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ABSTRACT
The effects of season on the physico-chemical parameters were investigated at Imo River to
determine its suitability for drinking and usage for domestic purposes. Sampling was conducted in
rainy and dry seasons; January to August, 2017. Water samples were collected from four stations
(Obowo, Mbaise, Umuokpara and Okpala) along the river and analyzed using standard methods.A
total of seventeen physico-chemical characteristics were analyzed. These include pH, transparency,
water temperature, conductivity, turbidity and total alkalinity, Dissolved Oxygen (DO) and
Biological Oxygen Demand (BOD). Others are Chloride, Sulphate, Phosphate, Nitrate, Calcium,
Magnesium, Potassium and Sodium. Results showed that eight of the parameters (transparency,
conductivity, turbidity, TDS, mean concentrations of Chlorine, Phosphate, Calcium and Sodium)
exhibited significant seasonal variations. All the parameters had higher values during the rainy
season except temperature, transparency and concentration of metals. All the parameters were
within the World Health Organization’s (WHO) and Federal Environmental Protection
Agency’s(FEPA) prescribed limit for drinking water, thus the water can be said to be of good
quality.
Key words: physico-chemical, water quality, concentrations, stations, season
INTRODUCTION
The quality of water from the rivers is
of great importance because these water
resources are put into multiple uses such as
domestic and residential water supplies,
drinking, agriculture, transportation and
infrastructure and hydroelectric power plants

(Iscen et al., 2008;Venkatramananet al.,
2014).Various physical, chemical and
biological parameters determine the quality
of a given river which plays an important role
in the growth and survival of aquatic
organisms (Mandal et al., 2010).Seasonal
variation refers to variation in time which is
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repeated more or less regularly within a year.
Seasonal change in the metrological variables
such as temperature and rainfall affect the
physical and chemical composition of rivers
(Aoyagui and Bonecker, 2004). Physicochemical factors influencing aquatic
productivity include pH, transparency, water
temperature, conductivity, turbidity and total
alkalinity and inorganic nutrients such as
nitrate and phosphate.
According to Omoigberale and
Ogbeibu
(2007),
studies
on
the
physicochemical quality of water bodies had
been extensively carried out in Nigeria
(Omoigberale and Ogbeibu, 2007). However,
less attention was paid to smaller rivers like
Imo River, which contain a significant
proportion of the nation’s aquatic
biodiversity. Unanam and Akpan (2006)
reported that the physical and chemical
properties of water immensely affect the use
of water bodies for the distribution and
richness of biota.
Human activities such as fishing,
farming, bathing, laundry, washing of cars
and motorbikes, refuse disposal, municipal
water waste and human waste disposal are
constantly going on within and around this
river, thus polluting the water (Adefemi and
Aokunmi,
2010).These
significantly
influence the geographical environment with
particular reference to the water resources
and their physicochemical parameters.
Physicochemical parameters of most
rivers are also influenced by urbanization,

industrialization and increase in human
population with far-reaching consequences
on man, animal, and plant life (Tobiszewski
et al., 2010). In urban areas, most rivers are
the receptors of effluents discharged from
industries. African and Asian countries
experience rapid industrial growth making
environmental conservation a very difficult
task (Agarwal and Manish, 2011). Hossain
(2001) reported that surface water quality of
the rivers of Bangladesh especially Surma
River is moderately polluted in different
locations. Water management can have an
impact on the flow and biological quality of
rivers (Prat and Munne, 2000).
The objective of this study is to
investigate the seasonal variations in the
physicochemical parameters of Imo River in
relation to Nigerian Water Quality standard.
MATERIALS AND METHODS
Study Site
The Imo River is located in Imo state,
Southeastern Nigeria and flows 240
kilometers (150 mi) into the Atlantic Ocean.
The Imo River runs through Abia, Rivers and
Akwa Ibom States with an 830-metre bridge
at the crossing between Rivers State and
Akwa Ibom State (Plate 1). Its estuary is
around 40 kilometers wide, and the river has
an annual discharge of 4 cubic kilometers
with 26,000 hectares of wetland. The Imo's
tributary Rivers are the Otamiri and
Oramirukwa.
Its
coordinates
are
5°50′56″N7°14′20″W
and
4°28′14″N
7°35′38″W
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Plate 1: The Course of Imo River
Sample collection
Four sampling stations (Obowo,
Mbaise, Umuokpara and Okpala) were
selected along the river, from the upstream to
downstream. These were carefully selected
based on the characteristics of the water
condition, land use, and anthropogenic
activities along the river (Figure 1).Surface
water samples were collected from the
different sampling point between 7.30 and
8.30 am. once a month between January to
April, 2017 (dry season) and May to August,
2017 (rainy season) using sterile sample
bottles. These were properly and transferred
to Federal University of Technology, Owerri
Laboratory and stored at ambient temperature
for analysis (Benethan, 2003).

