
323  africanscholarpublications@gmail.com                                                                               

 2022 

 

 

 

 

 

Seasonal Variation in the Quality of Drinking Water 

in the Eastern Part of Kogi State, Nigeria 

 

Dr. Joy Anwuli Jegede  

Department of Urban and Regional Planning, the Federal Polytechnic 

Idah, Kogi State. 

 
 

Abstract 
The challenges of water supply and quality have constituted a major issue 

including conflicts in some parts of the world because the earth’s fresh 

water is diminishing due to man’s activities and climate change. This paper 

is designed to investigate the effects of the variations in the seasons of the 

year on the quality of drinking water in the eastern part of Kogi State. Idah, 

Anyigba and Ankpa were selected for this study based on spatial coverage. 

The primary data for this study were obtained from field survey (Ecological 

data) and Laboratory experiments. Water samples were collected from 

river, rain, boreholes and packaged water from each of the three locations 

in the study area within two seasons – rainy and dry seasons. The coefficient 

of variation and t-test were employed to determine the variations in the 

water parameters for each of the seasons. The result revealed that all the 

water quality parameters tested had their F-Values greater than the Critical 

Values which imply that the seasons of the year have significant effect on 

the quality of drinking water in the study area. The study further suggests 

that to ensure a good quality of drinking water at all times and seasons, the 

water should be treated by distillation, boiling and filtering.  
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Introduction 
Water is the basis for life and the 

medium in which all living processes 

occur, therefore, the development of 

water resources is an important 

component in the integrated 

development of any area (Ajewole, 
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2005). According to World Health Organisation (WHO, 2005), water of poor 

quality is a significant global issue, and it is responsible for most diseases and 

deaths, hence water of good quality is of paramount importance to human 

physiology and man’s continued existence depends much on its availability. 

Therefore ensuring good water quality is a basic factor in guaranteeing public 

health, the protection of the environment and sustainable development (Ranji et 

al, 2010). 

The availability of clean and safe water supply is essential for public health. 

Studies carried out in different parts of Nigeria (Yerima, Daura and Gambo, 

2008; Waziri and Ogugbuaja, 2010; Akan, Abdulrahman and Yusuf, 2010) have 

shown that various sources of drinking water have been contaminated at various 

scales. Lack of safe drinking water has been considered a leading cause of many 

communicable diseases. Marks (2018) estimated that the provision of clean 

water and basic sanitation alone would curtail the incidence of diarrhoea by 50 

percent, sleeping sickness by 80 percent and guinea worm infestation by 100 

percent. Rakesh (2006) also noted that access to safe water is recognised to be 

the foundation for sound health. The amount of water a person needs per day 

depends on many factors; climate, standard of living, hygiene awareness and 

workload. For normal functioning of the human system, water requirement 

varies from 3-10 litres of water per day of which some may be derived from 

food (Fabrizi, 2016). 

According to Kumpel et al, 2017, there is low access to pipe-borne water with 

average coverage of 63 percent in many African Countries. In the absence of 

pipe-borne water infrastructure, residents rely on alternative sources including 

groundwater and commercial packaged water in dense urban settings that lack 

sewerage; groundwater is vulnerable to contamination by pit latrines, poorly 

maintained septic systems, and other sources of pollution. The basic 

requirements for drinking water are that it should be clear (low turbidity), not 

salty, free from offensive taste or smell, free from chemicals that may cause 

corrosion or encrustation, free from heavy metals with not excessive sodium 

sulphate and nitrate but above all  free from pathogenic organisms as bacteria 

and viruses which cause disease (Jegede, 2021). It is therefore important to note 

that providing a better water quality can significantly improve the quality of life 

of the people. This paper is a case study of the effects of the variations in the 

seasons of the year (wet and dry) on the quality of water in the eastern part of 

Kogi State. 
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Statement of the Problem 

Access to safe drinking water supply and sanitation services is fundamental to 

improving public health, meeting national poverty reduction objectives because 

good health increases productivity. As it is now widely recognised, lack of 

access to quality water contributes essentially to the high burden of diseases that 

needlessly foreshortens and impairs the lives of far too many of the citizenry. 

