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ABSTRACT: Some physicochemical parameters related to groundwater quality obtained from Yola Area of
Northeastern Nigeria was investigated for the purpose of drinking and irrigation. An attempt was also made to
develop linear regression equations to predict the concentration of water quality having significant correlation
coefficients with electrical conductivity (EC). The TDS and EC has perfect correlation coefficients whereas Na"
and CI, are highly correlated in all the water sources. Furthermore while Ca®* and HCO5 are highly correlated in
both the shallow and deep groundwater they have relatively lower correlation coefficients in the surface water
samples. It was equally observed that Mg?", Ca>', NOy, CI and Fe are highly correlated with EC in surface water
samples. The data also indicated that apart from surface water bodies Ca*, NOy", CI" and HCO5 are poorly related
with electrical conductivity at 5% level of significance. These data has shown that linear regression equations can
be applied in predicting groundwater quality in any location @ JASEM

Groundwater quality has become an important
water resources issue due to rapid increase of
population, rapid industrialization, unplanned
urbanization and too much use of fertilizers and
pesticides in agriculture (Joarder et al 2008). In
many developing countries, agricultural chemical
use has been low in comparison to levels in
industrialized countries. Concerns over
groundwater pollution from agricultural chemicals
were raised as a major issue in the study area more
than five years ago (Yenika et al 2003) but few
data were available. At that time, the level of
agricultural chemical use was still relatively lower.
However how much of this pollution is related to
agricultural pollution and how much to domestic or
other sources is unknown.

Apart from non-point-source considerations, it is
important to recognize that nitrate and other
nutrient pollution in groundwater is often related to
agricultural practices other than the use of chemical
fertilizers. Any location where animal wastes are
concentrated such as feed lots or poultry farms, can
release high levels of nutrients, pesticides and
herbicides as well as other major sources of
groundwater pollution related to agriculture. In
some circumstances, soils can absorb or
immobilize a large fraction of such agricultural
chemicals. It follows that many pesticides and
herbicides break down slowly under aquifer
conditions or transform into more toxic
compounds. As a result, they persist over long time
periods. Thus since groundwater pollution data are
generally scarce, chemical analysis of water
samples need to be specific to detect their presence.
This is because the environment, economic growth
and development of Nigeria are all highly
influenced by water including its regional and
seasonal availability as well as its antecedent

quality.
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Groundwater quality is thus analyzed for its
physical, chemical and biological parameters which
are closely interlinked. All the research work so far
carried out on groundwater quality in different
parts of Nigeria is largely based on physico-
chemical parameters. No attempt has as yet been
made to predict the groundwater quality of the
study area with precision using any econometric
analysis except depicting the correlation coefficient
of different water quality parameters (Yenika et al
2003).

A few number of research however are available
regarding the analysis of groundwater quality data
using regression techniques for prediction purposes
in different parts of India and Bangladesh ( Kumar
et al 1994; Rao and Rao 1994; Jain and Sharma
1997; Jain and Sharma 2000 and Joarder et al
2008).

Thus since routine chemical analysis is time
consuming it would be necessary to establish
relationships between a common and easily
determinable parameter(independent variable) and
other  parameters(dependent  variable). The
developed regression equations for the parameters
having significant correlation coefficients can thus
be successfully used to estimate the concentration
of other constituents.

In the present study, the objective is to determine
the relationship between electrical conductivity
(EC) and some physicochemical characteristics of
groundwater resources from the Yola Area of
Northeastern Nigeria.

The Study Area: The study area fall within
longitudes 12°20’E and 12°34’E and latitudes
9°11°N and 9°24’N and lies about 50km south of
the Hawal Massifs. It is bounded to the east by the
Republic of Cameroun and to the west by Ngurore
town. The northern boundary is demarcated by
Gokra town and the southern boundary by the
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Mandarare town and occupies approximately
431km? of the land surface.
MATERIALS AND METHODS

Water samples (total 96) which were collected
from shallow hand-dug wells, deep wells, surface
waters and precipitation were subjected to chemical
analyses. Samples collection was aimed at covering
and representing the lateral and vertical extent of
the hydrostratigraphic units within the study area
along with surface water and rainfall.

