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Abstract— The study of the water characteristics of 

Ukpiovwin River was carried out with a view of determining the 

concentration of some metals for the sustainability of the aquatic 

ecosystem.  Surface water samples were collected at a depth of 

0–100 cm, with 1 L plastic containers that were pre-rinsed with 

trioxonitrate (v) acid for 24 h and rinsed with de-ionized water. 

The concentrations of the metals (As,Ba, Mn, Zn, Pb,Hg, Cd, 

Cr, Cu, Fe, Ni, and V) were determined using a varian atomic 

absorption spectrophotometer (spectra AA-100). The study 

shows that apart from As, Ba, Ni and V were below the FEPA 

limit. The range of concentration of metals that were above the 

FEPA limit are the in the order of 

Cd<Cu<Ma<Hg<Pb<Zn<Cr<<Fe. The presence of the metals 

above the FEPA limit in the aquatic ecosystem is of great threat 

aquatic plants and organisms. 

Index Terms— Aquatic, Contamination, Ecosystem, Heavy 

Metals, Sustainability.  

 

I. INTRODUCTION 

The major source of fresh water is the river which carries 

along its course reasonable quantity or load of matter which 

are either in dissolved or particulate form. These may have 

originated from both natural and anthropogenic sources [1]. 

The aquatic ecosystem has been known to play major roles in 

food chain process either directly or indirectly in sustaining 

human existence [2], [3], [4].The activities of oil exploitation 

and exploration have greatly impacted the ecosystem [2], [5],  

[6], [7], [8]. 

 Besides the activities of exploitation and exploration, the 

aquatic ecosystem also receives  materials and substances 

arising from municipal, domestic and industrial wastes [9]. 

Runoffs from agricultural farms and other pollutant 

generating sources eventually are deposited in water 

introducing pollutants into the aquatic ecosystem [10]. Due to 

the incessant increase in population growth, which is 

accompanied with rapid urbanization and industrial activities, 

discharges of wastes into the aquatic environment is on the 

increase [11]. Aquatic flora and fauna are always in 

 
Nwokoro Chijioke, Department of Environmental Technology and 

Management, Faculty of  Management, Lincoln University College 

Onosemuode Christopher, Department of Environmental Management 

and Toxicology, College of Science, Federal University of Petroleum 

Resources, Effurun, Delta State, Nigeria 

 

continuous contact with water, which implies that they are 

directly affected by any change in water quality.  

 

Aquatic organisms are exposed to a significant amount of 

pollutants, especially to heavy metals derived from geogenic, 

industrial, agricultural, pharmaceutical, and domestic 

effluents that lead to biochemical disturbances [12], [13], 

[14],  [15], [16], [17]. 

Over exploitation and exploration of the natural environment 

without recourse to laid down rules or principles results in the 

deposition of toxic substances in the ecosystem [18]; [19]. 

Contaminants which originated from agricultural waste, 

factory  discharge channels and effluents sources are 

discharged into the environment, which enhances or increases 

the total contaminant burden of the receiving environment 

(whether aquatic or terrestrial). Furthermore, the degree and 

nature of the movement of contaminants is dependent on the 

characteristics of the source and the receiving environment 

[20]. Physiochemical properties of water such as pH, 

conductivity, total organic carbon, total organic matter, etc. 

determines the level or the extent to which heavy metals can 

be retained in the media. These help in the movement and 

toxicological properties of the metals [21]. The aquatic 

ecosystem in the study area has witnessed a multiplicity of 

degradation resulting from activities of oil exploitation and 

exploration, waste from industrial, municipal and agricultural 

sources; consequent upon these, this study is aimed at 

evaluating the surface water characteristics for sustainability 

of aquatic ecosystem.  

II. MATERIALS AND METHODS 

Surface water samples were collected at a depth of 0–100 cm, 

with 1 L plastic containers that were pre-rinsed with 

trioxonitrate (v) acid for 24 h and rinsed with de-ionized 

water. Water samples were collected from eleven locations 

along the length of the river and the samples were then placed 

in a box containing ice packs, transported to the Laboratory, 

and stored at a temperature of about 4 
0
C prior to analyses. 

