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Abstract 
Access to safe drinking water is one of the major challenges in the 21st century, especially with 
the indiscriminate discharge of waste into streams and rivers, in most developing countries. 
Water and sediment samples from Ogbara stream were collected for a period of three months. 
Analyses of nine (9) heavy metals and three (3) phthalates esters were carried out using Atomic 
Absorption Spectrophotometer and Gas Chromatography-Mass Spectrophotometer respectively. 
The concentrations of heavy metals in the water and sediment samples ranged from ND to 
0.71±0.00 ppm for Cd and Zn, and 0.03±0.01 to 238.35±6.80 ppm for Fe and Cd, respectively. 
All the examined metals in water were below the permissible limits of Nigerian Industrial 
Standard (NIS) except for Mn, Cr and Pb while most of the metals exceeded international 
standards for sediment. The reported metal follow the decreasing trend of 
Zn>Mn>Cu>Fe>Cr>Pb>As>Ni>Cd in water while Fe>Cr>Zn>Mn>Cu>Pb>As>Ni>Cd in 
sediment. The concentrations of PAEs in water and sediment samples ranged from 31.29 to 
489.82 µg/L and 0.025.39 to 0.0357 ppm respectively. Di-ethyl phthalate (DEP) and 
di(2-Ethylhexyl) phthalate (DEHP) had the highest concentration in water and sediment 
respectively. DEHP value exceeded the World Health Organization (WHO) limit of 8 µg/L for 
drinking water.  
 
Introduction 
Water is very important to all forms of biota in 
all ecosystems. The freshwater ecosystem 
comprises only 3% while the marine ecosystem 
consists of 70%. These figures showed that 
clean drinking water is scarce (Javed and 
Usmani, 2017). Access to safe drinking water is 
one of the major challenges in the 21st century, 
especially with the uncontrolled increase in 
industrialization, poor sanitation and lack of 

wastewater management systems (WWAP, 
2017) in most developing countries, with over 
85% of untreated sewage being discharged into 
the aquatic system (WHO, 2015). It was 
reported that more than 3 billion people lack 
access to safe drinking water which is 
estimated to increase to nearly one-third by 
2050 (WWAP, 2017). Surface freshwater has 
been the major source of drinking water for 
most rural dwellers in developing countries 
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with over 12% of the world population drinking 
from unsafe sources (WHO, 2015) which 
include unprotected well and surface water 
such as rivers, dams, lakes, ponds, stream. 

The major concern with untreated surface 
water used for drinking purposes is the 
possibility of being contaminated with various 
micropollutants which range from nanograms 
to micrograms per litre (Schwarzenbach et al. 
2010). Heavy metals and Phthalate esters 
(PAEs) are among the most persistent 
micropollutants present in different 
environmental matrices such as surface water 
(Aloke et al., 2019; He et al., 2020; Kieri et al., 
2021; Olayinka-Olagunju et al., 2021) and 
sediment (Olatunji-Ojo et al., 2019; Okpara and 
Banchong, 2020; Lin et al., 2022). Extensive 
use of PAEs as a plasticizer in a variety of 
products (toys, adhesives, polyvinyl 
chloride-PVC, plastics, paints etc) and its 
ability to leach out from these products into the 
immediate environment has inadvertently 
increased its concentration in most 
environmental matrices (Gao et al., 2018; He et 
al., 2020). Plasticizers are chemicals produced 
anthropogenically and used industrially in a 
very high quantity in polymers (Sun et al., 
2015). Flexible PVC for example is composed 
of 60% concentrations of plasticizers (Kim et 
al., 2013; Zhang et al., 2015). Examples of 
plasticizers are phthalates, adipates, citrates, 
camphor and acelates, however, phthalates are 
esters widely used in many industrial processes. 
(Bi et al., 2013; Bui et al., 2017). Previous 
studies have identified 23 types of phthalate 
esters (PAEs) used as plasticizers solvents and 
emulsifiers.  

