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Abstract The quality of groundwater in the coastal aquifer of eastern Niger Delta has been assessed in the present study
using Geostatistical techniques. The range, standard deviation and variance of the dataset show that multi-chemical processes
are controlling the groundwater quality/facies and their spatial distributions. The overall WQI value was 285.20 and this is an
indication that the groundwater in the area is of poor quality. The higher mean values of copper, iron, lead, nitrate, TC, EC,
COD, chromium, nickel and zinc are some of the contributors to deteriorating groundwater quality and their presence can be
attributed to both natural and anthropogenic sources. Six Factors, accounting for 91.18% of the total variance were identified.
Factors 1 (Conductivity, CI', TH, TSS, TDS, Na and Mg), factor 2 (Ca, Fe, pH, NO5’, K and SO42'), factor 3 (BOD, COD,
PO,*, EC and TC), factor 4 (Cu, F, Mn and Zn), factor 5 (Cr, Pb and Ni) and factor 6 (Ar and Hg) represent the signatures of
saltwater intrusion, chemical weathering, leaching and various human activities domiciled in the area. Factors 1 and 2
represents ions with dominant concentration and therefore are the contributors to the groundwater salinity while factors 3 to 6
are indicators of anthropogenic interference. Piper diagram revealed that the water in the area is Calcium-Chloride type,
suggesting a marine origin. The usefulness of Geostatistical methods in interpreting the hydrogeochemical data as well as
identifying and categorizing pollutants has been demonstrated in this study.
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. developing countries like Nigeria, has affected the avail-
1. Introduction ability and quality of groundwater due to its overexploitation
and improper waste disposal[3]. According to World Health
Organization,[4] 80% of all the diseases in human being are
water-borne. Once groundwater is polluted, its quality can-
not be restored by stopping the pollutants from the source. It
therefore becomes imperatives to regularly monitor the
quality of groundwater and to device means to protect it.
Also most of the companies operating in the area discharge
their effluent directly into the sea or creek without consid-
ering the effects of these wastes on the coastal shallow ag-
uifers and aquatic lives.

Previous studies on groundwater quality and aquifer
characteristics of the Niger Delta by[5], indicated two hy-
drogeochemical regimes for the area: the inland and the
coastal as well as high iron content in the groundwater.[6]
observed that the groundwater problem in the area includes
salinity, bacteriological contamination and the presence of
some undesirable ions.[7] outlined factors controlling saline
water migration in coastal aquifers of southern Nigeria and
observed that the chemistry of the natural water in
 Corresponding author: Port-Harcourt anq Degema areas chgnges vyith se.aS(.)n.[S]
geoama76@gmail.com (Amadi, A.N.) identified one major and two sub-aquifer horizon within the
Published online at http:/journal.sapub.org/geo geological and geomorphological units of the Niger Delta.[9]
Copyright © 2012 Scientific & Academic Publishing. All Rights Reserved delineated the extent of seawater intrusion in the coastal

The Niger Delta region of Nigeria is among the world’s
largest petroleum provinces and its importance lies on its
hydrocarbon resources. Due to the presence of oil companies
and other associated industries, the population has increase
enormously and the demand for potable water by individuals
and companies has also increased. The area has a good
groundwater potential, and as a result, boreholes are com-
mon leading to high rate of groundwater abstraction which
may pose a serious pressure on groundwater resources if
unchecked[1].

Groundwater is used for domestic and industrial water
supply and irrigation all over the world. In the last few
decades, there has been a tremendous increase in the demand
for fresh water due to rapid growth of population and the
accelerated pace of industrialization[2]. Human health is
threatened by most of the agricultural development activities
particularly in relation to excessive application of fertilizer
and unsanitary conditions. Rapid urbanization, especially in
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beach ridge of the Forcados, Niger Delta using geoelectric
survey data.[10] observed that nitrate, sulphate and pH are
higher in rainwater than in groundwater in Port-Harcourt
area while[11] noticed low pH in the groundwater from the
area.[12] identified the problem of high iron content, salt-
water intrusion and tidal influence on the groundwater from
the area while[3] attributed the groundwater problem in the
area to saltwater intrusion, low pH and high concentration of
heavy metal. Salinity problems in other parts of the world
have been studied by[13-17] considered the intrusion salt-
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water into freshwater aquifers as a result of over-exploitation
of groundwater resources.

