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ABSTRACT

Meteorological events are posing serious environmental challenge especially in
freshwater pollution control. Imo River serves as a source of water for domestic uses,
agricultural irrigation, fishery and recreational activities and exposed to pollution. Surface
water samples were collected in dry and rainy seasons for 2 years, with the aid of 1-liter
water sampling cans, from seven major human impacted points. Copper (Cu), zinc (Zn),
oil and grease levels, all in mg/L, and pH were determined according to standard
methods for the examination of water. There were significant variations in seasons
(P=0.05) for oil and grease at all the locations; Ekenobizi (1.42+0.01-1.331£0.01), Udo
(1.91£0.01-1.32+0.01), Owerrinta (3.74+0.57-2.36+0.01), Alulu (1.52+0.01-1.22+0.01),
Owaza (6.73+1.00-4.22+0.01), Obigbo  (4.55+0.01-3.13£0.01), and Akwette
(13.75+0.0112.42+0.01). There were significant variations in seasons for copper (mg/L)
(P=0.05) at Udo (0.09+0.01-0.06+0.01), Obigbo (0.14+0.01-0.11+0.01), and Akwette
(0.19+£0.010.15£0.01), while there were none (P=0.05) at Ekenobizi
(0.13£1.060.06+0.01), Owerrinta (0.04+0.01-0.02+0.01), Alulu (0.01+0.01-0.01+0.01),
and Owaza (0.30+0.10-0.24+0.01). There were no significant variations in seasons
(P=0.05) for zinc at; Ekenobizi (0.03+0.01-0.02+0.01), Udo (0.04+0.01-0.03+0.01),
Owerrinta (0.04+0.01-0.03£0.01), Alulu (0.04+0.04-0.01+£0.01), Owaza (0.20+0.10-
0.13+0.06) and Akwette (0.08+0.01-0.07+0.01) while there were significant variations in
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seasons (P=0.05) at Obigbo (0.14+0.01-0.12+0.01). There were significant variations in
seasons (P=0.05) for pH at Ekenobizi, Udo, Owerrinta, Alulu, Owaza and Akwette, while,
there were no significant variations in seasons (P=0.05) at Obigbo. Rainfall event
contributed to the diffusion of pollutants into Imo River. Environmentally sustainable
waste management programs and policies will prevent and protect it from subsequent
destruction of the quality.

Keywords: Climate change; rainfall; pollution; freshwater quality.
1. INTRODUCTION

Imo River is one of the major rivers in the southeastern Nigeria. It probably originated from
Isiochi in Abia State and cuts across three states including Abia, Imo, and Rivers States. Imo
River flows from the eastern-north to the eastern-south, emptying in the Atlantic Ocean. The
river serves as source of water for domestic uses, fishery, recreational activities, and
agricultural irrigation programs for more than 5 million people settling close to the water body
[1]. Apart from the afore listed uses, the river serves as recipient of industrial effluent
discharges and oil spill from oil exploration and activities, dumping site for domestic wastes
including sewage and industrial solid waste, and runoffs from agricultural lands. Some major
human impacted points of the river include Ekenobizi, Udo, Owerrinta, Alulu, Owaza,
Akwette, and Obigbo.

Discharge of organic waste in Nigeria is on the increase [2]. Apart from oil spill, industries
sited along the rivers discharge their effluents into these water bodies [3]. Water bodies
contaminated with oil spillage and refinery effluent have been found to be very high in
phenol, oil and grease, ammonia, COD, BOD, TDS, PO,* and heavy metals [4].

In the Niger Delta region of Nigeria upstream and downstream activities of the petroleum
industry, may have introduced high concentrations of oil and grease, and heavy metals into
rivers, streams and other waterways [5]. Discharge of pollutants such as oil and grease into
the water can lead to an increase in the temperature of the receiving water bodies several
degrees above the normal and affect aquatic organisms both directly and indirectly [6].
Phenol is one of the major pollutants found in refinery effluents [4]. Phenols have been
observed to be very toxic to fish and other aquatic organisms and have a nearly unique
property of tainting the taste of fish if present in marine environment in concentration ranging
from of 0.1 to 1.0mg/l [7]. Otokunefor and Obiukwu [4] in their work on impact of refinery
effluent on the physicochemical properties of a water body in the Niger Delta, Nigeria,
reported a dramatic reduction in the number of viable microorganisms found at the point of
impact.