The samples from the deep wells in which pumps
are already installed, were collected after about two
hour of pumping and the screen interval of the well
represents the average sample depth. Samples from
the shallow hand-dug wells were bailed, using a
stainless steel bailer, from a depth of two meters
below the water table, which more or less indicates
the sample depth. The samples were collected in
1000-ml plastic bottles and field filtration was
carried out through filter papers (0.45um) to
remove suspended solids. They were then carefully
sealed, labelled and taken for analyses. Chemical
analyses were performed in the laboratory
employing standard methods, Atomic Absorption
Spectrophotometry for cations and conventional
titration for anions. Ions were converted from
milligram per litre to milliequivalent per litre and
anions balanced against cations as a control check
of the reliability of the analyses results. The 96
sampled waters and their mean values are
personated in the results

In this study we have applied the linear regression
approach to develop a relationship between
electrical conductivity and different water quality
variables.

We have also used the Ordinary Least Square
(OLS) regression with one regressor (Independent
Variable) in the form of y,=a,+4,x+e. There are
both practical and theoretical reasons to use OLS
estimators of 4y and &,

RESULTS AND DISCUSSION

The study involve regression analyses of the water
quality data of three water sources namely surface
water, shallow groundwater and deep groundwater
of Yola Area of Northeastern Nigeria. The
minimum and maximum concentration ie the range
of the different physico-chemical parameters of
water quality constituents such as pH, EC, TDS,
Total Hardness, Fe, Ca®, Mg*', K*', Na', HCOy
,CI', NOj; and different water quality indices
including Sodium Adsorption Ratio (SAR), Soluble
Sodium Percentage (SSP), Residual sodium
Bicarbonate (RSBC) Permeability Index(PI), Total
Hardness (TH), Magnesium Adsorption Ratio
(MAR) and Kellys Ratio (KR) in Yola Area for
irrigation purposes are given in tables 2 to 7 along
with the mean and standard deviation of each
parameter.

* Corresponding author: 'Gabriel 1. Obiefuna

The pH values range from 6.10 to 7.80 for the
shallow groundwater, 6.60 to 7.80 for the deep
groundwater and 6.40 to 7.70 for the surface waters
indicating slightly acidic to neutral waters. The
conductivity varies from 0.05 to 0.21ds/m for the
shallow groundwater, 0.04 to 0.18 ds/m for the
deep groundwater and 0.06 to 0.25 ds/m for the
surface water bodies indicating relatively low
mineralization in the area and largely suitable for
both drinking and irrigation purposes. The
estimated values of TDS ranged from 33 to 137
mg/1 for the shallow groundwater, 27 to 121 mg/l
for the deep groundwater and 41 to 168 mg/l for
the surface water respectively indicating TDS
values below the desirable limit of 500 mg/l. The
systematic calculation of correlation coefficients
between water quality variables and regression
analyses provide an indirect means for rapid
monitoring of water quality. The correlation matrix
for different groundwater quality variables for
different water sources in Yola Area are shown in
tables 8 to 13. It was evident that the distribution of
hardness, calcium, magnesium, sodium, chloride,
bicarbonate, nitrate and sulphate were largely
poorly correlated (r <5) with electrical conductivity
in both the shallow and deep groundwater. The
similarity in correlation matrix between the two
groundwaters thus indicate that mineral dissolution
is the dominant process influencing water quality.
However, the surface waters of the study area
largely exhibited significant positive correlation (r
>5). The surface water samples disclosed a good
correlation between EC and NO;™ (r= 0.80) which
further indicated that variation in EC concentration
is controlled by both CI" and NOj;™ concentration.
Another fairly good correlation also observed
between CI” and NO;3 (r= 0.95) confirm a common
primary source which is both domestic
effluent/sewage and/or fertilizer application. The
level of significance are taken at 1% and 5%
respectively.

Perfect positive correlation coefficient was
observed between EC and TDS (r =1) whereas high
positive correlation was observed between Na™ and
CI' (r >0.80) virtually in all the different water
sources.

