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Abstract: The water bodies within five different communities of Ilaje local government area of Ondo
state of Nigeria sharing the same river, were examined for some physicochemical parameters and heavy
metals burden. The solids (total solids, total dissolved solids and total suspended solids), water
temperature, pH, some ionic radicals and heavy metals were examined and compared with WHO
guidelines on drinkable water in order to express the degree of natural and anthropogenic input to the
pollution burden. The trend in the physicochemical parameters was such that it clearly indicates how
negatively the water regime was stressed by pollutants generated from domestic, agricultural and
industrial activities as well as effect of oil spill. Some heavy metals and anionic radicals were
examined and were found to occur at threatening concentrations that calls for environmental/health
concern. Phosphate, sulphate, lead and arsenic have 100% violation throughout the sampling period
when values obtained were compared with WHO standard. The total dissolved solids (TDS), zinc and
manganese data were within the WHO tolerable limit. Nickel, and vanadium, strongly violate WHO
standards for drinking water and are significantly correlated at 0.01 probability level. This is an
indication of a common source of the metal attributed to anthropogenic. The rotated component matrix
analysis grouped the metals and anions studied into four. The groups 1, 2, 3 and 4 are V, Ni, As
and SO4

2- ion; Cd, Zn and PO4
3- ion; Mn and Cl- ion; and Pb and NO3- ion respectively. The water

bodies from the various communities examined were found generally to be unsafe for domestic and
agricultural uses which are the mainstay of the inhabitants. It is recommended that proper education,
monitoring and clean up procedure, incase of oil spillage, be carried out promptly at these locations.
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Introduction

The dramatic global industrialization, agricultural mechanization with modern agricultural practices,
expansion of chemical industries and rapid development of cheap sources of energy variety had brought
about stress on the ecosystem (Keller et al, 2002, Quilbe et al, 2004). The complexity and distribution
of metals in the environment has changed continuously since their routine adoption into human society.
A number of metals cobalt (Co), cupper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo), and zinc
(Zn) are essential micronutrients to plants at very low concentrations (Spear, 1981, Scheinberg, 1991).

Some of these metals (Cu, Zn) are potential toxins to many biological systems at elevated
concentrations and some others (Pb, Cd) have no known physiological relevance at all concentrations
except detrimental health effects it produce on many living things (Amdur et al, 1991, Abdus-Salam
and Adekola, 2005). Pb, Zn, Cd, and Cu are common pollutants of the water environment. Their
sources are essentially natural through geological modification (dissolution from earth crust, earthquake)
or anthropogenic through atmospheric deposition, industrial and domestic sewage, run-off from
mechanized agricultural field and chemical wastes discharged into bodies of water (Fatoki et al, 2002,
Olajire and Imeokparia, 2000).  Water is an essential requirement of human and industrial developments
and it is used directly or indirectly in many industrial processes in large quantity. More than a billion
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people in the developing world, most of them in Africa lack safe drinking water; an amenity taken
for granted in developed world. The failure to satisfy this basic human need has led to substantial,
unnecessary and preventable human suffering and diseases. The presence of impurities reduces the
quality and uses to which water may be deployed, water must therefore be analysed to determine its
acceptability for the intended purpose (Familoni, 2005). Usually, pollution is associated with the
presence of toxic substances or energy in large quantity more than what can be attenuated by the
environment on the basis of natural degradative changes and therefore, there is a strong anthropocentric
bias towards its determination (Macer, 2000). The ever-increasing pollution of the environment has been
one of the greatest concerns for science and the general public in the last fifty years (Foudanand and
Kefatos, 2001, Salami and Adekola, 2002). Some of these man-made toxic compounds are also resistant
to physical, chemical, or biological degradation and thus represent an environmental burden of
considerable magnitude (Rogue and Smith, 1992). Prolonged exposure has the potential to produce
adverse effects in humans and other organisms which include the danger of acute toxicity, mutagenesis
(genetic changes), carcinogenesis, and teratogenesis (birth defects) for human and other organisms
(Foudan and Kefatos, 2001).

