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Abstract 
Pollution of surface water and sediments with heavy metals continue to cause ecological threat 
around the globe. The objective of this study was to examine the physiochemical parameters of 
Owena River and to assess the concentrations of heavy metals in the river and sediments. The 
heavy metals investigated in both water and sediments were iron (Fe), lead (Pb), chromium (Cr), 
cadmium (Cd), zinc (Zn) and arsenic (As). The observed metal concentrations were subjected to 
pollution indices contamination factor (CF), Geo-accumulation (Igeo), potential ecological risk 
index (PERI) and potential toxicity response indices. Surface water and sediments samples were 
collected in triplicates and transported to the laboratory for analysis. Physicochemical parameters 
were checked in-situ using the water multi-parameter probe. The result showed that all examined 
physiochemical parameters were within the World Health Organization’s (WHO) limits. The 
concentrations of examined heavy metals in the river were within the limits except for Zn 
(1.13±0.006-2.14±0.000mg/l) and Cr (0.19±0.005-0.34±0.006mg/) while that of Fe, Cd, Zn and 
Cr in the sediments were observed to be higher than the permissible limits. The CF values ranged 
from moderate and to very high, Igeo showed not contamination and PERI revealed low level. 
This study recommended that due to the high concentrations of heavy metals found in the 
sediments, regular and close monitoring of discharges from domestic, agricultural and industrial 
effluent, solid waste disposal and defecation actives should be reduced. 
Keywords: potential ecological risk, heavy metals, contamination factors, geo-accumulation 
index, sediments 
 
Introduction 
Pollution of surface or ground water quality, soil 
and sediments with heavy metal contamination 
across the globe continue to cause as ecological 
threat. This may be due to the abundance, 
persistent and toxic in nature of heavy metals in 

the environment, (Ali et al. 2013). The vigorous 
contamination of most ecosystem with heavy 
metals have been linked to both natural and 
anthropogenic activities. However, previous 
studies have shown that most river pollution have 
been caused by anthropogenic activities such as 
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discharged of agricultural waste, use of 
pesticides, chemical fertilizers, animal wastes, 
atmospheric and wastewater discharge (Li et al., 
2017; Olayinka-Olagunju et al., 2019). Xia et al. 
(2018) and Ali et al., (2019) also argued that 
anthropogenic activities pollute the aquatic 
environment more than the natural sources, thus 
increasing the concentrations of heavy metals and 
other pollutants that may affect the surface water, 
sediments and aquatic faunas and floras. Other 
activities such as rapid industrial development, 
increase in urbanization, and population growth 
are largely the reasons for global water pollution 
(Tchounwou et al. 2012). More so increase in the 
concentration of toxic metals like, lead (Pb), 
arsenic (As), chromium (Cr) and cadmium (Cd) 
pollute water and sediments depending on the 
nature of the activities in the aquatic ecosystem 
(Sharma et al., 2005; Marshall et al., 2010). The 
constant release of these discharges into either the 
terrestrial, atmosphere or aquatic environments 
cause bioaccumulation and biomagnification in 
food chains (Dhanakumar et al. 2015; Dadar et al. 
2016) and subsequently resulting to disruption in 
human biochemical system and aquatic 
organisms.  
 Different health damages caused by 
exposure to heavy metals in the aquatic 
ecosystems and human have been reported been 
reported by different previous studies (Adams et 
al., 2014; Goretti et al., 2016).  Wright and 
Welbourn (2002) argued that high concentration 
of heavy metals in the aquatic organism may 
affect activities in the rivers, disrupt the growth 
of the organism and also impede the reproduction 
of aquatic lives and serious diseases in 
endangered species (Quiros et al., 2021). Pan and 
Wang (2012), observed that heavy metals get to 
human from diet such as fish, lobster, shrimps, 
etc., thereby causing different hazardous issues. 
However, long term exposure of heavy metals by 
human may affect the brain, incapacitate 
development, visual and hearing impairment, 
different cancers and behavioural disorder 
(Sarkar, 2009; Adams et al., 2014).  
 Sediments in water bodies are essential 
because they are attached parts of the aquatic 
environments. Furthermore, sediments play very 
significant physicochemical and biological role in 
the aquatic environments and any alteration in the 
concentrations of heavy metal aquatic ecosystem 