The objective of the present work is to discuss the suit-
ability of groundwater from the shallow coastal aquifer of
eastern Niger Delta, Nigeria for human consumption using
Geostatistical approach. This is necessary because the
coastal plain-sand aquifer of eastern Niger Delta is charac-
terized by shallow water table, high porosity and permeabil-
ity, which makes the aquifer vulnerable qualitatively and
prolific quantitatively.
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Figure 1. Geological map of Niger Delta showing the study area[22]
Table 1. Stratigraphic Units of the Niger Delta Basin[18]
Outcropping Units Subsurface Units Present-day Equivalents

Benin Formation Benin Formation

Ogwashi —Asaba

Formation Agbada Formation
Ameki Formation
Imo Shales Akata Formation

Continental (fluviatile) deposits mainly sandstones

Mixed continental brackish water and marine deposits, sandstones and

clays

Marine deposits, mainly clays

Table 2. Geologic units of the Niger Delta[8]

Geologic Unit

Lithology

Alluvium
Freshwater swamp
Mangrove/saltwater swamps
Active/Abandoned beach ridges
Sombeiro-Warri Deltaic plain
Benin Formation (Coastal plain-sand)
Agbada Formation

Akata Formation

Gravel, sand, clay and silt
Sand, clay, silt and gravel
Fine-medium grained sand, clay and silt
Sand, clay and silt
Sand, clay and silt
Medium-coarse grained sand, clay lenses
Intercalation of sand, clay and silt
Clay and Shale
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2. Materials and Methods

2.1. Study Area Description

The study area lies within the eastern Niger Delta region
of Nigeria (Fig.1), covering parts of Abia, Imo and Rivers
States. It is situated between latitude 4°20'N to 5°50'N and
longitude 6°10'E to 7°40'E [Fig.1, 18]. The area is generally
low lying with a good road network system and is drained by
Aba, Imo and Bonny Rivers and their tributaries.

2.2. Geomorphology, Geology, Hydrogeology and
Stratigraphy of the Area

The formation of the Niger Delta Basin is linked to the
development of the Benue Trough as a failed arm of a rift
triple junction associated with the separation of African and
South Ameriacan plates and the subsequent opening of the
South Atlantic[19-21]. The Niger Delta consists of three
diachronous units, namely: the Akata (oldest), Agbada (in-
termediate) and Benin (youngest) Formations (Fig. 2; Table
1). The Benin Formation (Oligocene to Recent) is about
2100 m thick at the basin centre and consists of medium to
coarse-grained sandstones, thin shales and gravel[22]. It is
the most prolific aquifer in the region. Overlying this for-
mation are the Quaternary deposits (Table 2), an unconfined
aquifer sequence comprising of rapidly alternating sequence
of sand, silt and clay with the silt and clay becoming very
prominent seawards[Table 2, 23]. The Niger Delta spreads
across a number of ecological zones, comprising sandy
coastal ridge barriers, brackish/saline mangrove, freshwater
and swamp forest[8]. Recharge to aquifers is by direct infil-
tration of rainfall, which ranges annually from 2540 mm on
mainland to about 5010 mm towards the coast[6]. The wet-
test months are May to October while the driest month
months are December to March, although some pockets of
rain is likely to fall in the driest months[23]. Groundwater in
the area occurs in shallow aquifers belonging to the coastal
plainsand, comprising of sand, gravel and clay intercala-
tions[3]. Borehole yields is very good, with production rates
of about 20,010 I/h and borehole success rate is usually
high[6]. The transmissivity ranges 59.00 to 6050.00 m?/d,
hydraulic conductivity varies from 0.04 to 60.00 m/d and
storage coefficient is of the order of 10°to 0.15[7,24]. Sur-
face water occurrence in the area is numerous which includes,
streams, rivers and creeks