Determination
of
Physico-chemical
parameters
Physicochemical
parameters;
temperature, transparency, hydrogen ion
concentration (pH), conductivity, turbidity,
total alkalinity, Total Dissolved solids (TDS),
Dissolved Oxygen (DO) and Biological
Oxygen Demand (BOD) were analyzed using
standard methods (APHA, 2005).
Temperature was measured in situ
using mercury in glass thermometer. pH was
determined with Gallenkamp pH meter and
electrical conductivity with WPA 400 digital
model meter. TDS, total hardness and total
alkalinity were measured with various
laboratory titration methods.
Determination of Anions and Cations
Chloride (Cl-), Sulphate (SO42-),
Phosphate (PO43-), Nitrate (NO3-), Calcium
ion (Ca2+), Magnesium ion (Mg2+), Potassium
27
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(K+) and Sodium (Na+) were determined
using Atomic Absorption Spectrometer
(APHA 2005).
DATA ANALYSIS
Data were analyzed using Analysis of
Variance (ANOVA) at 5% level of
significance
RESULTS AND DISCUSSION
Figures 1a and b showed the
variations in temperature, transparency and
pH of the water samples from different
stations between seasons. The mean water
temperature values ranged from 19.75°C to
22.82°C during the dry season and from
19.5°C to 21.5°C in the rainy season (Figures
1a and b). In the dry season the highest mean
temperature with value 22.82°C was recorded
at Okpala and the lowest mean temperature
value19.75°Cwas recorded at Umuokpara
(Figure 1a). During the rainy season however,
the highest mean temperature with value,
21.5°C was recorded at Umuokpara and the
lowest mean temperature value19.5°C was
recorded at Okpala (Figure 1b). Generally,
the mean temperature values were higher
during the dry than rainy season and
fluctuated throughout the study period. This
is in line with the findings of Ngabirano et al.
(2016) in Kyanamira Sub-Country Kabale
District, Uganda. There was no significant
difference in the mean temperature values
between stations and seasons (P<0.05). The
mean temperature values across the stations
and seasons throughout the study period were
within the World Health Organization’s

(WHO’s) recommended value of <40°C
(Table 1).
The mean transparency values ranged
from the minimum of 26.5 cm recorded at
Mbaise to a maximum of 53.38 cm recorded
at Obowo during the dry season (Figure
1a).Minimum transparency of 2.0 cm was
recorded at Okpala and a maximum of 19.01
cm recorded at Umuokpara during the rainy
season (Figure 1b). In all, higher mean
transparency values were recorded during the
dry season than rainy season with marked
variations between stations. There were
significant differences in the mean
transparency values between stations and
seasons (P<0.05).
The mean pH values were all below 7;
an indication that the river is an acid system.
The lowest mean pH value of 5 was recorded
at Obowo and the highest mean pH value 5.7
recorded at Okpala during the dry season
(Figure 1a). During the rainy season however,
the mean values pH ranged from 6.5 at
Mbaise to the highest mean pH value, 6.8
recorded at Umuokpara (Figure 1b). Higher
mean pH values were recorded during the
rainy season compared with dry season. The
range obtained in this study is close to those
recorded elsewhere in most Nigerian inland
water bodies (Ogbeibu and Edutie, 2002) and
within the WHO’s permissible limit (6.5-8.5;
Table 1). There was no significant difference
in the mean pH values between stations and
seasons (P<0.05).
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(a) Dry
Temperature (°C)
Transparency (cm)
pH

