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Abstract 
Rivers in Nigeria are faced with increasing contamination of both solid and 
liquid wastes that enter the surrounding water bodies, and some of these are 
toxic pollutants that settle onto the riverbed (the ultimate sink of contami-
nants in the aquatic environment). These toxic pollutants are released into 
the aquatic environments and inadvertently pose serious public health risks 
and hazards. This study aims to assess the level of potentially toxic element in 
River Ogbere water in the city of Ibadan. A total of 12 surface water samples 
collected from River Ogbere in Ibadan during the dry and wet season of 2019 
was analysed for pH, EC, Iron (Fe), Manganese (Mn), Zinc (Zn), Copper 
(Cu), Cadmium (Cd), Chromium (Cr), Lead (Pb) and Nickel (Ni). The pH 
was found in the alkaline range (7.40 - 7.83) while the conductance was ob-
tained in the range of 236.67 - 353.3 µs/cm in both seasons. Fe, Mn, Zn, Cu, 
Cr, Pb, and Ni were detected in all the samples in the range 0.10 - 5.44 mg/L, 
3.20 - 5.03 mg/L, 0.12 - 1.27 mg/L, 0.03 - 0.51 mg/L, 0.03 - 0.68 mg/L, 0.01 - 
0.75 mg/L and 0.01 - 0.03 mg/L in both seasons respectively, whereas Cd was 
detected only in 75% of the samples (0.00 - 0.07 mg/L). Overall seasonal vari-
ation was significant for Fe, Mn, Pb, Cd, and Cr. The maximum mean con-
centration of Fe (5.44 mg/L), Mn (5.03 mg/L), Zn (1.27 mg/L), Cu (0.68 
mg/L), Pb (0.75 mg/L) and Ni (0.03 mg/L) were all observed during the dry 
season. The heavy metals also varied with the change of sampling locations. 
The dominance of these toxic element in the surface water of River Ogbere 
followed the sequence: Mn > Fe > Zn > Cu > Cr > Pb > Ni > Cd. The anthro-
pogenic activities around the study area were observed to have increased the 
influx of toxic metals at both upstream and downstream sections of the river. 
In view of the high human activities along the river, River Ogbere appeared to 
have been polluted visibly. The constant water quality monitoring and devel-
opment of River Ogbere safety plans is recommended.  
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Water Quality 

 

1. Introduction 

The input and accumulation of toxic pollutants from human activities are the 
main sources of metal distribution in the water phases of surface waters and as 
such, the control of these toxic substances is regarded as the best safety plan 
and management of surface water bodies. According to Taiwo [1], at least 27% 
of Nigerians depend solely on surface water as a major source for domestic use. 
Unfortunately, most of these potable water sources are being contaminated with 
various pollutants from point and non-point sources, thus causing an adverse 
impact on human health and aquatic life [2]. Point sources of the toxic metals 
such as mining, agricultural activities, sewage disposal can be controlled while 
non-point sources such as surface, underground and fluvial inputs seem to be 
difficult to control. As toxic metals cannot be degraded, they are deposited, as-
similated or incorporated in the water and its sediment. These non-biodegradable 
metallic chemical elements have a relatively high density, toxicity at low concen-
trations, and tend to accumulate in the sediment of waterways in association 
with organic and inorganic matter in the sediment [3]. [4] Storelli claimed that 
toxic metals have a particular significance in eco-toxicology since they are highly 
persistent and all have the potential to be toxic to living organisms. The presence 
of these metals in the environment has been a source of concern to environmen-
talists, government agencies and health practitioners as a result of their health 
implication, which is hazardous and toxic to man [5]. The presence of toxic 
metals has far-reaching consequences on man and their effects include the onset 
of cancers of the skin, lung and nasal regions [6]. Toxic metals are commonly 
found in natural waters and some are essential to live organisms, yet they may 
become highly toxic when present in high concentrations. Among environmen-
tal pollutants, metals are of particular concern; due to their potential toxic effects 
and ability to bio-accumulate in aquatic ecosystems [7]. Therefore, metals may 
bio-accumulate and bio-magnify via the food chain and finally assimilated by 
humans resulting in health risks [8]. 

Ibadan is the capital of Oyo state and is located in Southwestern Nigeria. The 
city is reported to be the largest indigenous city in West Africa and 2006 census 
estimated its population at over 3.8 million. The city covers an area of about 240 
km2 [9]. One of the main problems facing Ibadan is the indiscriminate dumping 
of both solid and liquid wastes which are domestic in nature, runoff from agri-
cultural activities and industrial waste disposal being deposited into drains, stream 
channels and subsequently the river. Thus, the quality of river in Ibadan is get-
ting vastly deteriorated due to improper land management as well as poor waste 
management practices. 