The samples were analyzed quantitatively in the laboratory 

for the following physicochemical parameters such The 

concentrations of the metals (As,Ba, Mn, Zn, Pb,Hg, Cd, Cr, 

Cu, Fe, Ni, and V) were determined using a varian atomic 
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absorption spectrophotometer (spectra AA-100). All samples 

were run in triplicates and the relative standard deviation for 

the triplicate analysis was less than 10 %. Standard solutions 

of the metals were prepared from their 1000 ppm stock 

solutions for calibration.  

III. RESULTS AND DISCUSSION  

Physicochemical Characteristics of Surface Water 

The physicochemical characteristics of surface water samples 

are summarized in Table 1.  

Table 1 show the concentration of the various mental sampled 

across the study area. The mean of the locations were used as 

basis of comparison with the FEPA adopted in this study. The 

element Arsenic (As) has mean value of 0.05mg/l which is 

below the FEPA limit of 0.02mg/l with its highest 

concentration in location 5 (0.13mg/l). When available in 

excess it inhibits growth and retards photosynthesis in plants 

and also affects the reproduction system of aquatic organism. 

Barium (Ba) has a mean value of 0.07mg/L which is also 

below the FEPA limit of 1.0mg/l. Its concentration in study 

area ranges from 0.07mg/L to 0.13mg/L, it‟s a trace element 

playing important role in mineral and hormonal metabolism 

but when consumed or absorb in large quantity it become 

toxic to plants and may affect growth and disturbance in 

homeostasis. 

 

Table1: Values and mean concentrations of heavy metals in the surface water in the study area. 

 

Parameters 

                                                     Sample Locations 
 

Mean 

 

SD 

 

 

FEPA 

LIMIT 
L1 L2 L3 L4 L5 L6 L7 L 8 L9 L10 L11 

As (mg/L) 0.04 <0.03 0.02 0.04 0.13 0.03 <0.03 0.02 0.1 0.03 0.04 0.05 0.03 
0.2 

Ba (mg/L) 0.07 <0.12 0.02 0.11 0.1 0.13 0.05 0.1 0.06 0.04 0.03 0.07 0.03 
1.0 

Cu (mg/L) <0.00 0.14 0.12 0.1 0.12 0.17 0.1 0.18 0.18 <0.00 0.09 0.13 0.03 
0.1 

Mn (mg/L) 0.24 0.42 0.1 0.23 0.22 0.23 0.19 0.28 0.13 0.35 0.28 0.24 0.08 
0.05 

Fe (mg/L) 15.07 22.32 7.97 17.21 15.46 9.67 9.99 8.74 15.88 16.29 17.6 14.20 4.29 
1.0 

Cr (mg/L) 5.23 16.29 10.54 1.7 7.44 19.38 9.66 18.5 7.89 7 8.77 10.21 5.33 
0.05 

Cd (mg/L) 0.05 <0.02 0 0 <0.00 0 0.06 0.02 0.07 0.07 0.03 0.03 0.02 
0.01 

Zn (mg/L) 1.78 4.73 3.59 8.63 6.58 9.77 7.89 4.77 2.47 6.8 7.11 5.82 2.44 
5.0 

Ni (mg/L) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.01 
0.05 

Pb (mg/L) 0.61 0.46 0.27 0.88 0.59 <0.01 <0.01 <0.01 
<0.00

1 
0.68 0.07 

0.50 0.24 

0.05 

Hg (mg/L) 0 0.01 0 2.9 0 0 0 0 0 0.5 0 0.31 0.83 
0.001 

V (mg/L) 0 <0.01 <0.00 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - ND 
0.01 

 

The mean value of Copper (Cu) in the study is 0.13mg/L 

which is greater than the FEPA limit of 0.1mg/L, with the 

highest concentration of 0.18mg/L in locations 8 and 9. With 

excess of copper in the study area, the plants may become 

toxic with time, the algae, fungi, molluscs and fish are bound 

to die. The osmo-regulation and ion regulation in the gill of 

fish in the aquatic ecosystem will also be impaired. 

