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Abstract
The water quality of Owan river, a very important river in Ovia North-East Local Government Area of Edo State, Nigeria 
was assessed. American Public Health Association (APHA) standard analytical procedures for water and sediment samples 
were used. Elemental composition of the sediment samples were determined by Energy Dispersive X-ray Fluorescence 
Spectrometer (EDXRF). Results obtained were statistically analysed (basic descriptive). In water, concentrations (mg/L) of 
nitrate—(2.65–21.55), sulphate—(58.6–80.0), calcium —(3.21–8.60), dissolved oxygen (5.5–6.53), total hardness (12.60–
42.0), alkalinity (32.0–50.5), Cd (0.01), Cr (0.1–0.15), As (0.01–0.05), and Zn (1.4–2.04), electrical conductivity (32.0–38.0 
µS/cm) and pH (6.10–6.85) were within environmental standards. However, Fe and Pb were slightly above the standards. 
In the sediment samples, Al, Si, Fe, and K are the most abundant elements. The highest values were detected as follows: 
Al—8.09 (SW7), Si—25.08 (SW5), Fe—16.72 (SW6), and K—2.1 (SW7). Urgent checks and monitoring by relevant agen-
cies, government representatives, public health practitioners, and community leaders are required.
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Abbreviations
PTEs  Potentially toxic elements
TM  Trace metals
NSDWQ  Nigerian Standard for Drinking Water Quality
USEPA  United States Environmental Protection 

Agency
BOD  Biochemical oxygen demand
COD  Chemical oxygen demand
NTU  Nephelometric turbidity unit
DO  Dissolved oxygen
WHO  World Health Organisation
WS  Water sample
TDS  Total dissolved salts/solids
EC  Electrical conductivities

Introduction

Springs, streams, hand-dug wells, and boreholes are some of 
the most common drinking water sources in underdeveloped 
and developing countries; in most cases, they are untreated 
(Owamah et al., 2013; Abulude et al., 2019). These water 
sources are sometimes polluted from human activities ren-
dering them not potable. Furthermore, since the industriali-
zation, environmental damage is now a worldwide critical 
issue affecting both developed and developing countries, 
with the resultant creation of inorganic pollutants such as 
heavy metals and organic pollutants such as cleaning prod-
ucts, fertilisers, pesticides, pharmaceuticals, and biomateri-
als. Pathogens, aromatic substances, and toxicants are the 
most common sources of water pollution (Akinnusotu & 
Arawande, 2016; Verma et al., 2018), because many are 
materials of natural accumulation, such as weathering reac-
tions, bioactivity, volcanic eruptions, and rock solubility 
(Nnorom et al., 2019). When water is contaminated with 
toxic substances such as potentially toxic elements (PTEs), it 
becomes unfit for drinking and other domestic uses (Nazeer 
et al., 2014; Popoola et al., 2019).

More crucially, the possible dangers to human health and 
aquatic ecosystems end up making trace element contamination 
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of water systems a continual environmental issue (Farahat & 
Linderholm, 2015). Groundwater and surface water are inher-
ently connected, hence it is frequently difficult to distinguish 
between them because they recharge one another thus can pol-
lute each other (Trcek & Zojer, 2010; Akinnusotu et al., 2015).

The organic fraction of the sedimentary column of aquatic 
environments trades nutrients with the overlying water col-
umn. Sediments, in general, are more than just a storage 
facility for products found in the water column; (i) they also 
serve as a recycling compartment for some biological path-
ways involving compounds, physicochemical, chemical, and 
transport processes (ii) the bioavailability and toxicity of 
heavy metals in sediments are influenced by sediment prop-
erties. (iii) it affects mobility, substrate quality, and other 
(Burton, 2017; Ivanić et al., 2020; Rose et al., 2018).