In the shallow groundwater low positive correlation
coefficient was observed between Na" and K (r =
0.22); Ca’* and CI* ( r= 0.26); Ca*" and EC
(r=0.26); Na" and TDS (1=0.12); TDS and K"
( r=0.21); NO3- and TDS (r=0.13); Ca®" and Mg*"
(r=0.24) while low negative correlation coefficients
are seen among Ca’’ and K+ (= -0.91), Fe and
K'(r= -0.03); pH and EC(r= -0.05); Mg*" and K"
(= -0.03); Na?" and pH(r= -0.01); CI* and pH
(= -0.01); Fe and HCOs (= -0.28) and CI* and
Fe(r=-0.04)

The deep groundwater also revealed low positive
correlation coefficient between Ca’* and CI°
(r=0.18); Ca*" and EC(r=0.15); Na** and TDS
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(r=0.04); TDS and K'(r=0.12); NO; and
TDS(r=0.04) while low negative correlation
coefficients exist between Na*' and HCO3-(r= -
0.10); Na*" and NO5( r= - 0.37); K" and CI'(= -
0.10); CI' and NO;(r= -0.36); HCO5™ and CI'(r= -
0.21); NO;™ and Ca2+(r= -0.02) and Ca*" and pH
(r=-0.45).

The surface water samples however indicated
highly positive correlation coefficient between
Mg®" and EC(r=0.95); Ca*" and TDS(r= 0.98); Ca*"
and Mg*'(r= 0.87) Fe and Mg* (r= 0.93); Fe and
Na*'(r= 0.73); Na>* and NO;(r=0.69); Na** and CI
(= 0.80); Mg>" and CI'(r=0.85); Ca*" and EC(r=
0.98) and Mg®" and TDS (r= 0.95) while strong
negative correlation coefficients was observed
between Na*' and HCO;™ (-0.94); Cl" and HCO5 (=
-0.66); Ca*" and K'(r= -0.59); K" and TDS (= -
0.60) and EC and K'(r= -0.60).

Further statistical study of the shallow groundwater
employing the Pearson correlation indicates highly
positive  correlation between the following
irrigation indices SAR and SSP (r= 0.90); KR and
SSP (r= 0.95); KR and SSP (r= 0.89); and EC and
TDS (r= 1.00) and low negative correlation among
MAR and SAR (= -0.21); MAR and SSP(r= -
0.28); KR and MAR(r= -0.25); PI and MAR (r= -
0.44); RSBC and SSP (r=-0.21); TDS and PI ( r= -
0.04); RSBC and TDS (r=-0.12) and EC and PI (r=
-0.04).

The deep groundwater also indicate a closely
similar picture as follows: SSP and SAR (r= 0.96);
KR and SAR (r= 0.99); SSP and KR (r= 0.97) and
EC and TDS (r= 1.00) whereas a strongly negative
correlation exist between the following SAR and
RSBC (r=-0.70); RSBC and SSP (r=-0.76); RSBC
and KR (r=-0.70).

The surface water samples exhibit strong positive
correlation among SSP and SAR ( r= 0.98); KR
and SAR (r=0.99); KR and SSP (r= 0.99) and TDS
and EC (r=1.00) whereas a strong negative
correlation was found to exist between SAR and
MAR (r= 0.56); SSP and TDS (r= -0.99); KR and
MAR (r= -0.62); KR and TDS (= -0.98); EC and
SAR (r= -0.96); SSP and EC (r= -0.99); EC and
KR (r=-0.97) and PI and EC (r=-0.98).

Thus based on the above data set it was concluded
that the correlation studies of the water quality
parameters and irrigation indices have a great
significance in the study of water resources. The
relatively high positive correlation between some
chemical parameters and irrigation indices signifies
a common origin or progressive enrichment of both
parameters. Furthermore the relatively high
negative correlation between some chemical
parameters and irrigation indices indicate evidences
of groundwater mixing or pollution from
anthropogenic activities.