About 80 percent of all diseases may be attributed to water and sanitation related 

issues and they contribute to the many child deaths each year from diarrhoea, 

dysentery, jaundice, typhoid and cholera (MPPW, 2008). 

In Kogi State, the emerging scenario is that majority of households in some 

parts of Kogi State obtain water from pollution prone sources. AWDR (2006) 

observed that 70.1 percent of households in Kogi State rely on non-potable 

sources including unprotected dug wells, vendors, hand-dug ponds and streams 

for their water supply. During rainy season, water from run-off carrying along 

particles and dirt tend to pollute some of the water sources and this affects the 

quality of the water. Also in dry seasons, dust particles and too much 

concentration of the mineral elements pollute the quality of the water sources 

thus affecting the water quality. 

 

Materials and Methods 

The Study Area 

Location 

Kogi East comprises of Igala and Bassa enclaves and it is situated at the eastern 

flank of Kogi State. It is located between Latitudes 6o5’ and 8o00’N and 

Longitudes 6o7’E and 7o5’E of the Equator (Ocholi, 2020). The area is located 

within the tropical region in the middle belt of Nigeria. It is dominated mainly 

by the Igala speaking people covering about two-third of the land mass in the 

area (Egbunu, 2009). It is the largest geo-political zone in Kogi State. 

Kogi East has common boundary with the Federal Capital Territory in the 

North, Benue State in the East, Enugu and Anambra in the South, Kogi Central 

and Kogi West geo-political zones in the West. It is made up of nine local 

government areas which include – Ankpa, Bassa, Dekina, Ibaji, Idah, 

Igalamela/Odolu, Ofu, Olamaboro and Omala (Jegede, 2021). It covers a land 

mass of about 12,753.92km2 out of the 28,044km2 of land mass covered by Kogi 
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State. It has a population of approximately 1.5 million people according to 2006 

population Census figure (Ocholi, 2020). 

  
Figure 1: Map of Kogi State showing Kogi East 

Source: GIS Lab, Department of Geography and Environmental Studies, KSU, 

Anyigba.  

Climate  

Kogi East has warm, tropical savannah climate (Tropical Hinterland) with 

clearly marked wet and dry seasons which is from May to October and from 



327  africanscholarpublications@gmail.com                                                                               

 2022 

 

November to April respectively (Ali, 2010; Obeta and Ocheje, 2013; Jegede, 

2021). The rainy season is characterised by the moisture laden south westerly 

winds from the equatorial rain belt. The area has a mean rainfall of between 

1,100mm to 1,300mm. Dry season is associated with a dry laden wind from the 

North East with the harmarttan. The season was controlled by the Inter-tropical 

Discontinuity (ITD) whose movement are reflected in the corresponding shifts 

in the rain belt (Ocholi, 2015). 

 

Relief 

Kogi East has three levels of topography, the highland areas between 

Dekina/Ankpa and Nsukka which is generally over 200m above sea level. This 

ridge forms a watershed for most of the rivers in Kogi East such as the 

Olamaboro, Anambra, Okura River, Ubele, Ofu and Inagu Rivers (Abalaka, 

2014). There is low altitude along the Benue valley. Until the 2012 flooding, 

these flood plains were not susceptible to flooding (Abalaka, 2014). An 

important feature of the topography of Kogi East is demonstrated by the 

extension of the Udi hills which enters the region from Nsukka Plateau and 

extends over much of the present Ankpa, Dekina and Bassa local government 

areas. Areas like Aloma, Ejule, Itobe and Oduru occur between this range of 

hills and plains of Idah (Ukwedeh, 2003). 

 

Drainage 

The drainage system in the area is that of the natural slope where water flows 

through the drainage channel. There is also artificial drainage channel through 

which water flows down slope. Its topography is that of an undulating valley 

surrounded by flat terrain. The area is easily eroded due to its sloppy nature. 

Some parts of the area like Ibaji slope downward and drain towards southeast 

into River Niger (Ocholi, 2020). 

 

Data Requirements 

This study involved the application of quantitative data (water analysis) and 

qualitative data (social survey information from respondents). This was used to 

determine the effects of the seasons of the year on the quality of drinking water 

in the study area. The data required for this study are of the ecological data. 

