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Abstract: The areas of study are Rivers Owan and Evbiobe, which transverse respectively through Owan East and Owan
West Local Government Areas of Edo State, Nigeria. Owan river is a washing zone for automobiles of all sorts on daily basis
while a major market site is located behind Evbiobe river; thus exposing the rivers to high level of quality degradation and
bacteriological pollution. The rivers serve as drinking water source and other domestic uses to the communities around the
study areas. Water samples were collected at ten locations within Rivers Owan and Evbiobe over a period of twelve months,
covering both dry and wet seasons. The water samples were analysed for water bacteriological and physico-chemical
characteristics using methods prescribed by APHA (1998), Aiyesanmi (2008) and Oyakhilome et al. (2012). These rivers were
highly polluted with bacteria load as observed in the results of the study when compared with their guideline values. The
statistical analyses conducted on the physico-chemical parameters revealed high level of significant difference (p< 0.05)
between wet and dry seasons’ values for all parameters except Total Suspended Solid and Chemical Oxygen Demand in Owan
river. The pollution of the rivers could be attributed to influx through runoff of microorganisms from vegetation decay,
municipal sewage, garbage, domestic and fecal waste into the rivers, especially during the wet season. This calls for a need in
the periodic monitoring of the water bodies so as to prevent or minimize the pollution of these rivers in the future.
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organic compounds. While the first two groups are not
directly harmful to aquatic life, the last two groups especially
the heavy metals and most organic compounds constitute the
environmental refectories (not usually eliminated from the
environment by natural degradation) and with direct toxicity
to aquatic life [19, 24, 29]. Of particular concern to
environmental toxicologists are those compounds, which
accumulate in the tissues, from often undetectable
concentrations in water; organisms may accumulate levels of
biological significance (bioaccumulation).

Furthermore, these compounds are passed along the food
chain so that top carnivores feeding on contaminated prey
may accumulate enormous concentration of these toxic
subtances [5, 23]. These comprise of substances such as
nitrates, phosphates, and sulphates, which are not directly
harmful to aquatic life but may significantly upset the
ecosystem. Water pollution problems associated with this

1. Introduction

The primary purpose of water analysis is to determine the
suitability of water for a proposed use. The three main classes
of use are domestic (household), agricultural and industrial,
and hence, varying water quality is expected for these
different uses [2]. The accumulation of toxic compounds,
such as chemical pollutants and trace metals, from water
runoff, especially during the wet season can result in
downstream bioaccumulation and toxicity [22]. Similarly,
bacteria loading to rivers and streams in urban and rural areas
has been well documented as one of the most common
pollutants affecting aquatic systems [7, 26].

Chemical contaminants or pollutants in the aquatic
environment can be divided into four groups, viz: the plant
nutrients, the oxygen consuming substances, the inorganic
substances including some anions and heavy metals; and the
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group result from eutrophication- excessive nutrients
enrichment that promotes unrestricted growth of aquatic
plant biomas [3, 23].

The over production of higher tropic level biomas and
subsequent decay of dead plants could lead to oxygen
depletion, fish kills and development of anaerobic zones
where bacteria actions produce foul odours and taste [6, 28].
Accelerated eutrophication of this nature has been associated
with the death of literally millions of fish in Escembia Bay,
Florida and with the decline of certain fish species in lake
Erie. Other notable examples have occured in lake
Washington in Seattle, Madison lake in Wisconsin and lake
Zurich in Switzerland [2].

One of the major biological effects of eutrophication
resulting in financial loss is the stimulation of algae growth,
especially in water supply reserviors. Large population of
algae and in some cases the zooplankton which they support,
may result in blocking of filters in water treatment works [10,
29]. The algae blooms associated with excessive amounts of
nutrients have other consequences for the aquatic ecosystem.
Some algae at high densities produce toxins, which kill fish.
In Norfolk Broad lake, it was reported that Prymmnesium
parvum has caused several large fish kills over the last two
decades [2]. Problems of eutrophication can support dense
growth of aquatic weeds, which impede the flow of water
and block waterways.

