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Abstract: This study examined the seasonal variation in the physico-chemical characteristics of surface water 

in Etche River in Rivers State, Nigeria. The study area is a vast theatre for multiple petroleum development and 

cottage industries activity .Water samples were collected during the dry and wet seasons, from six sampling 

points, two samples along the river course. Grab (Catch) water sampling method was used in collection of 

water samples into PVC and Biological Oxygen Demand (BOD) bottles, during the two different seasons. The 

water samples were well labeled and stored at 4
O
 C. Water Temperature (T), pH and Electrical Conductivity 

(EC) were measured by mercury bulb thermometer, pH meter and Conductivity-total dissolved solids (TDS) 

Meter, respectively. Dissolved Oxygen (DO), Total Alkalinity (TA) and free Carbon Dioxide (CO2) were 

analyzed by standard methods (Eaton and Franson, 2005). Differences exist in observed physico-chemical 

properties of water samples collected during the two seasons. For instance, during the wet season, the level of 

magnesium, Calcium, and pH were 72.22(mg/l), 297.3 (mg/l)and 5.07 respectively, while values for  dry season  

were 63.19(mg/l),260.1 (mg/l) and 6.11 respectively. Value for TDS in both seasons samples were relatively 

higher than the Federal Environmental Protection Agency (FEPA) stipulated limits. Copper concentration was 

found to be between 0.09 and 0.06 mg/l. The study revealed the disposal of industrial, commercial and domestic 

waste into Etche River. Recommendations, preferred include, the need to control point source and non-point 

source contamination of the Etche River 
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I. Introduction 
Several empirical and theoretical literatures on the physic-chemical and bacteriological 

aspects of natural and drinking water quality exists (Oluwande etal  (1980) , Esreyet al (1985) ,Sharma et 

al(1995) , Esrey (1996), Smith et al (2000), Dwivedi. and Pandey (2002) ,WHO (2002, 2004a and 2004b), NWP 

(2002)  Ashbolt  (2004) , Begum et al (2004),Turgeon et al(2004) , Eaton and Franson (2005), Chowdhury et 

al(2006), Ayse et al (2008), Bhuiyan  and  Gupta (2007), Naik  and Wanganeo (2008) , Schmidt and Esa (2008), 

Aina (1996) . However, studies by , Oluwande  (1980) , Amadiet al (1989),Imoke (2012), Udom et al, Ugbaja  

and Edet (2004) , Igbokwe (2005) Badmus (2008) and Rimonson (2008), Adejuwon (2012) among many others, 

makes graphic references to local water related problems in Nigeria.   

Among the numerous natural resources on earth, water is one of the most essentialfor life support. 

Water is required for domestic, industrial and agricultural purposes, in both rural and urban areas, the sources of 

which include:rivers, streams, ponds and wells (Adejuwon and Adelakun, 2012). Rivers in particular are 

waterways of strategic importance across the world, providing main water resources for multiple uses. 

The choice of Etche River for this study is justified by the fact that the communities through which it 

passes, are hosts to numerous crude oil exploration and exploitation activities. Water bodies like the Etche River 

are constantly used as receptacles for untreated water or poorly treated effluents which accrued from industrial 

activities. This may render the water body unsuitable for both primary and secondary usage. One of the most 

critical crises in Etche communities is the lack of adequate portable water. Generally, in Rivers state, one of the 

major problems is getting portable water, because of environmental pollution. The plight of Etche communities 

of Rivers state, due to the consequences of resources exploration and exploitation activities on the physical and 

cultural environment ,as well as the way forward , have been adequately  documented byboth Naagbanton(1999) 

and Nwokogba (2013 ). 

In particular Nwokogba (2013) stated that the major fresh water rivers in the area include Otamirioche,  

Ogueche, and Imo. He noted that, farming is a major occupation of Etche people. This explains the popular 

reference to Etche as the “bread basket” of Rivers State. However, the discovery and exploitation of the vastly 

available Crude Oil and Natural gas resources, has culminated in negative consequences in the environment, 

especially in such areas as  Agbada, Imo River, Nkali, Otamiri, Oyigbo North, and Umuechem.  The presence of 

networks of pipelines, flow-stations and gas processing plants, now impacts the aesthetics of the area. He 

submitted that Etche, by the most pessimistic estimate, is the third largest producer of crude oil and gas in the 
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state. He pointed out that Oil and gas activities produce various negative and inescapable effects on human 

environment. He decried , a situation where, Etche has borne significant  brunt of the consequences of the  

impact crude oil spills and pollution, which have resulted in severe  impact on arable and dwelling lands , as 

well as the water table; fresh water river pollution; gas flaring resulting in acid rain and diminishing crop yields; 

restiveness and violent confrontations; insecurities; health hazards. He pointed out that, specifically, Etche has 

had eight known and documented major oil spills, which do not include numerous effluent discharges into the 

rivers. 