These are the physical parameters of the water samples such as Total Hardness, 

Sulphate, Dissolved Oxygen, Chloride, Phosphate, Nitrate, pH, Temperature, 



328  africanscholarpublications@gmail.com                                                                               

 2022 

 

Alkalinity, Chemical Oxygen Demand (COD), Biological Oxygen Demand 

(BOD) and Heavy Metals like Manganese, Calcium and Lead. Water samples 

from various drinking sources (boreholes, rain and packaged water) were 

sampled from Idah, Anyigba and Ankpa on the basis of spatial coverage of the 

study area for analysis. 

 

Methods of Water Sample Collection 

Water samples were collected from rivers, boreholes, rain and packaged water 

(table water) from each of the three locations within the study area. The water 

samples were collected in two seasons – wet and dry seasons. The rainy season 

samples were collected between May and October while the dry season samples 

were collected between December and March. The river water was collected 

using the Grab sampling by deploying sample bottles upstream to avoid any 

disturbance by sampling activities and touching the sediments. The point 

sampling was employed in collecting the rain water from a specific collection 

point. The sampling bottles were submerged into a pale where the rain water 

was collected by hand to the desired depth until the bottle was full. To ensure 

the water was ran enough; on-sight measurement of the pH using the pH meter 

was done. This measurement was taken for every two to three minutes until 

there were three consecutive measurements in a row, and then the sample was 

ready and collected. The borehole was collected from the taps while table water 

was collected as packaged by the manufacturers from the three study locations 

within the study area. This was to help determine the quality of the water in both 

seasons and to serve as a proportionate representation of drinking water across 

the year.     

 

Seasonal Variation in Drinking Water Quality 

The effects of the seasons on the drinking water quality are shown on Table 1. 

The Mean, Standard Deviation and the Coefficient of Variation of the drinking 

water parameters for both rainy and dry seasons are displayed. The test for the 

significance of difference for the various parameters of the drinking water was 

done with t-test. 

 

Table 1: Water Parameters and their Seasonal Variation 

Water Quality            Rainy Season       

Dry  

Season   T 



329  africanscholarpublications@gmail.com                                                                               

 2022 

 

Mean1 

 

Standard 

Deviation 

Coefficient of 

Variation (%) 

 

Mean 2  Standard 

Deviation 

Coefficient of 

Variation (%)  

Total 

Hardness  

32.15 11.16 34.7 21.74 14.39 66.2 1.50 

Chloride  22.16 15.67 70.7 26.07 7.01 26.9 -0.63 

Nitrate  11.91 1.23 10.3 14.68 4.92 33.5 -1.77 

Phosphate  5.50 1.04 18.9 21.8 21.18 77.9 -2.30 

Temp. 27.24 0.25 0.9 27.48 0.23 0.8 -2.70 

Alkalinity  29.44 9.58 32.5 18.89 3.82 20.2 2.87 

BOD 4.37 1.64 37.5 4.15 1.37 33 0.32 

COD 0.11 0.01 9.1 0.01 0.00 0 16.28 

Sulphate  0.22 0.01 4.5 0.36 0.11 30.6 -4.04 

Dissolved 

Oxygen 

8.43 1.40 16.6 4.73 0.97 20.5 8.04 

pH 6.77 0.51 7.5 5.45 0.48 8.8 4.39 

Manganese  1.02 0.16 15.7 0.42 0.10 23.8 8.82 

Calcium 0.74 0.28 37.8 42.18 14.29 33.9 -4.96  

Lead  0.44 0.25 56.8 0.00 0.14 0 3.09 

 Source: Author’s Field Survey, 2021 

 

Discussion of Results 

The result revealed that there are variations in the mean values for the drinking 

water parameters for rainy and dry seasons. For Total Hardness, the mean for 

rainy season is 32.15 while that of dry season is 21.74 with a Standard Deviation 

of 11.16 and 14.39 respectively; its Coefficient of Variation for rainy season is 