will affect the normal aquatic life support systems 
(Jumbe and Nandini, 2009). Goretti et al., (2016) 
for example observed that sediments can 
sometime release metals into the water column 
and the metals may biomagnify and 
bioaccumulate in the benthic aquatic organism 
such as fauna, shrimps and fish. Wong et al., 
(2017) supported by Li et al., (2017) argued that 
the major contributor of heavy metal 
contaminants to the sediments and soil is from 
anthropogenic activities especially from land use. 
The potential ecological risk of the sediments 
does not only depend on the concentrations of 
metals but also on the chemical makeup that can 
affect the accessibility and availability of 
biological organisms (Simpson et al., 2012).  
 This study focuses on the assessment of 
surface water samples and sediments of Owena 
River in Bolorunduro area of Ondo State. The 
river has been selected for this study because it is 
an important source of potential pollutants from 
sources like domestic sewage, defecation, 
agricultural effluent, contaminants, and 
discharges from nearby dams. In addition, the 
river serves a source of fishing, agricultural 
processing site, drinking and domestic sources for 
a longtime However, scarce information is 
available concerning the heavy metal 
contamination assessments in the surface water 
and the sediments of the river. 
The objective of this present study was to 
examine the physiochemical parameters of 
Owena River and to assess the concentrations of 
heavy metals in water and sediments of the river. 
The heavy metals investigated in both water and 
sediments are iron (Fe), lead (Pb), chromium 
(Cr), cadmium (Cd), zinc (Zn) and arsenic (As). 
The observed metal concentrations were further 
subjected to pollution indices which 
Contamination actor (CF), Geo-accumulation 
(Igeo), potential ecological risk index and 
potential toxicity response indices.  
 
Materials and methods 
Study Area 
This study was carried out in Owena River. The 
river is situated in Idanre/Owena Local 
Government Area of Ondo State Southwest, 
Nigeria. The area lies between latitudes 70.00´N - 
70.30´N and longitudes 50.00´-50.30´E. Owena is 
approximately 25 km west of Akure the capital of 
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Ondo State (Fig1). Activities in the river include 
artisanal fish farming, washing of clothes and 
agricultural tools into rivers, open defecation and 
deposition of wastes into the rivers (Olaniyan, 
2010). 
Sample collection 
Surface water samples were collected from three 
different points (upper, middle and lower stream) 
in triplicate from the month of February to June, 
2021. The surface water samples were collected 
once in a month (Olayinka-Olagunju et al., 2021; 
Ali et al., 2016), a total of 15 water samples were 
collected from the study site and transported to 
the Animal and Environmental Biology 
laboratory for analysis. Physicochemical 
parameters were checked in-situ using the multi-
parameter probe (temperature, pH, EC, colour 
and odour) and recorded.  
Using the Ekman grab, sediment samples were 
collected from three different points in triplicate. 
A total of 15 sediment samples were also 
collected and kept in a Ziplock bag using the 
procedures outlined by Olayinka-Olagunju et al., 
(2021) and Huang et al., (2020). Samples were 
transported to the laboratory for analysis. 
Laboratory analysis  
In the laboratory, some chemical parameters, 
dissolved oxygen (DO), salinity, nitrate, nitrite 
were examined in the water samples and the water 
samples were refrigerated until analysis.  
In the well-ventilated laboratory, sediment 
samples were air dried in trays, ground and sieved 
using 2-mm mesh sieve until samples were even 
and fine. The water and homogenized sediment 
samples were digested with 5.0 mL of HNO3/HCl 
(3:2) and heated on a hot plate at 130oC. The 
mixture was allowed to cool and filtered with 
0.45 mm membrane filter. De-ionized water was 
added to the filtrate to make it up to 100 mL and 
stored in clean bottles for the analysis of heavy 
metals using atomic absorption 
spectrophotometer ((N1100A model).  
 The metals were analyzed in the 
laboratory using the standard methods outlined 
by Yi et al., (2011) and AOAC (2005). The metals 
examined in both water and sediment samples 
were zinc (Zn), lead (Pb), chromium (Cr), arsenic 
(As), iron (Fe), cadmium (Cd) and chromium. 
The instrument was calibrated as follows (0, 2, 4, 
6, 8 and 10 mg/L). Solutions were prepared from 
the stock solution and treated appropriately as 