River Ogbere, one of the major rivers in Ibadan which serves several settle-
ments in Ibadan metropolis is located in the south-western part of Ogunpa 
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drainage basin on geographic grid reference longitude 3˚56'25''E and latitude 
7˚19'32''N with an estimated elevation of 174 m above the sea level. River Ogbere 
basin is covered mainly by ferruginous tropical soil on basement complex rock 
and rugged relief, occupying an area of 52.88 sq∙km in the tropical rainforest of 
Nigeria [10]. The major climatic season is wet (March-October) and dry season 
(November-February) with an average rainfall volume of 800 mm at onset and 
1500 mm at its peak. 

The study therefore investigated the distribution of potentially toxic metals 
concentration across one kilometer (1 Km) stretch of the river based on accessi-
bility and interference of human activities. 

2. Materials and Methods 

The sampling points were selected along 1 kilometre stretch of the river with six 
(6) points varying at the distance of 200 metres (Figure 1). The water samples 
were collected from a depth of one feet (1 ft) below the surface thrice each sea-
son by grab sampling technique to reflect the present water quality status of the 
river. The samples were kept in a pre-cleaned 2.5 litres plastic polyethylene te-
rephthalate PET bottles with addition of 2 mL concentrated HNO3 in order to 
preserve the metals and also to avoid precipitation. 

The pH and conductivity of the water samples were determined in-situ with a 
pocket size HANNA COMBO pH/Conductivity metre. For the analysis of the 
total heavy metal (both dissolved and suspended) concentration, 100 mL of water  
 

 
Figure 1. Map of Ogbere River showing sampling points. 
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samples were digested with 5 mL of nitric acid by heating slowly on a hot plate 
and evaporated to 20 mL. This was filtered and made up to the volume of 50 mL 
with distilled water for analysis of eight heavy metals viz: Fe, Mn, Zn, Cd, Cu, 
Cr, Pb and Ni using atomic absorption spectrophotometer (Buck Scientific 
model 210 VGP) [11]. The obtained data were subject to statistical analysis to 
test the analysis of variance (ANOVA) and comparing with the world health or-
ganisation standard for domestic use using SPSS statistical package Figure 2. 

3. Results and Discussion 

The water samples exhibited an alkaline pH in the range of 7.60 - 7.83 and 7.40 - 
7.67 for wet and dry season respectively. Seasonal mean values of pH varied 
from 7.63 in wet season to 7.57 in dry season (Table 1). The lowest pH value was 
observed in dry season which may be due to dilution effect of rain water. How-
ever, mean values of pH across sampling point are not significantly different 
from each other. The observed values, however were all within the safe limit for 
drinking purpose [12]. Similar trend was also observed in the case of conductiv-
ity. The values of conductivity ranged from 236.67 - 280.67 µs/cm and 313.3 - 
353.3 µs/cm in wet season and dry season respectively. Table 1 shows the sea-
sonal mean values of conductivity in the range of 252.1 µs/cm in wet season and 
328.3 µs/cm in dry season. The water samples showed slight variations in con-
ductivity seasonally. 
 

 

Figure 2. River Ogbere with excessive waste dumping at the commercial areas. 
 
Table 1. Changes in pH and conductance of surface water of River Ogbere. 

Parameters Season S1 S2 S3 S4 S5 S6 Average WHO Standard 

pH 
Wet 7.83 7.80 7.83 7.70 7.60 7.63 7.73 

6.5 - 8.5 
Dry 7.67 7.67 7.47 7.47 7.40 7.57 7.57 

E.C (µs/cm) 
Wet 236.7 241.7 251.3 240.0 262.3 280.7 280.7 

10 - 1000 
Dry 333.3 313.3 323.3 313.3 333.3 353.3 353.3 
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All the 12 surface water samples of river Ogbere were analysed for Fe, Mn, Zn, 
Cu, Cd, Cr, Pb and Ni. The presence of Fe, Mn, Zn, Cu, Cr, Pb and Ni were de-
tected in all samples with an overall mean values of 4.82, 4.27, 1.20, 0.36, 0.47, 
0.60, 0.30 mg/L in dry season and 0.76, 3.73, 0.11, 0.07, 0.05, 0.02 and 0.01 mg/L 
in wet season (Table 2). However, Cd was detected in only 75% of the water 
samples with overall mean values of 0.02 mg/L in dry season and 0 mg/L in wet 
season. Except for Fe, Mn in both seasons, Cr and Pb in dry season, the observed 
metals were all in a safe limit for drinking [12] and crop production [13]. The 
seasonal distribution of the mean concentration of metals in this study have been 
shown to be in order: 