In developing  countries , as industrial geography evolve , in the present decade , it must as it is done in 

this study, focus more on the socio-economic , bio-physical and health consequences of industrialization , and 

avoid focusing solely on the traditional theories of economics of land rent and locations yielding maximum 

profit . Location of industries are largely politicized , in Africa  with the least concern about the immediate  and 

long time  consequences on the host communities  

Against this background, the need for a study of the effect of anthropogenic activities on the aquatic 

environment in rural communities like those in Etche, which are hosts to widespread agricultural activities, large 

scale industrial and petroleum development activities cannot be overemphasized. A study like this has also 

becomes necessary and in fact ,more urgently needed ,given the increasing petroleum industry activities related 

myriad of conflicts , devastating poverty, massive  crude oil theft and spillage ,as well as  high level of 

pollution. 

 

II. Study Area 
Etche River is in Etche Local Government Area (LGA) of Rivers state, which is within the conflict 

riddled oil rich Niger Delta Area of Nigeria. Etche is located between Longitude 6
0 

55
’ 
00

” 
and 7

0 
08

’ 
15

” 
East 

and Latitude 4
0 
53

’ 
30

” 
and 5

0 
12

’ 
15” North. Etche River dissects the Local Government into parts and is one of 

the important sources of the Nigerian petroleum resources. Etche communities are also drained by such Rivers 

as  Otamirioche, Ogueche, and Imo. 

The study area is bounded in the North by Ohaji/Egbema and Ngor Ogbala LGAs of Imo state, to the 

east by Omuma LGA  of Rivers state;  to the south by Oyigbo and Obio/Agbor LGA  and to the west by Ikwerre 

LGA. The Etche area contains two local government areas of Rivers State, which include Etche and Omuma 

local government areas. Nwokogba (2013) points out that Etche’s land mass totals about 97,500 hectares (376.5 

square meters) and the total population is estimated to be at least 600,000 persons.  

 Table 1 , presents  some  communities within the  study  area , while Figure 1: shows  Etche River and  

surrounding communities. 

 

Table 1. Some communities within  the study  Area 
S/N Community Villages 

1 Chokota Igbo, Ikwerengwo , Umueze , Umuechem,  Umusalem,  Eguri,  Okoroagu 

Umuaria 

2 Nchokoche Umuanyagu,  Chokoche,  Odogwa, Umuakuru,  Edegelem 

 

3 Okomoko Amaato,  Ulakwo,  Odufo 

Source : Researcher’s Fieldwork (2012) 

 

III. Methods 
Six sampling stations along Etche River course were selected for the study. Systematic random 

sampling technique was adopted for the collection of the surface water samples at about regular distances of one 

kilometer apart in each river courses ,such as the  upper , middle  and the lower  sections of the river. A Global 

Positioning system (GPS) handset  was used to locate the points  and find same  in the next season. 

Water samples were collected in two different seasons: May for dry season and October, for rainy 

season, during morning hours, between 8.30 a.m. to 11.30a.m. in one litersterile 

Plastic bottles and instantly transferred to the laboratory for analysis. Water samples were collected during the 

dry and wet seasons from six sampling points, two samples along each of the three river courses (upper, middle 

and lower courses). 

Water samples were collected in PVC and Biological Oxygen Demand (BOD) bottles, from the two 

different sites. Collected water samples were all well labeled and stored at 4
O
 C. Notably Water Temperature 

(T), pH and Electrical Conductivity (EC) were measured by mercury bulb thermometer, pH meter and 

Conductivity-total dissolved solids (TDS) Meter, respectively. Dissolved Oxygen (DO), Total Alkalinity (TA) 

and free Carbon Dioxide (CO2) were analyzed by standard methods. The analyses were based on APHA 

(2005)and compared with the standard values of Federal Environmental Protection Agency (FEPA) now 

NESREA.All samples were clearly labelled by site number of sample. Samples were refrigerated  between 1- 
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4
O
C  (not allowed to freeze)  and analyzed , within 6  days  of collection. However , in-situ analysis were carried 

out for pH , Dissolved oxygen (DO) and  Electricity conductivity (EC) . 

 

IV. Results 
4.1  Physico-Chemical Parameters of Water Samples in Etche River 

The comprehensive analysis results for all the six surface water samples taken during each season, have 

been summarised in averages as presented in tables 2 (physical parameters) and  3 (Chemical parameters) Thus, 

the average values derived from the water analysis , were compared with allowed limits stipulated by Federal 

Environmental Protection Agency ( FEPA,1998). 