sample and absorbance were read. All heavy 
metal results were read from the graph and 
concentrations were reported in mg/L. 
Data analysis 
Statistical analysis  
Results from this study were analyzed using 
SPSS 24.0 statistical package. The means and 
standard error of all heavy metal concentrations 
in water and sediments were detected and further 
subjected to one-way analysis of variance 
(ANOVA) and where significant differences (p < 
0.05). 
Pollution assessment of heavy metals 
Geo-accumulation index  
Mean concentrations of heavy metals were 
subjected to geo-accumulation index. The geo-
accumulation index (Igeo) was introduced by 
Muller (1969). It is an index use to ascertain 
heavy metal pollutions in sediments. Igeo is 
calculated as follows: 
Igeo=log2(Cn/1.5Bn)     (i) 
where Cn is the mean concentration of heavy 
metals in the water and sediments samples. 
Bn is the geochemical background concentration 
(mg kg−1) of the heavy metal analyzed. The 
constant 1.5 is a background matrix correction 
factor used to compensate for weathering. The 
global background concentrations used in the 
study in presented in Table 1.            
The seven classes of Igeo classified by Muller 
(1969) are as follows; Class 0 (Igeo ≤ 0) 
uncontaminated; Class 1 (0 < Igeo ≤ 1), 
unpolluted to   moderately polluted; Class   2 (1   
<   Igeo ≤ 2), moderately polluted; Class 3 (2 < 
Igeo ≤    3), moderately to heavily polluted; Class 
4 (3 < Igeo ≤    4), heavily polluted; Class 5 (4 < 
Igeo ≤    5), heavily to extremely polluted and 
Class 6 (Igeo >   5), extremely polluted (Ogbeibu 
et al., 2014) 
Contamination Factor 
Tomilson et al., (1980) recommended the 
contamination factor (CF) formula and was first 
used by Hakanson (1980) to determine 
contamination status of the soil. The formula is 
written thus:  
CF = CS/CB     (ii) 
Where CS = to the concentrations of trace/toxic 
heavy metal in the soil samples; CB = to the 
baseline or background value. The baseline/ 
background of the metals examined in this study 
is presented in Table 2. 
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Assessment of Potential Ecological Risk 
Hakanson (1980) formulated the potential 
ecological risk index (RI). The index is used to 
evaluate the features and the ecofriendly nature of 
heavy metal pollutants. The procedure consists of 
a single contamination coefficient, heavy metal 
toxicity response factor, a more elaborate 
pollution measure, and potential ecological risk 
index (Jiao et al. 2012; Dong et al. 2007). It is also 
use for the assessment of the biological and 
ecotoxicological responses of the potential risks 
of heavy metal pollution, and is calculated as 
follows: 

Ei
f = Ti

f X Ci
f    (iii) 

where Ef
i is the potential ecological risk index, Tf

i 
is the response coefficient for the toxicity of the 
single metal, and Cf

i is the pollution index and can 
be defined as follows: 

Ci
f = Ci

s X Bi
n    (iv) 

where Ci
s = concentration of heavy metal in the 

sediment and Bi
n is the background/reference 

value.  The concentration of heavy background 
metal and the response coefficient for the toxicity 
of single metal is shown in Tables 2. Potential 
toxicity response index for various heavy metals 
(RI) is presented in Table 3 and showed the 
potential ecological risk range and risk level. The 
toxic response index is written as: 
 

RI = ∑ Ei
f     (v) 

      

Results  
Physicochemical Parameters of water samples 
The physicochemical parameters of Owena river 
are presented in Table 4. Total hardness ranged 
from 25.0±0.000-125±14.434 mg/l. In the month 
of February, the least mean total hardness was 
observed while the highest was observed in April, 
May and June. The results however, showed that 
the observed concentrations were with the limits 
stipulated by the World Health Organization 
(WHO, 2008). There was a significant difference 
(p< 0.05) when total hard was compared to the 
other physiochemical parameters. Free chlorine 
was since to range from 0.00 -1.500mg/l. The 
result showed that Free Chlorine observed in the 
month of February was higher than the 
permissible limit (1.00mg) of WHO (2008).  
From the table, nitrate, nitrite and fluoride were 
also observed to be within the limit. The salinity 
of the water ranged from 0.06±0.120-0.09±0.000, 

although it was minimal but the limit was not 
specified. The total dissolved solid (TDS) 
90.0±11.5- 143±5.77mg/l, electrical conductivity 
(EC) 180±11.6 uS/cm, temperature and pH 
6.0±0.00-6.5±0.87 were seen to be within the 
regulatory limits throughout the study.  Dissolved 
oxygen (DO) ranged from 0.63±0.12 – 
3.27±0.023 and when compared to the regulatory 
limit, it can be seen that values of the DO 
measured in March and June were less than WHO 
(2011) limit of not less than 2.    
 
Heavy metal concentration in water  
The concentrations of heavy metals determine in 
the surface water of Owena River is presented in 
Table 5. The metals were determined in from the 
upper, middle and lower stream of the river. The 
concentrations of Fe ranged from 1.100±0.000-
1.500±0.000mg/l. When the result was compared 
to the regulatory limit of 5.00mg/l, the 
concentrations in the five months did not exceed 
the limit. There was a significant difference when 
the concentrations of Fe for the 5 months were 
compared. Lead (Pb) was not detected in three 
months (February, March and June) during this 
study, however, when detected in April and May, 
the concentrations were not higher than the 
permissible limits of 0.10mg/l. More so, no 
significance different was seen in Pb when all 
concentration were compared.  
In addition, Zn concentrations in the surface 
water showed that the element did not exceed the 
permissible limit of 5.00mg/l. Zinc further 
showed significance difference (p< 0.05) 
between the months. The metal Cr was only 
detected in the lower region of the surface water 
samples collected in February, May and June but 
was not detected in the rest of the water. The 
metal was statistically significant when 
compared. The table further showed that Cd 
ranged from not detected to 0.037±0.000mg/l. 
This result indicates that Cd was not detected in 
some of the water sample collected while in some 
region of the river the concentrations of Cd was 
high. For example, Cd was high in the month of 
February and within the concentration limits in 
the month of March & June (Upper & Middle 
stream), while others were above the permissible 
limit. When the concentrations were compared, a 
significant difference was seen. Arsenic 
concentrations were found to be above the 
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permissible WHO (2008) limit of 0.01mg. 
Arsenic ranged from 0.01mg/l-0.050±0.006mg/l. 
When the results were compared to the 
permissible limit, all the concentration except for 
March (upper stream) were higher than the limits. 
No significant difference was observed between 
all As concentrations for the 5 months.  
 