Nitrogen and Phosphorous are two nutrients most
implicated in eutrophication and, because growth is normally
limited by phosphorous rather than nitrogen, it is the increase
in phosphorous that stimulates excessive plant production in
fresh water. These nutrients are released into the water body

2. Materials and Methods
2.1. Study Area

during the breakdown of organic matter. Other important
sources include phosphorous containg detergents (much of
this entering the river in sewage effluent), agricultural runoff
and leaching of artificial fertilizers, the burning of fossil
fuels, etc, [8, 20, 22].

Effluents containing biodegradable organic chemicals
generally act as pollutants not because they contain
chemicals at concentrations that are toxic but they contain
chemicals that provide food for micro-organisms which
multiply rapidly as a result of increased food input [7]. The
microorganism in the process of growing and oxidizing the
organic chemical foodstuff use up the dissolved oxygen in
water rapidly which in some cases, result into oxygen sag-a
situation of dissolved oxygen depletion [1, 10]; and could
cause the death of higher organisms like fish [4, 21]. A
simple measure of the potential of organic matter for
deoxygenating water is given by the biochemical oxygen
demand (BOD). Its counterpart, the chemical oxygen demand
(COD), which is always higher than the BOD, results from
chemical oxidation of both organic and inorganic constituents
in water utililizing the dissolved oxygen [6].

Sources of such oxygen consuming matters in the aquatic
system include domestic effluents, industrial effluents, farm
effluents run off and decay of plants after eutrophication [11].
Effluents containing degradable organic matter will also
contain large amount of suspended solids, which cut out the
light immediately below the discharge, thus eliminating
photosynthetic organisms. Suspended solids also settle on the
streambed altering the nature of the substratum and
smothering many organisms living within it [7, 19].

Figure 1. Map of Edo State showing Sampling Locations.

The areas of study are Rivers Owan and Evhoebe, which

transverse through Owan East and West Local Government
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Area of Edo State, Nigeria. Owan river serves as drinking
water source for most of the villagers even though it is a
washing zone for automobiles of all sorts on daily basis
while a major market site is located near the bank of river
Evbiobe; thus exposing the rivers to high level of
pollution. Also, fishing activities are practiced in this area
as a source of income and livelihood while the major
occupation of the people is farming with the use of
fertilizer; a practice that could lead to water pollution if
the farm land is eroded into the rivers by storm water,
especially during the raining season. Figure 1 depicts the
map of the study area.

2.2. River Water Sampling

Samples of river water from randomly selected locations (ten
sampling points) were collected within the study area. All
sampling points were, however, geo-referenced using Garmin’s
eTrex 12 channel GP. At every sampling point, the sampling
containers were thoroughly washed with the water sample
before final collection. Samples for different parameters were
taken and preserved as prescribed by [3, 5, 20].

2.3. Water Physico-Chemical Analysis

Parameters such as temperature, pH, conductivity and
dissolved oxygen in water samples were measured in-situ on
the field using portable meters and kits. Temperature, pH and
conductivity were measured with Hanna combined
temperature, pH and conductivity meter; while dissolved
oxygen was measured with Hanna dissolved oxygen kit using
the Winkler alkaline-azide titration method. Other physico-
chemical parameters were analyzed in the laboratory using
methods prescribed by [3, 5, 20]. Data generated from the
investigation were statistically tested for differences in
sampling periods, spatial and seasonal variation using the
student’s t-test (ANOVA).

2.4. Water Microbial Analysis

The water samples collected in batches of 250ml into
sterile 500ml screw-capped bottles were analysed in
accordance with standard procedures described by [5, 26].

Total Viable Count (Aerobic Plate Count)

A 1ml of the water sample was transferred with sterile
pipette into sterile Petri dish and nutrient agar was poured
over the inoculums. Each Petri dish was gently rocked to
ensure uniform distribution of the water sample. When the
agar had solidified, the plates were incubated at 37C for
48hours. After which, the microbial count was determined by
employing a Colony Counter.