Based on the results of the water analysis , the average values  of  pH of the water samples for both 

seasons are within the WHO standards range  of 6.50 - 8.50. The average pH for all the three samples during the 

wet season is 5.67, while that of the dry season is 6.11. The level of  pH was higher in the dry season, than in the 

wet season. According to Government of Western Australia (2009:16)“the pH of a solution is the concentration 

of hydrogen ions, expressed as a negative logarithm.” It indicates the acidity or alkalinity of such a particular 

solution, such as water. An aquatic body or sample with a pH of 7.  is neutral, while a  lower pH low level 

signify 

Figure 1: The study area-Etche River and the communities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 (Source: Produced by Researchers, 2013) 

 

increasing acidity. Also a pH levels higher than 7 reveals an increasingly level of alkalinity in the solutions. 

Notably , pH level  has implication on other potential toxicants, such as the bio-availability of heavy metals and 

so on. 

The average level of Electrical conductivity (EC) was high in the wet season, but low in the dry season 

with values of 12.30 ms/cm and 10.77 ms/cm respectively. Interestingly, Government of Western Australia 

(2009: 14) also explained that the EC test helps to measure the ability of water to conduct an electric current. 

This largely depends on the number of ions or charged particles available in within the water.  

 

Table 2      Physical parameters of water samples in comparison with the FEPA standard. 
S/N Parameters Wet season Dry season FEPA Limits 

1 Electricity conductivity (ms/cm) 12.30 10.77 N/A 

2 Total Dissolved solid (TDS) (mg/L) 61.54 53.84 35-50 

3 Odour Fouling Fouling N/A 

4 Total Suspended Solid (TSS)(mg/L) 31.0 29 30 

5 pH 

 

5.67 

 

6.11 

 

6-9 

 

6 Turbidity (FTU) 

 

81 28 <10 

 

FTU= Formuzin Turbidity Units; N/A=Not available 

Source: FEPA (1998) and Researchers’ Fieldwork (2013) 
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V. Chemical Parameters of Water Samples and FEPA Limits 
S/N Parameters Wet season Dry season FEPA limits 

1 Calcium(mg/L) 297.3 260.1 200 

2 Magnesium (mg/L) 71.22 63.19 200 

3 Sulphate(mg/L) 619.2 541.8 500 

4 Nitrate(mg/L) 4.012 0.688 10 

5 Phosphate(mg/L) 0.019 0.016 5 

6 Copper 0.09 0.06 1.5 

Source: FEPA (1998)and Researchers’ Fieldwork (2013) 

 

Where low values are observed, it shows that the water body is of high-quality, and there is low-

nutrient level present in such water. The reverse is the case with higher values. This is a common scenario, in 

areas where fertilizers has been used for agriculture, and a state of eutrophication has occurred..But a test of 

electrical conductivity, usually  lacks the ability to indicate the specific ionic composition and concentrations, 

existing within  the water body 

 The average total dissolved solids(TDS) value for the analysis , revealed a value of  61.54 mg/I for wet 

season  and a lower value of 53.84 mg/l for the dry season. This gives a mean value of 57.69 mg/I for both 

seasons . Total suspended solids (TSS) are defined as the portion of total solids in a watersample retained by a 

glass fibre (GF/C) filter of pore size >2 μm.  

The average river temperature values were almost the same at both seasons, and  rangesbetween  

26.7
O
C and  26.

O
C, respectively. These values fall below the FEPA stipulated limits of 35

o
C-40

o
C by FEPA.The 

implication of temperature range is explained by Western Australia Government (2009). The institution noted 

that water temperature regulates various biochemical reaction rates that influence water quality, through the 

dynamics of fluctuating solar radiation, back radiation, evaporative cooling and heat conduction, thermal 

dischargers, such as occur in the cooling of water from power plants, tributary inflows and groundwater 

discharges. 

The average value for the level of total suspended solid (TSS) was high in the wet season and low in 

the dry season. The average values for the total suspended solid (TSS) are 31.0 mg/l and 29 mg/l for the wet and 

dry seasons respectively. This shows that the TSS for the wet season water sample is above FEPA limit of 30 

mg/l , while that of dry season is below FEPA’s standard.  

Turbidity was low in the dry season with a value of 28FTM and high in the wt season with 81/FTM. 