Stations

(b) Rainy

Temperature (°C)
Transparency (cm)
pH

Stations

Figures1a and b: Variations in Temperature (oC), Transparency (cm) and pH at different
stations in Imo River during the dry and rainy seasons (Values shown are Mean ± SE)
Figures 2a and b showed the
variations in Conductivity, Turbidity and
Alkalinity of the water samples from different
stations and seasons. There was no consistent
pattern in the variation of the mean
conductivity values of the water samples at

the various stations during the dry season.
The dry season recorded its lowest mean
conductivity value, 1.1μS /cm at Obowo and
its highest mean conductivity value, 12.43μS
/cm at Mbaise (Figure 2a). In the rainy season
however, mean conductivity values ranged
29
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from 10.2μS /cm recorded at Obowo to
38.82μS /cm recorded at Okpala (Figure 2b).
Higher mean conductivity values were
recorded during the rainy season than the dry
season (Figures 2a and b). There were
significant seasonal differences in the mean
conductivity values at all stations (P<0.05).
The lowest mean turbidity value of
1.85 NTU was recorded at Obowo while the
highest mean turbidity value (2.03 NTU) was
recorded at Umuokpara during the dry season
(Figure 2a). During the rainy season however,
the mean turbidity value ranged from 5.45
NTU recorded at Obowo to 9.06 NTU
recorded at Okpala (Figure 2b). Generally,
the mean turbidity values were higher during
the rainy season than dry season. The high
mean turbidity values recorded in the rainy
season may be due to runoff from dissolved
mud and clay mineral particles in the river.
The lower mean turbidity values during the
dry season are probably due to less water
recharge and filtration. Similar observation
was made by Makwe and Chup (2013) and
Ngabirano et al., (2016). There were
significant differences in the mean turbidity
values at all stations between the dry and
rainy seasons (P<0.05). However, the mean
turbidity values across the stations and
seasons throughout the study period were
below the Federal Environmental Protection
Agency (FEPA) recommended value of
10NTU (Table 1).
The lowest mean alkalinity value,
8.03 mgl-1 was recorded at Mbaise and the
highest, 11.18 mgl-1 at Obowo during the dry
season (Figure 2a). In the rainy season, the
lowest mean alkalinity value, 23.9 mgl-1 was
recorded at Obowo while the highest mean

alkalinity value, 28.17 mgl-1 was recorded at
Okpala (Figure 2b). The mean alkalinity
values of the water samples increased in the
rainy season across the stations while there is
no distinct trend of variation in alkalinity
values in the dry season. Generally, the mean
alkalinity values were higher during the rainy
season than dry season. There were
significant differences in the turbidity values
at all stations between the dry and rainy
seasons (P<0.05)
Figures 3a and b showed the variations in
TDS, DO and BDO at different stations in
Imo River during the dry and rainy seasons.
The lowest mean TDS value, 1.2 mgl-1 was
recorded at Umuokpara and the highest mean
TDS value, 6.03mgl-1 recorded at Mbaise
during the dry season. In rainy season
however, the mean TDS values ranged from
21.63mgl-1 at Mbaise to 27.75 mgl-1recorded
at Umuokpara (Figure 3b). Generally, higher
mean TDS values were recorded in rainy
season than dry season.
There was no distinct trend of
variation in the mean TDS values in both
seasons. However, there were significant
seasonal differences in the TDS values at all
stations (P<0.05).
Dry season recorded higher mean DO values
than rainy season in all stations but at
Umuokpara where the rainy season recorded
the highest DO value (6.5 mgl-1). There was
no distinct trend of variation in the mean
DOvalues in both seasons. During the dry
season, the mean DO values ranged from
4.15mgl-1 recorded at Mbaise to 4.86 mgl1
recorded at Umuokpara (Figure 3a). On the
contrary, the mean DO values ranged from
2.8 mgl-1 recorded at Okpala to 6.5 mgl30
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(a) Dry

Conductivity (μS/cm)
Turbidity (NTU)
Alkalinity (mgl-1)

Stations

Conductivity (μS/cm)

(b) Rainy
Turbidity (NTU)
Alkalinity (mgl-1)