Mn > Fe > Zn > Cu > Cr > Pb > Ni > Cd (Wet season, 2019); 
Fe > Mn > Zn > Pb > Cr > Cu > Ni > Cd (Dry season, 2019). 
Iron is one of the most abundant metals in the earth’s crust. It is an essential 

trace element required by all forms of life. Iron values across the sampling points 
in both seasons recorded an average of 0.76 mg/L in wet season and 4.82 mg/L in 
dry season, which is above the 0.3 mg/L WHO permissible limit. Similar study 
was observed by Alani et al. [14] on River Ogun. These high iron values might be 
due to run-off from domestic and urban wastes. Excess iron concentration im-
pairs the ability of body to regulate iron absorption leading to siderosis in liver, 
pancreas and heart. Manganese concentration level in the river accounts for an 
average value of 3.73 mg/L and 4.27 mg/L in wet and dry season respectively.  
 
Table 2. Average concentration of toxic metals in surface water of River Ogbere. 

Metals Season S1 S2 S3 S4 S5 S6 Average WHO Standard 

Fe 
(mg/L) 

Wet 0.49 0.10 0.58 0.93 1.97 0.47 0.76 
0.3 

Dry 5.12 5.44 3.41 5.44 4.68 4.80 4.82 

Mn 
(mg/L) 

Wet 3.59 3.60 3.20 3.61 3.68 4.70 3.73 
0.4 

Dry 4.37 3.71 3.65 4.38 4.48 5.03 4.27 

Zn 
(mg/L) 

Wet 0.15 0.13 0.04 0.09 0.12 0.12 0.11 
5.0 

Dry 1.27 1.40 1.15 1.07 1.16 1.14 1.20 

Cu 
(mg/L) 

Wet 0.05 0.08 0.03 0.09 0.09 0.08 0.07 
2.0 

Dry 0.35 0.44 0.31 0.51 0.29 0.27 0.36 

Cd 
(mg/L) 

Wet ND ND ND ND ND 0.01 0.00 
0.03 

Dry 0.01 0.01 0.07 0.04 ND 0.01 0.02 

Cr 
(mg/L) 

Wet 0.08 0.04 0.05 0.04 0.06 0.05 0.05 
0.1 

Dry 0.47 0.20 0.43 0.63 0.68 0.38 0.47 

Pb 
(mg/L) 

Wet 0.02 0.01 0.01 0.01 0.01 0.02 0.02 
0.01 

Dry 0.54 0.75 0.70 0.71 0.62 0.29 0.60 

Ni 
(mg/L) 