2.3. Sample Collection and Laboratory Analysis

A total of 158 groundwater samples were collected be-
tween April, 2009 and October, 2010 using two sets of
polyethylene bottles of one liter capacity, for cation and
anion analysis and labeled accordingly. The boreholes were
allowed to flow for about 3 minutes before the water is col-
lected, and containers were thoroughly washed and rinsed
with the water to be collected into them. Samples for the
determination of cations were stabilized with dilute hydro-
chloric acid on collections. All the samples were preserved
by refrigeration and analyzed within 24 hours of collection.

The analyses were carried out in accordance with[25] Spec-
trophotometric method was used to analyze for cations and
anions. The physical parameters pH and conductivity were
determined on the field using a calibrated pH meter and
conductivity meter respectively. The microbial analysis was
done using carried out using the filter membrane method and
presumptive count and each sample was incubated for at
least 24 hours.

3. Geostatistical Techniques

3.1. Water Quality Index

Water quality index (WQI) is one of the most effective
tools to communicate information on the quality of water to
the concerned citizens and policy makers. It thus, becomes
an important parameter for the assessment and management
of surface water. WQI is a scale used to estimate an overall
quality of water based on the values of the water quality
parameters[26]. It is a rating reflecting the composite influ-
ence of different water quality parameters. WQI is calculated
from the point view of the suitability of groundwater for
human consumption[2,27].

3.2. Calculation of WQI

The Water Quality Index (WQI) was calculated using the
Weighted Arithmetic Index method. The quality rating scale
for each parameter q; was calculated by using this expres-
sion:

qi:(Ci/Si)X 100

A quality rating scale (q;) for each parameter is assigned
by dividing its concentration (C;) in each water sample by its
respective standard (S;) and the result multiplied by 100
Relative weight (Wi) was calculated by a value inversely
proportional to the recommended standard (Si) of the cor-
responding parameter:

Wi =1/ Si

The overall Water Quality Index (WQI) was calculated by
aggregating the quality rating (Q;) with unit weight (W;)
linearly.

Where:

qi: the quality of the ith parameter,

w;: the unit weight of the ith parameter and

n: the number of the parameter considered.

Generally, WQI were discussed for a specific and in-
tended use of water. In this study the WQI for drinking
purposes is considered and permissible WQI for the drinking
water is taken as 100.

Overall WQI= Zqiwi
2 Wi

3.3. Factor Analysis

Geostatistical techniques simplifies and organizes large
geochemical data-sets into meaningful information[3,28]. In
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the present study, factor analysis (FA), was also used to
evaluate the concentrations of physical, chemical and bacte-
riological data from groundwater samples in Port-Harcourt.
The statistical software package SPSS 16.0 for windows[29]
was used for the analysis.

In the last two decades, Factor analysis (FA) has been
successfully used to sort out the hydrochemical processes
and relationships of analyzed groundwater data[26,30-32].
The purpose of FA is to simplify the quantitative description
of a system by determining the minimum number of new
variables necessary to reproduce various attributes of the
data. These procedures reduce the original data matrix from
one having (n) variables necessary to describe the (N) sam-
ples to a matrix with (m) factors (m < n) for each of the (N)
samples. It is also aimed at transforming the variables so that
the axes become orthogonal, which then allows the defini-
tion of new independent variables. By so doing, the first
factor is chosen to explain as much as possible of the total
variance of the observations, the second factor to explain as
much as possible of the residual variance, and so forth.