34.7% while dry season is 66.2% indicating that there is a high variation 

between the Total Hardness in the drinking water for the two seasons. The dry 

season has a higher concentration of Total Hardness in the water than the wet 

season. The t-test carried out also shows that there is a significant difference in 

the Total Hardness for both seasons at a Degree of Freedom of 8 for a significant 

level of 0.05. The result of the t-test for Total Hardness is 1.50 which is less 

than the Critical Value of 2.31.  For Chloride, the analysis revealed that the 

variation in the mean value for the two seasons under study is less than that of 

Total Hardness. The rainy season mean value is 22.16 while that of dry season 

is 26.07 with a Standard Deviation of 15.67 and 7.01 respectively, and the 

Coefficient varies significantly for both seasons. For the rainy season, the rate 

of Chloride occurrence is 70.7% while that of dry season is 26.9%. The t-test 
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shows that there is a significance difference between the Chloride availability 

in the drinking water during the rainy and dry seasons since the F-value of -0.63 

is less than the critical value at 0.05 significant levels. This is because Chloride 

occurs naturally in all types of water with a very low concentration. The high 

rate of Chloride during the wet season may be as a result of run-off during the 

rainy season from Chloride sources (domestic sewage which contains a good 

amount of chloride) into the river. Similarly, Abel (2018), in his work on the 

seasonal variation of water quality parameters of River Mkomon, kwande LGA 

of Nasarawa State detected that Chloride was more in the water samples 

analysed during the rainy season than that of the dry season.   

The mean value of Nitrate revealed that rain water has a higher concentration 

of Nitrate in wet season than in dry season. This is because in the dry season, 

the soil and water conditions are aerobic and this favours the rapid conversion 

of Nitrate (Nitrification). Therefore, more nutrients are expected to accumulate 

in the rainy season than during the dry season. This is corroborated in the works 

of Arowolo (2005) where he surveyed two nitrate-N concentrations in surface 

and groundwater in Ogun and parts of Lagos and Oyo States during the rainy 

and dry seasons. This is also in line with the views of Chung-Mo and Jinsoo 

(2020) that there is a seasonal variation of nitrate-N in both groundwater and 

stream water with increase in concentration during the dry season. This is 

because the nitrogen-N load in stream water to that of groundwater was higher 

during the rainy season than the dry season with groundwater distinctly 

increasing in upstream areas relative to downstream areas, indicating that during 

the rainy season, a large amount of nitrate-N is introduced into stream water 

from groundwater. Nitrate mean value for this study is 11.91 for rainy season 

and 14.68 for dry season with Standard Deviation of 1.23 and 4.92 for rainy and 

dry seasons. The t-test result of -1.77 at a significant level of 0.05 and a 

Coefficient of Variation of 10.3% (rainy season) and 33.5% (dry season) further 

establishes that there is a moderate difference between the amount of nitrate 

present in the drinking water in the study area during the rainy season and that 

of the dry season.   

The amount of phosphate present in the drinking water is much higher during 

the dry season than the rainy (5.5 and 21.8) respectively. This is as a result of 

the accumulation of phosphate in the soil through the ones that enter into water 

in both urban and agricultural settings. The phosphate tends to attach to soil 

particles and thus moves to the surface water and others go down to the 
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groundwater during the dry season. This can also be noted from the Coefficient 

of Variation of 77.9% for dry season and 18.9% for rainy season which connotes 

that there is high variation in the amount of phosphate present in water during 

the dry season as compared to the rainy season. The mean value for temperature 

from Table 1 shows a very high variation in its content for both seasons. The t-

test also supports the report that there is a significant difference in the amount 

of phosphate in the drinking water for rainy and dry seasons.  The temperature 

of the water is similar for both seasons 27.24 and 27.48 for rainy and dry seasons 

in their mean value. There is a very weak coefficient of variance in them 0.9% 

and 0.8% for rainy and dry seasons.  

The Biochemical Oxygen Demand is the amount of Dissolved Oxygen needed 

by aerobic biological organisms to break down organic materials present in a 

given water sample at certain temperature over a specific period of time. The 

result on table 1 revealed that there is no much variation between the BOD mean 

value of rainy season (4.37) and that of the dry season (4.15) though the rainy 

is slightly higher, likewise the coefficient of variation with rainy season as 

37.5% and dry season 33%. The t-test conducted showed that there is a 

significant difference between the BOD of rainy season and that of dry season. 