Phthalate ester has been widely used in 
industries; however, a major challenge is that it 
cannot bond covalently with its products. The 
inability of PAEs to bond with other products 
improves the leaching activity and their content 
in the ecosystem (Cheng et al., 2013) Previous 
studies have reported that a quantifiable amount 
of PAEs has been found in the air, water, soil, 
plastic-wrapped items and human body fluids 
across the globe (Bi et al., 2013; Zhang et al., 
2015). In the United States, for example, Zhang 
et al., (2015) reported that 15 PAE were 
detected from 21 edible vegetable oil samples. 
In addition, the accumulated concentration of 

PAEs was reported in freshwater and marine 
water (Cheng et al., 2013). This study assessed 
the levels of nine (9) heavy metals and three 
commonly used phthalates (DEP, DBP and 
DEHP) in the Ogbara stream of Owo Local 
Government Area (LGA), Ondo State, Nigeria. 
The banks of the upper and middle streams of 
the Ogbara stream serve as dumping sites for 
various domestic wastes and plastics. It also 
serves as a source of water for most cassava 
processing factories located along the course of 
the water. Effluents from these factories are 
indiscriminately discharged into the stream, 
thus leading to a high level of contamination. 
Conversely, most of the community members 
living downstream depend heavily on it for 
drinking and various domestic activities.  
Materials And Methods 
Study Area 
A field study was conducted downstream of 
Ogbara Stream in Owo township, Ondo state. 
The upstream and middle streams of the river 
serve as dumping sites for various domestic 
wastes and plastics from residents of Owo 
township living closely to the flowing stream. It 
also serves as a source of water for most 
cassava processing factories located along the 
course of the water. Effluents from these 
factories are indiscriminately discharged into 
the stream, thus leading to a high level of 
contamination. Conversely, most of the 
community members living downstream 
depend heavily on the water from the stream 
for drinking and various domestic activities.  
Sampling and preservation 
Sampling of water and sediment was done in 
triplicate for three months (August, September 
and October). All samples were kept in 
ice-packed plastic-free bottle containers to 
prevent any contamination with plastic 
additives and transported to the Laboratory of 
the Department of Animal and Environmental 
Biology, Adekunle Ajasin University, 
Akungba-Akoko. The wet weight of the 
sediments was taken.  
Digestion of water and sediment samples for 
heavy metals  
5.0 mL of HNO3/HCl (3:2) was added to a 100 
mL sample and digested at 130oC on a hot plate. 
After cooling, the digested sample was filtered 
with a 0.45 mm membrane filter. The filtrate 
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was made to 100 mL with de-ionized water and 
stored in clean polyethene bottles for the 
analysis of heavy metals using atomic 
absorption spectrophotometer (N1100A model). 
The samples were analyzed in the laboratory 
using a standard method (APHA, 1992). The 
heavy metals analyzed in the samples were Fe, 
Mn, Cr, Ni, Cu, Zn, Cd, Pb, and As. 
Preparation of Stock Standard Solution and 
Determination of Response Factors 
A stock solution (1.0 mg/L) of the mixture of 
esters diethyl (DEP), dibutyl (DBP) and 
diethylhexyl (DEHP) in methanol was prepared. 
The required volume of ester was calculated 
from the density of each of the esters. A 1.0 
mg/ L n-butyl benzoate (a non-aqueous 
pollutant) in methanol was used as an internal 
standard. The stock solution containing the 
internal standard was run on the GC-MS. The 
response factor was calculated from: 

RF = Area of the peak of phthalate ester /  
Area of the peak of internal standard. 

Sample Preparation 
Samples were extracted in a single step with 
surface modified bonded silica sorbent (C18) 
using a mortar and pestle and were spiked with 
1 µL of 5 mg 100ml−1 of standard mixtures of 
diethyl (DEP), dibutyl (DBP) and diethylhexyl 
(DEHP) containing 1.00µl each standard 

solution (DEP, DBP, DEHP) were added to 
each. PAEs in samples were detected by 
GC/MS (Varian, 3800/4000) equipped with a 
DB-5 MS UI capillary column (30 m × 0.25 
mm × 0.25 μm film thickness, Agilent).  
Statistical analysis 
Data are expressed as mean ± standard 
deviation using Microsoft Excel for Windows 
10.  
Results and Discussion 
Heavy metals in water and sediment 
The concentrations of heavy metals in the water 
samples ranged from ND to 0.71±0.00 ppm in 
Cd and Zn respectively. All the examined 
metals (Fe, Cr, Zn, Mn, Cu, Pb, As, Ni, Cd) 
were below the permissible limits of the 
Nigerian Industrial Standard (NIS, 2007) 
except for Mn, Cr and Pb. This agrees with the 
findings of some previous researchers in 
Nigeria such as in Cross River (Ayotunde et al., 
2012), Yah Stream, Arula Stream, and 
Ewuru/Rara Stream (Aladesanmi et al., 2014), 
Ogbese River (Olayinka-Olagunju et al. 2021). 
However, the concentrations of As, Cd and Pb 
in some surface and bore-hole waters from the 
Enyigba community exceeded WHO (2011) 
recommended limits for drinking water (Aloke 
et al., 2019). 