Owan river is in Ovia North-East Local Government Area, 
Edo State. The river flows through Okpokhumi and Sabon-
gidda communities before emptying into the Ose river. This 
area is known for its extensive agricultural practices such as 
cocoa farming, plantain plantations and cultivation of food 
crops. Many of these farms are located along the edge of the 
river. Agrochemicals are constantly being used on these farms 
to safeguard crops from pest infestation and achieve food secu-
rity (Omoigberale et al., 2014). The Owan river is the com-
munity's primary source of water for domestic uses—drinking, 

preparing food, washing, bathing, agro product processing, 
swimming and for irrigation purposes during the dry season. 
Other human activities include canoe and boat repair and these 
activities can easily resuspend contaminants in the sediments.

The purpose of this study was to determine the suitability 
of Owan river for drinking purposes. Therefore the study 
was aimed to (i) assess the physicochemical properties of the 
river water samples, (ii) characterise the metal contents of 
the water samples, and (iii) characterise the occurrence and 
distribution of metals and non-metals (Na, Ca, K, Mg, Cd, 
As, Pb, Zn, Ni, and Cr) in the sediment samples.

Materials and methods

Study area

The Owan river is one of many freshwater bodies that exist in 
South Western of Nigeria. Owan river is located in between 
equator's interception points of 6° 45′ 23.6″ N 5° 43′ 53.8″ E 
(Fig. 1). It is a tropical metropolitan river that provides water 
supply to the majority of the riparian neighbourhoods (Edeg-
bene & Arimoro, 2014). The river runs southward from Otuo 
in Owan East Local Government Area via Aken, Uokha, 
Ovbiowun, Afuze, Ogute, Evbiamen, Okpokhumi, Ojavun, 

Fig. 1  The map of the locations of sampling
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Sabon-gidda Ora, Uhonmora in Owan West to Uzebba and 
into River Ose in Edo State. Agricultural activities take place 
within the watershed of the river. Cassava, plantain, maize 
are the most commonly grown food crops while cocoa, palm 
fruits etc. are some of the cash crops (Talabi et al., 2016).

The samples were collected in seven different locations. 
The locations were 1 km apart. The samples collected were 
coded WS1, WS2, WS3, WS4, WS5, WS6 and WS7. Gener-
ally, all the sample locations experienced fishing and farm-
ing activities which is part of the livelihood of the commu-
nity. Agrochemicals and fertilisers were commonly used to 
boost agricultural productions. WS3 was located near the 
market while WS4 was located by a trunk A where activities 
like cars and cloth washings, bathing, waste dumping and 
vehicular activities were observed.

Water and sediment samples collection

Water samples were collected and transported to laboratories 
in accordance with standard procedures (APHA, 1998). 5 
Litres polyethylene bottles were used for the collection of 
the water samples. The date and station number were writ-
ten on the sample bottles. The samples were collected after 
rinsing with surface water from the sampling points and 
were immediately transported to the laboratory in coolers 
containing ice to avoid sample degradation before analysis. 
A day before use, all glassware was washed with 1–2 per-
cent HCl solutions, rinsed with distilled water, and dried in 
the drying oven. Sediment samples were collected using a 
stainless steel grab sampler at the same point as the water 
samples. Sediment samples were placed in zipper bags with 
a polyethylene spoon to avoid contamination and securely 
sealed. The sediment samples were taken to the laboratory 
in ice chests and stored at 4 °C prior to elemental analysis 
(Ustaoglu & Tepe, 2019). All sampling stations were geo-
referenced Garmin GPSMAP, model 76CSx.

Physico‑chemical analysis

In-situ measurements of pH, dissolved oxygen (DO), electri-
cal conductivity (EC), and total dissolved solids (TDS) were 
made using YSI pro1030 and Hach Lange HQ40D multi-
parameter instruments. Total alkalinity (TA), total hardness 
(TH), and biochemical oxygen demand (BOD5) were deter-
mined using standard methods (APHA, 1998).

A Bulk scientific atomic absorption spectrometer (AAS) 
model 210 VGP was used to determine the concentrations of 
the elemental composition (Cd, Cu, Pb, As, Pb etc.) in the water 
samples. An air-acetylene flame was used in all of the analyses, 
and their respective wavelengths set in line with standard labo-
ratory procedure. Sodium (Na) and potassium (K) was analysed 
using Bulk Scientific flame photometer model PF 710 after 
calibration with standards. These analyses were carried out in 

the Chemistry laboratory, Department of Science Laboratory 
Technology, Rufus Giwa Polytechnic, Owo, Nigeria.