In other words, the first factor is determined such that the
sum of squares of the projections of the points on the factor is
highest (factor loadings). Next, to define the second factor,
the points are projected on a plane orthogonal to the first
factor and so on for the other factors, each explaining less
and less of the total variance. On the other hand, the sum of
squares of the factor loadings for each variable is the com-
munality and reflects the proportion of the total variability of
each variable accounted for by the factoring. The FA sub-
sumes a fairly large variety of procedures. It follows three
main steps, namely: extraction initial factors, rotation of
factors and calculation of each factor scores. In the present
work, factor extraction was done by principal components;
whereas, Varimax rotation with Kaiser normalization was
used for orthogonal rotation and results in factors that are
uncorrelated[33]. The factor scores that are computed for
each observation[34,35] which expresses the importance of
each factor at that observation site.[36] outlined the impor-
tance of factor scores and their relations to potential of the
processes described by each factor. R-mode procedure was
applied for finding a comparison of the relations among the
variables in terms of the samples.

4. Results

The statistical overview of groundwater chemistry data
from Port-Harcourt City are summarized in Table 3.The
computed WQI values of the groundwater from the area is
shown in Table 4 while the global water quality classifica-
tion scheme is summarized in Tables 5. The results of prin-
cipal component analysis generated from the data with the
aid of SPSS 16.0 for windows are illustrated in Table 6.

5. Discussion

A close look at Table 4 shows chromium, chemical oxy-

gen demand (COD), total coliform (TC), iron, lead, nickel
and Escherichia coli (EC) have slightly higher mean con-
centration when compared with the Nigerian Standard for
Drinking Water Quality[37]. The mean was used as estimate
of central tendency. The distribution of the original data for
all the parameter analyzed were positively skewed except pH,
which implies that measure of the central tendency are not
dominated by outliers in the distribution. Large standard
deviations and variance in the case of chloride, conductivity,
total hardness, nitrate, sulphate and total dissolved solids
revealed their randomly fluctuating concentration levels in
the groundwater. In each case, test for normality were con-
ducted using the test based on analysis of the combined
effects of skewness and kurtosis. The substantial difference
in the symmetric parameters in the case of copper, iron, lead,
nitrate, TC, EC, chromium, nickel and zinc indicated a
non-normal distribution, thus supporting a possibility of the
their enrichment through some anthropogenic sources.

All the physical, chemical and bacteriological parameters
analyzed were used to calculate the WQI in accordance with
the procedures explained above and contained in Table 4.
The computed overall WQI value was 285.20 and this means
that the groundwater in the area falls within the ‘very poor
quality’ as contained in Table 5.

Overall WQI— 2.Qjwi _ 460442.528
> Wi 1614.45

The high value of WQI obtained was as a result of the high
concentration of copper, iron, lead, nitrate, TC, EC, COD,
chromium, nickel and zinc in the groundwater which can be
attributed to natural sources such as saltwater intrusion and
chemical weathering processes as well as the various human
activities taking place in the area.

In addition to WQI, factor analysis (FA) of the studied
groundwater samples was performed in order to get an
overall impression about assembling the samples in a mul-
tidimensional space defined by the analyzed parameters. The
FA has emerged as a useful tool for better understanding of
the relationship among variables and for revealing groups (or
clusters) that are mutually correlated within a data body. This
procedure reduces overall dimensionality of the linearly
correlated data by using a smaller number of new inde-
pendent variables called varifactor, each of which is a linear
combination of originally correlated variables (Table 6). Six
Factor Components (Eigenvalues > 1) emerged accounting
for. The first factor loading with 27.30% variance showed
higher loading for chloride, conductivity, total hardness (TH),
total dissolved solid (TDS), total suspended solid (TSS), pH,
magnesium and sodium. The high concentration of chloride,
conductivity and total dissolved solid is an indication that the
groundwater may be in contact with water of marine origin
and that there is a possibility of saltwater intrusion into the
coastal aquifer system in the area. High chloride concentra-
tion in groundwater may indicate pollutions by sewage,
industrial waste or saline water intrusion[38]. Chloride and
sodium have health implication on human but at high con-
centration chloride could impart taste in water.