Detection of coli form

Using the multiple tube technique of presumptive coli form
count or total coli form, the following mixtures of the test water
and the lactose were used. Five 10ml water quantities each in
10ml double strength medium, five 1ml water quantities each in
Sml single strength medium were incubated at 37°C for
24hours. The production of acid and gas after 24 or 48hours
incubation were considered to be positive. The confirmation test
for the presence of coli form in the presumptive positive tubes
was carried out by sub culturing aliquots of water from these
tubes into brilliant green lactose bile broth (BGLB) and
incubated at 37°C for 48hours. The production of acid and gas at
the end of the incubation period confirmed test as positive. After
which, the number of micro-organisms grown on the plate was
determined by a Colony Counter.

3. Results and Discussion

3.1. Rivers Water Microbial Characteristics

The mean microbiological status of the Owan river are
presented in Tables 1 and 2 while the Evbiobe river microbial
mean values are displayed on Tables 3 and 4 for dry and wet
seasons respectively.

Table 1. Owan river microbial characteristic mean values (Dry season,).

Parameters OB1 0B2 OB3 0OB4 OB5 0B6 OB7 OBS8 OBY OB10 NIS (2007)

Total Bact. Count (cfu/mL) 4.23 3.94 4.60 3.92 451 4.02 3.87 430 4.16 448 103

Total Coli form (MPN/100mL)  1.60 1.35 0.97 1.08 1.62 1.10 0.93 1.25 1.23 1.13 NIL

E. Coli Count (MPN/100mL) 1.75 1.12 0.84 1.05 1.36 0.92 0.98 1.24 1.10 0.98 NIL
(TBC, TCF, E.coli ) x 10%*n=3

Table 2. Owan river microbial characteristic mean values (Wet season,).

Parameters OB1 0B2 0B3 OB4 [0):5) 0B6 OB7 OBS8 0BY9 OB10 NIS (2007)

Total Bact. Count (cfu/mL) 3.26 4.11 4.05 3.80 292 3.35 3.12 2.74 3.26 451 10°

Total Coli form (MPN/100mL)  7.42 6.15 8.33 6.71 6.28 6.10 8.05 7.76 8.18 6.53 NIL

E. Coli Count (MPN/100mL) 2.23 2.47 3.11 2.12 2.80 1.94 2.34 2.19 3.65 2.49 NIL
TBCx10%; (TCF and E. coli) x10**n=3

Table 3. Evbiobe river microbial characteristic mean values (Dry season,).

Parameters OB1 OB2 OB3 OB4 0BS5S OB6 OB7 OB8 OB9 OB10  NIS (2007)

TotalBact. Count (cfu/mL) 8.37 9.21 9.14 875 9.02 8.71 8.60 8.44 9.12 8.89 10°

Total Coli form (MPN/100mL)  5.15 4.82 6.78 5.11 6.23 4.12 5.99 5.35 6.64 6.47 NIL

E. Coli Count (MPN/100mL) 1.08 1.17 120 0.93 1.01 1.34 1.23 1.16 0.89 0.95 NIL

(TBC, TCF, E.coli ) x 10%*n=3
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Table 4. Evbiobe river microbial characteristic mean values (Wet season,).

Parameters OB1 OB2 OB3 OB4 OB5 OB6 OB7 OB8 OB9 OB10  NIS (2007)
Total Bact. Count (cfu/mL) 1.10 1.13 1.02 1.27 1.28 1.06 1.02 1.15 1.31 1.22 10°
Total Coli form (MPN/100mL) 1.76 1.05 1.45 1.16 1.72 1.31 1.52 1.26 1.44 1.69 NIL
E. Coli Count (MPN/100mL) 0.31 0.51 0.28 0.33 0.37 0.25 0.46 0.29 0.40 0.37 NIL