Heavy metal concentration in Sediments 
The concentrations of heavy metals detected in 
the sediments of Owena River and the WHO 
(2006) permissible limits are showed in Table 6. 
From the results, it can be seen that Fe ranged 
from 19.37±0.355- 29.33±0.014mg/l. The 
obtained results revealed that the concentration of 
Fe in the sediments from this study were higher 
than the limits of 5mg/l stipulated by WHO 
(2008) and Fe was statistically significant 
(p<0.05) when the concentrations were compared 
in the five months. The results of Pb showed that 
the concentrations were below WHO (2006) 
limits of 5mg/l as the results ranged from 
0.13±0.000- 0.196±0.014mg/l and statistical 
significance was observed. More so, Zn was 
found to be higher than the regulatory limits of 
≤1mg/l, ranging from 1.13±0.006-
2.14±0.000mg/l and also there was a significant 
difference in the results (p<0.005). The table 
further showed that Cr ranged from 0.19±0.005-
0.34±0.006mg/l implying the results were higher 
than the permissible limit of. 0.01mg/l. Cadmium 
and arsenic ranged from 0.13±0.000-
0.216±0.008mg/l and 0.026±0.003-
0.066±0.003mg/l respectively. The results 
showed that Cr concentration were higher than 
the permissible limits while that of As was within 
the permissible limits (WHO, 2011). The 
elements were significantly different when the 
concentrations were compared.  
 
Contamination Indices 
Table 7 revealed the Contamination Factor (CF) 
and Geoaccumulation index (Igeo) results 
calculated from the heavy metal concentrations of 

water and sediments samples. The degree of 
contamination in sediments, were categorized as; 
CF < 1 refers to low contamination factor; 1 ≤ CF 
< 3 indicates moderate contamination factor; 3 ≤ 
CF ≤ 6, considerable high contamination factor; 
and CF = 6 shows very high contamination 
(Adeyi and Babalola 2017; Nasr et al. 2006). 
From the table, it can be seen that the CF values 
of Fe in the river was greater than 3 which implied 
that the CF was considerably high while Fe value 
in the sediments was greater than 6 suggesting 
very high CF. However, the CF of Pb, Zn, Cr, Cd 
and As were seen to be < 1 in both water and 
sediments, indicating low CF.  
The calculated Igeo, presented in Table 7 
revealed that none of the values of the examined 
metal (Zn, Fe, Pb, Cr, Cd and As) in the water and 
sediments was up to grade 0.  
 The result in Table 8 showed the 
potential ecological risk index in both sediment 
and water concentrations. In the sediments, the 
potential ecological risk indices for Pb, Cd and As 
were less than 40 which implied low potential risk 
as shown in Table 3. Chromium values were 
greater than 40 indicating moderate ecological 
potential risk. The values of Zn from February to 
April were seen to be greater than 80, suggesting 
higher ecological risk while the values for May 
and June showed that the value were greater 160 
implying high ecological risk 
  In Table 9, the potential ecological risk 
indices for single heavy metal (Pb, Cd, Zn, As) in 
water at each of the three points were less than 40, 
which suggested slight potential ecological risk 
of the elements in Owena River. In addition, the 
Response Indices (RI) of heavy metals also 
revealed that none of the heavy metals were up to 
150 indicating low toxicity grade response. 
The Response indices for all the metals in the 
sediments ranged from 186.35-286.17 (Table 10). 
These results showed moderate ecological risk 
toxicity response indices (150 ≤ RI < 300) for all 
metals.  
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Figure 1: Map of Owena River (Google Earth)  
 
 
 
 
 
 
Table 1: Heavy metal geochemical background world standard 

Metals  Background concentration limit (mg/kg) Refs  
Zinc 95 Turekian and Wedepohl (1961) 
Iron 40,000 Bowen (1979) 
Lead 20 Turekian and Wedepohl (1961) 
Cadmium 0.3 Turekian and Wedepohl (1961) 
Chromium 90 Turekian and Wedepohl (1961) 
Arsenic 13 Turekian and Wedepohl (1961) 

 
 
 
 
 
 
Table 2: Background values of heavy metal and response coefficient for the toxicity 