Oil exploration in the Niger-Delta region of Nigeria since mid-20th century has brought about
environmental degradation to this region. Few people are fully aware of their daily dependence upon
crude oil. Awareness is growing as the fragilities of modern civilization, stemming from population
growth and economic expansion become recognizable not only as world and national problem but also
as personal problem (Donald and Walden, 1973). However, as human dependency on crude-oil increases
the dangers that accompanied it also increases. During the transportation of crude oil through tankers
and pipelines, oil spills occur and can cause greater ecological damage (Slavic research centre, 1999).
Non availability of portable water to settlements necessitates heavy reliance on rivers for domestic,
agricultural or recreational purposes. The possibility of trans-boundary transportation of coastal pollutants
(Bothner et al, 1998) makes determination of coastal water quality and monitoring essential. When oil
spilled at sea, it washes up to coastlines. It destroys seaweeds, invertebrates, fish and their communities
are changed for many years. Sea birds are very intolerant to oil and can die of hypothermia, if even
a small area of their feather is contacted with petroleum (Margaret and Stein, 1998).

The general neglect in the provision of portable water and other basic amenities to people living
in the coastal area of the Niger-Delta region, Nigeria despite high level of oil exploration and
environmental pollution, has led to increasing research on the well-being of the people of these areas
(Ajayi et al, 2009, Ololade et al 2008, Adebowale et al, 2008, Iwegbue et al, 2006). The study area
for the work is Ilaje river of Ondo State in the southern Nigeria. The same river empties to the
Atlantic Ocean and to some other parts of the country. The river is known for sea foods (Adebowale
et al, 2005, Ololade et al, 2008) which mean that its pollution may have national and global health
effects. Therefore, there is the need to assess and monitor the river quality.

Materials and methodology 

Study Area: 

This study was conducted on Ilaje area of Ondo State, Nigeria. The state are made up of several
communities settled along the rivers and estuaries which define their primary occupation as cash crops
farmers and fishermen with an estimated population of about 3 million and 2.2% growth rate. The
choice of the sampling area was based on the possible anthropogenic inputs from activities of oil
exploration, transportation, farming practice, domestic and cottage industrial discharges into rivers and
streams which finally emptied into Atlantic Ocean in the southern part (Fig 1 and Table 1). This area
is noted for sea foods which are consumed within and outside the state. 

3.1 Sampling and Preservation:

Six (6) representatives’ sites within the same ecological zone were considered and appropriate
sampling locations (latitudes and longitudes) were recorded with the aid of global positioning system,
GPS (Table 1). The sampling was carefully spaced to reflect river behaviour at different season of the
year. Water and sediment samples were taken on the same day and at the same sampling points for
ease of reference. Water samples were collected into 1L  high density polyethylene (HDPE) plastic
vials pre-treated with 4M HNO3 and properly rinsed with de-ionized water followed by doubly distilled
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water before use. Samples for metals analysis were separately collected and preserved with 2mL conc.
HNO3 per 1L sample. Samples handling and preservation were done in accordance with standard
method (APHA, 1995)
. 
Physical and Chemical Analysis:

Some physical parameters measurements of the water samples were done on the field with
previously calibrated field instruments. The pH, temperature, turbidity and conductivities of the water
samples were measured with pH-meter, thermometer, and conductivity meter respectively. The total
dissolved solid (TDS), Total suspended solid (TSS), total solid (TS) and Total hardness (mgCaCO3/L)
were determined using standard methods. The inorganic and non-metallic constituents (nitrate, chloride,
phosphate, sulphate) analyses were carried out in the laboratory using standard procedures. Chloride,
nitrate, sulphate, phosphate were determined by Mohr’s, sodium salicylate (colorimetric), turbidometric
and ascorbic acid method respectively (APHA, 1993). Water samples were digested with conc HNO3

to release metals, bound to organic and particulate or adsorbed on particulate matter, in a measurable
form by flame absorption photometer. Sediment samples were subjected to Tessier 5-stage sequential
extraction procedure for the understanding the fate of trace metals in terms of chemical species,
mobility and availability in the water environment (Tessier et al, 1979). The filtrates from the various
stages of extraction were analysed for metals released by flame atomic spectrometry (AAS). 

Data Analysis:

Data obtained from physical and chemical measurements were subjected to descriptive statistical
analysis, Pearson correlation coefficient and Box plot analyses. The mean values were compared with
the water quality criteria of World Health Organization (WHO) and Nigerian Federal Environmental
Protection Agency (FEPA). The Pearson correlation coefficient and Box plot analyses were used to
establish relationship trend between parameters, pollution sources and the extent of anthropogenic input
into the water regime.

