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Abstract: Many construction projects were completed without recourse to Environmental Impact
Assessment (EIA) during the feasibility studies. This study evaluated the level of negative environmental
impacts resulting from completed municipal water supply project via Ikpoba River Dam waterworks, Benin
City. Primary data were collected through well-structured and standardized questionnaires which were
administered to the environmental experts in the Edo State and Federal Ministries of Environment. Four
environmental impact factors were used namely: ecology, aesthetics, pollution and socioeconomic interest. 
Multiple and correlation data analyses indicated that water pollution and degradation of
aesthetics/geographical terrain arising from the water project contributed significantly to the level of
environmental impacts. In addition, all the environmental components put together made significant
negative environmental impact which corroborated observations carried out on the water project. The level
of environmental impact (dependent variable) and the independent variables – ecology, pollution, aesthetics
and human socio-economic interest factor – fitted a relationship regression model (y =5.072 + 0.189 x1+
0.317x2 + 0.539x3 +0.197x4 where y is the dependent variable representing the level of environmental
impact and x1, x2, x3 and x4 are the independent variables representing ecology, pollution, aesthetics and
human socioeconomic interest factors respectively). The strength of the relationship between the dependent
and independent variables was 70.2% with the independent variable accounting for 49.3%. The study
recommends compulsory EIA prior to project implementation as well as contingency mitigation action
plans for significant impacts arising from completed and existing projects (without prior EIA).
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INTRODUCTION

The process of national development today entails
finding solutions to the problems of planned
exploitation of our national resources for a better and
more meaningful life[17]. Such developments, if not well
monitored and managed, can be costly in environmental
terms[13,14].

In developing a project based on surface water
abstraction, there is the attendant destruction or
disruption of the eco-system because of the
channelization, construction, erection of the weir and
other construction activities.  The conversion of a
flowing stream to water body with a near-zero current 
affects the lives of species by decimating potamo-
species and encouraging the growth of limno-species
[11,7,9,1,2]. Even human dependence (economic activities
like fishing) on such river courses is usually affected.
Dam failures and collapse have been known to cause
destruction of property, farmlands and crops,
infrastructure etc[4].

Observations show that right from the inception to
commissioning of most water projects in Nigeria, no
impact assessment was done; neither were there any
post-commissioning audit to pre-empt the undesirable
consequences of the operations. Most of these water
works are over 30 years old. As a result, valued
ecosystems have been stressed beyond the limits of
their resilience and stability. This is further exacerbated
by the increasing population densities, which continue
to impose more water demand, thus translating into
further burden on the environment in the bid to expand
facilities. Awareness of the adverse effects of
development projects in recent years has necessitated
the legislation of policies to guide conduct and
activities in these areas; hence the need to revisit such
projects which were already in operation before these
legislations.

This study investigated and analyzed the level of
negative environmental impact as a result of the Ikpoba
River Dam Waterworks, which is an impoundment on
River Ikpoba, operated for supply of 160,000m3 of
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water per day for Benin City municipality and
environs.  Its reservoir covers a surface area of 107.5
hectares with a storage capacity of 1.5million m3 [4].

Methodology: Four environmental components or
impact factors were identified namely: ecology,
aesthetics, pollution and human socioeconomic
interest[10]. Data and information on these factors were
gathered through  well-structured and standardized
questionnaires, observations, measurements, available
records from the Ikpoba Dam waterworks and personal
interviews with members of staff.   The data were
generated through the use of the Likert five point
scale[15,5].

Data analysis: Multiple regression and correlation
analysis on data involved measurement of the level of
environmental impact due to the construction/operation
of the municipal water supply as the dependent
variable y while the environmental impact factors
(ecology, pollution, aesthetics and human
socioeconomic interest were the independent variables. 
However, the analysis and tests of the significance
were restricted to the negative level of environmental
impact.  These analyses were adopted in order to
improve on the ability of the research to analyze and
assess the level of environmental impact arising from
each impact factor for the water project.  The computer
software, Statistical Package for Social Sciences (SPSS
11), was used for the analysis.

The F-ratio tested the significance of the
contribution of the aggregate environmental factors on
the level of impact due to the operation of the water
supply project.  This was carried out using analysis of
variance (ANOVA) table at 0.10 level of significance
(α).  

RESULTS AND DISCUSSION

Table 1 shows the correlation matrix which
determined whether the variables selected for analysis
and the data relating to them were significantly
different from each other.  The result shows that the
highest absolute value is 0.569 for ecology x1 and
aesthetics x3; while the lowest absolute value of 0.294
for aesthetics and x3 and pollution x2.  The implication
is that the correlation coefficients are far from being
unity (1) and therefore indicates that each of the
variables is significantly different from the others and
exhibits no problem of multi-colinearity. The variables
were therefore accepted as being worthy of introduction
into the regression analysis model adopted for the
study.

Table 2 is the model summary and shows that the
coefficient of correlation R = 0.702 or 70.2% and the

coefficient of determination R2 = 0.493 or 49.3%. 
Therefore the strength of relationship between y (the
dependent variable representing the level of
environmental impact) and x1, x2, x3 and x4 is 70.2%
which is considered to be significant.  Also the
percentage of independent variables accounted for by
the relationship is 49.3%. 

Table 3 shows the ANOVA result; F-ratio
distribution of 10.192 and resulting ANOVA
significance (F-sig) value for F-ratio test and the
coefficient significance (t-sig) value for t-test.  Since
the F-sig = 0.000 < α = 0.10, the study therefore
concludes that the environmental impact level due to
changes in ecology, pollution, aesthetics and human
socioeconomic interest resulting from the
construction/operation of municipal water supply project
in Benin City is significant.