Heavy metals have a great ecological significance due to their toxicity and accumulative
behaviour. The contamination by heavy metals causes a serious problem because they
cannot naturally degrade like organic pollutants and they accumulate in different parts of the
food chain [8]. The release of metals such as Al, As, Cd, Cr, Cu, Fe, Hg, Pb, Tl, and Zn into
water bodies may lead to major destruction of aquatic ecosystems [9]. A number of metals
cause toxic responses to fish and other organisms in the local rivers, especially Cu, Zn, Cd
and Al [10-12].

Meteorological events and pollution are a few of the external factors that affect
physicochemical parameters of water bodies [13]. These parameters have major influence
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on speciation of heavy metals that occur within the water. Sudden changes of these
parameters may be indicative of changing condition in the water. Freshwater exhibits a high
natural variability in their physical and chemical properties due to local differences in geology
and climate. They are therefore more susceptible to anthropogenic influence than the
aquatic environment [14]. Seasonal changes can influence the discharge of pollutants in the
aquatic systems, bringing about deterioration of the water quality and subsequent colossal
impact on aquatic chemistry, biota and sustainability.

These possible effects underscored the need to ascertain the impact of seasonal changes
on the discharge of Cu, Zn, oil and grease and on the quality of Imo River in Nigeria.

2. MATERIALS AND METHODS
2.1 Sample Collection

The study area is Imo River and is as shown in Fig. 1 (Location map of Imo River showing
the sampling points). Surface water samples were collected from seven major human
impacted points of Imo River. Samples were collected in triplicates with the aid of 1-liter
water sampling cans. Collected samples were immediately transported to the laboratory. The
samples were collected in two seasons—dry and rainy seasons for two years. The dry
season was between November and March while the rainy season was between May and
September.

2.2 Chemical Analysis

The oil and grease, copper (Cu) and zinc (Zn) all in mg/L concentrations of the water
samples were determined as described in the Standard Methods for the Examination of
Water and Wastewater [15].

3. RESULTS AND DISCUSSION
3.1 Results

Table 1 shows seasonal variation in oil and grease, copper, zinc (all in mg/L) and pH.There
were significant variations in seasons (P=0.05) for oil and grease at all the locations;
Ekenobizi (1.42+0.01-1.3320.01), Udo (1.91+0.01-1.32+0.01), Owerrinta (3.74+0.57-
2.36+0.01), Alulu (1.52+0.01-1.22+0.01), Owaza (6.73+1.00 - 4.22+0.01), Obigbo (4.55+0.01
- 3.134£0.01), and Akwette (13.75+0.01 - 12.42+0.01).

There were significant variations in seasons for copper (mg/L) (P=0.05) at Udo (0.09+0.01 -
0.06+0.01), Obigbo (0.14+0.01-0.11£0.01), and Akwette (0.19+0.01-0.15+0.01), while there
were none (P=0.05) at Ekenobizi (0.13£1.06-0.06£0.01), Owerrinta (0.04+0.01-0.02+0.01),
Alulu (0.01£0.01-0.01+0.01), and Owaza (0.30+0.10-0.24+0.01).

There were no significant variations in seasons (P=0.05) for zinc at; Ekenobizi (0.03+0.01-
0.0210.01), Udo (0.04+0.01-0.03+0.01), Owerrinta (0.04+0.01-0.03+£0.01), Alulu (0.04+0.04-
0.01+0.01), Owaza (0.20+0.10-0.13+0.06) and Akwette (0.08+0.01-0.07+0.01) while there
were significant variations in seasons (P=0.05) at Obigbo (0.14+0.01-0.12+0.01).
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Fig. 1. Location map of Imo river showing the sampling points

There were significant variations in seasons (P=0.05) for pH at Ekenobizi (6.35+0.00-
6.16+0.00), Udo (6.36+£1.01-6.02+0.01), Owerrinta (5.94+0.02 - 5.66+0.01), Alulu (5.80+0.10
-5.18+0.01), Owaza (6.16+£0.01-5.80+0.10) and Akwette (5.92+0.01-5.83+0.01), while, there
were no significant variations in seasons (P=0.05) at Obigbo (5.65+0.07-5.49+0.28).

3.2 Discussion

Activities of oil pipeline vandalization at Akwette Point of Imo River and oil exploration and oil
spill at Owaza and neighbouring areas of Obigbo might be responsible for large quantities of
oil discharged to the surface water especially through run-offs during rainy season. Apart
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from other locations, the concentrations of oil and grease at Akwette point of Imo River
(12.42 and 13.75mg/L) exceeded the maximum permissible limit of 10mg/L [16]. The
discharge of spent oil by mechanic workshops, oil spills at some oil prospecting areas of the
study area, leakage of oil pipelines and tanks, direct disposal of oily containers and
reservoirs might have contributed to significant inputs of oil and grease in the water body.
Flooding and heavy rainfall events common in the Southeastern and South-southern parts of
Nigeria where the River is located might have increased the discharge of higher
concentrations of oil and grease and heavy metals in the rainy season more than during the
dry season.