Sediment analysis

Sediment samples were air dried and sieved with a 2 mm 
mesh sieve in the Chemistry laboratory, Department of Sci-
ence Laboratory Technology, Rufus Giwa Polytechnic, while 
the elemental analysis of the sediment samples was carried 
out at Engineering and Material Development Institute, 
Akure, Nigeria using Energy Dispersive X-ray Fluorescence 
Spectrometer EDXRF (Skyray Instrument Inc. USA) equip-
ment model EDX 3600B.

Quality control and assurance

Laboratory chemicals and reagents used were of analytical 
grade (99% purity). Distilled water was used for the prepa-
ration of reagents. De-ionised water was used for elemental 
analyses. Laboratory apparatuses were washed with deter-
gent, rinsed with distilled water and oven-dry before use. 
Equipment was calibrated in line with manufacturers’ speci-
fications and instructions.

Statistical analysis

Mini Tab (version 16) statistical package was used to 
perform basic descriptive statistical analyses of the data 
generated.

Results and discussion

Physico‑chemical parameters of water samples

The pH of the water samples ranged between 6.10 and 6.85. 
According to WHO standards, the pH of two of the sam-
ples was within the acceptable range for drinking purposes 
(Table 1). SW1 and 6 are within the acceptable range of 
6.5–8.5. These are within the acceptable range for freshwa-
ters, which is typically between pH 6.5 and 8.5, the accept-
able range prescribed by WHO (2007) and SON (2007). A 
low pH indicates that the water is acidic, whereas, a high pH 
indicates that the water is alkaline. When the pH of water 
exceeds 8.5, the taste of the water becomes more bitter. 
While this higher pH poses no health risks, it can cause skin 
to become dry, itchy, and irritated (Sila, 2019).

Total alkalinity ranged between 32.0 and 50.5 mg/L. They 
are relatively low. The total alkalinity values are charac-
teristic of freshwater bodies (Cambers et al., 2008). Even 
though total alkalinity is an assessment of a water's ability to 
resist changes in pH when acid is added to it, it implies that 
such water sources have stable pH (Cambers et al., 2008). 
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In addition, because alkalinity is caused primarily by  CO3, 
 HCO3, and OH ions, it indicates that such ions were less 
abundant in the water samples. Most values reported by 
Irenosen et al. (2019) were.

The dissolved oxygen (DO) concentration ranged from 
5.5 to 6.53 mg/L. There is no DO limit for drinking water 
though well aerated drinking water tastes better. WS3 had 
the highest concentration of DO (6.53 mg/L). The DO con-
centration ranges for the samples are nearly identical. As a 
result, the nutrient load and rate of oxygen consumption by 
oxidisable matter in these locations may be the same. The 
DO concentrations measured in the water sources may be 
good for high-quality potable water for domestic use and 
recreational purposes (e.g., bathing, swimming, boating, and 
fishing).

The high concentration of dissolved oxygen in the Owan 
river can be attributed to wind action mixing, boat move-
ments, as well as photosynthetic activities of aquatic plants 
and surrounding plant species (Asante et al., 2005). The 
recorded DO concentrations (5.5–6.53 mg/L) were within 
the ranges recorded in other rivers in Nigeria—5.2–0.8 mg/L 
(Edegbene & Arimoro, 2014); 3.79–4.84 mg/L (Ghali et al., 
2020); 5.97–8.47 mg/L (Irenosen et al., 2019).

