
3.35
65.30
28.60
1.96
0.26
0.43

Average
5.87
137
90.5
2.53
3.17
10.47
4.13
3.58
62.53
25.40
1.72
0.23
0.35

Parameter results are average of triplicate determination of each sampling point. AR = Samples collected
at point A during the rainy season; BR = Samples collected at point B during the rainy season; CR =
Samples collected at point C during the rainy season

Table 2. Physicochemical properties of River Osun water samples between the Month of
November and February 2012/2013 (dry season).

Parameter
pH
Conductivity
Total alkalinity (mg/L)
Biochemical oxygen demand (BOD) (mg/L)
Dissolved oxygen (DO) (mg/L)
Chloride (mg/L)
Total hardness (mg/L)
Chemical oxygen demand (COD) mg/L)
Total dissolved solid (TDS) mg/L)
Total suspended solid (TSS) mg/L)
Nitrate - nitrogen (mg/L)
Nitrite -nitrogen (mg/L)
Ammonia nitrogen (mg/L)

AD
6.50
92
20.20
1.70
4.50
7.50
2.70
3.16
33.20
8.20
0.28
0.23
0.21

BD
6.80
110
21.50
2.00
3.80
8.60
2.90
2.90
35
9.50
0.30
0.23
0.32

CD
6.60
102
21.50
1.60
3.60
8.50
2.60
2.36
38.10
10.20
0.29
0.24
0.39

Average
6.63
101.33
21.06
1.77
3.97
8.2
2.73
2.81
35.43
9.30
3.87
0.23
0.31

Parameter results are average of triplicate determination of each sampling point. AD =Samples
collected at point A during the dry season; BD = Samples collected at point B during the dry season;
CD = Samples collected at point C during the dry season.

decomposition are high, the DO values usually remain
lower than those of the system, where the rate of
photosynthesis is high (Mishra et al., 2009). During the
study period, DO were found to be low, Aggarwal et al.
(2000) reported that in Varuna River water, the DO was
observed to be decreased in point source and increased
in upstream.
The DO result showed valued of 4.50, 3.80, 3.60 mg/L
for AD, BD and CD, respectively. While points AR, BR
and CR gave 3.40, 3.20 and 2.90 mg/L, respectively. The
river waste are being oxidized by the dissolved oxygen

depleting the DO in the river, thus depleting the waste
slowly as the river flows and as much is exposed to the
atmosphere, the DO is gradually replenished (Ademoroti,
1996).
The BOD5 value of 2.201, 1.80 and 2.60 were shown
for AR, BR, and CR respectively and 1.70, 2.00 and 1.60
were shown for AD, BD and CR respectively. The BOD5
values recorded for the rainy season were higher than
that of the dry season as this could be as a result of
massive amount of waste flowing into the river during the
rainy season, hence oxygen will be consumed faster by
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Figure 1. Phsicochemical properties of River Osun water samples between the months of May to
August 2012 (rainy season).
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Figure 2. Phsicochemical properties of River Osun water samples between the months of November to
February 2012/2013 (rainy season).

microbial population. In dry season, lesser waste found
their way into the river body. The biodegradation of
organic materials exerts oxygen tension in the water and
increases the biochemical oxygen demand (Abida and
Harikrishna, 2008).
The chloride content of the river was lower than
theambient water quality criteria of 200 mg/L (FEPA,

1991) 9.10, 11.30 and 11.00 mg/L for AR, BR and CR
respectively and 7.50, 8.60 and 8.60 mg/L for AD, BD
and CD respectively. Chloride ions are introduced into
the river system via sewages. The higher value during
the rainy season could be attribute to an increase in the
flow sewage finding their way into the river during the
rainy season; chloride content in excess of 100 mg/L
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Table 3. Average of heavy metals in River Osun water
sample between the month of May and August 2012 (rainy
season).