TBCx10% (TCF and E. coli) x10* *n=3

The results obtained from Owan river analysis revealed
that the mean values of total heterotrophic bacteria count,
total coli form and Escherichia coli cells for the dry season’s
study ranged from 3.87x10°-4.60x10°cfu/mL, 0.93x10-
1.62x10° MPN/100mL and 0.84-1.75x10> MPN/100mL
respectively. The respective wet season values obtained from
Owan river for the total heterotrophic bacteria count, total
coli form and Escherichia coli cells ranged from 2.74x10°-
4.51x10°cf/mL,  6.10x10°-8.33x10°  MPN/100mL  and
1.94x10%-3.65x10> MPN/100mL. Higher values of these
parameters were recorded in the surface water samples
during the wet season’s study. The higher values obtained
during the wet season as compared to the dry season could be
attributed to influx through runoff of microorganisms
originating from vegetation decay, municipal sewage,
garbage, domestic and fecal waste into the Owan river.
Heterotrophic microorganisms include both members of the
natural (typically non-hazardous) microbial flora of water
environments and organisms present in a rangeof pollution
sources [14, 15, 26]. Enteropathogenic E. coli are enteric
organisms, and humans are the major reservoir. Livestock,
such as cattle and sheep and, to a lesser extent, goats, pigs
and chickens, are a major source. They have also been
associated with raw vegetables, such as bean sprouts and the
pathogens have been detected in a variety of water
environments [15, 26].

It is not surprising that elevated loads of these microbes
were recorded in Evbiobe river when compared with owan
river for both dry and wet seasons since Evbiobe river is
always contaminated with organic materials eroded into the
water body from a major market located behind the river. The
waste (blood, bones and pieces of flesh) from the slaughters’
tables and discarded food stuffs including decomposing
vegetables amongst others are major contributing factors of
the river microbial pollution [7, 26]. Bacteria of greatest
concern in drinking water are those that originate from the
gut of warm-blooded animals [26]. Sources include waste
generated from wildlife, pets, and slaughter’s tables/vicinity
in market squares and livestock on farms or in feedlots.
Contamination problems arise from improperly designed,
failing, or overloaded waste water treatment systems,
including septic systems from private homes, and leaking
sanitary sewer pipes. Human sources are of particular
concern as they include bacteria of human origin and may
include human pathogens [7]. Floodwater commonly
contains high levels of bacteria from numerous sources.

The Total bacteria counts (TBC) for Owan and Evbiobe
rivers during the dry season were lower than the limit values
specified by Nigeria Industrial Standard for domestic water
[14, 15]. While the TBC values recorded in Owan river

during the wet season were within the NIS baseline values
and higher than the NIS guideline values were observed in
Evbiobe river wet season results (Tables 1 to 4). Generally,
the total coli form and Escherichia coli cells present in both
rivers represent high bacteria load compared to the
recommended standards for drinking water [12, 13, 14, 15,
30]. This condition constitutes a threat to end users as the
water is unsafe for human consumption with respect to
bacteriological loads, thus suggesting adequate disinfection
process before distribution for local consumption, domestic
and industrial usage. The recovery of viable indicator
bacteria from the rivers in intolerable numbers constitute a
serious hazard to public health, as their presence is indicative
of a possible presence of micro organisms associated with
water-borne diseases [26]. Such micro organisms include
Salmonella typhi, Salmonella paratyphi, Vibrio choleae,
Entheropathogenic Escherichia coli and enteric viruses.
Waterborne transmission of pathogenic E. coli has been well
documented  forrecreationalwaters and  contaminated
drinking-water. A well publicized waterborne outbreakof
illness caused by E. coli O157:H7 (and Campylobacter
Jjejuni) occurred in thefarming community of Walkerton in
Ontario, Canada. The outbreak took place inMay 2000 and
led to 7 deaths and morethan 2300 illnesses. The drinking-
water supplywas contaminated by rainwater runoff
containing cattle excreta [15].

However, the presence of bacteria does not mean the water
is unsafe to drink. Only disease-causing bacteria, known as
pathogens, lead to the outbreak of disease. Total coliform
bacterials a group of different kinds of bacteria commonly
found in the environment, including soil, vegetation and
untreated surface water. Total coliform bacteria are generally
not harmful. Fecal coliform bacteria are a subgroup of the
total coliform group and they exist in great quantities in the
intestines and feces of humans and animals [7; 27]. The
presence of fecal coliform bacteria in drinking water is a
strong indication of recent sewage or animal waste
contamination, which should be interpreted as an indication
that there is a greater risk that pathogens are present.
Microbes in these wastes may cause short-term effects, such
as diarrhea, cramps, nausea, headaches or other symptoms, as
well as potentially pose long-term health effects. They may
pose a special health risk for infants, young children, some of
the elderly and people with severely compromised immune
systems [26].