 
 

Table 1: Comparison of heavy metals concentrations in water of Ogbara Stream with permissible 
limit 

 August September October NIS (2007) 
Zn 0.50±0.01 0.71±0.00 0.44±0.01 3.00 
Fe 0.21±0.01 0.18±0.02 0.14±0.01 0.30 
Mn 0.33±0.01 0.61±0.00 0.52±0.01 0.02 
Cr 0.17±0.01 0.17±0.02 0.13±0.02 0.05 
Cu 0.23±0.00 0.26±0.01 0.15±0.02 1.00 
Pb 0.08±0.00 0.06±0.01 0.07±0.00 0.01 
Ni 0.01±0.00 0.02±0.00 0.00±0.00 0.02 
Cd ND ND ND 0.003 
As 0.01±0.00 0.04±0.00 0.01±0.00 0.01 
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Table 2: Comparison of the average concentration of metals (ppm) from the study site with 
international standards for sediment 

 

 
ASV: Average Shale Value; LEL: Lowest Effect Level and TRV: Toxicity Reference Value
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Table 3: Comparison of the concentration of PAEs (µg/L) in water from Ogbara Stream 
with previous studies 

 

 
Table 4: Comparison of the concentration of PAEs (ppm) in sediment from Ogbara 

Stream with previous studies 
 

Sampling sites DBP DEP DEHP References 

Ogbara Stream  
(Nigeria) 32.17 489.82  31.29 Present study 

Tap water  
(Nigeria) ND-650 ND-270  Dada and Ikeh, 2018 

Borehole water  
(Nigeria) 0.10-0.98 0.06-0.20 0.21-0.36 Edjere et al., 2016 

Sachet water  
(Nigeria) 0.57-3.38 0.16-12.45 0.08-0.31 Edjere et al., 2016 

Ori Stream  
(Nigeria) ND-6.43 ND-505  Olutona and Dawodu, 

2016 
Ethiope River  

(Nigeria) 0.16-1.02 0.09-0.19 0.34-0.54 Edjere et al., 2016 

Ogun River  
(Nigeria) 2025-2705 1480-1755 255.0-480.0 Adeniyi et al., 2011 

Venda freshwater 
 (South Africa) 3420-10,170 160-3560 300-2180 Fatoki et al., 2010 

Pearl River  
(China) 0.0001-0.00021 0.00-0.00004 0.00064-0.00895 Zhang et al., 2019 

Yangtze River 
 (China)  0.0086-0.0574 0.0733-0.2610 He et al., 2020 

Yangtze River 
 (China) ND-7.188 ND-0.086 ND-28.403 Zhang et al., 2012 

Orge River  
(France)  0.029 0.05 Teil et al., 2012 

Sampling sites DBP DEP DEHP References 
Ogbara stream  

(Nigeria) 0.0300 0.0254  0.0357 Present study 

Ori stream  
(Nigeria) 0.0543-0.295 0.0025-0.0255  Olutona and Dawodu,  

2016 
Ogun River 
 (Nigeria) 0.1900-1.42 0.080-0.350 0.020-0.820 Adeniyi et al.,  

2011 
Pearl River  

(China) 0.00-0.00053 0.00-0.00036 0.00001-0.00068 Zhang et al., 
 2019 

Venda freshwater  
(South Africa) 0.190-6.500 0.120-0.320 0.020-1.120 Fatoki et al., 

 2010 
Fengshan River System 

(Taiwan)  ND-0.0161 0.0290-11.5190 Lin et al., 
 2022 

U-Tapao Canal 
(Southern Thailand) ND-0.280  0.190-0.890 Okpara and Banchong, 

 2020 
Love River 
 (Taiwan)   4.200-66.700 Chen et al., 

 2018 
Orge River  

(France)  0.0016 0.015 Teil et al.,  
2012 



 

23 
 

Table 5: Screening benchmark for Phthalates esters 
Phthalate esters Sediment (µg/kg) Drinking-Water (µg/L) 

DEP 603 (USEPA, 2006)  
DBP 6470 (USEPA, 2006)  

DEHP 180 (USEPA, 2006) 8 (WHO, 2004) 
 
 

 
Figure 1: Geological map of Nigeria showing Owo River catchment 
 
 

The concentrations of Zn and Mn ranged 
from 0.44-0.71 ppm and 0.33-0.61 ppm 
respectively during the sampling periods. 
They are the most abundant metal in the 
water samples and Mn exceeded the NIS 
(2007) for drinking water. Its high 
concentration could be a result of leachates 
from electronic waste from open dumpsites 
along the bank of the stream. Excessive 
consumption of Mn in drinking water has 
been implicated to cause Manganism; a 
neurological disease (Obasi and Akudinobi, 
2020). The range of these metals exceeded 
those reported in Ogbese River, Nigeria 
(Olayinka-Olagunju et al., 2021). 
 