The mean value of COD as recorded on Table 1 for rainy season is 0.11 and dry 

season is 0.01. The Coefficient of Variation is 9.1% and 0% for rainy and dry 

seasons respectively, and t-test F-value of 16.28 and Critical Value of 3.06 

which is less than the F-value; therefore there is no significant difference in the 

seasonal variation of COD in the water quality parameters tested for this study. 

The mean value of Sulphate from the analysis on table 1 shows the variation in 

the rainy season (0.22) and dry season (0.36); with a coefficient of variation of 

4.5% for rainy season and 30.6% for dry season implying that there is a weak 

variation during the rainy season and a moderate variation in the dry season. 

The t-test (F-value of -4.04) connotes that there is a significant variation in the 

Sulphate content of the drinking water in the study area. 

The concentrations of the analysed metals are shown on Table 1. Manganese 

concentration for rainy and dry seasons is 1.02 and 0.1, Calcium 0.74 and 42.18, 

Lead 0.44 and 0 respectively except for Calcium, Manganese and Lead have 

higher concentration during rainy season. Muhammad et al (2014) got similar 

result and attributed it to the fact that the discharge of heavy metals into rivers 

by domestic and industrial activities causes their rapid association with 

particulates and incorporation into bottom segment.       
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Discussion of Findings 

The study however revealed that the human activities are more during the dry 

season hence the mean values are higher for the dry season than for the rainy 

season. This is because dependence on other sources aside from rain is more 

during the dry season. The high values observed for the dry season indicate that 

the water suffers more pollution during the dry season than the rainy season. 

Another factor which may not be affected by the human activities within the 

water sources is the geological composition of the area as these remains 

constant. 

There are seasonal variations in the quality of water in the study area. The study 

showed that there is a significant difference in the concentration of the water 

quality parameters for both seasons. The concentrations of more of the water 

quality parameters are higher during the rainy season than in the dry season, 

though the impact on human health is not very significant. Hence the drinking 

water is relatively safe in both seasons. 

The seasons of the year significantly affect the drinking water in the study area. 

The physico-chemical properties found in the water vary with season. The type 

of properties found in the water determines to a great extent the quality of the 

water. 

 

Recommendations  

The study established the fact that the quality of drinking water in the study area 

is affected by the different seasons of the year which in turn bring about 

variations in the amount of certain physical, chemical and biological properties 

found in the water. On this note therefore the following recommendations are 

made to ensure that the effect of the different seasons on the water is controlled. 

1. Water sources should be protected to avoid pollution from certain 

hazardous human activities. 

2. To ensure that the water is safe for drinking at all times and seasons, the 

water should be treated by distillation, boiling and filtering and to ensure 

effective treatment for microbial contamination, permanent point-of-

entry disinfection units should involve the use of water treatment 

chemicals like chlorine and ozone. The table water should undergo 

proper scrutiny by the appropriate agencies and certified good before 

consumption. To kill micro organisms, the water should be kept at a 

rolling boil for at least one minute and thereafter filtered. For household 
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drinking water, the combination of boiling and filtering is most 

recommended. 

3. All the water from the various sources should possess the physical 

attributes of a drinking water which include – colourless, odourless, and 

tasteless, free of particles, and have a room temperature. 

 

Conclusion 

The quality of drinking in the study area is affected by both human and natural 

activities like bathing and all sorts of washing in the water sources, dumping of 

refuse in the drainage channels which is transported by rain water into the rivers, 

and flooding which occurs especially during rainy season, use of chemical for 

agricultural practices, presence of minerals underground and the deposit of 

sewerage materials into the water source. This study holds the fact that drinking 

water is less contaminated during dry season than rainy season. During rainy 

season, a lot of dirt as well as pollutants are washed and carried into the water 

sources thereby contaminating the well and river water and introducing more 

living organisms which may harbour potential pathogens that could be injurious 

to the health of the people..   
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