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Abstract 

 
Portable sources of surface and ground water are constantly polluted by anthropogenic activities and 
have negative impacts on human and animal health. This study investigated the physicochemical 
properties of Osun River and selected wells in Osogbo town, Osun State, Nigeria, to ascertain their 
public health impacts. Water samples from surface and ground water systems were examined to 
determine their pH, total dissolved solids, conductivity, Biological Oxygen Demand (BOD), Chemical 
Oxygen Demand (COD), Temperature, Turbidity, Dissolved Oxygen (DO) and Salinity values. The 
mean values of the pH, total dissolved solids, conductivity, BOD and COD were observed to be within 
international limits, while Temperature, Turbidity and DO were above permissible limits. This study 
showed that the surface and ground water systems assessed were contaminated with substances in dry 
and wet seasons occasioned by the vigorous anthropogenic activities, such as mining, agriculture, 
construction and waste deposits. The study recommends creation of awareness by government and other 
stakeholders on the extant variable cost effective water treatment techniques to reduce the health risks 
of consuming populated portable water in the study area. Also, the activities of miners and residents 
should be regulated in the contamination and pollution of freshwater sources in the study area.  
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INTRODUCTION 
Groundwater is regarded as one of the primary sources of drinking water in many rural and 
urban areas in Osun State, Nigeria (Adeyemi and Zacchaeus, 2012). Hence, a considerable 
population is inclined to the dangers of consuming contaminated water. Groundwater 
recharge occurs when water from precipitation or surface water bodies infiltrates into the 
ground replenishing the aquifers and groundwater discharge involves the release of water 
from aquifers to surface water bodies such as rivers, lakes and oceans (Geris et al., 2022). 
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Groundwater contributes to base flow in rivers; ensuring a sustained flow during dry periods 
when surface water alone may not be sufficient to maintain stream flow (Schot and Winter, 
2006). Groundwater transports dissolved substances, nutrients and pollutants to rivers and 
streams, thereby influencing the quality of surface water greatly (McMahon and Chapelle, 
2008).  
 
The river serves as a source of water for domestic, agricultural and industrial purposes 
communities along its course. Osun River faces challenges related to pollution due to 
agricultural runoffs, industrial effluents and urban wastes. The major sources of portable 
water in major towns and cities of Osun state, Nigeria is ground water (borehole and well) 
and sometimes, streams and rivers especially, during the dry season in the rural semi urban 
settings (Odebunmi et al., 2014). These water sources are the alternatives to the inconsistent 
flow of pipe borne water, which would have been the more reliable and safer source of 
portable water in Osogbo metropolis (Oluyemi et al., 2010).  
 
Anthropological activities, such as construction, agriculture and irrigation, can alter the 
natural interaction between surface and groundwater (Wang et al., 2022). Construction of 
wells, dams and other engineering structures can also influence the exchange of water 
between these two systems (Pin et al., 2019). Geological, hydrological and anthropogenic 
factors affect surface and groundwater which is crucial for sustainable water resource 
management as they release Lead, Cadmium, Mercury, Magnesium, Arsenic, Copper, Zinc, 
Cobalt, Manganese, Nickel, Chromium, Iron, Sodium, Potassium Sulphate, Nitrate, Chloride, 
Phosphate and Calcium and find their way into the food chain by leaching into the 
groundwater, resulting in adverse health effects in humans and animals upon consumption 
(Nitasha and Sanjiv, 2015); Naseem et al., 2021); Adeyemi and Zacchaeus, 2021).  
 
The establishment of various industries in Osogbo, Osun State, Nigeria has been loading the 
environment with increasing levels of various contaminants (heavy metals and anions), 
thereby impacting the soil and water ecosystems as well as degrading groundwater quality 
(Odebunmi et al., 2014). Elevation in the trace metal contents of an aquatic system may arise 
from daily human activities, various degrees of geochemical reactions occurring in the sub-
surface of the earth, runoff addition, aerial deposition and percolation-related phenomena 
(Ibe and Duruike, 2005). Two of the major problems that are contended with in Nigeria are 
the insufficient quantity and poor quality of portable water which are major challenges and 
these are confronting most of the metropolitan cities in the country (Adeniyi, 2004); Oluyemi 
et al., 2010). 
 