Most aquatic bacteria are free-living and perform
beneficial functions such as thedecomposition of organic
matter. A few species are opportunistic pathogens and
causediseases in fish, particularly under conditions of stress
and immune deficiency. Symptoms of most bacterial diseases
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include fish not feeding well and swimming erratically.
Stressed fish are highly susceptible to outbreaks of
pathogenic bacteria. Low levels of dissolved oxygen, thermal
stress, high concentrations of nitrogenous metabolites and
improper handling are the principal causes which render fish
susceptible to bacterial diseases [9, 30]. However, there is no

3.2. River Water Physico-Chemical Parameters

information in the scientific literature to show that E.coli
affects the growth, reproduction, health or survival of fish. In
India, for instance fish are cultured in sewage ponds, with no
detrimental effects. However, fish grown in waste water
harbour micro-organisms, some of which arepathogenic and
may infect consumers and handlers [9].

Table 5. Mean range values and Statistical analysis of Owan water physico-chemical parameters.

Parameters Range Overall mean Std Dev. CV% T cal Fp cal
Temp. (°C) 27.39-30.60 30.16 1.88 6.25 6.548* 0.812
Colour (Pt/Co unit) 12.67-25.00 19.04 5.13 26.96 -2.669* 0.918
Turbidity (FTU) 4.13-6.83 5.48 1.63 29.74 -6.756* 0.224
Cond. (uS/cm) 118.60-194.80 147.47 4.03 27.15 6.252* 0.287
TD. Solid (mg/1) 76.54-104.05 86.99 16.09 18.50 4.167* 6.064*
TS. Solid (mg/1) 2.64-5.70 4.55 3.77 82.86 -1.224 0.403
T. Solid (mg/1) 80.93-107.56 91.54 15.57 17.01 4.138% 6.196*
Ph 6.25-7.32 6.69 0.29 4.32 14.357* 0.043
Acidity (mg/l CaCOs) 5.37-7.60 6.42 0.05 16.34 -7.351* 0.012
T. Alkal. (mg/l CaCOs3) 106.67-143.30 122.64 18.41 15.01 4.741%* 0.082
T. Hard. (mg/l CaCO3) 54.67-69.67 61.12 8.45 13.83 4.341* 0.119
Ca*(mg/l) 17.91-21.28 19.30 2.18 11.31 2.874* 1.733
Mg (mg/l) 5.71-9.21 6.42 1.55 24.19 3.244* 1.911
DO (mg/l) 5.97-8.47 7.23 1.18 16.36 -8.207* 5.522%
BOD (mg/l) 3.93-7.03 5.64 1.10 19.49 -10.959* 0.993
COD (mg/l) 27.59-30.13 28.95 1.90 6.57 -1.902 1.466
CI' (mg/l) 18.47-30.41 24.15 2.49 10.31 19.099* 1.278
NO; (mg/l) 8.77-15.81 12.15 2.81 22.49 -10.447* 0.185
NO, (mg/l) ND-0.09 0.05 0.52 108.33 -4.502* 0.038
PO.*(mg/l) 11.23-24.25 17.09 5.18 30.31 10.198%* 2.914*
SO,*(mg/l) 29.37-75.15 51.54 10.71 20.78 19.869* 1.231

CV = Coefficient of variation, t cal =t values calculated for test of sig. difference between dry and wet seasons, Fp cal = F values calculated for test of sig.

variation between sampling periods, * Significant at P < 0.05.

Table 6. Mean range values and Statistical analysis of Evhoebe water physico-chemical parameters.