The mean value of Manganese (Mn) is 0.24mg/L which is 

higher than the FEPA limit of 0.05mg/L with its highest 

concentration in location 10 (0.35mg/L). The immune 

response in aquatic animals may be damaged due to excess 

manganese found in the study area. It also leads to 

genotoxicity that may cause oxidative stress in gills and 

intestinal inflammatory damages in fish. 

The mean value of Iron (Fe) across the study area is 

14.20mg/L which far above the FEPA limit of 1.0mg/L with 

its highest concentration in location 2 (22.32mg/L). Excessive 

of Fe found in the study can damage the gills of fish and when 

iron builds in the internal organs of aquatic animals it kills 

them with time. It‟s presence in excess also distorts the growth 

of plants in the aquatic ecosystem. 

 The mean value of Chromium (Cr) is 10.21mg/L, this is far 

above the FEPA limit of 0.05mg/L. Its highest concentration 

is in location 6 (19.38 mg/L). Its excess leads to build up in 

the gills which can produce deleterious effects in fish and 

other aquatic organisms. It may also inhibit the growth of 

plants by reducing photosynthentic activities 

The mean value Cadmium (Cd) is 0.03 mg/L which is above 

the FEPA limit of 0.01 mg/L. Its accumulation in fish can 

cause a number of structural and pathomorphorlogical 

changes in various organ and its accumulation in aquatic 

mammals leads to increase hypertension, emphusema and 

kidney tubule damage. 

The mean value of Zinc (Zn) is 5.82 mg/L which above the 

FEPA limit of 5.0 mg/L. Excess of it causes nausea, vomiting, 

loss of appetite, abdominal cramps, and diarrhea. It highest 

concentration is in location 6 with 9.77 mg/L. At acutely toxic 

concentrations it probably kills fish by destroying gill tissues. 
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At chronically toxic levels it may induce stress resulting in 

death. 

Nickel (Ni) is less than 0.01mg/L across the study area which 

is less than the FEPA limit of 0.01 mg/L. But when in excess it 

can inhibit the respiratory process and decrease ionic 

regulation which may lead to ionoregulation impairment, 

inhibition of respiration and promotion of oxidative stress in 

aquatic organisms. 

The value of Lead (Pb) is 0.50 mg/L which is higher than the 

FEPA limit of 0.05 mg/L with the highest concentration in 

location 4 (0.88 mg/L), its presence can be lethal affecting 

neurology and other developmental progression will be 

inhibited in aquatic organism. It also leads to oxidation stress 

in fish which induces synaptic damage and neurotransmitter 

malfunction in fish as neurotoxicity. 

The mean value of Mercury (Hg) is 0.31 mg/L which is higher 

than the FEPA limit of 0.001 mg/L with it highest 

concentration in location 4 (2.9 mg/L), its presence in excess 

may cause sublethal impacts in aquatic organisms such as 

delayed growth, reproductive impairment and greater 

incidence of diseases. 

The mean value of Vanadium (V) is less than 0.01 mg/L 

across the various locations in the study and its negligible 

compared to the FEPA limit of 0.01 mg/L. However, when 

present in excess it leads to sublethal toxicity and biochemical 

alterations in aquatic organisms. 

 

IV. CONCLUSION 

The study shows that apart from As, Ba, Ni and V were below 

the FEPA limit. The range of concentration of metals that 

were above the FEPA limit are the in the order of 

Cd<Cu<Ma<Hg<Pb<Zn<Cr<<Fe. The presence of the 

metals above FEPA limit in the aquatic ecosystem is of great 

threat to aquatic plants and organisms. 
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