MATERIALS AND METHODS 
 
Study area 
Osun River is located in southwestern Nigeria and is one of the key characteristics of the 
topography of the state (7.5629ºN, 4.5200ºE). The River primarily flows through Osun and 
Oyo states. Osun River originates from Igede-Ekiti (in Ekiti State) and flows southwards 
through into the Lagos lagoon and the Atlantic Gulf of Guinea. The study areas covered the 
pre-urban and urban parts of the river. The sampling locations in this study have peculiar 
characteristics. Osun-jela is situated beside a bridge dividing Owode town with population of 
83,831 (2006 census) from Osun-jela community (a rural settlement). It is about 25m from 
Osogbo-Ilesa road. Oke-ijetu (urban settlement) is beside a bridge along Oke-ijetu road about 
1km from Fountain University (Figure 1). Aregbe is metropolitan and is densely populated 
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and experiences a lot of anthropogenic activities that generate both domestic and industrial 
wastes (Anifowose and Oyebode (2019). 

  
Figure 1: Map showing the study areas in Osogbo town, Osun state, Nigeria 

 
Sample Collection 
Water samples were collected from Osun River and groundwater from wells at Osunjela 
(7.739645°N 4.597762°E, 7.738606°N 4.596087°E and 7.737615°N 4.595897°E), Oke-ijetu 
(7.742508°N 4.556423°E, 7.743365°N 4.555888°E and 7.744362°N 4.555222°E) and Aregbe 
(7.767707°N 4.539669°E, 7.768203°N 4.539238°E and 7.768703°N 4.539010°E) (APHA, 2005); 
Olabanji and Oluyemi, 2011); Makinde et al., 2016). The samples were separately collected four 
months (March- June, 2024) from upstream, midstream and downstream at specific points. 
Water samples were handled and transported carefully to avoid contamination or changes in 
metal concentrations and taken directly to laboratory prior analysis. Water samples were 
analyzed on site for pH, turbidity and dissolved oxygen using hand held meters respectively. 
Water samples were exposed to the Atomic Absorption Spectrophotometer laboratory. 
 
Determination of Physicochemical Parameters 
The pH, temperature, turbidity, electrical conductivity, total dissolved solids, salinity and 
Dissolved oxygen were measured on site and recorded in the study area while Biological 
Oxygen Demand and Chemical Oxygen demand were measured at the ASS laboratory of the 
Centre for Energy Research and Development, Obafemi Awolowo University, Ile-Ife, Osun 
State, Nigeria. Chemical Oxygen Demand was determined calorimetrically by oxidizing 
heptaoxochromate (VI) which produces green chromic compound (Cr3+). The absorbance of 
the green color varied with the intensity of the color (Ademoroti (1996). 
 
Data Analysis 
Data analysis of values obtained from heavy metal determination in water samples were 
processed and interpreting using descriptive statistics. 
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RESULTS AND DISCUSSION 

 
Figure 2a: Comparative seasonal physicochemical properties of cations (heavy metals) in Osun river (surface 
water) transversing Osogbo and Olorunda LGAs in dry season 

 

 
Figure 2b: Comparative seasonal physicochemical properties of cations (heavy metals) in Osun river (surface 
water) transversing Osogbo and Olorunda LGAs in wet season 
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b 

Figure 3: Comparative seasonal physicochemical properties of Osun River and wells transversing Osogbo 
and Olorunda LGAs  

 
The comparative physicochemical characteristics of surface and ground water qualities in 
Osogbo town, Osun State, Southwest, Nigeria showed the seasonal variation in cation 
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concentrations in Osun River system and the groundwater (wells) with the international 
standards.  
 
