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Abstract

Comparative assessment and seasonal variations of some physical and chemical parameters of waters in Ekerekana and
Buguma creek were investigated from July 2012 to February 2013 for a period of eight months. Water samples were collected
bi-monthly and analysed using standard methods. The results obtained indicated that significant differences (P<0.05) were
recorded in all the parameters investigated in both creeks in all the months of study. Seasonally, variations were observed in all
the parameters, with the exception of pH, alkalinity, and water hardness. Conversely, temperature, conductivity, salinity and
nitrates were significantly (P<0.05) higher in dry season in both creeks, while the values of biological oxygen demand,
turbidity, total dissolved solids (TDS), sulphates and chlorides were elevated in wet season.
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1. Introduction

Water quality is defined in terms of its chemical, physical and
biological contents. The water quality of rivers changes with
seasons, human activities and geographical areas. It provides
basic scientific information about water quality parameters,
ecological relevant and toxicological threshold values to
protect specific water uses [1]. Important physical and
chemical parameters influencing the aquatic environment are
temperature, rainfall pH, salinity, dissolved oxygen and
carbon dioxide. Others are total suspended and dissolved
solids, total alkalinity and the nutrient levels. These
parameters are the determining factors for the survival of
aquatic organisms [2, 3].

Temperature is a limiting factor in the aquatic environment;
temperature is probably the most important
environmental variable. It affects metabolic activities,
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growth, feeding reproduction distribution and migratory
behaviours of aquatic organisms [4]. It affects solubility of
gasses in water, gas solubility decrease with increase
temperature. Hydrogen ion concentration or pH as one of
the vital environmental characteristics, decides the survival,
metabolisms, physiology and growth of aquatic organisms.
Ramanatha et al. [5] recommended optimum range of pH
6.5-8.7 for growth of aquatic organisms, pH is influenced
by acidity of the bottom sediment and biological activities.
High pH may result from high rate of photosynthesis by
dense phytoplankton blooms. According to Abowei [6], pH
of between 7 to 8.5 is ideal for biological productivity,
while pH that is lower then 4 is detrimental to aquatic life.
pH of rivers may be affected by heavy metal toxicants as a
result of water discharge, and run offs from surrounding
environment [6].
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Salinity is a degree of saltiness of a water body, it is a
dynamic indicator of the nature of the exchange system. And
expressed as the total concentration of electrical charge ions
(cations) in water in part per thousand (%o). The cations
include carbonates, sulphates and others. It is expressed
either as a mass of these ions per unit volume or as milli-
equipment of the ions per volume of water. It determines
distribution of organisms in aquatic environments. The
salinity of the water within the estuary tells us how much
fresh water has mixed with sea water. [7]. The salt
concentration directly affects the salinity, which impacts
circulation within estuaries and coastal regions. In effect,
dense saline water tends to flow under fresh water. Salinity
is an important ecological parameters in its own right and it
is important in some chemical processes [8].

Various human endeavours such as industrial, mining,
farming and domestic activities also significantly affect the
quality of water. Farming increase concentration of
nutrients, pesticides and suspended sediments. Industrial
activities also increase concentration of metals and toxic
chemical, add suspended sediment, increases temperature
and lower the dissolved oxygen in the water [9, 10]. Each

of these effects can have a negative impact on the aquatic

ecosystem and make water unsuitable for potential uses [11].

The quality of water in an aquatic environment is vital for
its productivity,. It is an index of health and well being of
the ecosystem and has an indirect impact on human health.
Physicochemical parameters of water provide nutritional
balance and ultimately govern the biotic relationships of
organisms in an aquatic ecosystem; including ability to
withstand pollution load. Conversely, urbanization and
modern agriculture practices directly impact the water
resources quantitatively and qualitatively. Many industries
are sited near these bodies of water presumably to facilitate
easy discharge of effluents and other pollutants into them.
[12, 13] Ekerekana and Buguma creeks are unique aquatic
environment in the tropical belt with marked maritime
influence due to riverine inflow, vertical mixing, coastal
nutrient enrichment, oil pollution and other anthropogenic
sources. They are also one of the ecologically and
economically rich marine ecosystems in the Niger Delta
region of Nigeria, providing breeding grounds for a variety
of fish and shrimp species. Numerous activities such as oil
exploitation and exploration, laundry, fuel
exploitation and capture fisheries take place along the
creeks. This study seeks to provide basic information and to
enrich the scientific knowledge of the coastal ecosystem of

wood

Nigeria with particular reference to Ekerekana and Buguma
for its effective management and sustainability of aquatic
resources in the area.