The electrical conductivities (EC) of the river ranged 
between 32.0 and 38.0 µS/cm. The overall conductivity 
trend showed that higher conductivity values in WS2 and 
WS6, while lower conductivity values are obtained in WS4. 
The high values in WS2 and WS6 could be due to the natu-
ral (wastes, animal and vegetation, dust and wildfires, and 
agriculture and animal husbandry) and man-made activi-
ties (plastics, burning of fossil fuels, agricultural activi-
ties, and may be illegal mining) within the locations. All 
the conductivity values were lower than the acceptable 
limit of 1000 μS/cm set by WHO (2018). The electrical 

conductivity values reported in this study are lower than the 
values reported by Irenosen et al. (2019) and Ghali et al., 
(2020), which are 118.60–194.80 and 115.9–149.0 µS/cm, 
respectively. Electrical conductivity is the ability of water 
to conduct electricity. Because electric current is conducted 
by the movement of ions in solution, EC can also provide 
information about ion concentrations or total dissolved salts 
(TDS) in the water being tested for EC (Rahmanian et al., 
2015).

Table 1 showed a nitrate content with lower and highest 
concentrations of 2.65 and 21.55 mg/L, respectively. Only 
the WS1 sample is less than the WHO's limit is 50 mg/L 
to prevent blue baby syndrome (methaemoglobinaemia) in 
infants. The nitrate content of the water samples could have 
resulted leaching of agrochemicals and fertilisers from the 
farms along the banks of the river. Excess nitrate in water 
has been linked to hypertension in adults (Mkadmi et al., 
2018) and methaemoglobinaemia in infants (Bruning-Fann 
& Kanaeme, 1993).

The sulphate concentrations ranged from 58.67 to 
80.0 mg/L. The lowest concentration of 58.67 mg/L was 
recorded in WS2 while the highest concentration of 80 mg/L 
was recorded in WS4. All values were lower than the WHO 
recommended limit of 250 mg/L. Sulphate accumulation in 
water can cause low pH, resulting in acidosis (Asamoah & 
Amorin, 2011). Acidosis is caused by prolonged consump-
tion of acidic water. Sulphate values in excess of the accept-
able limit result in taste impairment (WHO, 2017).

Chloride concentrations ranged from 10.93 to 25.60 mg/L 
(Table 1), with WS4 and WS7 having the lowest and high-
est concentrations, respectively. All concentrations meas-
ured fell below the WHO’s maximum permissible limit of 
250 mg/L. The presence of chlorides could be attributed to 
chloride-containing soils and rocks leaching into the river 

Table 1  The physico-chemical 
properties of water samples 
WHO (2007)

Parameters WHO WS1 WS2 WS3 WS4 WS5 WS6 WS7

pH 6.5–8.5 6.85 6.4 6.3 6.25 6.1 6.5 6.2
Conductivity (µs/cm) 900 35 38 36 32 34 37 33
Turbidity (NTU) < 5 1.1 1.2 1.4 2.8 3.2 1.8 1.4
Total hardness (mg/L) 500 22.3 12.6 42 21 20.6 34.8 28.2
Alkalinity 35.8 48 40 32 50.5 36.2 43.4
TDS (mg/L) 1000 22.4 18.1 17 13.5 18.6 15.4 25.4
BOD (mg/L) 10 2 2.07 2.03 2.15 2.8 3 3.2
COD (mg/L) 40 28.5 40 32 30 48.8 33.4 42.5
DO (mg/L) ≤ 5 6 6.21 6.53 6.2 5.5 6.2 5.5
Phosphate (mg/L) 14.5 11.2 14 12.8 18.2 14.8 18.3
Nitrate (mg/L) 5 10.2 17.51 21.55 2.69 15.2 13.2 18.6
Sulphate (mg/L) 400 64.5 58.67 74.66 80 70.6 70.5 65.5
Calcium (mg/L) 8.6 3.21 5.05 4.9 6.2 8.5 6.8
Magnesium (mg/L) 1.5 0.94 1.8 2.81 4.2 1.5 3.5
Chloride (mg/L) 600 17.4 21.8 14.58 10.93 20.5 18 25.6
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(Aremu et al., 2011). Chlorides is a necessary component 
for activities that involve human body metabolism. Too 
much chloride concentrations in water, on the other hand, 
may cause (1) a laxative effect, (2) corrosion of metallic 
pipes, and (3) unsuitability of water for agricultural irri-
gation (Raviprakash & Krishna, 1989). The concentration 
of chloride varies depending on the type of water and has 
been discovered to exist naturally in the form of sodium and 
potassium salts (WHO, 2017). It is a stable water component 
whose concentration is unaffected by both bio- and physico-
chemical processes (Gorde & Jadhav, 2013).