Table 1. Seasonal variation in oil and grease, Cu, Zn and pH

Locations Season Oil and Grease Cu Zn pH
Ekenobizi Dry 1.33£0.01A 0.06+0.01B  0.03+0.01B 6.35+0.00A
Rainy 1.42+0.01A 0.13%1.06B  0.02+0.01B 6.16+0.01A
Udo Dry 1.3210.01A 0.06+£0.01A  0.03+0.01B 6.02+0.01A
Rainy 1.91+0.01A 0.09+0.01A  0.04+0.01B 6.36£1.01A
Owerrinta Dry 2.36+0.01A 0.02+0.01A  0.03+0.01B 5.66+£0.01A
Rainy 3.74+0.57A 0.04+0.01A  0.04+0.01B 5.94+0.02A
Alulu Dry 1.22+0.01A 0.01£0.01B  0.04+0.04B 5.18+0.01A
Rainy 1.52+0.01A 0.01£0.01B  0.01+0.01B 5.80+0.10A
Owaza Dry 4.22+0.01A 0.30+0.10B  0.13+0.06B 6.16+0.01A
Rainy 6.73+1.00A 0.24+0.01B  0.20+0.10B 5.80+0.10A
Obigbo Dry 3.131£0.01A 0.11£0.01A  0.1410.01A 5.49+0.28B
Rainy 4.55+0.01A 0.141+0.01A  0.121+0.01A 5.65+0.07B
Akwette Dry 12.42+0.01A 0.19+0.01A  0.08+0.01B 5.83+0.01A
Rainy 13.75+0.01A 0.15+0.01A  0.07+0.01B 5.92+0.01A

At P=0.05, values with A-letter are significantly different from each other; At P=0.05, values with B -
letter are not significantly different from each other

Petroleum hydrocarbons aretoxic to aquatic life, Lipophilic hydrocarbons can accumulate in
the membrane lipid bilayers of microorganisms and interfering with their structural and
functional properties [17]. The high concentration of oil and grease observed in the river in
combination with other pollutants could lead to possible depletion of aquatic life [4].

Odokuma and ljeomah [5] reported seasonal variation in zinc but recorded higher level
during the dry season against the result of this work. The higher levels of zinc recorded
during the rainy season at Obigbo might be due to diffused pollution caused by heavy rainfall
events. Choudhury and Srisvastava [17] reported that considerable variation in heavy metal
content of freshwater systems could result from three major sources: differences in the
underlying bedrock, as well as pollution resulting due to human activities and biosphere,
resulting either from bioaccumulation or leaching of metals from soils. Indiscriminate
dumping of industrial waste on undesignated places might expose the chemical constituents
including toxic heavy metals, to leaching and erosion and subsequent deposition into Imo
River. The zinc levels are below the FEPA limits (<1mg/l), [16].

The pH ranged between 5.1 and 6.36 and was not within FEPA standard [6-9]. The pH at
some locations was acidic. This was influenced by the influx of carbonate-bicarbonate and
carbon (IV) oxide equilibrium [18]. Apart from pollution, climate change or meteorological
event (seasonal change) can affect pH of aquatic systems. This was supported by the report
of Bezuidenhout et al. [18]; Odokuma and Okpokwasili [19] have made similar observations.
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Slightly alkaline pH is preferable in waters, as heavy metals are removed as carbonate or
bicarbonate precipitates. Heavy metals are not as toxic to aquatic life at alkaline pH as they
are present mostly in the unavailable form. This corroborates the reports of Hacioglu and
Dugler [20]. Water pH affects metal toxicity in two ways, firstly the speciation and
bioavailability of metals may change, and secondly, the uptake and toxicity of metals was
affected by changes in the sensitivity of the cell surfaces. This is in consonance with the
works of Campbell and Stokes [21]. The study revealed that the pH range favored increased
heavy metals speciation, bioavailability, and toxicity in Imo River. The works of Hacioglu and
Dugler [20] support this.

Those areas that showed no seasonal variations in the measured parameters, might be
exposed to continuous direct dumping of wastes, in and out of season in the water body and
might also be that there were no discharge of such pollutants at the areas at all.

4. CONCLUSION

This study showed that climatic events like rainy season contribute significantly to the
diffusion and deposition of pollutants into freshwater bodies which poses serious problem on
water quality and survival of biota.
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