* Corresponding author: 'Gabriel 1. Obiefuna

The R? parameter was employed as a more
desirable goodness- of- fit measure because it
considers the degrees of freedom in estimating the
desired parameters. The R? uses variations instead
of variances ( variance equals variation divided by
the degrees of freedom) ( Joarder et al 2008). The
R? values of different water quality parameters with
electrical conductivity for the three water sources
are given in tables 14, 15 and 16. It follows the
electrical conductivity is the most appropriate
variable predicting or explaining the TDS values in
the samples of both shallow and deep groundwater.
It is also evident that the electrical conductivity is
the most appropriate variable predicting or
explaining about 100%, 96%, 90%, 64%, 59%, and
43% values of the dependent variables such as
TDS, Ca*', Mg®*, NOy’, Fe and CI respectively in
the surface water sample of the data. However
apart from TDS electrical conductivity poorly
predicted the above parameters in both the shallow
and the deep groundwater samples. It further
explained the fact that the variance of the residual
is small compared to the variance of the dependent
variable. Thus while correlation techniques do not
involve an implicit assumption of casuality the
regression techniques do.

Pindyck and Rubinfeld (1997) pointed out that
while the dependent variable is a variable to be
explained the independent variable is a moving
force. It thus follows that the choice of a dependent
and independent variable in a regression model is
therefore crucial.

Two variable least squares approach was used to
develop a relationship between electrical
conductivity as an independent variable and
different water quality variables such as Ca®',
Mg*, CI, NOy, TDS, HCO;, TH, Fe as a
dependent variable. The cross-section of the results
obtained are presented in tables 14, 15 and 16. The
first column of the tables indicate the results of the
ordinary least squares (OLS) regressions with only
the EC as the controlling variable and a constant.
The second column indicate the values of the R?.
Regression results for Ca, ng, CI', NO;y, TDS,
Fe, HCO; and TH show that apart from both deep
and shallow groundwater samples, they are all
significant at 1%, 5% and 10% levels. All the
regression equations are obtained for 96-2= 94
degree of freedom. The significance of the
relationship is also supported by F test ( Tables 14,
15 and 16 ). Furthermore Whiteneys test for
heteroskedasticity in the residuals of the basic
specification  rejects the null of no
heteroskedasticity and thus all standard errors of
coefficients are calculated using whiteney test. The
robustness of the results obtained was checked
which indicated a fairly satisfactory outcome
between the observed and the computed values.



Physicochemical Characteristics of groundwater quality from Yola Area, Northeastern Nigeria 8

Table 1: Physicochemical Parameters of shallow groundwater

samples

Parameter Concentration

PH 6.10 - 7.80(7.08)+0.40
EC (ds/m) 0.05-0.21(0.09)£0.03

TDS (mg/l) 33.00-137.00(59.55) +18.83
Na'(mg/1) 0.00-156.80(34.35) £33.74
K'(mg/l) 0.00-37.00(3.95) +6.90
Mg*mg/1) 0.50-50.90(20.80) £9.00
Ca*'(mg/l) 0.48-25.00(12.19) £6.19
Fe(mg/1) 0.00-1.80(0.35) +0.41

Nos™ (mg/l) 0.00-22.50(4.36) +0.63

CI' (mg/) 0.00-238.50(68.18) £55.96

HCO5 (mg/]) 19.90-251.00(93.35) +41.26

NB: EC(Electrical Conductivity), TDS(Total dissolved solids).

Table 2: Physicochemical Parameters of groundwater samples
of deep groundwater samples

Parameter Concentration

PH 6.60-7.80(7.220.41

EC (ds/m) 0.04-0.18(0.09) £0.04
TDS (mg/l) 27.00-121.00(62.73) £25.69
Na'(mg/l) 0.00-90.50(33.70) £34.30
K'(mg/l) 0.00-12.10(4.32) +4.16
Mg*" ‘mg/I) 8.10-54.80(30.86) +13.47
Ca*'(mg/l) 0.46-38.30(11.3011.68
Fe (mg/1) 0.00-0.32(0.09) £0.10
Nos™ (mg/l) 0.66-30.50(5.77) +8.63
Cl'(mg/l) 0.00-171.50(75.58) +61.82

HCOs (mg/l) _ 50.00-207.00(103.18) +44.41

NB:EC(Electrical Conductivity), TDS(Total dissolved solids)

Table 3: Physicochemical Parameters of surface water samples

Parameter Concentration

PH 6.40-7.70(7.20)+0.57

EC (ds/m) 0.06-0.25(0.14) +0.09

TDS (mg/l) 41.00-168.00(96.00) +63.16
Na'(mg/l) 148.80-210.80(182.28) +25.76
K'(mg/l) 1.20-8.70(3.53) £3.48
Mg*mg/1) 12.40-84.70(37.81) £33.86
Ca*'(mg/1) 8.30-28.00(18.10) £10.71