Copper, Ni and Fe are essential metals 
needed for the physiological development of 
living organisms but could be detrimental at a 
higher dosage. The concentrations of these 
metals ranged from 0.15-0.26, 0.00-0.02 and 

0.14-0.21 ppm respectively, and were all 
below NIS (2007) permissible limits. 
However, the concentrations of Cr and Pb 
exceeded the limits and ranged from 
0.13-0.17 and 0.06-0.08 ppm respectively. 
Although Cr3+ has little or no health effect 
due to its low toxicity, however, a high 
concentration of Pb may produce permanent 
brain damage and kidney dysfunction (Obasi 
and Akudinobi, 2020). It can also prevent 
iron uptake. Cd was not detected in the water 
sample throughout the sampling period while 
As concentration ranged from 0.01-0.04 ppm. 
The reported metal concentrations follow the 
decreasing trend 
Zn>Mn>Cu>Fe>Cr>Pb>As>Ni>Cd. 
All the examined metals were detected in the 
sediment with the range of 0.03±0.01 to 
238.35±6.80 ppm of Fe and Cd respectively. 
They were found to decrease in this 
sequence:  
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Fe>Cr>Zn>Mn>Cu>Pb>As>Ni>Cd. All the 
metals exceeded international standards 
except Zn, Cu, Pb and Cd but were lower 
than ASV, LEL and TRV values as stated in 
Table 2.  
Iron is the fourth most abundant metal in 
nature and its concentration had been 
reported to be very high in most sediment 
samples (Opaluwa et al., 2012; Aladesanmi 
et al., 2014; Olatunji-Ojo et al., 2019; 
Hasimuna et al., 2021). It is the most 
accumulated metal in the sediment of Ogbara 
Stream during the sampling periods. Its 
concentrations ranged from 183.50-238.35 
ppm and exceeded the WHO/FEPA (2003) 
limits. It falls within the same range of 
189.18-243.47 mg/kg that was reported in 
Silver River, Nigeria by Kieri et al. (2021) 
but was lower than the range of 
219.04-390.75 ppm from Ogbese River, 
Nigeria (Olayinka-Olagunju et al., 2021). Its 
concentration also exceeded the WHO/FEPA 
(2003) permissible limit but was, however, 
lower than the Average Shale Value (ASV) 
as stated in Table 2. 
The concentrations of Cr, Zn, Mn and Cu 
ranged from 1.65-1.96, 0.82-1.21, 0.53-0.81 
and 0.35-0.52 ppm respectively. Sediment 
values of Cr and Zn from the Ogbara Stream 
were lower than those of Kieri et al. (2021) in 
Silver River in the Southern Ijaw of Bayelsa, 
Nigeria, where values range were between 
4.03-8.32 ppm and 10.71-19.14 ppm 
respectively and those of Lake Bafa in 
Turkey, whose values ranged from 
18.90-120.00 mg/kg and 20.70-44.30 mg/kg 
respectively (Algul and Beyhan, 2020). The 
concentrations of Cr exceeded the 
WHO/FEPA (2003) limit but were lower than 
the Toxicity Reference Values (TRV). 
Although Cr3+ is known to be less toxic, 
however, its source of input such as the 
production of steel, chrome plating and 
paints, into the aquatic system should be 
controlled. Also, the concentrations of Mn 
and Cu were very low when compared with 
the values observed in the Ogbese River, a 
major perennial river in Ondo State, Nigeria, 
where values ranged from 0.58-1.69 ppm and 
0.80-1.28 ppm respectively 
(Olayinka-Olagunju et al., 2021).  
Lead is one of the most toxic heavy metals 
whose source of input into environmental 
matrices should be greatly controlled. High 
concentrations of Pb had been reported in 