Stations

Figures 2a and b: Variations in Conductivity (μS/cm), Turbidity (NUT) and Alkalinity
(mgl-1) at different stations in Imo River during the dry and rainy seasons
(Values shown are Mean ± SE)
1

recorded at Umuokpara during the rainy
season (Figure 3b). In all, there was no
significant difference in the DO values at all
stations between seasons (P<0.05).
Rainy season recorded higher mean BOD
values than dry season in all the stations

through out the study period (Figures 3a and
b). There was a gradual increase in the mean
BOD values across the stations in both
seasons. The mean BOD values ranged from
2.14 mgl-1 recorded at Obowo to 3.56mgl-1
recorded at Okpala during the dry season
31
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(Figure 3a). In the rainy season the mean
BOD values ranged from2.99mgl-1recorded
at Obowo to 3.62 mgl-1recorded at Okpala
(Figure 3b). Similar observation was made by

Makwe and Chup (2013). There was no
significant difference in the BOD values at all
stations between seasons (P<0.05).

(a) Dry

TDS (mgl-1)
DO (mgl-1)
BOD (mgl-1)

Stations
(b) Rainy
TDS (mgl-1)
DO (mgl-1)
BOD (mgl-1)

Stations

Figures 3a and b: Variations in TDS(mgl-1), DO (mgl-1) and BDO (mgl-1)at different stations
in Imo River during the dry and rainy seasons (Values shown are Mean ± SE)
The
lowest
mean
Chloride
-1
concentration (5.8 mgl ) was recorded at

Okpala and the highest mean Chloride
concentration (9.98 mgl-1) was recorded at
32
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Obowo during the dry season(Figure 4a).
During the rainy season however, the lowest
mean Chloride concentration (24.82 mgl-1)
was recorded at Obowo while the highest
mean Chloride concentration (35.65 mgl-1)
was recorded at Okpala (Figure 4b). Higher
mean Chloride concentrations were recorded
during the rainy season than dry season.
There was a gradual decrease in the mean
Chloride concentration across the stations
during the dry season, but the reverse was the
case during the rainy season. There were
significant differences in the mean Chloride
concentrations of the stations between
seasons (P<0.05). The mean Chloride
concentrations were all within the WHO
prescribed limit for drinking water (200-600
mgl-1; Table 1).
The mean Sulphate concentrations
were all within the FEPA prescribed limit for
drinking water (200-400 mgl-1 ; Table 1). The
mean Sulphate concentrations ranged from
0.09 mgl-1 recorded at Okpala to 0.9 mgl-1
recorded at Obowo during the dry
season(Figure 4a).The mean Sulphate
concentrations during the rainy season ranged
from range from 0.35 mgl-1 recorded at
Okpala to 5.5 mgl-1 recorded at Obowo
(Figure 4b). Higher mean Sulphate
concentrations were recorded during the
rainy season compared with dry season. The
mean Sulphate concentration values
decreased across the stations during both dry
and rainy season.

1.66 mgl-1recorded at Okpala (Figure 4b).
Higher mean Phosphate concentrations were
recorded during the rainy season compared
with dry season. The mean Phosphate
concentrations gradually increase across the
stations during both dry and rainy seasons.
There were significant differences in the
mean Phosphate concentrations of the
stations between seasons (P<0.05). The mean
Phosphate concentrations were all within the
FEPA prescribed limit for drinking water (5
mgl-1; Table 1).

The mean Phosphate concentrations
ranged from 0.06 mgl-1 recorded at Obowo to
0.2 mgl-1 recorded at Okpala during the dry
season (Figure 4a). During the rainy season
however, the mean Phosphate concentrations
ranged from 1.02 mgl-1 recorded at Obowo to

Figures 5a and b showed the
variations in Calcium (mgl-1), Magnesium
(mgl-1), Potassium (mgl-1) and Sodium (mgl1
) concentrations at different stations in Imo
River during the dry and rainy seasons