The pH of the surface water (Osun River) across Osunjela, Oke-ijetu and Aregbe at both the 
upstream, midstream and downstream were between 5.0±0.0 and 6.0±0.0 except for Aregbe 
downstream with mn±s.d of 4.0±1.0 in dry season while in wet season, the pH (mn±s.d) were 
between 4.5±1.0 and 8.0±0.0 respectively. The ground water pH values fluctuated between 
3.50±0.50 and 6.50±0.50 in dry season but in wet season, the pH was between 6.0±0.0 and 
7.0±0.0. The pH of surface water and groundwater systems were slightly below 6.5-9.5 
according to WHO (2011) and EU (2020) limits in the dry season except for the wells at Oke-
ijetu. In the wet season, the wells in Oke-ijetu and Aregbe had pH values within the acceptable 
limits of WHO (2011) and EU (2020) (Table 4.1). Oluyemi et al. (2010) in his study in Ife-North 
Local Government of Osun, State, Nigeria, obtained pH values between 6.53-8.90; values 
within the acceptable limits of WHO (2011) and EU (2020) for surface water. Also, Adewoyin 
et al. (2013) showed that a pH range of between 5.63-7.33 for groundwater, Ibadan, Nigeria. 
 
The total dissolved solids (TDS) of the surface water across the upstream, midstream and 
downstream for dry season were (27.80±21.60-82.65±6.55ppm and (27.85±1.05-
111.05±18.65ppm) for the wet season Total dissolved solids in groundwater conformed with 
international standards for both dry and wet seasons. Oluyemi et al. (2010) showed that total 
dissolved solids (TDS) of surface water was between 37.80-622.50mg/l which was within the 
limits of WHO (2011) and EU (2020) in Ife-North Local Government of Osun, State, Nigeria. 
Adewoyin et al. (2013) showed that total dissolved solids (TDS) of groundwater obtained from 
Ibadan, Nigeria was between 135-248mg/l, which was within the limits of WHO (2011) and 
EU (2020) for groundwater. 
 
The Salinity values varied at the downstream, midstream and upstream levels for dry and wet 
seasons of the surface water, ranging from 48.55±32.05-78.65±1.95ppm and 53.6±1.3-
78.55±15.95ppm respectively. The salinity of the groundwater in dry season (18.65±1.15-
75.55±23.75ppm) was higher than that of the wet season (21.8±0.5-45.05±20.15ppm).  Oluyemi 
et al. (2010) showed that salinity of surface water was variable, ranging 300-700mg/l which 
were not recommended by WHO (2011) and EU (2020) limits in Ife-North Local Government 
of Osun, State, Nigeria. Conversely, Adewoyin et al. (2013) showed that salinity of 
groundwater system in some Ibadan town ranged between18-133mg/l value above the 
recommended WHO (2011) and EU (2020) limits in Ibadan, Nigeria. 
 
The conductivity of both the surface and ground water at the two LGAs across all conformed 
with the WHO (2011) and EU (2020) standards.  Oluyemi et al. (2010) showed that conductivity 
was between 63-1039µS/cm which was within the limits of WHO (2011) and EU (2020) for 
surface water in Ife-North Local Government of Osun, State, Nigeria. Adewoyin et al. (2013) 
showed that conductivity was between 187-268µS/cm which was within the limits of WHO 
(2011) and EU (2020) for groundwater in Ibadan, Nigeria. 
 