COD and BOD levels were 28.5–48.5  mg/L and 
2.0–3.2 mg/L, respectively (Table 1). All values were low 
making them suitable for domestic use. The values reported 
could be due to natural phenomenon in the river, the sur-
roundings, and agrochemicals (Sumant et al., 2015). A BOD 
level of 1–2 ppm is regarded as good which implies that all 
the water samples in this study are good in terms of BOD 
indicating little or low organic wastes in the water. A BOD 
level of 3–5 ppm in a water supply is considered moderately 
clean. COD measures the amount of oxygen required for 
chemical oxidation of organic matters to occur with the help 
of a strong chemical oxidant, whereas BOD measures the 
amount of oxygen required for carbonaceous matter biodeg-
radation in a sample.

Magnesium is the eighth most abundant element on the 
earth crust and a naturally occurring constituent of water 
(Aviprakash & Krishna 1989). It is found in minerals such 
as dolomite and magnetite and is necessary for the proper 
functioning of living organisms. Magnesium is found in the 
human body in approximately 25 g. (60 percent in bones 
and 40 percent in muscles and tissues). Magnesium levels 
in water samples ranged from 0.94 to 3.20 mg/L in the study 
areas. Sample WS2 had the lowest magnesium concentra-
tion. Meride and Ayenew (2016) report a similar value for 
Ethiopian drinking water. The result showed that magnesium 
concentrations in the Owan river were low.

Maximum and minimum calcium levels in the study areas 
are 6.60 mg/L (SW6) and 3.21 mg/L (SW2), respectively 
(Table 1). Water containing calcium carbonate at concen-
trations 0 and 60 mg/L is considered soft; water contain-
ing calcium carbonate at concentrations between 60 and 
120 mg/L is considered moderately hard; water contain-
ing calcium carbonate at concentrations between 120 and 
180 mg/L is considered hard; and water containing calcium 
carbonate at concentrations greater than 180 mg/L is con-
sidered extremely hard. Calcium is the fifth most abun-
dant element in the earth’s crust and is crucial to human 
cell physiology and bone formation. The bones and teeth 
store approximately 95 percent of the calcium in the human 
body. A high calcium deficiency in humans can result in 
rickets, poor blood clotting, bone fractures, and other health 
problems, while exceeding the calcium limit can result in 

cardiovascular disease. Its allowable range in drinking water 
is 75 mg/L, according to standards.

Elemental contents of water samples

The concentrations of all elements (macro and micro) are 
presented in Table 2. From the table it is observed that Mn, 
Cd, Ni, Cr, Pb, and As have values of less than 0.6 mg/L, 
while Fe and Zn concentrations are found to be less than 
7 mg/L. This finding contrasts with the findings of Ayo-
tunde et al., (2012), Omoigberale et al., (2014), Ochelebe 
et al., (2020) and Edori and Iyama (2020) for Ikom Beach 
(Fe 0.043 ± 0.03 and Zn 0.004 ± 0.00), Owan river (Fe 
0.210–1.250 and 0.010–0.320 mg/L), Ikpaya stream (Fe ND 
and Zn ND), and Edagberi Creek (Fe 0.028–0.075 and Zn 
0.016–0.076 mg/L), respectively.

The Zn concentrations were low (1.40–2.04 mg/L) and 
lower than the acceptable limits of 3.00 mg/L (Table 2). 
All the Mg concentrations (4.3–8.60 mg/L) exceeded the 
allowable limit of 0.20  mg/L; WS1 having the highest 
concentrations. Magnesium ion, along with Ca, are well-
known cause of water hardness. Diarrhoea may be caused 
by an increase in Mg salt consumption. Studies on the other 
hand, have noted an inverse relationship between the risk 
of cardiovascular disease and high magnesium intake, par-
ticularly in men (Daramola et al., 2019; Lacey & Shaper, 
1984; Sengupta, 2013). Although the WHO (2018) drink-
ing water guideline shows that excessive magnesium intake 
has no significant adverse effects, it has been proposed that 
consumption of magnesium above the body requirement is 
especially dangerous for people who have cancerous cells 
(Castiglioni & Maier, 2011).