Fe (mg/l) 0.00-1.00(0.26) +0.50

Nos™ (mg/l) 8.50-58.50(22.48) +24.08
CI'(mg/l) 227.00-455.20(298.58) +107.84

HCO, (mg/l)  57.00-273.00(134.08) £98.21

NB:EC (Electrical conductivity), TDS(Total dissolved solids)

* Corresponding author: 'Gabriel 1. Obiefuna

Table 4: Different Irrigation Indices for shallow groundwater
samples of the study area

Parameter Concentration

SAR 0.00-6.87(1.39)+1.41

SSP % 0.01-79.08(33.70) £22.57
MAR % 13.34-97.83(72.54) £14.35
KR (meg/1) 0.00-3.46(0.67) +0.72

PI (%) 39.50-185.34(72.25) £19.94
TDS (mg/1) 33.17-137.40(59.54) £18.87
RSBC (meq/l)  0.06-3.18(0.92) £0.57

EC (ds/m) 0.05-0.21(0.09) +£0.03

NB: SAR(Sodium adsorption ratio), SSP(Soluble sodium
percentage), MAR(Magnesium adsorption ratio), KR(Kellys
ratio), PI(Permeability Index), TDS(Total dissolved solids),
RSBC(Residual sodium bicarbonate) EC(Electrical
conductivity)

Table 5: Different Irrigation Indices for deep groundwater in
the study area

Parameter Concentration

SAR 0.00-2.99(1.17)£1.18

SSP % 0.31-57.12(29.08) £19.67
MAR % 70.22-97.43(84.25) £11.99
KR (meq/1) 0.00-1.24(0.47) +0.48

PI (%) 28.70-131.36(67.26) +26.30
TDS (mg/l) 26.80-120.60(62.67) £25.64
RSBC (meq/l) 0.74-1.68(1.13) +0.39

EC (ds/m) 0.04-0.18(0.09) +0.04

NB:SAR(Sodium adsorption ratio), SSP(Soluble sodium
percentage), MAR(Magnesium adsorption ratio), KR(Kellys
ratio) PI(Permeability Index) TDS(Total dissolved solids)
RSBC(Residual sodium bicarbonate) EC(Electrical
conductivity)

Table 6: Different Irrigation Indices for surface water samples
of the study area

Parameter Concentration

SAR 4.24-9.53(6.80)+2.82

SSP % 52.39-85.00(69.84) +16.91
MAR % 70.95-83.32(74.14) £6.12
KR (meg/1) 1.09-5.63(3.27) £2.37

PI (%) 57.75-98.60(82.53) +19.09
TDS (mg/l) 40.54-167.50(95.68) £63.18
RSBC (meq/l) -0.46-5.81(1.96) +2.71