Parameters Range Overall mean Std Dev. CV% T cal Fp cal
Temp (°C) 27.87-31.17 29.55 1.65 5.58 18.434* 0.550
Colour (Pt/Co unit) 9.00-20.00 14.47 5.94 41.05 3.536* 2.492%*
Turbidity (FTU) 4.20-6.03 5.07 0.85 16.77 -10.899* 1.031
Cond. (uS/cm) 123.03-145.40 132.93 12.82 9.64 -10.521* 1.429
TD. Solid (mg/l) 49.27-64.31 57.55 5.57 9.68 6.776* 0.068
TS. Solid (mg/1) 2.71-4.45 3.68 0.69 18.75 -3.668* 0.724
T. Solid (mg/1) 52.49-66.77 61.01 5.39 8.83 6.880%* 0.925
Ph 6.33-8.20 6.85 0.50 5.73 7.487* 0.038
Acidity (mg/l CaCO3) 7.95-9.37 8.73 0.57 6.52 -8.711%* 3.473%
T. Alkal. (mg/l CaCOs) 85.67-108.33 97.57 9.40 9.63 16.184* 0.572
T. Hard. (mg/l CaCOs3) 67.33-96.00 81.48 12.64 15.51 9.576* 0.081
Ca*(mg/l) 19.44-28.12 23.46 3.95 16.84 6.107* 1.129
Mg* (mg/l) 9.20-13.33 11.28 1.77 22.87 6.642%* 0.426
DO (mg/l) 6.50-9.17 7.74 1.02 13.18 -10.928* 0.081
BOD (mg/l) 5.00-7.40 6.14 0.94 15.31 -9.623* 4.325%
COD (mg/l) 15.61-23.77 19.58 3.63 18.54 -6.190* 0.940
CI' (mg/l) 22.31-35.18 28.56 5.31 18.59 12.348* 0.009
NO; (mg/l) 19.75-27.23 23.55 3.02 12.82 -10.163* 1.892*
NO, (mg/l) 0.02-0.05 0.03 0.02 66.67 -2.791* 1.359
PO.*(mg/l) 10.56-17.39 13.75 2.95 21.45 9.616* 0.869
SO,*(mg/l) 4.52-6.63 5.55 0.94 16.94 7.736* 7.893*

CV = Coefficient of variation, t cal =t values calculated for test of sig. difference between dry and wet seasons, Fp cal = F values calculated for test of sig.

variation between sampling periods, * Significant at P < 0.05.

Tables 5 and 6 depict the mean values and statistical
analysis of the physico-chemical parameters of Owan and
Evbiobe river water for both dry and wet seasons respectively.

The results of the statistical analysis; which include the range,
the overall mean standard deviation and coefficient of
variation for the two rivers are shown on the Tables.
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The student t-test conducted on the results revealed high
level of significant difference (p< 0.05) between wet and dry
seasons’ values for all parameters except TSS and COD in
Owan river, whereas no significant variation was recorded
within the sampling period for both rivers as revealed by
Fycal values (Tables 5 and 6). This implies that most of the
physico-chemical characteristic properties of the rivers water
varied with season. This observation is typical of most
surface water as reported by many authors [3, 17, 20, 24].
Although the coefficient of variation was high for TSS
(82.86mg/l) in Owan river and NO; (108.33mg/l and
66.67mg/1) for the two rivers respectively, however, variation
among sampling point was generally low as shown in the
calculated values of coefficient of variation, implying that
each set of the water samples were collected from a single
source of similar physico-chemical characteristics, which are
mostly influenced by the geology of the area.

The Temperature for the combined wet and dry seasons of
Owan river ranged from 27.39-30.60°C with overall mean
value of 30.16°C while Evbiobe river had higher temperature
range of 27.87-31.17°C, with an overall mean value of
29.54°C. The relatively high temperature variation is in
response to time and period of sample collection; hence,
results of wet season were lower than those for the dry
season. This observation is in concordance with what [6]
earlier reported for Ondo coaster waters [3], for surface
waters, [18] for Ogba river in Benin city, [19] for Ikpoba
river in Benin city and [20] for Owena dam in Ondo state.

The mean colour units of the Owan and Evbiobe water
samples ranged from 12.67 - 25.00 Pt/Co units and 9.00-
20.00Pt/Co units; with overall mean of 19.04Pt/Co units and
14.47Pt/Co units respectively. High values of this water
quality parameter measured during the wet season compared
to the dry season’s data can be attributed to run-off into the
water bodies.