2. Materials and Methods
2.1. Study Area

The study area investigated consists of one effluent receiving
sites in the Okirika arm (Ekerekana creek) of the Bonny
River estuary and the Buguma creek, all in the Rivers State.
Ekerckana creek is located in Okirika Local Government
Area of Rivers State and is spatially located between latitude
04" and 50°N and longitude 07° and 10°E. About 95% of the
total area is wet land, characterized by a network of
meandering water channels, comprising mainly of creeks and
small rivers which drain into short swift coastal rivers. The
creek receives faecal matters, domestic wastes and industrial
effluents on regular basis. While Buguma creek is located in
Asari Toru Local Government Area of Rivers State. It is
located between longitude 6° 47°E and 6° 59°E and 4° 36°N
and 4° 59°N. The Buguma creeks systems consist of the main
creek channel and associated inter connecting creeks, which
interconnect and surround Buguma and other communities
[14].

2.2. Sampling Procedure

The sampling was carried out bi-monthly between July 2012
and February 2013, covering four wet months (July to October)
and four dry months (November to February). Water samples
were collected monthly with sterile plastic containers from
Ekerekana Creek in Okirika Local Government Area and
Buguma creek in Buguma Town, Asari Local Government
Area, both in Rivers State of Nigeria. The containers were
rinsed three times with the water samples to be collected at the
site before collection was made.

2.3. Measurement of Water Quality
Parameters

Water temperature was measured in-situ using mercury-in-
glass thermometer. The turbidity of the water was also
measured in-situ by using a secchi disc [15]. Biochemical
oxygen demand (BOD) was determined by the Winkler’s
method [15]. Hydrogen-ion concentration (pH) and
conductivity were measured in the laboratory with pH meter
and conductivity meters, respectively. Salinity was obtained
by hand held salinometer. Total dissolved solids (TDS),
ammonia, nitrate and sulphate were determined
gravimetrically (APHA 1998). The chloride, alkalinity and
water hardness content was determined by titrimetric method
[15].

2.4. Stastitical Analysis

The data obtained from the laboratory were collated. The
Microsoft Excel was used for the graphical presentation.
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3. Results and Discussion

The results of the physicochemical analysis of water from
Ekerekana and Buguma Creek are presented in Figures 1 to
12. The results revealed that pH varied from 6.6 to 7.2
(Fig.1). The pH values in Ekerekana was more alkaline in the
months of July, August, September, December and February,
while Buguma water have higher values in October,
November and January (Fig. 1) The pH varied significantly
between the two creeks, the pH of water in Ekerekana creek
was found to be higher in the wet season months, while
higher values were observed in Buguma creek in the dry
season months of November to January (Fig.1). The higher
pH value in Ekerekana creek in wet season may be associated
with high fresh water emptying into the creek from the
adjoining streams and municipal drains [16, 17]. This implies
that season has a significant role in the pH of the creeks,
similarly, Egborge [18] reported same at Orugbo creek in
Warri during the rainy season. The lower levels of pH
observed in Buguma creek may be due to excessive flooding
of acidic sulphates from the soil into the creeks [19]. The
elevated levels of pH in dry season’s months observed in
Buguma creek, is similar to the one obtained by Orhibabor et
al. [20] in the same creek. This may be attributed to the
reduced rainfall in these months, which also reduces flooding
of the acid sulphate from the soil into the creeks.

The turbidity values recorded in this study ranges from 1.00
to 7.00 NTU. The lowest mean turbidity value (1.00 NTU)
was recorded in Buguma creek in the dry months (December,
January and February). While the highest value (6.91 NTU)

was recorded in Ekerekana creek in the month of August (Fig.

2). Interestingly, the values of Turbidity in Ekerekana creek
were higher than Buguma creek, in all the months of study
(Fig. 2). The turbidity in the two creeks was higher in the
rainy season (July to October) than the dry season months
(November to February). This phenomenon may be due to
continuous and excessive washing of debris, silt and clay into
the creeks [21]. Asuquo and Etim [22] also reported that high
turbidity could result from the presence of colloidal particles
arising from clay and silt during rainfall or from discharges
of sewage and industrial waste or the presence of large
number of microorganisms. Turbidity is an important
operational parameters in process control and can indicate
problems with treatment process, particularly
coagulation/sedimentation and filtration [23].