Fig 1: Map of Ilaje Local government area showing the sample locations (inset : Map of Africa and
Nigeria/ Ondo state).
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Table 1: Sampling village and location.
Village Location
Igbokoda I (Well) N06021’55.2” E004048’12.2”
Igbokoda II (River) N06021’37.2”  E004048’22.4”
Ugbonla (River) N06008’31.7”  E004047’39.9”
Ugbo (River) N06009’08.6”  E004047’43.8”
Mahin (River) N06010’10.5”  E004048’10.7”
Abuto (River) N06018’16.2”  E004045’31.9”

Results and discussion

The averages values of physicochemical parameters determine in this study are reported in table
2 for the six sites. The values in the parenthesis represent the range values for the entire sampling
period (March., 2008 – Jan., 2009). The pH of the water from March 2008 to January 2009 was low
depicting water rich in organic matter and polluted acid drainage from farm land with variation from
raining season to dry season. The pH ranges from 4.9 in the month of August, 2008 in Ubgo to 6.6
in the month of November, 2008 in Abuto. The pH of an aquatic system is an important indicator
of the water quality and the extent of pollution in the watershed areas. Most pH values obtained were
slightly lowered than the lower limit of the WHO standard (6.8-8.5). A pH range of 5 and 7.0
characteristically gives a stunted fish growth (Jonnalagadda and Mhere, 2001)]. The average of the total
dissolved solid (TDS) for all sites except Abuto fell below 1000mg/l.. The average values of TDS for
all sites range between 150 to 4270mg/l which fell within the WHO standard with no violation to
guideline except for March sampling which has 17% violation and may be attributed to lower water
volume at the peak of dry season. In a related study, Adebowale et al 2008 reported a TDS ranging
between 500mg/l and 27,900mg/l in the region but very close to Atlantic Ocean which was attributed
to the intrusion of seawater and stormy suspension of sediment particle by the ocean into the coast.

The value of chlorides, sulphates, phosphate and nitrate show a great variation with greater values
during dry season and low values during raining season. This observation is due largely to dilution
factor as the river volume increased tremendously during raining season. The values observed were
compared to WHO standard in order to obtain the percentage violation reported in table 3. The %
violations of anionic radicals were highest for the months of January and March and lowest for months
of September and November. Chloride was observed in the range of 56.7mg/l in the month of August,
2008 to 2240mg/l in the month of January, 2009; phosphates ranges between 730mg/l in the month
of March at Ugbonla site and 1750mg/l in the month of November at Ugbo site; sulphates ranges
between 88.0mg/l in the month of September at Ugbonla site and 3798.mg/l in the month of March
at Ugbo; and nitrates ranges between 6.0mg/l in the month of September at Mahin and 242.mg/l  in
the month of January at Igbokoda I (Table not shown). Nitrate and chloride had their maximum value
in the month of January, 2009, while sulphates and phosphates also had their maximum in the month
of March and November, 2008 respectively (Table not shown). 

An elevated concentration of chlorides is harmful to plant growth, domestic and industrial pipeline
as well as infrastructures. High level of chloride also affects taste of water (Adebowale et al 2008).
Chlorides and sulphates concentrations depict negative impact from the mixture of saline water from
the Atlantic Ocean with Ilaje River that serves the people of the area for their domestic and
agricultural uses. The presence of high level of phosphate (100% violation) and slightly elevated 
level of nitrate are positive correlations with algae bloom observed on the water which impact
negatively on the water quality of this community. Nitrates and sulphates are nutrients that account
for eutrophication or algae bloom. One of the major consequences of eutrophication is the depletion
of dissolved oxygen (DO) causing fish death, fowl smell, undesirable taste, bad odour and lowered
recreational value. High nitrate content in drinking water is the source of blue baby disease in infants
(Adebowale et al 2008). This condition is a manifestation of destruction of oxygen carrying capacity
of haemoglobin which turns the baby pale-blue. The growth of water weeds jn the coastal region is
due to high level of nutrients in the water body.  High nutrient content supports growth of water
weeds; cuts down light penetration; depletes dissolved oxygen (DO) and when the weeds die raises
biological oxygen demand (BOD). These multiple but interrelated effects result in poor water quality.