Conductivity of the Owan and Evbiobe rivers water ranged
from 118.60 - 194.80 puS/cm; 123.03-145.40 with an overall
mean value of 147.47uS/cm, 132.93uS/cm respectively.
Generally, low values of conductivity and TDS measured in
the rivers water reflect freshness of the water, since fresh
waters are characterized by low conductivity [20].

The pH of the water samples ranged from very slightly
acidic value of 6.25 to a neutral value of 7.32 for Owan river,
while Evbiobe river recorded pH values of slightly acidic to
weak alkaline range (6.33-8.20). A measured pH change
provides a very useful indication that some biogeochemical
effect has caused the buffer capacity of a water body to be
exceeded. Possible causes of a decrease in the measured pH
include the intentional or accidental release of stronglyacidic
waste into a stream; the influence of acid rain, bacterial
nitrification, or sulfate reduction; and the release of acid mine
drainage water. Increases in pH may be caused by
acceleratedalgal growth, such as that which may occur during
an algal bloom (when pH canexceed 10) and denitrification.
Lower wet season pH values for the rivers water were found
to be consistent with the findings reported by many workers
[3, 18, 19, 20, 29].

The mean value of nitrate (NOs") in the water samples
ranged from 8.77 - 15.81 mg/l for Owan river and 19.75 -
27.23 mg/l for Evbiobe river. The results from this study
revealed that both rivers have been impacted by nitate —
causing materials from anthropogenic activities, especially
the Evhoebe river that is implicated by its location. This was
observed from the higher value of nitrate recorded in
Evbiobe river water than Owan river. Nevertheless the rivers
are not yet referred polluted in this regard as they are well
below the guideline values. Therefore, suggesting that the
water from both rivers are safe for drinking with respect to
nitrate concentration. The concentrations of phosphate
measured in Owan and Evbiobe rivers water ranged from
11.23-24.25mg/l and 10.56-17.39 mg/l respectively.
Phosphorus from where phosphate is derived occurs widely
in nature in plants, in micro-organisms, in animal wastes
andso on. Large quantities of phosphate are applied as
fertilizers in agriculture, and runoff from these areas often
contains elevated concentrations of phosphate [8, 24].
Typical phosphate concentrations in surface waters is usually
<Smg/L and more in nutrient- enriched waters, although 0.10
mg/L is the recommended maximum concentration for rivers
and streams [9, 28]. Thus, the mean phosphate values
recorded in the rivers water were above the recommended
maximum concentration. The significance of phosphorus in
water is principally in regard to the phenomenon of
eutrophication (over-enrichment) of lakes and rivers.

High sulphate concentrations range of 29.37 - 75.15 mg/L
were recorded for Owan water samples as compared to very
low values (4.02 - 7.40mg/L) observed for Evbiobe river. The
levels of this parameter in the water samples for both rivers
are well below the stipulated value of 250 mg/L drinking
water standards [12, 13, 28]. The sources of this parameter in
the water could be associated with soil mineralogy in
Evbiobe river while possible contribution from
anthropogenic activities and soil mineralogy could be
responsible for the loads in Owan river. The high values
recorded in Owan river is not surprising as the water body
serves as a washing zone for automobiles of all sorts on daily
basis, even though is also a drinking water source; thus
exposing the rivers to high level of contamination from
sulphur-containing detergents.

4. Conclusion

The values of pH, colour, turbidity, DO; BOD, COD,
nitrate, nitrite, phosphate, and sulphate were higher during
the wet season than in the dry season, while others like
Conductivity, chloride, hardness, total solids had higher
during the dry season values over the wet season. This
observation could be attributed to a combination of water
runoff with suspended particles into the rivers during the wet
season and local concentration from excessive evaporation in
the dry season, thereby increasing the dissolved solids.
Significant difference (P<0.05) between the wet and dry
season exists among most of the parameters. All the
parameters analyzed provided concentration below their
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except colour, turbidity, and BOD.

Although, the rivers water is fairly good for drinking and for
other domestic purposes in this regard, there is a need for
periodic monitoring of the water source in respect of those
parameters that concentrated more than their limit. This
research has furnished some vital information on the current
quality status of river Owan and Evbiobe; hence the results
obtained will further serve as basis for future monitoring of
the study area.
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