EC (ds/m) 0.06-0.25(0.14) +0.09

SAR  (Sodium adsorption  ratio),SSP(Soluble  sodium
percentage), MAR(Magnesium adsorption ratio), KR(Kellys
ratio), PI(Permeability index), TDS(Total dissolved ratio),
RSBC(Residual sodium bicarbonate) EC(Electrical
conductivity).
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Table 8: Correlation Coefficients among different Water Quality Parameters of Shallow Groundwater
pH EC TDS Na* K Mg* [ Fe NO;~ HCO5
pH 1.000
EC (ds/m) -0.045 1.000
TDS 0.046 1.000 1.000
Na* -0.007 0.126 0.122 1.000
K" 0.113 0.207 0.207 0.224%* 1.000
Mg* 0.108 0.092 0.096 0.089 -0.028 1.000
Ca** 0.217 0.259*  0.257*  0.266*  -0.091 0.244* 1.000
Fe -0.451%* 0.117 0.118 0.014 -0.027  -0.331** -0.049 1.000
NO;™! 0.001 0.132 0.134 0.106 0.097 0.055 0.019 0.057 1.000 1.000
cr' -0.005 0.195 0.194 0.929%*  0.223*%  0.303** 0.259* -0.042 0.068  1.000
HCO;" 0.285%* -0.199 0.197 0.209 0.003 0.508** 0.544** -0.280*  0.109 0.170
NB: All parameters are in mg/L except where otherwise stated ** correlation is significant at the 1% level
. Correlation is significant at the 5% level.
Table 9: Correlation Coefficients among different Water Quality Parameters of Deep Ground Water
pH EC TDS Na' K' Mg*' Ca* Fe NO; Cr HCO5
pH 1.000
EC (ds/m)  0.390 1.000
TDS 0.401 1.000%** 1.000
Na* 0.075 0.067 0.075 1.000
K" 0.170 0.140 0.122 -0.180 1.000
Mg* -0.626* 0.192 0.176 0.107 0.120 1.000
Ca® -0.452 0.153 0.132 0.067 0.335 0.544 1.000
Fe -0.872%*  -0.070 -0.077  0.088 -0.223 0.548 0476 1.000
NO;™! 0.100 0.045 0.035 -0.372 0.017 0214  -0.015 0.019 1.000
cr' -0.256 0.193 0.197 0.960%* -0.102 0.323 0.177 0.196 -0.355 1.000
HCO;" -0.347 0.175 0.155 -0.315 0.38 0.536 0.846%*  0.448 0.232 -0.205 1.000
NB: All parameters are in mg/L except where otherwise stated ** correlation is significant at the 1% level * *Correlation is
significant at the 5% level
Table 10: Correlation Coefficients among different Water Quality Parameters in Surface Water of the Study Area
pH EC TDS Na' K' Mg*! Ca”' Fe NOy Cr HCO5
pH 1.000
EC (ds/m) -0.514 1.000
TDS -0.516 1.000%*  1.000
Na" -0.880  0.121 0.124 1.000
K" -0.076  -0.598 -0.598 0.169 1.000
Mg* -0.761 0.946 0.947 0.432 -0.453 1.000
Ca* -0.357 0.978* 0.978* -0.076 -0.585 0.866 1.000
Fe -0.927  0.768 0.770 0.728 -0.287  0.932 0.627 1.000
NO;™! -0.917  0.800 0.802 0.690 -0.291 0.951*  0.669  0.998** 1.000
cr' -0.894  0.657 0.659 0.804 -0.359  0.846 0.488  0.968* 0.951* 1.000
HCO;" 0.670 0.128 0.125 -0.940  -0.12 -0.175 0329  -0.513 -0.459 -0.664 1.000

NB: All parameters are in mg/L except where otherwise stated

* Corresponding author: 'Gabriel 1. Obiefuna
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Table 11: Correlation Coefficients among different Water Quality Parameters in Surface Water of the Study Area

SAR SSP (%) MAR (%) KR (meq/l) PI (%) TDS (mg/l) RSBC (meq/l) EC (ds/m)
SAR 1.000
SSP (%) 0.898** 1.000
MAR (%) -0.210 -0.284* 1.000
KR (megq/1) 0.947%* 0.885%* -0.249* 1.000
PI (%) 0.323%* 0.438** -0.441%** 0.396%** 1.000
TDS (mg/l) 0.123 0.231* 0.202 0.147 -0.039 1.000
RSBC (meq/1) -0.004 -0.115 0.304** -0.071 -0.151 -0.096 1.000
EC (ds/m) 0.126 0.234 0.201 0.150 -0.038 1.000** -0.096 1.000
NB: * Indicates significance at the 1% level ** indicates significance at the 5% level
Table 12: Correlation Coefficients among different Irrigation Indices of Deep Ground Water Concentration

SAR SSP (%) MAR (%) KR (meq/l) PI (%) TDS (mg/l) RSBC (meq/l) EC (ds/m)
SAR 1.000
SSP (%) 0.960%** 1.000
MAR (%) -0.340 -0.346 1.000
KR (megq/1) 0.990%** 0.972%* -0373 1.000
PI (%) 0.016 0.209 0.276 0.049 1.000
TDS (mg/l) 0.059 0.068 -0.070 0.033 -0.141 1.000
RSBC (meq/1) -0.696* -0.759** 0.151 -0.695 -0.409 0.087 1.000
EC (ds/m) 0.050 0.05 -0.081 0.024s -0.154 1.000** 0.096 1.000
NB: * correlation is significant at the 5% level ** correlation is significant at the 1% level
Table 13: Correlation Coefficients among different Irrigation Indices Surface Water in the Area Concentration