The probable sources of Cl-, NO3
-, SO4

3- and PO4
3- from the trend of data in table 2 revealed

that the river was negatively impacted by pollutants from related anthropogenic and natural sources
particularly from farm land which are heavily treated with agro-chemicals, while atmospheric
precipitation and tidal activities ensure the perfect mix of the pollutants across the environment. The
data obtained for phosphate, sulphate and nitrate are high compared to data recorded on Asa river of
Kwara state, non-oil producing state (Eletta, 2004) signifying the level of pollution in the present study
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area. 
Water bodies are generally considered to have un-limited elastic capacity to hold wastes resulting

in indiscrimate dumping of domestic and industrial wastes into it. These wastes are untreated/poorly
treated for economic reason and are of complex nature. The poor enforcement of regulatory standard,
poor education on pollution effects and control, and lack of knowledge on the rights of inhabitants
in the Niger-Delta region are contributing factors to the elevated levels of pollution of this river,
majorly from multi-national corporations. The concentrations of metals studied, except Zn and Mn, are
higher than regulatory standard with 100% violation of the standard for drinking water for Pb and As
which is a strong indication that the environment is negatively stressed by uncontrolled discharge of
untreated domestic/industrial waste as recorded with (Adebowale et al ,2008 and Ololade et al, 2008).

These heavy metals would probably result from drilling fluids used by the oil companies. A great
deal of variation were recorded among the metals examined in the study across the sampling locations
and sampling seasons with some occurring at level that poses serious threat to life and the entire
environment as seen in table 3.0. It is of great concern to note that almost all the metals are at
higher concentrations or in violation compared to the world health organization guideline values. This
indicates the level of pollution of the water body in the study area and the toxicity of the water. This
poses a serious threat to the health of the community members who depends on this river for drinking
and other household uses. When comparing the result obtained by Pardo et al 1990 who studied
similar water environment had values far higher than those obtained in this report with Zn, Cd, Pb
and Ni leaving values of 245.49ppm, 1.05ppm, 18.77ppm and 46.51ppm respectively. Povlesan et al
2001 also reported high value of heavy metals in the Gulf of Suez. A study on the distribution of
heavy metals in bonny / new Calabar river estuary, Nigeria by Alex et al 2006 also revealed the
contamination of water, sediment and aquatic life (crustacean) with values within the range of recorded
values of this study.   

It is worthy to note that apart from manganese and zinc, the other metals exist at concentrations
far above recommended WHO standard. The degree of departure from the standard was expressed as
percentage violation for each parameter. The percentage violation is summarized in table 3 and Fig.
2. The trend of violation from March 2008 to January 2009 of some of the metals examined is
traceable to various sources as obtained in the study. Oil spillage, acid rain, consumer waste and other
human activities are principal sources thought to be responsible for heavy metals pollution in the
present sampling locations of Ilaje community. The range of values reported for Mn, Pb and Zn by
Eletta 2004 in Asa river water of Kwara state were however higher than those recorded for this study.
The difference was accounted for by the peculiar anthropogenic inputs from the paved road, overhead
and leachates from metal fabrication industry around the Asa dam sampling locations. On the other
hand the concentration of lead (0.22mg/l) at Igbokoda jetty area was higher than  (0.08mg/l Pb)
concentration earlier reported for the same location by Ajayi et al, 2009. Taking into consideration the
level of concentration recorded in this study, the metals Cd, Pb, Ni, V and As thus pose a serious
health risk to the inhabitants and neighboring communities who depend solely on the water as their
major source of livelihood. From the Pearson correlation coefficient of ions over the sampling time
(Table 7), it was revealed that there was a significant correlation at the 0.05 level probability between
chloride and nitrate; sulphate and arsenic; zinc and vanadium; cadmium, lead and manganese; indicating
common source of the anions and the metals. It was also revealed that at the 0.01 level probability,
there was a significant correlation between sulphate, manganese, lead, nickel and vanadium; arsenic and
vanadium; zinc and nickel; vanadium and zinc; nickel and sulphate suggesting a common source for
these metals and anions. The average Ni-V ratio obtained from the water samples of this study ranges
from 0.6 to 1.50. Ni and V are important constituents of drilling fluid in oil exploration and the ratio
is an important indicator of the source of pollution. The ratio observed in this study is in agreement
with similar works of Shimy 1997 who reported Ni-V ratio of >1 when he studied the distribution
of selected trace metals and its relation with environmental pollution of Nile River, Egypt and that
of Tissot and welte, 1978 who recorded 0.125 in bascan crude oil from Venizula and 0.286 in the
average content measured on 64 crude oil from United State, Canada, Venezuela, North and west
African, USSR and Australia. However, Osuji and Onojake reported a ratio >15 in the sediment of
Ebocha 8-0il spill polluted site in Niger Delta, Nigeria. Therefore, there are strong indication that the
ratio obtained had significant anthropogenic oil spillage input on the studied water. Generally, the levels
of the heavy metals supported anthropogenic source from differs sources as reported by Adebowale et
al, 2008. However, Ni and V had significant correlation coefficient at 0.01 level probability (Table 7)
which shows that the origin of these metals is from the same source which can be traced to either
oil spill or discharges from exhaust from boats used for transportation and fishing activities.
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Fig 2: Graphs of Summary of the percentage violation of the guideline values of water sample
monitoring data from March 2008 to January 2009.
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Table 2:  Average values of the physicochemical parameters of water samples from March 2008 to January 2009.
Parameters Igbokoda I Igbokoda II Ugbonla Ugbo Mahin Abuto
pH 6.10 5.92 5.87 5.78 5.73 5.78 