=285.20




Table 3. Statistical summary of the physical, chemical and microbial analyses of Groundwater samples from the Study Area
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Parameters (mg/1) Minimum Maximum Mean Std.Deviation Variance Skewness Kurtosis
Arsenic 0.001 0.016 0.007 0.009 0.012 0.001 0.003
BOD 3.20 8.23 5.60 6.85 32.46 1.23 2.10
Calcium 2.00 18.30 6.53 3.50 12.25 1.56 3.22
Chloride 12.00 710.00 161.20 171.25 29326.22 1.32 1.66
Chromium 0.02 0.11 0.07 0.05 0.08 0.06 0.10
Copper 0.03 1.15 0.08 0.17 0.03 3.35 10.83
Conductivity(ps/cm) 28.00 753.00 251.38 231.50 53593.30 0.76 -0.78
COD 7.80 12.98 10.60 9.68 6.42 345 3.98
EC(cfu/100ml) 0.00 5.00 2.0 0.42 0.68 0.36 0.74
Fluoride 0.01 2.33 0.85 0.74 0.55 0.94 -0.55
Total Hardness 2.50 142.00 34.31 41.49 1721.83 1.80 1.95
Iron 0.05 6.87 0.62 1.41 1.98 3.76 14.46
Lead 0.02 1.09 0.08 0.19 0.04 5.13 27.52
Magnesium 0.23 8.90 3.16 2,35 5.52 0.87 0.36
Manganese 0.01 0.78 0.19 0.24 0.06 1.41 0.88
Mercury 0.002 0.004 0.003 0.001 0.023 0.001 0.002
Nickel 0.01 0.40 0.28 0.21 0.18 0.15 0.13
Nitrate 0.03 45.00 12.77 24.56 88.64 6.35 23.52
pH 3.84 7.72 6.17 1.02 1.04 -0.51 -0.38
Phosphate 0.04 0.79 0.29 0.26 0.07 1.02 -0.12
Potassium 0.04 0.89 0.47 0.22 0.05 0.04 -0.79
Sodium 0.22 345 1.59 0.94 0.88 0.18 -0.81
Sulphate 0.10 230.11 69.98 52.53 2758.93 0.98 1.99
TDS 12.60 401.00 145.49 119.65 14315.07 0.64 -0.75
TC (cfu/ml) 0.00 38.00 12.00 11.80 40.36 2.82 5.62
TSS 0.11 35.00 4.63 6.59 43.40 3.48 14.70
Zinc 0.03 10.09 0.70 1.73 3.01 5.45 30.38
BOD-biochemical oxygen demand; COD-chemical oxygen demand,
TC-total coliform; EC-Escherichia coli; TSS-total suspended solid
Table 4. Computed WQI values for the study area
Parameters (mg/l) Ci Si i Wi qiwi
Arsenic 0.007 0.010 70.000 100.000 7000.000
BOD 5.600 6.000 93.333 0.167 15.587
Calcium 6.530 200.000 3.265 0.005 0.016
Chloride 161.200 250.000 64.480 0.004 0.258
Chromium 0.070 0.050 140.000 20.000 2800.000
Copper 0.080 1.000 8.000 1.000 8.000
Conductivity(ps/cm) 251.380 1000.000 25.138 0.001 0.025
COD 10.600 10.000 106.00 0.100 10.600
E.Coli (cfu/100ml) 2.000 0.000 0.000 0.000 0.000
Fluoride 0.850 1.500 56.667 0.667 37.797
Total Hardness 34.310 200.000 17.155 0.005 0.086
Iron 0.620 0.300 18.600 3.333 61.994
Lead 0.080 0.010 800.000 100.000 80000.000
Magnesium 3.160 150.000 2.107 0.007 0.015
Manganese 0.190 0.200 95.000 5.000 475.000
Mercury 0.003 0.001 300.000 1000.000 300000.000
Nickel 0.280 0.020 1400.000 50.000 70000.000
Nitrate 12.770 50.000 25.540 0.020 0.511
pH 6.170 6.500-8.500 82.267 0.133 10.942
Phosphate 0.290 5.000 5.800 0.200 1.160
Potassium 0.470 100.000 0.470 0.010 0.005
Sodium 1.590 200.000 0.795 0.005 0.004
Sulphate 69.980 100.000 69.980 0.010 0.699
TDS 145.490 500.000 29.098 0.002 0.058
T. Coli (cfu/ml) 12.000 10.000 120.000 0.100 12.000
TSS 4.630 500.000 0.926 0.002 0.002
Zinc 0.700 3.000 23.333 0.333 7.769