SAR SSP (%) MAR (%) KR (megq/1) PI (%) TDS (mg/l) RSBC (meq/1) EC (ds/m)
SAR 1.000
SSP (%) 0.983* 1.000
MAR (%) -0.555 -0.696 1.000
KR (megq/1) 0.996%** 0.993%* -0.623 1.000
PI (%) 0.885 0.956* -0.871 0.917 1.000
TDS (mg/l) -0.955% -0.993** 0.766 -0.972* -0.982* 1.000
RSBC (meq/l) -0.346 -0.169 -0.587 -0.267 0.126 0.062 1.000
EC (ds/m) -0.955* -0.993** 0.76 -0.972* -0.982* 1.000** 0.061 1.000

NB: *correlation is significant at the 5% level ** correlation is significant at the 1% level

Table 14: Regression Equations for different Water Quality Variables in Shallow Groundwater

Regression Equation

Ca=17.257-56.924EC
Mg = 18.187 + 29.342EC
C1=33.655 + 387.992EC
Nos =2.422 +21.736 EC

TDS = 0.021 + 669.459EC
Fe™'=0.192 + 1.722 EC
HCO; = 119.265 — 291.215EC
TH = 51.352 +26.397 EC

R’ value

0.067
0.008
0.038
0.017
1.000
0.014
0.039
0.000

t Value

-2.365
0.814
1.756
1.176

529.129
1.039

-1.789

0.180

P Value

0.021
0.418
0.083
0.243
0.000
0.302
0.078
0.858

F Value

5.592
0.662
3.083
1.383
279977.0
1.080
3.200
0.032

NB: indicates significance at the 5% level.

Table 15: Regression Equations for different Water Quality Variables in Deep Groundwater

Regression Equation
Ca=6.913 +46.707EC

Mg =24.513 +67.701EC
C1=46.397 +311.031EC

No; =4.820 +10.141 EC

TDS =-0.224 + 670.994 EC
Fe™=0.109 - 0.180 EC
HCO; =84.104 + 203 . 349 EC

TH =30.084 + 311.406 EC

R? value
0.023
0.037
0.037
0.002
0.999
0.005
0.031

0.181

t Value
0.465
0.588
0.589
0.135
99.202
-0.212
0.534

1.409

P Value
0.653
0.571
0.571
0.896
0.000
0.837
0.606

0.192

F Value
0.216
0.346
0.346
0.018
9840.967
0.045
0.285

1.985

NB: indicates significance at the 5% level

* Corresponding author: 'Gabriel 1. Obiefuna
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Table 16: Regression Equations for different Water Quality Variables in Surface Water of the Study Area

Regression Equation R? value

Ca=2.164+111.441 EC 0.957
Mg =-10.903 +340.665 EC 0.896
Cl=190.863 +753.228 EC 0.432
Nos =-6.815 +204.825 EC 0.640
TDS =-0.001 + 671.337 EC 1.000
Fe™"'=.321+4.043 EC 0.590
HCO; =114.980 + 133.529EC 0.016
TH=27.851+0.902 EC 0.000

t Value P Value F Value
6.706 0.022 44.967
4.145 0.054 17.182
1.233 0.343 1.519
1.886 0.200 3.559

522.880 0.000 273403.60
1.696 0.232 2.875
0.182 0.872 0.033
0.004 0.997 0.000

NB: indicates significance at the 5% level

Conclusions: The linear regression equations for
predicting the concentration of different parameters
based on electrical conductivity can successfully be
applied in the study area with fairly reasonable
certainty. In most of the water sources of the study
area the problems of bicarbonate, Chloride, nitrate
and iron were noticeable. It is however less
appropriate variable for predicting values of the
dependent variable in both the shallow and deep
groundwater samples. It further explained the fact
that the variance of the residual is small compared
to the variance of the dependent variable.

Similar linear regression techniques have been
applied in other parts of the world especially India
and Bangladesh to predict the level of significance
of water quality variables.
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