The Pb concentration is greater than 0.01 mg/L, which is 
the acceptable limit. This is a matter of public health con-
cern. This high content could be attributed to the constant 
washing of vehicles in parts of the flowing river. In drinking 
water, Pb is a known potentially toxic metal (PTM) (Igwe 
et al., 2014). The potential effects of Pb on human health 
when ingested in any form are known to be accumulative 
(Igwe et al., 2014). Based on the WHO (2018) thresholds 
for drinking water, the possible health risks associated 
with high Pb intake (i.e. > 0.01 mg/L) includes cancerous 
growth, interference with Vitamin D metabolism, affect 
mental development in infants, as well as the toxicity of 
the central and peripheral nervous systems. Lead poisoning 
can be either acute or chronic (Jaishankar et al., 2014). The 
former causes appetite loss, headaches, renal dysfunction, 
insomnia, hypertension, abdominal pain, and fatigue (Martin 
& Griswold, 2009). Similarly, chronic Pb exposure in chil-
dren can cause mental retardation, birth defects, psychosis, 
autism, allergic reactions, dyslexia, loss of weight, hyperac-
tivity, paralysis, muscular weakness, brain damage, kidney 
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damage, and even death (Jaishankar et al., 2014; Martin & 
Griswold, 2009).

Sodium levels were generally low and well below the 
allowable limit of 200 mg/L. On the contrary, Fe content 
was found to be high, exceeding the recommended limit of 
0.3 mg/L. Although the World Health Organisation believes 
that adverse health effects associated with high K intake 
from potable water are unlikely in a healthy human, indi-
viduals with renal failure may be at risk due to pre-existing 
kidney damage (Gosselin et al., 1984). Medical conditions 
such as heart failure, chest tightness, diarrhoea, nausea and 
vomiting, hyperkalaemia, and shortness of breath have been 
identified as potential health risks from excessive K con-
sumption. After ingestion, a potassium concentration of 11 g 
(21 g of salt substitute) has been shown to result in fatality 
due to hyperkalaemia and the resulting asystole (Restuccio, 
1992).

Elemental content of sediment samples

Figure 2a–g summarises the minimum and maximum con-
centrations (represented by the peak) of metals in sedi-
ment samples. All heavy metals were found in all sediment 
samples. The concentrations (mg/kg) of Fe, Cr, Co, Ni, 
Cu, Zn, Cd, and Pb were 5.07–16.72, 0.0–0.04, 0.04–0.54, 
0.06–0.09, 0.03–0.06, 0.09–0.14, ND 0.001, and 0.01–0.04, 
respectively. Silicon, the second most abundant element on 
the planet, had (18.97–25.08). The concentrations of major 
elements are as follows: K (1.17–2.71) and Ca (0.22–2.39). 
The findings of this study contradict the findings of a previ-
ous study (Ayotunde et al., 2012). The heavy metals (Ni 
and Fe) are more abundant in the sediments than in the 
water.

Conclusion

The findings show that the majority of the physicochemi-
cal and elemental qualities of the river water are generally 
below the recommended guidelines for drinking water, 
indicating that the water quality is good. With the excep-
tion of As and Cd, all sediment samples contained heavy 
metals. Their average concentrations were as follows: Fe 
> Ni > Cu > Co > Zn > Cr > Pb. The PTM concentrations 
such as Zn, Cu, Cr, and Ni, and Na and Ca are too low to 
pose an environmental risk. However, constant checks and 
monitoring by relevant agencies, government representa-
tives, public health practitioners, and community leaders 
are required.
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Fig. 2  a–g The elemental 
results of the sediment samples
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