Wet 0.01 0.01 0.01 ND ND 0.02 0.01 
0.07 

Dry 0.03 0.03 0.03 0.04 0.01 0.03 0.03 

*ND: Not Detected. 
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These values exceed the permissible limit of 0.4 mg/L [12]. The higher manga-
nese concentration may be attributed to the addition of agricultural run-off, se-
wage and domestic wastes in river. [15] Moyosore also reported high concentra-
tion of manganese in Ogun River which agrees with the result obtained in this 
study. Zinc is a ubiquitous metal present in the environment. Zinc concentration 
in Ogbere river recorded a seasonal mean value of 0.11 mg/L in wet season and 
1.20 mg/L in dry season, which is within the acceptable limit for potable water of 
5 mg/L [12]. Zinc recorded in the study is lower than that was obtained by [16] 
Aliyu et al. who carried out physicochemical and elemental quality of water from 
River Lavun, Bida, Niger State. Zinc deficiency causes anaemia and retardation 
of growth and development. Copper is an important metal element to human 
health. It combines with specific proteins to yield enzymes that functions as cat-
alyst to help the human body (Sivaperumal et al., 2007). Copper in this study 
recorded an average mean of 0.07 mg/L and 0.36 mg/L in wet and dry seasons 
respectively. These values were within the permissible limits of 2 mg/L [12]. This 
agrees with Aliyu et al. [16] on River Lavun, Bida. Its presence could be as a re-
sult of addition from agricultural runoff, sewage which causes anaemia and kid-
ney damage. Cadmium is widely known to be highly toxic non-essential heavy 
metal. Cadmium concentration in the river during the period of study which rec-
orded a mean value of 0.00 mg/L and 0.01 mg/L in wet and dry season respec-
tively Figure 3. These values are within acceptable limit in wet season but was 
above the acceptable limit of 0.003 mg/L of WHO standard. Similar trend was 
observed by Aliyu et al. [16] in River Lavun, Bida. The increase in cadmium 
concentration in dry season could probably be attributed to decrease in volume 
of water and increase in temperature. Chromium is an essential trace element 
that is required in small amounts for carbohydrate metabolism. Chromium con-
centration in River Ogbere recorded an average of 0.05 mg/L in wet season and 
0.47 mg/L in dry season which is below the acceptable limit of 0.1 mg/L of WHO. 
Similar result was obtained by [17] Yusuf et al. of Saba River, Osogbo. Chro-
mium and Cadmium work together and the combined toxicity of these two met-
als is greater than the sum of their individual toxicity [18]. Lead concentration in 
River Ogbere recorded an average mean of 0.02 mg/L in wet season and 0.60 
mg/L in dry season Figure 4. Its concentration falls within WHO permissible 
limit in wet season but slightly above the limit in dry season Table 3. This was 
similar to lead concentration reported by [19] Dike et al. in River Jakara, Kano 
State. Lead concentration amongst the sampling points showed no statistically 
significant difference (P > 0.05) except for point A and F in the dry season Table 
4. Nickel is a moderately toxic element that recorded a mean value of 0.01 mg/L 
in wet season and 0.03 mg/L in dry season. This values fall within the 0.07 mg/L 
WHO standard in the dry season but slightly above in the wet season. These values 
are lower that what was obtained by Aliyu et al. [16]. Exposure to excess con-
centration of nickel may cause toxic effect in the respiratory tract and immune 
system [20]. 
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Figure 3. Graphical interpretation of trace metal concentration in wet season. 
 

 

Figure 4. Graphical interpretation of trace metal concentration in dry season. 
 
Table 3. Spatial changes in toxic metal content of River Ogbere. 

Location 
Fe Mn Zn Cu Cd Cr Pb Ni 

mg/L 

S1 4.63 0.78 1.12 0.30 0.01 0.39 0.52 0.02 

S2 5.34 0.11 1.27 0.36 0.01 0.16 0.74 0.02 

S3 2.83 0.45 1.11 0.28 0.07 0.38 0.69 0.02 

S4 4.51 0.77 0.98 0.42 0.04 0.59 0.70 0.04 

S5 2.71 0.80 1.04 0.20 0.00 0.62 0.61 0.01 

S6 4.33 0.33 1.02 0.19 0.00 0.33 0.27 0.01 

 
Table 4. Correlation of different toxic metals of the surface water of River Ogbere. 

 Mn Fe Cu Zn Pb Cd Ni Cr 

Mn 1.000        

Fe 0.324 1.000       

Cu −0.210 0.509 1.000      

Zn −0.175 0.082 0.122 1.000     

Pb −0.881 0.050 0.549 0.146 1.000    

Cd 0.605 −0.319 −0.307 −0.061 −0.641 1.000   

Ni 0.121 −0.405 0.267 0.043 −0.204 0.346 1.000  

Cr 0.123 −0.459 −0.015 −0.523 0.000 −0.478 −0.460 1.000 

NB: Correlation is significant at the 0.05 level. 
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4. Conclusion 

The occurrence of enhanced concentration of toxic metals in the studied river 
was a clear indication of anthropogenic pollution from population increase and 
urbanization coupled with a lack of proper waste disposal systems. These call for 
improvement before the trace metals plough back into the food chain to cause a 
serious hazard in man. The following conclusion was drawn from the study. The 
speciation of toxic metals in the river Ogbere led to the detection of differing 
concentration of metal in the river water. The study also provides baseline in-
formation on the concentration of the metal in the river with which future anth-
ropogenic influences could be evaluated. There was a variation in the toxic metal 
concentration across the different sites indicating a corresponding variation in 
the activities leading to deposition of these metals at the different points due to 
different rates of metal ion mobility and difference in solubility. The study con-
firmed that the river water had a very slight metal concentration for the eight 
metals in which Iron, Manganese and Zinc have the highest concentration in 
both seasons. Copper, Zinc, Cadmium and Nickel fell within the range of WHO 
standards for river water. Statistical analysis at 95% confidence limit shows that 
there is no significant difference observed between the sampling point as a result 
of human activities such as farming, dumpsites, auto-mechanic and marketing 
influence. 
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