The mean Nitrate concentrations were
all within the WHO prescribed limit for
drinking water (45mgl-1 ; Table 1). The lowest
mean Nitrate concentration (0.01 mgl-1) was
recorded at both Umuokpara and Okpala and
the highest mean Nitrate concentration (0.03
mgl-1) was recorded at Mbaise during the dry
season (Figure 4a). During the rainy season
however, the lowest mean Nitrate
concentration (0.02 mgl-1) was recorded at
both Obowo and Okpala while the highest
mean Nitrate concentration (0.3 mgl-1) was
recorded at Umuokpara (Figure 4b). Higher
mean Nitrate concentrations were also
recorded during the rainy season than the dry
season. There was no definite pattern of
variation in the mean Nitrate concentrations
across the stations during both dry and rainy
seasons. Higher concentration of the cations
during the rainy season is probably due to
dilution of the water samples by rain water.
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The lowest mean Calcium concentration
(11.17mgl-1) was recorded at Obowo and the
highest mean Calcium concentration
(11.62mgl-1) recorded at Okpala during the
dry season (Figure5a). During the rainy
season, the lowest mean Calcium
concentration (1.04mgl-1) was recorded at
Mbaise, while the highest mean Calcium
concentration (2.01mgl-1) was recorded at
Umuokpara (Figure 5b). Higher mean

Calcium concentrations were recorded during
the dry season compared with rainy season.
There was a gradual increase in the mean
Calcium concentration across the stations
during the dry season, but no definite trend in
its variation during the rainy season. There
were significant differences in the mean
Calcium concentrations of the stations
between seasons (P<0.05).

(a) Dry

Chloride (mgl-1)
Sulphate (mgl-1)
Phosphate (mgl-1)
Nitrate (mgl-1)

Stations

Chloride (mgl-1)
Sulphate (mgl-1)
Phosphate (mgl-1)
Nitrate (mgl-1)

(b) Rainy

Stations

Figures 4a and b: Variations in Chloride (mgl-1), Sulphate (mgl-1), Phosphate (mgl-1) and
Nitrate (mgl-1)at different stations in Imo River during the dry and rainy seasons.
(Values shown are Mean ± SE)
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The mean Magnesium concentrations
ranged from 1.18mgl-1recorded at Obowo to
2.07mgl-1 recorded at Okpala during the dry
season(Figure5a).During the rainy season
however,
the
mean
Magnesium
concentrations ranged from 0.7mgl-1recorded
at Umuokpara to 1.08mgl-1 recorded at
Mbaise (Figure5b). Higher mean Magnesium
concentrations were recorded during the dry
season compared to rainy season. Variations
in the mean Magnesium concentrations
assume the same pattern as those of Calcium
across the stations during both dry and rainy
season. The mean Magnesium concentrations
were all within the WHO prescribed limit for
drinking water (150 mgl-1 ; Table 1).
The mean Potassium concentrations
ranged from 0.28 mgl-1 recorded at Okpala to
0.35 mgl-1 recorded at Obowo during the dry
season (Figure5a). In the rainy season, the
mean Potassium concentrations ranged from
0.09 mgl-1recorded at Obowo to 0.15 mgl-1
recorded at Okpala (Figure5b). Higher mean
Potassium concentrations were recorded
during the dry season than rainy season. The
mean Potassium concentrations gradually
increase across the stations during the rainy
season while the reverse is the case during the
dry season. There were significant
differences in the mean Potassium

concentrations of the stations between
seasons (P<0.05). The mean Potassium
concentrations were all within the FEPA
prescribed limit for drinking water (75-200
mgl-1; Table 1).
The mean Sodium concentrations
ranged from 1.09mgl-1recorded at Obowo to
1.35mgl-1recorded at Okpala during the dry
season (Figures5a). In the rainy season
however, the mean Sodium concentrations
ranged
from
0.18mgl-1recorded
at
-1
Obowoto0.5mgl
recorded at Okpala
(Figure5b).
Higher
mean
Sodium
concentrations were also recorded during the
dry season than the rainy season. The mean
Sodium concentrations gradually increase
across the stations during both dry and rainy
seasons. Lower concentrations of the metals
during the rainy season are probably due to
dilution of the water samples by rain water.
Similar observation was made by Dey Kallol
et al. (2005) on samples from River Koel,
Shankha and Brahmani. There were
significant differences in the mean Sodium
concentrations of the stations between
seasons (P<0.05). The mean Sodium
concentrations were all within the WHO
prescribed limit for drinking water (200mgl1
; Table 1).
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(a) Dry