Heavy metal
Iron (Fe) mg/L
Zinc (Zn)
Nickel (Ni)
Copper (Cu)

AR
0.0010
0.0023
0.0023
0.0010

BR
0.0012
0.0020
0.0024
0.0010

CR
0.0008
0.0017
0.0022
0.0010

Average
0.0010
0.0020
0.0023
0.0010

could cause physiological damage while content greater
than 40 mg/L indicate salt water contamination (Todd,
1980).
Total alkalinity of water is due to presence of mineral
salt present in it. It is primarily caused by the carbonate
and bicarbonate ions (Singh et al., 2010). Chlorides are
disturbing in irrigation water and also harmful to aquatic
life (Rajkumar et al., 2004). 72.50, 99.50 and 99.50 were
recorded for AR, BR, CR total alkalinity, respectively, and
20.20, 21.50 and 21.50 for AD, BD, and CD, respectively,
all the values are still within the target water range (20100 mg/L) recommended for the health of fishes. The
variation could be due to increase in sludge to the river
during the rainy season and legal influence on the river
system producing carbonates and hydroxides (Organ,
1988).
Hardness value gotten for the two season were below
the WHO standard which is 500 mg/L and from the table
AR, BR, CR gave the value of 4.00,4.60 and 3.80 mg/L,
respectively while AD, BD, and CD gave 2.70, 2.90 and
2.60 mg/L, respectively. This variation in the two season
value could also be due to the increase in the waste
flowing into the river during the rainy season. High value
of hardness during summer can be attributed to decrease
in water volume and increase in rate of evaporation of
water (Hujare, 2008).
The nitrate nitrogen of 1.35, 1.84 and 1.96 mg/L were
gotten for AR, BR, CR recorded in surface water in this
study is significantly lower than the ambient water quality
criteria of 10 mg/L (FEPA, 1991). This also correlates
with the observation of Organ (1988) that the concentration
of nitrate phosphate and nitrate are low surface waters.
No adverse effect can be observed with water body of
such concentration in nitrate except mathaemoglobinemia
in infants (Radojevic and Bashkin, 1999). Nitrite level
recorded in their study is invariably much lower than the
level of nitrate ammonia nitrogen in this study showing the
value of 0.24, 0.39, and 0.43 mg/L for the AR, BR, CR
and 0.21, 0.32 and 0.39 mg/L for AD, BD, CD, respectively.
Fertilizer use, decayed vegetable and animal matter,
sewage sludge disposal to river body is due to the flow of
effluence in the rainy season easily than the dry season.
The total dissolved solid (TDS) of 60.1, 62.2 and 65.33
mg/L and 33.2, 35.1, 38.1 mg/L for the respective sample
points of the river were found within the permitable limit
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Table 4. Average of heavy metals in River Osun water
sample between the months of November and February
2012/2013 (dry season).

Heavy metal
Iron (Fe) mg/L
Zinc (Zn)
Nickel (Ni)
Copper (Cu)

AR
0.0025
0.0020
0.0015
0.0013

BR
0.0027
0.0020
0.0012
0.0013

CR
0.0029
0.0020
0.0012
0.0013

Average
0.0027
0.0020
0.0013
0.0013

(100 mg/l) of WHO standards. Dissolved solid comprised
of salt and small amount of organic matter, the principal
ions contributing to TDS are carbonate, bicarbonate,
chloride, sulphate, nitrate, sodium potassium, calcium
and magnesium (USEPA,1976), all these flows easily in
large quantity into the river during the rainy season than
dry season. All the result indicated were revealed by the
APHA (1992) standard methods.
The total suspended solid gave the value of 22.4, 25.2,
28.6 mg/L and 8.2, 9.5 and 10.2 mg/L for the two
seasons, respectively. Clay, salt, collochial organic
particles, plankton and other microorganism are the
suspended matter which was higher in the rainy season
than the dry season.
As shown in Tables 3 and 4 the analyzed metals were Fe,
Cu, Ni and Zu. They were present in a very minute quantity
across the two seasons. The value obtained fell below
the WHO recommended maximum unit of 0.3 mg/L.
Conclusion
From the result, some of the determined parameters such
as conductivity and chloride content were low in value as
compared to the water quality criteria, although rainy
season values were a little higher than the dry season but
still lower than the recommended standard. The little
variation may be due to the effluence carrying waste from
different sources into the river body during the rainy
season. The present study concluded that river water of
the study area was moderately polluted in respect of the
analyzed parameter due to the fact that some analyzed
parameters are within permissible limit, e.g total alkalinity
and the pH which were revealed during the dry season.
Higher value of BOD5 shown during the rainy season is
not suitable. Therefore, there is need for the residence to
safeguard the river water.
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