Metals Background/reference value (Bi
n) Coefficient for toxicity (Tf

i) 
Zinc  55.7 1.0 
Chromium  93.9 2.0 
Lead  22.4 5.0 
Cadmium  0.28 30.0 
Arsenic 13 10 

(Ojekunle et al, 2016; Dong et al. 2007) 
 
 
 



44 
 

Table 3: Potential Ecological Risk range and Risk level 
Range of potential 
ecological risk index 
(Ei

f) 

Ecological risk level 
single factor pollution 

Scope of potential 
toxicity index (RI) 

General level of potential 
ecological risk 

Ei
f < 40  Low  RI < 150 Low grade  

40 ≤ Ei
f < 80 Moderate 150 ≤ RI < 300 Moderate  

80 ≤ Ei
f < 160 Higher 300 ≤ RI < 600 Severe  

160 ≤ Ei
f < 320 High 600 ≤ RI Serious  

320 ≤ Ei
f Serious   

      Guo et al., 2010 
 
 
Table 4: Physicochemical Parameters of Owena River 
 

Note: NS - Not Specified 
 
 
Table 5: Heavy metal concentration in Owena River 

Heavy metals  
Months 

Iron (Fe) Lead (Pb) Zinc (Zn) Chromium 
(Cr) 

Cadmium 
(Cd) 

 Arsenic (As) 

February US 1.100±0.006 ND 0.017±0.003 ND 0.020±0.000 0.027±0.003 
February MS 1.120±0.000 ND 0.010±0.000 ND 0.013±0.003 0.050±0.006 
February LS 1.490±0.040 ND 0.053±0.009 0.010±0.000 0.037±0.003 0.060±0.000 
March US 1.100±0.000 ND 0.030±0.000 ND ND 0.010±0.00l 
March MS 1.497±0.136 ND 0.030±0.000 ND ND 0.020±0.000 
March LS 1.500±0.000 ND 0.010±0.006 ND 0.020±0.000 0.040±0.000 
April US 1.143±0.009 0.020±0.000 0.080±0.060 ND 0.010±0.000 0.020±0.000 
April MS 1.207±0.003 0.030±0.006 0.041±0.000 ND 0.010±0.000 0.050±0.005 
April LS 1.410±0.017 0.060±0.000 0.043±0.009 ND 0.030±0.000 0.020±0.000 
 May US 1.100±0.006 0.010±0.000 0.017±0.003 ND ND 0.020±0.000 
May MS 1.120±0.000 0.040±0.000 0.010±0.000 ND 0.0200±0.000 0.040±0.000 
May LS 1.490±0.040 0.010±0.000 0.053±0.009 0.043±0.028 ND 0.020±0.000 
June US 1.100±0.000 ND 0.030±0.000 ND 0.010±0.000 0.050±0.006 
June MS 1.497±0.136 ND 0.030±0.000 ND 0.010±0.000 0.020±0.000 
June LS 1.500±0.000 ND 0.010±0.006 0.010±0.000 0.030±0.000 0.030 ±0.033 
WHO 5.00 0mg/l 0.1mg/l 5mg/l 0.05 mg/l 0.01mg/l 0.01mg/l 

Note: ND - Not Detected; US - Upper Stream; MS – Middle Stream; LS – Lower Stream 
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Table 6: Heavy metal concentration in sediments of Owena River 
Heavy 
metals  
Months 

Iron (Fe) Lead (Pb) Zinc (Zn) Chromium 
(Cr) 

Cadmium 
(Cd) 

 Arsenic 
(As) 

February US 20.21±0.017 0.15±0.006 1.16±0.000 0.31±0.000 0.15±0.009 0.05±0.000 
February MS 19.37±0.355 0.13±0.000 1.13±0.006 0.31±0.003 0.13±0.000 0.04±0.000 
February LS 21.06±0.000 0.19±0.006 1.41±0.009 0.34±0.006 0.16±0.006 0.08±0.003 
March US 21.06±0.006 0.14±0.006 1.35±0.006 0.27±0.003 0.19±0.006 0.05±0.000 
March MS 20.30±0.012 0.14±0.000 1.40±0.012 0.26±0.017 0.14±0.000 0.03±0.000 
March LS 23.17±1.00 0.18±0.003 1.44±0.012 0.35±0.003 0.21±0.009 0.06±0.003 
April US 23.09±0.033 0.17±0.006 1.21±0.006 0.26±0.017 0.14±0.003 0.60±0.060 
April MS 21.59±0.009 0.14±0.006 1.21±0.026 0.28±0.000 0.16±0.012 0.06±0.000 
April LS 26.00±0.006 0.18±0.003 1.23±0.009 0.31±0.006 0.20±0.00 0.08±0.006 