 (5.5-6.4) (5.3-6.4) (5.2-6.3) (4.9-6.5) (4.9-6.50) (5.4-6.6)
Temp. (0C) 28.8 28.8 27.0 28.7 28.7 28.9

(28.1-29.7) (28.4-29.6) (28.4-29.6) (28.5-28.9) (28.4-29.2) (28.2-29.7)
TDS (mg/l) 790 333.33 361.67 373.33 320 836.67

(240-930) (150-730) (220-510) (230-700) (240-420) (100-4270)
Cl- (mg/l) 677.78 174.88 552.93 380.38 255.65 158.35

(425.4-964.2) (56.7-312.0) (113.4-2240) (113.4-1304.5) (116-368.7) (70.9-425.4)
SO4

2-(mg/l) 645.83 421.83 253.83 810.83 302.67 795.83   
(360-780) (170-1180) (88-430) (155-3798) (107-450) (125-3690)

NO3
- (mg/l) 93.80 44.60 18.7 26.25 24.40 22.33

(31.2-242) (8.4-108.8) (9.3-50) (7.1-61.6) (6-57) (9.6-72.6)
 PO4

3- (mg/l) 1180.00 1118.33 1008.33 1238.33 986.67 1016.67
(1020-1340) (980-1210) (730-1160) (980-1750) (900-1150) (750-1160)

Pb (mg/l) 0.21 0.23 0.16 0.20 0.34 0.42
(0.09-0.42) (0.07- 0.46) (0.06-0.29) (0.12-0.41) (0.11-0.85) (0.12-0.93)

Cd (mg/l) 0.02 0.02 0.02 0.03 0.03 0.03
(0.01-0.05) (0.002-0.05) (0.01-0.05) (0.01-0.09) (0.003-0.5) (0.01-0.059)

Zn (mg/l) 0.16 0.06 0.11 0.08 0.09 0.06
(0.1-0.33) (0.01-0.11) (0.06-0.27) (0.01-0.18) (0.5-0.15) (0.03-0.10)

As (mg/l) 3.07 2.66 1.53 1.62 0.95 1.54
(1.25-4.54) (0.92-5.33) (1.02-2.6) (0.81-4.12) (0.38-3.13) (0.39-6.14)

Mn (mg/l) 0.07 0.04 0.07 0.12 0.05 0.13
(0.03-0.13) (0.01-0.07) (0.01-0.13) (0.03-0.20) (0.01-0.09) (0.03-0.32)

Ni (mg/l) 0.09 0.59 0.54 0.69 0.46 0.62
(0.04-0.18) (0.32-0.8) (0.4-0.95) (0.55-1.01) (0.30-0.88) (0.50-1.00)

V (mg/l) 0.06 0.46 0.53 0.73 0.77 0.66
(0.01-0.10) (0.18-1.00) (0.22-0.9) (0.43-1.05) (0.45-1.01)  (0.50-0.89)

Table 3: Summary of the percentage violation of the guideline values of water sample monitoring data from March 2008 to
January 2009