The dissolved Oxygen of surface and groundwater across the two LGAs is less than or equal 
to 0.72±0.57mg/l in the dry season, and 1.10±1.09mg/l in the wet season. Oluyemi et al. (2010) 
showed that Dissolved Oxygen of surface water was between 4.48-9.48mg/l which was not 
recommended by WHO (2011) and EU (2020) limits, Ife-North Local Government of Osun, 
State, Nigeria. Adewoyin et al. (2013) showed that Dissolved Oxygen of groundwater was 
between 0.25-8.64mg/l which within WHO (2011) and EU (2020) limits, Ibadan, Nigeria. 
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Temperature of ground surface water varied between the seasons sampled; ranging between 
30.5±0.9°C and 30.7±0.9°C which differs from the values obtained during the wet season 
(28.4±2.1°C-30.35±0.25°C). The mn±s.d of temperature of the surface water were within range 
of 26.85±1.85-31.55±0.65°C which were also above WHO (2011) and EU (2020) limits due to 
the increase in anthropogenic activities.  Oluyemi et al. (2010) showed that temperature of 
surface water was between 26.5-33.0°C which were beyond WHO (2011) and EU (2020) limits, 
Ife-North Local Government of Osun, State, Nigeria. Adewoyin et al. (2013) showed that 
temperature of groundwater 23-29°C which were also beyond WHO (2011) and EU (2020) 
limits, Ibadan, Nigeria. 
 
The biological Oxygen demand (BOD) values (mn±s.d) (mg/l) observed across the surface 
and ground water were below the WHO (2011) limit. However, the biological Oxygen 
demand (BOD) values of wells (groundwater) were low compared to that of surface water 
across the streams in dry and wet seasons. Oluyemi et al. (2010) showed that biological Oxygen 
demand (BOD) of surface water was between 0.69-6.74mg/l which were within WHO (2011) 
and EU (2020) limits, Ife-North Local Government of Osun, State, Nigeria. Adewoyin et al. 
(2013) showed that biological Oxygen demand (BOD) of groundwater was between 0-
52.19mg/l which were within WHO (2011) and EU (2020) limits, Ibadan, Nigeria. From the 
table, it was observed that the turbidity (NTU) of surface water in both dry and wet seasons 
in Osunjela were comparatively less than in Oke-ijetu and Aregbe while turbidity of well 
water   in Oke-ijetu was extreme. However, both the groundwater and surface water exhibit 
extreme turbidity (NTU) above the international limit (WHO, 2011). Adewoyin et al. (2013) 
showed that turbidity of groundwater was between 2-32.75NTU within and beyond WHO 
(2011) limits. 
 
The Chemical Oxygen demand (COD) of surface and ground water from the two LGAs were 
generally high at the two seasons and were above the international standards (WHO, 2011) 
however, at the Osunjela, Oke-ijetu and Aregbe study sites where groundwater COD ranged 
between in (6.85±0.62-8.56±0.78mg/). It is pertinent to mention that low Chemical Oxygen 
demand (COD) 8.56±0.78mg/l)) was also observed in Oke-ijetu downstream. Adewoyin et al. 
(2013) showed that chemical Oxygen demand (COD) of groundwater was between 14.7-
205.86mg/l which was beyond WHO (2011) and EU (2020) limits, Ibadan, Nigeria.  
 
The physicochemical parameters of the surface and ground water were found to be either 
beyond or within WHO (2011) and EU (2020) limits due to the increase in anthropogenic 
activities around the three respective study areas (Osunjela, Oke-ijetu and Aregbe) (Figure 2a, 
2b, 3a and 3b). 
 
CONCLUSION 
The quality evaluation of water sources (surface and groundwater) in Osogbo town, Osun 
State, Nigeria revealed that the pH, total dissolved solids, Conductivity, Biological Oxygen 
Demand and Chemical Oxygen Demand were found within international standard (WHO, 
2011; EU, 2020) in dry and wet seasons. Few exceptions were observed in Temperature, 
Turbidity and Dissolved Oxygen, which were above international standards but not 
recommended for salinity (WHO, 2011; EU, 2020) in dry and wet seasons. This study showed 
that surface and ground water systems assessed were contaminated with substances in dry 
and wet seasons which portend health risks to consumers in the study area but have a lot of 
potentials for wide applications to the people if only they can be subjected to further 
treatments which will drastically reduce the concentrations of substances in surface and 
ground water in the study areas. 
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