Student’s t-test: Table 4 shows both the
unstandardized and standardized coefficients with t-
values and their respective significance; t-sig.  Since
the t-sig. = 0.334 > α = 0.10, the study concludes that
the contribution of ecological factors to the level of
environmental  impact result ing from the
construction/operation of the municipal water supply
project in Benin City is not significant.  For pollution,
t-sig = 0.021< α = 0.10, hence the level of
environmental impact due to water pollution is
significant.  For aesthetics, t-sig = 0.021 < α = 0.10,
the changes in aesthetics or physical geographical
terrain as a result of municipal water supply project
contributed significantly to the level of environmental
impact. The level of environmental impact due to
changes in human socioeconomic interest resulting from
the municipal water supply project in Benin City is not
significant (t-sig = 0.277 > α = 0.10).

Regression or Relationship Model: The regression
model explaining the relationship of dependent variable
y and the independent variables: x1, x2, x3 and x4 is
deduced from Table 4 as follows:

y = 5.072 + 0.189 x1+ 0.317x2 + 0.539x3 +0.197x4

where y is the dependent variable representing the level
of environmental impact x1, x2, x3 and x4 are the
independent variables representing ecology, pollution,
aesthetics and human socioeconomic interest factors
respectively.

The contribution of the aggregate environmental
components or impact factors to the environment is
high.  The municipal water supply project negatively
affected the environmental stability. It resulted in
serious water pollution and degradation of the
geographical and physical terrains. It  was discovered 
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Table 1: Correlation Matrix
Level of Environmental Impact Ecology Pollution Aesthetics Human Socioeconomic Interest

Pearson Correlation
Level of Environmental Impact 1.000 0.527 0.521 0.567 0.508
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ecology 0.527 1.000 0.420 0.569 0.488
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pollution 0.521 0.420 1.000 0.294 0.462
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aesthetics 0.567 0.569 0.294 1.000 0.459
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Human socioeconomic Interest 0.508 0.488 0.462 0.459 1.000

Table 2: Model Summaryb

Model R R square Adjusted R square Std. error of the Estimate Durbin Watson
1 0.702a 0.493 0.444 1.854 1.580
aPredictors (Constant), Human Socioeconomic Interest, Aesthetic, Pollution, Ecology
b Dependent Variable Level of Environmental Impact

Table 3: ANOVAb

Model Sum of Squares Df Mean Square F Sig
Regression 140.094 4 35.024 10.192 0.000
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Residual 144.331 42 3.436
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 284.426 46
bDependent Variable Level of Environmental Impact

Table 4: Coefficientsa

Model Unstandardized Coefficients Standardized Coefficients T Sig
-------------------------------------------
B Std Error Beta

(Constant) 5.072 0.138 2.318 0.025
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ecology 2.188 0.539 0.141 0.978 0.334
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pollution 0.189 0.225 0.293 2.300 0.027
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aesthetics 0.193 0.197 0.331 2.397 0.021
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Human socioeconomic Interest 0.317 0.179 0.151 1.102 0.277
aDependent Variable Level of Environmental Impact
Source: Results of Computer Analysis using SPSS

that the impoundment on the Ikpoba River had serious
effects on the temperature-oxygen regime as well as on
the biota of the river ecosystem[1,2]. An accumulation of
heavy metals from industrial and agricultural activities
in the upstream locations was also recorded[9]. This
situation, which was absent in the flowing river,
occurred in the impounded reservoir because of
unprotected watershed[12]. These factors have obvious
adverse implications on the raw water meant for
treatment as well as on the treatment processes in the
form of additional chemical requirements, siltation of
reservoir and shorter filter runs[6]. The siltation had
reduced the original dimensions of the impounded
reservoir from 3250m x 600m x 5m to 2470m x 360m
x 4m (Fufeyin, 1994). Downstream disposal of water
treatment sludge (2,325,050kg/year, wastewater from
the treatment plant process (329026m3/year) as well as
unserviceable equipment, scraps and waste containers
for lubricants, chemicals, etc which litter the sloppy

waterworks terrain, pose serious danger to downstream
users of Ikpoba River.

Low pressure in some pipelines and overloading of
others occasioned by direct pumping into these pipes
(by-passing overhead distribution tanks) led to frequent
bursts that affected roads and other structures.  The
water project therefore contributed a level of negative
environmental impacts.

Summary: The environmental impacts that are harmful
to the municipal dwellers in Benin City are: water
pollution and degradation of geographical terrain
(aesthetics). These observed adverse impacts include
the inflow of industrial, human and agricultural wastes
into the upper reaches of an impounded reservoir which
have direct negative effects on the water quality and
hence on the cost of treatment. This could be mitigated
by proper surveillance of the watershed.  Others
include siltation of water intake, poor quality of water
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treatment chemicals, disposal of water treatment
wastewater and sludge. Poor disposal habits led to
pollution of river for downstream users. Inability to
maintain adequate water pressure in pipelines as a
result of faulty distribution systems and over-head
reservoirs gave rise to direct pumping into pipelines
which occasioned pipe bursts and resultant effects on
road structures. Lack of adequate maintenance of
facilities like dosing plants, operational support
systems, pipelines etc result in problems of unsightly
littering of unserviceable equipments in the waterworks. 
Mitigation measures should center around regular
maintenance procedures, usage of personal protective
devices for operators, and the storage, treatment,
dilution and disposal of wastewater and sludge from
water treatment processes as well as general
surveillance of the entire system from the intake to
distribution.
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