Parameters March 2008 June 2008 August 2008 September 2008 November 2008 January 2009
pH 100 83 100 100 67 100
TDS (mg/l) 17 Non Non Non Non Non
Cl- (mg/l) 100 67 17 33 17 67
SO4

2-(mg/l) 100 100 100 83 17 50
NO3

- (mg/l) 50 17 17 Non Non 50
PO4

3- (mg/l) 100 100 100 100 100 100
Pb (mg/l) 100 100 100 100 100 100
Cd (mg/l) 100 83 83 50 100 100
Zn (mg/l) Non Non Non Non Non Non
As (mg/l) - 100 100 100 100 100
Mn (mg/l) Non Non Non Non Non Non
Ni (mg/l) - 83 83 83 83 83
V (mg/l) - 83 83 67 83 83

From the factor analysis in the tables 8 (a and b) it is observed from the principal component
analysis that only three groups of variance were explained which include V, Ni, As and sulphate ion
for group 1, Cd, Mn, Zn and phosphate ion for group 2, Pb and nitrate ion for group 3 while
chloride stood out. This variance explanation was done using the extract from the initial factor of 1.00
and the variance grouping was based on the highest loading value of the extracts. However, from the
rotated component matrix table 8 (c and d) it was observed that four different correlation groups of
variance were obtained. These are - V, Ni, As and SO4

2- ion; Cd, Zn and PO4
3- ion; Mn and Cl- ion

and Pb and NO3
- ion constituting groups 1, 2, 3 and 4 respectively. Ni and V fell in the same group

(group 1) with highest significant. This indicates a great significant of common source of the two
metals which is in agreement with Pearson correlation (table 7) and Ni: V would most probably
originate from occational oil spillage during crude oil exploratory activities in this Niger Delta area.

The metals and the anions that fell into the same group indicates correlation of variance and a
common source as observed in the table of the total variance explained, with group 1, group 2, group
3 and group 4 with the percentage of variance of 27.58, 16.56, 14.28 and 12.17 respectively. The
percentages obtained also indicates the significant of the percentage of variance with higher value
depicting high significant and lower value less significant as obtained in group 1 with higher value
having more significant and group 4 with the lowest value having the least significant. The total
variation based on the four groups is 70.58% which made the factor analysis used to be adequate.
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Table 4: Summary of anions for the months of March, 2008 to January, 2009.

Table 5: Summary of metals for the months of March, 2008 to January, 2009.
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Table 6: Nickel-vanadium ratio of average values of water samples from March 2008 to January 2009
Parameters Igbokoda I Igbokoda II Ugbonla Ugbo Mahin Abuto
Ni (mg/l) 0.09 0.59 0.54 0.69 0.46 0.62
V (mg/l) 0.06 0.46 0.53 0.73 0.77 0.66
Ni:V ratio 1.50 : 1 1.28 : 1 1.02 : 1 0.95 : 1 0.60 : 1 0.94 : 1

Table 7: Pearson coefficient correlation of ions for the months of March, 2008 to January, 2009.

Table 8a: Communalities of some anions and metals concentrations.

Table 8b: 'Total Variance explained' of some anions and metals concentrations.

Extraction Method: Principal component Analysis.



342Adv. in Nat. Appl. Sci., 4(3): 333-344, 2010

Table 8c: Component matrix of some anions and metals concentrations.

Extraction Method: Principal component Analysis.
a.4 Components extracted

Table 8d: Rotated component matrix of some anions and metals concentrations.

Extraction Method: Principal component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 7 iterations.

Conclusion

The water bodies from the various communities examined were found generally to be unsafe for
domestic and agricultural uses which are the mainstay of the inhabitants. The sources of pollution are
attributed to both geological modification of the parent bedrock (natural) and diverse anthropogenic
sources ranging from oil spillage, agrochemicals run-off from farm land, discharge from speed boats
exhausts, atmospheric deposition among others. Pollution control from this region need concerted effort
of the government and multinational corporation in the area for three reasons: the river serves as
source of sea foods for the inhabitants and many Nigerian communities, hence the possibility of food
poisoning; trans-boundary transportation of pollutants since the river drains into the Atlantic ocean;
solving the pollution problem will ameliorate the deployable conditions of the environment, insecurity
and militancy of the youths as a result of long term neglect and heavy pollution of all spheres. It
is recommended that proper education, monitoring and clean up procedure be carried out promptly at
these locations whenever there is oil spillage.
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