 May US 29.04±0.159 0.196±0.01
4 

1.94±0.02
3 

0.19±0.00
5 

0.160±0.005 0.036±0.03
3 

May MS 29.20±0.00 0.150±0.01
1 

2.07±0.02
0 

0.23±0.00
3 

0.200±0.000 0.020±0.00
0 

May LS 29.27±0.036 0.190±0.05
7 

2.14±0.00
0 

0.28±0.00
0 

0.206±0.008 0.056±0.00
3 

June US 29.25±0.164 0.180±0.00
0 

2.07±0.00
3 

0.21±0.00
5 

0.160±0.115 0.040±0.00
0 

June MS 29.33±0.014 0.146±0.00
3 

2.00±0.00
0 

0.24±0.00
3 

0.190±0.000 0.026±0.00
3 

June LS 29.04±0.333 0.180±0.00
5 

2.07±0.01
1 

0.31±0.00
0 

0.216±0.008 0.066±0.00
3  

WHO 5.00 0mg/l 5.00mg/l ≤1mg/l 0.1 mg/l 0.1mg/l 0.5-1.5mg/l 
Note: ND - Not Detected; US - Upper Stream; MS – Middle Stream; LS – Lower Stream 
 
Table 7: Contamination factor and Geoaccumulation index of water and sediments of Owena River 
 
Metals  Contamination factor 

water 
Igeo (water) Contamination factor 

sediments 
Igeo (water) 

Fe 3.229x105 -15.505 6.183x104 -15.684 
Pb 0.0013 -10.212 0.0073 -7.6790 
Zn 0.0006 -11.400 0.0025 -9.2500 
Cr 0.0003 12.377 0.0029 -8.9900 
Cd 0.0682 -4.474 0.6219 -1.2720 
As 0.0039 -8.587 0.0106 -7.1380 

 
Table 8: Potential ecological risk index 

Metals  Potential ecological risk index in 
water 

Potential ecological risk index in sediment 

Pb 0.0063 0.0366 
Zn 0.0006 0.0025 
Cr 0.0006 0.0059 
Cd 2.0455 18.657 
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Table 9: Potential Ecological Risk Indices and Potential Toxicity Response Indices of heavy metals in 
water 

Month  potential 
ecological 
risk index of 
Pb 

potential 
ecological 
risk index 
of Zn 

potential 
ecological 
risk index 
of Cr 

potential 
ecological risk 
index of Cd 

potential 
ecological 
risk index of 
As 

RI (∑ Ei
f) 

February US ND 1.615 ND 0.168 3.51 5.145 
February MS ND 0.95 ND 0.1092 6.5 7.463 
February LS ND 5.035 1.87 0.3108 7.8 15.0238 
March US ND 2.85 ND ND 1.3 4.15 
March MS ND 2.85 ND ND 2.6 5.45 
March LS ND 0.95 ND 0.168 5.2 6.318 
April US 2.24 7.6 ND 0.084 2.6 12.524 
April MS 3.36 3.895 ND 0.084 6.5 13.839 
April LS 6.72 4.085 ND 0.252 2.6 13.657 
 May US 1.12 1.615 ND ND 2.6 5.335 
May MS 4.48 0.95 ND 0.168 5.2 10.798 
May LS 1.12 5.035 8.0754 ND 2.6 16.8304 
June US ND 2.85 ND 0.084 6.5 9.434 
June MS ND 2.85 ND 0.084 2.6 5.534 
June LS ND 0.95 1.878 0.252 3.9 6.98 

Note: ND - Not Detected; US - Upper Stream; MS – Middle Stream; LS – Lower Stream 
  
 
 
Table 10: Response Indices in sediment 

Month  potential 
ecological 
risk index of 
Pb 

potential 
ecological 
risk index of 
Zn 

potential 
ecological 
risk index 
of Cr 

potential 
ecological 
risk index of 
Cd 

potential 
ecological 
risk index of 
As 

RI (∑ Ei
f) 

February US 16.8 110.2 55.8 1.26 6.5 192.98 
February MS 14.56 107.35 55.8 1.092 5.2 186.42 
February LS 21.28 133.95 61.2 1.344 10.4 230.83 
March US 15.68 128.25 48.6 1.596 6.5 202.73 
March MS 15.68 133 46.8 1.176 3.9 202.58 
March LS 20.16 136.8 63 1.764 7.8 232.25 
April US 19.04 114.95 46.8 1.176 78 261.99 
April MS 15.68 114.95 50.4 1.344 7.8 192.36 
April LS 20.16 116.85 55.8 1.68 10.4 207.31 
 May US 21.952 184.3 34.2 1.344 4.68 247.96 
May MS 16.8 196.27 41.4 1.68 2.6 260.54 
May LS 21.28 203.3 50.4 1.7304 7.28 286.17 
June US 20.16 196.27 37.8 1.344 5.2 262.41 
June MS 16.352 190 42.48 1.596 3.38 255.65 
June LS 20.16 196.27 55.8 1.8144 8.58 285.04 