BOD-biochemical oxygen demand; COD-chemical oxygen demand;
TC-total coliform; EC-Escherichia coli; TSS-total suspended solid

Table 5. Standard water quality classification scheme based on WQI value
WOI value Water quality Water samples (%)
<50 Excellent 12
50-100 Good water 26
100 - 200 Poor water 35
200 - 300 Very poor water 17

>300 Unsuitable for drinking 10
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Table 6. Factor loadings and communalities for the groundwater chemistry

Parameters (mg/1) F1 F2 F3 F4 F5 F6 Communality
Arsenic 0.521 0.935
BOD 0.648 0.975
Calcium 0.754 0.654
Chloride 0.873 0.876
Chromium 0.674 0.682
Copper 0.601 0.784
Conductivity(ps/cm) 0.958 0.843
COD 0.579 0.887
E. Coli (cfu/100ml) 0.856 0.987
Fluoride 0.743 0.621
Total Hardness 0912 0.972
Iron 0.811 0.806
Lead 0.571 0.740
Magnesium 0.736 0.935
Manganese 0.710 0.943
Mercury 0.818 0.632
Nickel 0.512 0.678
Nitrate 0.613 0.987
pH 0.735 0.976
Phosphate 0.675 0.734
Potassium 0.698 0.695
Sodium 0.834 0.932
Sulphate 0.687 0.851
TDS 0.897 0.961
T. Coli (cfu/ml) 0.722 0.879
TSS 0.861 0.943
Zinc 0.642 0.780
Eigenvalues 7.632 5.796 3.452 2.508 1.847 1.329
% of Variance 27.298 21.315 14.758 11.608 9.170 7.031
Cumulative % 27.298 48.613 63.371 74.979 84.149 91.180
. natural ecosystem, to man-made objects as well as harm
g s human health[26]. High sulphate and nitrate concentration in
e groundwater causes gastrointestinal irritation and infant
& e methaemoglobinaemia  (blue-baby syndrome) respec-
; - o o v tively[40].
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Figure 3. Scree-plot test

Factor loading of 21.32% of total variance, represents
higher loadings for calcium, iron, pH, phosphate, potassium,
nitrate and sulphate. These could be conceived to mainly
originate from the ionic dissolution in the course of
groundwater migration. Leaching through the overlying
lateritic sand can increase the iron content of the ground-
water and process is enhanced when the pH is low. Human
body needs calcium and iron for a strong teeth and bone
respectively. However, high concentration of iron in
groundwater could impart taste, discoloration, deposits and
turbidity[3,39]. Infiltration by rainwater through the porous
and permeable unconfined aquifer into shallow water table
enriches the groundwater with sulphate and nitrate due to gas
flaring that is common in the area. Gas flaring releases ni-
trous oxides (NOy) and sulfurous oxides (SOy) to the at-
mosphere, where they react with water molecules to form
nitrous acid and or nitric acid and sulfur trioxide and or
sulfate, which are the main sources of acid rain. Acid-rain is
the term used to describe rainfall with a pH level lower than
5.6. It is a form of pollution that can cause a lot of damage to

The third factor includes higher loadings for biochemical
oxygen demand (BOD), chemical oxygen demand (COD),
phosphate, Escherichia coli (EC) and total coliform (TC) at
14.76% of the total variance. The presence of EC and TC in
the groundwater indicates contamination by human and
animal faeces (wastes). The pathogens may pose a health
hazard for infants and people with weak immune system[41].
The BOD and COD have a linear relationship and their
presence in the water might be attributed to salinity, tem-
perature, pH and biological activity[42]. Phosphate occur-
rence in the water may be linked to fertilizer application and
propensity to percolate via the permeable formation into the
groundwater system should not be ignored. The fourth factor
includes relatively high loading from copper, fluoride,
manganese and zinc and constitutes 11.61% of the total
variance. It may be due to leachate from domestic waste
discharge in some part of the area and decomposition of
abandoned electronics, vehicle parts and machine scraps
from their natural occurrence.