The turbidity values recorded for both samples were higher than the FEPA recommended limit of <10/FTM for 

drinking water. This shows that the river contains a lot of pollutants. High turbidity levels lead to high level of 

deposition and silt problem in the water were the waste is discharge. The wet and dry seasons water samples 

were found to have noticeable odour. This suggests the presence of biodegradable materials, bacteria and 

decomposition processes going on  

The average values of the calcium content of the water samples was high in the wet season , having a 

value of 297.3mg/I, whereas the dry season showed a calcium value of 260.1mg/I. Similarly, the magnesium 

content, was observed to be high in the wet season and lower in the dry season. The sulphate content was high in 

the wet season with a value of 619.2 mg /me and low in the dry season, with a value of 541mg/I. These may be 

explained by the fact that agricultural activities necessitating the use of fertilizers in a raining period, can result 

in washing away of nutrients into the rivers , from a widespread agricultural area , and thus resulting in the 

increase in level of  certain chemical elements. During raining season , it could have been logical to assume that 

high rainfall volume will result, in considerable dilution , resulting in  low concentration of chemical elements 

Nitrate concentration was almost the same across the sampling stations with values of 4.012mg/I in the 

wet season and 4.688mg/I in the dry season.  Phosphate for the two seasons, were almost similar with recorded 

values of 0.019mg/I in the wet season and 0.016mg/I in the dry season. Water samples from the two seasons 

showed copper had a value of 0.09mg/I in the wet season and 0.06 mg/I in the dry season. 

 

VI. Discussion 
The presence in high concentrations of some chemical elements is as a result of the presence of  

pollutants. The water body is at the receiving end of many industrial and household chemical and organic wastes 

, thereby leading to a concentration of observed pollutants. The study by Sahni and Yadav, (2012) observed that 

the pollutant receiving water body arereservoirs of pollutant which is most unsuitable for aquatic biota and for 

aquaculture or any other purpose.  

Uncontrolled effluents by oil companies and domestic and agricultural wastes from the communities 

discharged into the rivers in the areahave displayed strong potentials that has resulted in eutrophication , for 

example in Etche River, with gradually wide- spreading  algae population , as well as high concentrations of 

some parameters as evidenced by substantial increase in calcium, magnesium and sulphates.Total Dissolved 

Solid (TSD) of the water samples of both seasons were quite high when compared with FEPA standard of 
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1998.The high TSD may be attributed to the erosion from the landward site. The TSD was higher in the rainy 

season than the dry season.  

The calcium content of the samples which clearly exceeded FEPA’s specified limit of 200mgl
-1

. The 

concentrations of parameters above the expected limits directly as well as indirectly influences many abiotic and 

biotic components of aquatic ecosystem.  Several studies have corroborated this assertion just as the existence of 

algae bloom in Etche river. The parameters such as Dissolve oxygen, temperature, BOD among others reflects 

to the dynamics of the living organisms such as metabolic and physiological behavior of aquatic ecosystem 

(Singh and Mathur,2005).This has been confirmed by Godhantaram and Uye, 2003 that Water asthe most 

precious resource on earth also play a predominant role in distribution of organisms. Fresh water contains 

various micro-organisms. While Raibole and Singh (2011) opined that the quality of water through parameters 

(Physico-Chemical) affects the species composition, their abundance and productivity of water.  

Some organisms can survive in a wide range of conditions and some are more tolerant to pollution 

while others are very sensitive to changes in conditions and intolerant to pollution. The concentration of 

chemical parameters in Etche River will not only affect the quality for domestic use but also other living biota as 

confirmed from other researchers. 

 

VII. Conclusion 
From the analysis, it has been seen that there is a seasonal variation in the quality of water in respect to 

the physical and chemical parameters. Conductivity, TDS, TSS, were slightly higher during the wet season, 

while parameters such as Turbidity, calcium, magnesium and sulphates were significantly higher during the wet 

season. Moreover, some of the physical parameters such as TDS, turbidity, TSS and electrical conductivity were 

quite above the expected FEPA limits, which is the standard for the country. Chemical parameters that exceeded 

FEPA limits include calcium, magnesium and sulphates. This indicates that the concentration in the wet season 

may be due to run-off from the land to the river and most of the pollutants are directly dumped into the water in 

the rainy season. 

 

VIII. Recommendations 
 Therefore the following recommendations have been made:  

(i) Due to the importance of the river to the inhabitants of the study area , studies focused on the morpho-

adaptic characteristics of the river and river ecology studies are advocated to guarantee data availability for 

proper planning and management of the catchment 

(ii) Anthropogenic influences within and around the river should be monitored and controlled. The discharge of 

industrial effluents and other toxic substances, into the  Etche  River should be prohibited 

(iii) Periodic physico-chemical studies of the Etche River should be carried out periodically, by concerned 

agencies 

(iv) Waste disposal cans, dumpsters and dumpsites, should be provided or purchased by households. Dumpers 

of solid and liquid wastes of domestic, commercial and industrial origins should be penalised. 

(v) Alternative sources of household water should be provided. Given the high level of poverty in the area, free 

public sources of water would be a better option 

(vi) The Integrated River Management Approach should be adopted in the utilization of the Etche River. 
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