The water temperature recorded in this study ranged between
27.42 — 31.1%. The lowest water temperature (27.20°c) was
recorded in Buguma creek in the month of August, and the
highest temperature value (31.1°%) was recorded in both
creeks in January and February (Fig. 3). The temperature
values shown slight variations with seasons. This observation

was found to be consisted with the trends reported in
previous studies in Niger Delta [24, 25, 26]. The conductivity
values recorded in this work ranged from 18,000 to 27,000.0
S/m. Seasonally, lower values of conductivity were observed
in the dry seasons months (November to February) compared
to wet seasons months (July to August). The lowest value of
(18,000 S/m) was recorded in Ekerekana creek in the month
of August (Fig. 4). The conductivity values ranged from
18,000 S/m to 28,000 S/m. which is indicative that the water
is brackish as reported by Egborge [(27] in his study of Warri
River, he further classified waters with conductivity values
above 40,000 Os/cm as marine, below 1000 Os/cm as fresh
water and in between these two as brackish. The variation in
these creeks is suggestive of the one influence of the sea
while the seasonal differences observed for the conductivity
is a clear indication of the role of season in the ionic
distribution in the two creeks. The higher conductivity values
in the dry season could also be attributed to the combination
of low precipitation and high atmospheric temperatures,
resulting in high evapotranspiration rates, high ionic
concentration, and saline intrusion from underground sources
or the ocean. The levels of conductivity measured in the two
creeks are consistent with values obtained in most waters of
the Niger Delta by Nwadiaro [28], Agbozu and Emperor[(29],
Agbozu and Izidor [30], and Obunwo [31].The level of
salinity observed in this study is typical of the brackish water
environ found in the Niger Delta area [32]. The variations
between the dry and wet season may be due to precipitation
rate which is low in dry season and rate of evaporation which
is high in the dry season [33].

The values of salinity measured in the two creeks under study,
ranged from 5.2 to 20.81%o. The lowest (5.21%) and highest
(18.89%) salinity values were both recorded Buguma Creek
in August and February respectively. It was observed that
salinity was higher in the dry season months than the wet
season (Fig. 5).The Total Dissolved Solids (TDS) values
recorded in this work, ranged from 60.10 to 180.10NTU.
The TDS values in Ekerekana creek was found to be
consistently higher than the Buguma creek in all the months,
with the lowest value (60.10NTU) at Buguma Creeks in the
month of February, while the highest (178.64NTU) at
Ekerekana creeks in the month of August (Fig.6). The total
Dissolved Solids (TDS) obtained in the two creeks is in line
with the one obtained by Otobo [34] in Taylor creek in Niger
Delta. The TDS obtained in Ekerekana creek was higher than
that obtained in Buguma creek. The high TDS load of
Ekerekana creek may be attributed partly to the turbulence
occasioned by the movement of speed boats and dredging
activities. Another possible important factor is the tidal
related factor of waves and currents which agitate the
sediment. Furthermore, bioturbation could be very important
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in contributing to the high TDS, as the estuary labours
several species of polychaetes, crabs and other benthic
feeders and dwellers capable of reworking and agitating the
bottom sediment [35, 36].

The nitrate values recorded during the study varied between
0.08mg/l and 0.46mg/l. The values of nitrate in Ekerekana
creek was significantly (p < 0.05) higher than Buguma creek
in all the months, with the lowest value (0.07mg/l) in
Buguma creek in the month of September and the highest
0.46mg/l in Ekerekana creek in the month of January (Fig.
7).The sulphate values recorded during the study was
between 7.10 and 24.64mg/1. With the lowest value (7.34mg/1)
recorded at Buguma creek in the month of February and the
highest 22.88 in Ekerekana creek in the months of September
and October (Fig. 8). In this study, the values of sulphate ions
were found to be higher in the wet season’s months (July to
August) than the dry season’s months (November to February)
and found to also be consistently higher in Ekerekana than
Buguma creek (Fig. 8). The values of chloride (CI') recorded
during the study ranged from 10.12 to 27.81mg/l. The highest
value (26.11mg/l) was recorded in Ekerekana creek in the
month of September and the lowest value (11.21mg/l) in the
month of February. The chloride values in this study were
found to be higher in water from Ekerekana creek than
Buguma creek in all the months under considerations (Fig. 9).
The available nutrients in the two creeks under consideration
were generally low. Low nutrient levels have been reported
for the Niger Delta river system by other researchers [37, 38,
39]. The reason for the low nutrients have been attributed to
high activity rate of organisms and their ability to generally
use up the nutrient in water column and also to the nature of
the bedrock of the drainage basin which is not essentially rich
in sulphate and nitrate. The type and density of organisms in
the water bodies may be responsible for the rapid uptake of
nutrients [40].The high concentrations of Nos- and S04% in
Ekerekana creek may be attributed to oxidation of sulphite to
sulphate from decaying organic materials. Furthermore, the
various activities going on by the shores of the creek, such as
lower sewage discharge, drainage, soil disturbance during
construction, stream channelization and dredging have been
identified as major sources of nutrients and other elements
introduced into the aquatic environment [41]. The
concentration of chloride recorded during this work is in line
with that of Davies et al. [42] in Trans-Amadi creek but
contrary to the findings of Ekeh and Sikoki [43] in New
Calabar River. The difference observed may be as a result of
environmental factors. The higher levels of chloride ions
recorded in Ekerekana creek may be attributed to the influx
of allochtonous and inorganic materials such as effluents
from the surrounding area.