Factor 5 accounts for 9.17% of the total variance and
comprises of chromium, lead and nickel. These might be as a
result of soldering and battery charging activities going on in
some parts of the area. Lead and nickel are integral compo-
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nents of the raw materials used in soldering and in lead ac-
cumulators[43]. Also automobiles, damaged computer ac-
cessories and paints are very important sources of lead,
nickel and chromium contamination in urban environ-
ments[44]. The sixth factor had a moderate loading for ar-
senic and mercury with 7.03% of the total variance. Heavy
metal pollution around industrial plants is often accompa-
nied by pollution with arsenic and mercury considering the
fact that these elements usually accompany non-ferrous
minerals[45,46] These metalloids can be derived from both
natural and anthropogenic sources and can dissolve in
rainwater, rivers or groundwater or food chain through plants
and animals[47].

The scree-plot is a graph of eigenvalues versus magnitude.
It shows a distinct break between the steepness of the high
eigenvalues and the gradual trailing off of the rest of the
factors (Fig. 3). In the present study, the 6 factors extracted
(eigenvalues > 1) represent adequately the overall dimen-
sionality of the data set and accounted for 91.18% of the total
variance, while the remaining 12 factors (eigenvalues < 1)
accounted for only 8.82% of the total variance. Similarly, the
high communalities indicate that most of the variance of
each variable is explained by the extracted factors. Loadings
(< 0.500) have negligible impact or effect in respect to
groundwater contamination in the area and were therefore
omitted from Table 6.

e
Cca”
CATICHNS

ANICNS
Figure 3. Piper diagram of the groundwater from the study area

5.1. Piper Diagram

The concentration of 8 major ions (Na* ,K*, Mg®", Ca®",
Cr, CO32', HCO™; and SO42') are represented on the Piper
trilinear diagram by grouping the (K" with Na') and the
(CO5* with HCO ), thus reducing the number of parameters
for plotting to 6. On the piper diagram, the relative concen-
tration of the cations and anions are plotted in the lower
triangles, and the resulting two points are extended into the
central field to represent the total ion concentration. The
degree of mixing between waters can also be shown on the

piper diagram (Fig.3). The Piper diagram was developed
by[48] and used to classify the hydrochemical facies of the
water samples according to their dominant ions. The water in
the area is Calcium-Chloride type, which suggests that the
water might be from a marine source with calcium and
chloride as dominant cation and anion in the groundwater
system. This is a reflection of the wide range and high
standard deviation and variance observed in the ionic con-
centration of calcium and chloride in the dataset.

6. Conclusions

The result of the multivariate statistical analysis, as ap-
plied to the hydrochemical data set in the coastal area of
eastern Niger Delta, provides an insight into the underlying
factors controlling hydrogeochemical processes in the area.
The observed wide range, high standard deviation and
variance in some of the parameters are indications that there
are substantial differences in the groundwater quality within
the study area. The WQI value was 285.20, which suggest
that the groundwater in the area as very poor in quality. The
high value of WQI obtained was due to the high concentra-
tion of copper, iron, lead, nitrate, TC, EC, COD, chromium,
nickel and zinc in the groundwater which can be attributed to
both natural and anthropogenic sources. Factors analysis
reduces the dataset into six major components representing
the different sources of the contaminant. Major contributors
to factor 1 and 2 are natural phenomenon while those of
factors 3 to 6 were of anthropogenic origin. The water in the
area is Calcium-Chloride type from Piper diagram, which
suggests that the water might be from a marine source.
Controlled abstraction of groundwater is recommended in
the area and industrial wastes should be treated before dis-
charged into the environment. Standard sanitary landfill
system and proper lining of soak-away and pit-latrine should
be enforced in the area. The effectiveness of Geostatistical
techniques (WQI and FA) in groundwater quality studies
have been demonstrated in this study.
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