different aquatic systems including the source 
of drinking water (Aloke et al., 2019; Bhuyan 
et al., 2019; Decharat and Pan-in, 2020; 
Obasi and Akudinobi, 2020; Kieri et al., 
2021). The present study recorded the range 
of 0.18-0.21 ppm which is lower than the 
range reported in Ogbese River 
(Olayinka-Olagunju et al., 2021), Lake Bafa 
(Algul and Beyhan, 2020) and WHO/FEPA 
(2003) limit. 
The concentrations of As and Ni in the 
sediment samples ranged from 0.09-0.18 ppm 
and 0.05-0.11 ppm, which were lower than 
the range reported for Ogbese River, 
0.09-0.42 ppm (Olayinka-Olagunju et al., 
2021) and Silver River, 5.12-7.78 mg/kg 
(Kieri et al., 2021) respectively. The 
concentration of As is within the 
WHO/FEPA (2003) permissible limit (0.20 
ppm). However, Ni exceeded the limit. Ni is 
known to bind with organic components of 
soil or sediment and is readily available to 
plants and animals under acidic or neutral 
conditions (Kieri et al., 2021). Although Cd 
was not detected in the water samples, its 
concentrations in the sediment varied from 
0.03-0.08 ppm and it is below the 
international permissible limit for sediment. 
 
PAEs in water and sediment from Ogbara 
Stream 
Concentrations of PAEs in Ogbara Stream 
varied from 31.29 to 489.82 µg/L and 
0.025.39 to 0.0357 ppm in water and 
sediment respectively (Table 3 and 4). The 
concentration of DBP (32.17 µg/L) reported 
in the study is higher than those reported for 
some freshwater samples in Nigeria which 
ranged between 0.10-0.98, 0.57-3.38, 
ND-6.43 and 0.16-1.02 µg/L in Borehole 
water, sachet water, Ori Stream and Ethiope 
River respectively (Edjere et al., 2016; 
Olutona and Dawodu, 2016). It was also 
higher than some international water bodies 
(Table 3) except for Venda freshwater in 
South Africa which reported 3420-10,170 
µg/L (Fatoki et al., 2010). However, its 
sediment concentration was lower than those 
reported in Ori Stream (0.0543-0.295 ppm) 
and Ogun River (0.19-1.42 ppm). DBP is 
largely used in latex adhesives and cosmetics. 
Its high concentration in Ogbara Stream 
could be attributed to the drainage of 
leachates from dumpsites containing some of 
these products. 
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DEP has the highest concentration among the 
examined congeners in the water sample of 
Ogbara Stream. It exceeded most of the 
reported values in Nigeria's freshwater 
system (Table 3) except for Ori Stream and 
Ogun River which reported a range of 
ND-505 µg/L and 1480-1755 µg/L 
respectively (Adeniyi et al., 2011; Olutona 
and Dawodu, 2016). Its high concentration in 
Ogbara Stream is an indication of the 
ubiquitous nature of the plasticizer. DEP 
sediment concentration falls within the range 
reported in Ori Stream, 0.0025-0.0255 ppm 
(Olutona and Dawodu, 2016) but was lower 
than the range reported in Ogun River. 
 
DEHP recorded the lowest concentration in 
the water sample (31.29 µg/L) but the highest 
in the sediment (0.0357 ppm) among the 
detected congeners. DEHP is one of the most 
toxic PAEs congeners and is widely used as a 
plasticizer in a variety of products including 
PVC plastics, building products and food 
packaging with a higher half-life than DBP 
(He et al., 2020). Its concentration was higher 
than those reported in some freshwater 
samples in Nigeria (Table 3) except for the 
Ogun River (255.0-480.0 µg/L). Its sediment 
concentration was also higher than other 
reported values (Table 4) except for U-Tapao 
Canal Canal (Southern Thailand); 
0.190-0.890 ppm and Love River (Taiwan); 
4.200-66.700 ppm (Chen et al., 2018; Okpara 
and Banchong, 2020). 
 
Generally, the concentration of each 
examined congener falls below USEPA's 
(2006) permissible limit of 6470, 603 and 
180 µg/kg for DBP, DEP and DEHP 
respectively for sediment. However, the 
DEHP value in the water of Ogbara Stream 
exceeded the WHO (2004) limit of 8 µg/L for 
drinking water. There should, therefore, be 
enforcement of regulations in the discharge 
of PAEs-contained products. A prolonged 
period of intake of PAEs has been implicated 
to induce hormonal and endocrine disruption 
(Zhang et al., 2019). 
 
Conclusion 
The results show the presence of most of the 
examined metals and PAEs at a level higher 
than both the national and international 
permissible limits. This is an indication that 

the stream might have been contaminated by 
leachate from various open dumpsites along 
its course. Its consumption should, therefore, 
be discouraged. 
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