Note: ND - Not Detected; US - Upper Stream; MS – Middle Stream; LS – Lower Stream 
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Discussion  
The physiochemical parameters tested in this 
study were done to monitor and determine the 
water quality of Owena River. Water parameters 
are usually classified into three major groups, 
namely, physical, biological and chemical. This 
study however, examined only the physical and 
chemical quality of Owena river. Previous 
studies, for example, have shown some of the 
frequently measured parameters and these 
include temperature, pH, TSD, DO, ammonia, 
nitrate, etc. (Debels et al. 2005; Alam et al., 
2007). Temperature of water in this study for 
example was found not to exceed the WHO 
(2011) limit. According to APHA (2005), 
viscosity, odour and chemical reactions are some 
of the possible factors that may affect the 
temperature of water, while sedimentation, 
chlorination and BOD are dependent on 
temperature.  Temperature of a river is important 
as it affects the volume of dissolved oxygen in the 
water. As temperatures decreases, the volume of 
oxygen that will dissolve in water increases 
(McCaffrey, 2012). More so, it is important to 
note that the photosynthetic rate of plants, 
metabolic rate of aquatic animals, rates of 
development, timing and success of reproduction, 
mobility, migration patterns and the sensitivity of 
organisms to toxins, parasites and disease and life 
cycles of aquatic organisms are often affected by 
temperature.  
 Total water hardness has been classified 
as follows; 0-60mg/l referred to as calcium 
carbonate), 61-120mg/l as moderately hard, 121-
180 indicates hard while 180mg/l and above is 
very hard. The major elements that cause water 
hardness in water are Calcium (Ca2+) and 
magnesium (Mg2+) ions. These elements enter the 
river through soil, and rock, mainly deposits from 
lime stones (APHA (2005; Huang and Miskell, 
2016). Using this guide, total hardness in 
February and March was within the calcium 
carbonate (0-60mg/l) level, while, April to June 
fall within 121-180mg/l which showed hard. The 
pH of water did not exceed the permissible limit 
of 80-180mg/l. Dissolved oxygen was less than 
the stipulated limits in two months. It should be 
noted that low dissolved oxygen in water could 
lead to the reduction of fish in the river and other 
aquatic organisms may not survive (Wilson, 
2010). 

 
The physiochemical parameter results obtained in 
this study showed that the river was not 
contaminated during this study, as all parameters 
were within the permissible limits (WHO, 2011). 
The results obtained from this study may be due 
to the fact that the water is constantly flowing and 
will be difficult to retain pollutants. This study 
therefore differs from the findings of Alam et al., 
(2007) who argued that water sample collected 
from some Bangladesh rivers were unfit for 
drinking as the physiochemical parameters where 
greater than the regulatory limits.    
 The concentration of heavy metal in the 
water samples from the river revealed that all 
heavy metals were within the permissible limits. 
The reasons for these results may be because the 
water is not stagnant and reservoir built close to 
the area is channeled into the river. On the other 
hand,  the metals may have been dissolved and 
settled to bottom of the river. Results from this 
study however, differs from the results obtained 
by Olayinka-Olagunju et al, (2021) who observed 
high concentrations of heavy metals in Ogbese 
River. More so in this study, only Chromium 
metal was seen to be greater that WHO (2011) 
limits. Chromium is very toxic at low and high 
concentrations and can pose serious health risk to 
human health and affects the organs of aquatic 
organisms. This high concentration of Cr 
obtained in this study is however, similar to the 
studies of Maurya et al.  (2019) and Olayinka-
Olagunju (2021) who observed high 
concentrations of chromium in rivers they 
studied. 
 Concentrations of 4 heavy metals (Fe, Cr, 
Cd and Zn) in Owena sediments were found to be 
greater than the permissible limits of sediment put 
in place by WHO (2008). Iron had the highest 
mean concentrations in this study and when the 
concentrations obtained in this study were 
compared to the WHO (2008) regulatory limits of 
5.0 ppm, the results from this study were found to 
be greater than the limit. This study therefore 
agrees with the findings of Olatunji-Ojo et al. 
(2019) and Olayinka-Olagunju et al., (2021) that 
reported high concentrations of Fe in rivers from 
Ilaje LGA and Ogbese River respectively. 
Previous studies, have also shown that 
soils/sediments in Nigeria have high 
concentrations of Fe which may be as a result of 
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the chemical composition of the parent soils 
(Olayinka-Olagunju et al. 2019; Irmak et al. 
2008). It is important to note that Fe is an 
essential metal and at very high concentration in 
the sediments benthic fish or other aquatic at the 
bottom of the river will be affected. Igharo et al. 
(2014) argued that increased concentration in Fe 
may as well cause oxidative stress in the fish. 
Chromium, for example, is one of the most 
abundant pollutants in the entire ecosystem. 
Javed and Usmani (2017) revealed that Cr does 
not exist in its natural metallic form. However, Cr 
is also used as metal alloys and pigments for 
paints, cement, paper, rubber, and other materials. 
Hexavalent chromium is allowed to cross the 
biological membranes of aquatic organisms 
(Oldewage and Marx 2000). Further exposure to 
a low concentration of Cr may cause skin 
irritation and ulceration while long term exposure 
may result to kidney and liver damage and 
disruptions of circulatory and nerve tissues 
(ATSDR 2000). When fish and other aquatic life 
ingest Cr, this metal bioaccumulate in the 
organism and become toxic and hazardous to its 
consumers. The result from this study is similar 
to the study of Ahmad et al. (2015) who reported 
the bioaccumulation of Cr in the organs of fishes 
from Saudi Arabia. More so, it is also similar to 
the study of Olayinka-Olagunju (2021) who 
reported high concentrations of Cr in Ogbese 
sediments. 
 Zinc concentrations in this study was also 
high and this may be due to the disposal of some 
domestic products containing zinc such as 
batteries, pigments and paints, combustion of 
coal, fertilizers, pesticides, steel work foundries, 
zinc, lead and copper. Result from this study is 
similar to the reports of Koca et al. (2008) who 
reported maximum accumulation of zinc in 
Turkey and similar to Olayinka-Olagunju et al., 
(2021). Although zinc is an essential metal that is 
regulated by many aquatic organisms since it 
does not biomagnify in the aquatic organism. 
Zinc does not biomagnify because most aquatic 
animals do not get Zn from feed but absorb Zn 
majorly from water and sediments (Vardi and 
Chenji 2020). Ana et al. (2011) for instance, are 
of the view that the bioavailability of dissolved 
Zn depends on some physical and chemical 
parameters such as pH, hardness, and dissolved 
oxygen. More so, Akan et al. (2010) argued that 