The values of alkalinity observed in this work ranged from

5.8 to 11.6mg/l. The lowest mean value (6.11mg/l) observed
in Ekerekana creek in September and the highest value
(10.6mg/l) recorded in Buguma within December.
Interestingly, the water alkalinity values in Buguma creek
were consistently higher than that of Ekerekana creek in all
the months of study (Fig. 10). High alkaline water with high
pH with elevated levels of dissolved solids. Such water is not
suitable for use in boilers, for processing municipal water
systems [43]. It shows the ability of the water to support algal
growth and other aquatic life (water fertility). The level of
alkalinity of the two creeks is below permissible level of
200mg/l and therefore does not pose challenge [44]. The
water hardness in Ekerekana creek was generally higher than
that of Buguma creek in all the months of study. This may be
due to high levels of calcium and magnesium carbonates
consequent of continuous discharge of effluents into the
Ekerekana creek [45].

The water hardness recorded in this study was between 20.2
and 43.92mg/L with the highest value (40.81mg/l) observed
in Ekerekana creek, in the month of September and the
lowest (21.2mg/l) in January. Interestingly, the water
hardness in Ekerekana creeks was consistently higher than
that of Buguma creek in all the months under consideration
(Fig. 11). The values of Biological Oxygen Demand ranged
from 1.8 to 6.49mg/l; with the highest value (6.49mg/l in
Ekerekana creek in the month of October, while the lowest
value (2.21mg/l) was recorded in Buguma creek in the moths
of December and January. The BOD values recorded in
Ekerekana creek were comparatively higher than those of
Buguma creek throughout the study (Fig 12). The pattern of
BOD variations in the two creeks indicated that the value of
BOD in Ekerekana was consistently higher than the one of
Buguma creek, with Ekerekana exceeding permissible limit
of 4.0mg/1 [45]. According to the rankings of World Health
Organization [45] water bodies with BOD levels between 1.0
and 2.0mg/l are considered clean, 3.0mg/l, fairly clean;
5.0mg/l doubtful, and 10.0mg/l definitely bad and polluted.
The Ekerekana creek which has BOD concentrations lower
than 6.0mg/l may be said to be doubtful. The high BOD is
indicative of the presence of organic and inorganic pollutants.
The mean BOD values for Okerekana creek exceeded the
recommended maximum allowable concentrations (RMC) set
by the European Union for good quality water. (3.0 - 6.0)
(46). Unpolluted waters typically have BOD values of 2mg/1
or less. Where as those receiving waste waters may have
values up to 8mg/l or more (47). It was reported that BOD is
responsible for odour and taste of water. The high BOD
values may be due to the discharge of untreated or
incompletely treated industrial effluents into the river from
the Port Harcourt Refinery.
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4. Conclusion

Seasonal variations were observed in the concentrations of
various water quality parameters, most of these parameters
evaluated showed higher concentrations during the rainy
season when water volume is increased to its maximum.
Sulphate and nitrate which are components of agricultural
fertilizers commonly used by farmers in the Niger Delta,
showed reduced concentration. Nutrients level in the receiving
water body has been associated with the oil operations because
of the changes in concentrations during the rainy season which
suggests an additional source of nutrients in the water body.
However, higher turbidity values were attributed to periods of
higher runoff, flooding and erosion. Additionally, ongoing
sand dredging/mining activities in the River Niger region as
well as the lotic distribution of suspended particles contributed
to the overall turbidity of the river. This study has shown that
industry effluents discharged into Ekerekana creek resulted in
the presence of high concentrations of pollutants in the water
body.
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