Calcium (mgl-1)
Magnesium (mgl-1)
Potassium (mgl-1)
Sodium (mgl-1)

Stations
(b) Rainy

Calcium (mgl-1)
Magnesium (mgl-1)
Potassium (mgl-1)
Sodium (mgl-1)

Stations

Figures 5a and b: Variations in Calcium(mgl-1), Magnesium (mgl-1), Potassium(mgl-1) and
Sodium (mgl-1)at different stations in Imo River during the dry and rainy seasons
(Values shown are Mean ± SE)
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Table 1: Quality Criteria for Drinking Water (WHO, 2008) and FEPA (1991).
(Values shown are the Ranges)
Parameter

Station 1
(Obowo)

Station 2
(Mbaise)

Station 3
(Umuokpara)

Station 4
(Okpala)

FEPA

WHO
Standard

Water Temp. (°C)

(20.0-20.62)

(21.0-22.42)

(19.5-19.75)

(21.5-22.82)

<40

30-40

Transparency (cm)

(10.0-53.5)

(7.13-26.5)

(19.01-38.23)

(2.0-49.43)

-

-

pH

(5.0-6.7)

(5.2-6.5)

(5.4-6.8)

(5.7-6.6)

6.0-9.0

6.5-8.5

Conductivity (pS/cm)

(1.1-10.12)

(12.43-33.3)

(10.1-37.5)

(2.0-38.8)

-

750-2500

Turbidity (NTU)

(1.85-5.45)

(2.01-6.5)

(2.03-7.16)

(2.01-9.06)

10

5-25

Alkalinity (mgl-1)

(11.18-23.9)

(8.03-26.3)

(8.92-27.14)

(10.5-28.17)

-

100-500

TDS (mgl )

(5.02– 25.09)

(6.03-21.63)

(1.2-27.75)

(3.01-23.97)

2000

500-1500

DO (mgl-1)

(3.2-4.39)

(3.38-4.15)

(4.86-6.5)

(2.8-4.58)

5

-

(2.14- 2.99)

(2.17-2.99)

(3.05-3.44)

(5.8-35.65)

10

6

(0.9-24.82)

(6.13 -29.65)

(6.07–33.98)

(5.8-80.8)

250

200-600

Sulphate (mgl )

(0.06-5.5)

(0.56 -1.93)

(0.55 – 0.57)

(0.09-0.35)

200-400

250 ppm

Phosphate (mgl-1)

(0.06-1.02)

(0.12-1.12)

(0.15-1.18)

(0.2-1.66)

5

-

(0.019-0.02)

(0.03-0.1)

(0.01-0.3)

(0.01-0.02)

20

45

(1.11-11.17)

(1.04-11.35)

(1.01-11.4)

(1.3-11.62)

-

Magnesium (mgl )

(1.05-1.18)

(1.08-1.5)

(0.7-1.65)

(1.01-2.07)

30-150

150

Potassium (mgl-1)

(0.09-0.35)

(0.11-0.33)

(0.13-0.31)

(0.15-0.28)

75-200

-

(0.18-1.09)

(0.23-1.15)

(0.38-1.23)

(0.5-1.35)

-

-1

-1

BOD (mgl )
Chloride (mgl-1)
-1

-1

Nitrate (mgl )
Calcium (mgl-1)
-1

-1

Sodium (mgl )

-

200

Source: Federal Environmental Protection Agency (FEPA) (1991), World Health Organization
(WHO) (2008)
CONCLUSION
A critical look at the physicochemical parameters of the water samples
from all the stations and WHO standard
indicate that the water samples fall within the
stipulated range of acceptability hence the
water can be classified as good, stable and
healthy aquatic ecosystem. There should be a
constant monitoring of the physico-chemical
parameters in future because of the increase
in anthropogenic activities around the area. It
is further recommended that proper
education, monitoring and clean up procedure
be carried out promptly in these regions
whenever they are stressed by pollutants

generated from domestic, agricultural and
industrial activities as well as effect of oil
spills.
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