alloys like brass and bronze, fungicide, and 
batteries may be the sources of Zn in sediment.  
In this present study, Cd concentrations in the 
sediments also showed that it was higher than the 
permissible limits of WHO (2006). Exposure of 
fish species to cadmium either at high or low 
concentration may be very hazardous to the fish 
and its consumers as the metal biomanify. For 
example, at a very minimal concentration Cd may 
result in kidney injury and may also affect the 
bones (Maurya and Malik 2016). Xia et al. 
(2018), attributed high concentrations of Cd to 
emissions of industrial wastes and sewer water 
into the aquatic ecosystem. Result from this study 
is similar Xia et al., (2018) reported high 
concentration of Cd in China sediments, Vardi 
and Chenji (2020) reported high concentrations 
of Cd in India and Olayinka-Olagunju et al, 
(2021) observed high concentrations of Cd in 
Ogbese River. Although Cd is grouped as a toxic 
trace element, it is usually found in rocks, coal 
and petroleum at low concentrations, and 
sometimes combines with Zn (Sobha et al. 2016). 
Cadmium has no beneficial values but it 
bioaccumulates with age and it affects the kidney 
and liver and cause cardiovascular diseases 
(Obahiagbon and Olowojoba 2007) and 
sometimes arthritis (Maurya and Malik 2016; 
Jarup 2003). 
 The pattern of heavy metal 
concentrations in Owena River is 
Fe>Zn>As>Cd>Pb>Cr. This implied that Fe had 
the highest concentration while the least 
concentration was seen Cr. In the sediments, the 
distribution pattern is Fe > Zn > Cr > Pb > Cd> 
As, and it is identical to what was observed in the 
studies of Maurya and Malik (2018) and 
Olayinka-Olagunju et al. (2021). The 
contamination factor of Fe was the only metal that 
was high in water and very high in sediment. This 
may be because of the parent soil in Nigeria and 
has been reported by previous studies (Onjefu et 
al. 2017; Adesuyi et al. 2015; Adeyi and Torto, 
2014). The ecological risk indices from this study 
revealed only slight potential ecological risk 
while the Response Indices also indicate low 
toxicity grade response. The ecological and 
response indices suggested low toxicity. This is 
similar to the study of Ojekunle et al., (2016). 
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Conclusion  
Heavy metal contamination is a serious challenge 
in Owena River and sediments in Ondo State. In 
the present study, all physicochemical parameters 
of surface water were within the World Health 
Organization for drinking water. The study 
showed that that the water samples were 
contaminated with Cd and As. Furthermore, the 
sediments showed considerable high 
concentrations of Fe, Zn, Cd and Cr. The CF 
values and calculated Igeo revealed they were 
unpolluted by heavy metals. The Hakanson 
Potential Ecological Risk Index showed that the 
potential ecological risk index in both sediment 
and water concentration showed low ecological 
risk in the study location. This study suggested 
that the Owena River should be regularly and 
closely monitored, discharges from domestic, 
agricultural and industrial effluent, solid waste 
and defecation actives should be reduced. 
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