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Abstract: Extensive pumping and less freshwater recharge increase the arsenic content in it,

make it damaging to human health. This research examines the groundwater water quality
measures of the arid and populated regions of southern Punjab which experiences substantial
pumping for irrigation and drinking. In order to observe the 8 well-known water quality
variables, set by the Pakistan Environmental Protection Agency (PEPA) and the World Health
Organization (WHO), spatial data have been considered from 550 locations from three cities of
Punjab (Multan, Muzaffargarh, and Khanewal). Initially Pearsons’ correlation coefficients are
estimated along with the descriptive measures. Several regression models are estimated to assess
the dependence structure between variables and the goodness of fit of these estimated equations
are tested on the basis of coefficient of determination. Three classes of measures which were
chemically correlated and displayed competition with regression analysis were indicated by
factor analysis. Among the water samples, 27 percent showed undesired amounts of arsenic that
exceeded the requirements of PEPA and WHO. On the basis of Kriging method, unmeasured
locations are predicted using the measured data and results are spatially mapped using contour
plots. These results will help the policy makers in taking the decisions regarding the health of the
people living in these regions.
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Introduction

Fresh drinking water is a basic ingredient of
human life while contaminated drinking water
cause numerous chronic diseases(Organization
2004). In developing countries including
Pakistan, a lot of human population is facing
water related issues due to its impurification
and shortage. Contaminated water is a source
thousands of deaths annually round the globe
and thus considered as a dominant health risk
(Mubarak et al. 2015). Kahlown et al. (2007)
reported that about 80% of all diseases are due
to contaminated water and insufficient
cleanliness conditions. Since environmental
pollution is caused by many factors in various
ways but the study of water pollution is
relatively more imperative as it is considered
the life blood for the whole environment
(Ahmad et al. 2017).Water is defined on the
basis of its chemical and physical indicators
and there is much literature on this area
throughout the world focusing on the water
quality and analysis techniques (Hussain et al.
2014). The values of these indicators are
compared with the WHO permissible limits
and contour maps are used as valid graphical
tools to show the results of gauged and un-
gauged (Ahmad et al. 2017). Heydari et al.
(2013)used regression and correlation analysis
for determining the association among water
quality indicators collected from 21 wells in
Kashan city of Iran. Multivariate statistics like
correlation matrix, factor analysis and PCA are
usually applied in analysis of multivariate
water quality data(Van Hulle and Cristina
Ciocci 2012) and (Sanchez-Martos et al.
2001).

Achene et al. (2010) evaluated100 drinking
water samples in Italy and evaluated the effect
of Arsenic (As). If Arsenic is more than the

permissible limits it cause diabetes and
damages children brain function (Tseng 1989;
Tseng et al. 2002; Wasserman et al. 2004; Von
Ehrenstein et al., 2006). It also cause liver
disease, kidney stone, skin cancer and lungs
faults (Morales et al., 2000; Chen et al., 2004).
Approximately, 100 million of peoples are at
health risks due to drinking arsenic polluted
water. Arsenic in drinking water cause skin,
lungs, kidney and bladder cancer (Baig et al.,
2009). Arsenic concentrations in drinking
water have been observed in several areas of
Pakistan including Lahore, Kasur, Jamshoro
and Manchar lake (Farooqi et al., 2007; Baig
et al., 2009; Arain et al., 2009). Consequently,
to eliminate the risks associated with Arsenic
concentration, integrated methods are required
especially in highly contaminated areas
(Bakhat et al., 2017).

Spatial statistical techniques are relatively
advanced that are used to handle large spatial
data for prediction purpose (Saeced et al.,
2015). The use of spatial statistical techniques
along with multivariate statistical methods are
effective  analytical tools for handling
multivariate spatial data (Ahmad et al., 2016;
Ahmad et al.,, 2017). Saeed et al., (2015)
examined the Arsenic concentration level in
groundwater of  Lahore-Pakistan
Ordinary Kriging, a well-known geo statistical
prediction technique and mapped the
prediction estimates using contour plots.

The main objective of this research is to assess
the water quality of Khanewal, Muzaffargarh
and Multan with special focus on Arsenic
concentration. To predict the unmeasured
sites, measured data is processed by R
software using the latest geo statistical kriging
methods along with some multivariate
statistical techniques. Suitable distance based

using
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evaluated and
prediction results are shown by contour plots
for the visual display of unmeasured sites to

correlation  structure is

help the policymakers in decision making for
the best interest of the community health.

Materials and Methods
Study Area

In this research, we collected data on water
samples from Muzaffargarh, Multanand
Khanewal, three cities of southern Punjab,
Pakistan (Figure 1). The climate of these cities
consists
These

of hot summers and cold winter.

cities witness some of the

ISSN 2521-0149
ISSN 2519-7983

riskiest temperatures in the country where dust
storms are very commons. Multiple crops like
cotton, wheat, rice, maize, sugarcane, pulses,
oilseeds, vegetables and many types of fruits
are grown in these cities. For assessing the
ground water condition, 550 samples were
collected and analyzed to assess the levels of
Arsenic, TDS, Magnesium, Bicarbonate,
Calcium, Sodium, Sulfate and Potassium.

To carry out the analysis, we have considered
two software’s: Minitab (summary statistics,
regression and correlation analysis and R
software for spatial analysis based on kriging
(Ribeiro and Diggle 2006)

Fig. 1. Site Map of water samples collected from three cities of Punjab (Muzaffargarh, Multan, Khanewal)..

Legend

< data-of-3cities

0510 20 30 40

[ | PUNUAB CITIES

II_:F Miles

Water Quality Parameters

980



Anum Iftikhar, Shi Hongbo, Magsood Ahmad, Nasir Ali & Saddam Hussain

The water quality parameters describe that
either that water is suitable for human use or
not. These parameters have been described
with summary statistics in Table 1. Among
these parameters, Arsenic (As) takes place in
many minerals like sulfur and metals. It is one
of the risky elements that exists in the water
(Saeed et al. 2015).

High level of TDS has a main role in
contaminating the fresh groundwater that
disturb the groundwater quality(Ahmad and
Chand 2015). Organic matters that include
household dirt, mud, leaves and wastages of
industries and other inorganic matters such as
bicarbonates, carbonates, chlorides, nitrates
and sulfates are effective sources that cause
excessive level of TDS in water. Excessive
TDS in groundwater have ecological impacts
both on human health and aquatic. Sulfate is
another chemical parameter that naturally exist
in drinking water and its excessive amount in
drinking water cause lasting diseases such as
stomach disorder, diarrhea, laxative effects
and food poisoning infants and adults(Ahmad
et al. 2016). Potassium with symbol Kisvery
reactive with water, producing sufficient heat
to burn the hydrogen. Sodium (Na) is exactly
solvable in water and is clarified from the
earth to surface and groundwater. Bicarbonate
is used to increase the pH level in water.
Calcium (Ca) is another quality
parameter and its suitable and permissible
intake is vital for achieving highest bone mass.
Magnesium has also great significance to
human welfare and its low intake of either
nutrient can harm the human
health(Muhammad et al. 2010).

Statistical techniques

Statistical techniques are used in all types of
data analysis either it is qualitative or

water

quantitative. ~ Usually  descriptive  and
inferential statistical techniques are applied for
data analysis. Multivariate
statistical methods are used to handle the data
having more than variables. In
environmental researches, usually data sets are
of multivariate nature with high dimensions
thus for such data sets classification, modeling
and dimension reduction is required (Ahmad et
al. 2017); (Muhammad et al. 2010).To assess
the dependence between the water quality
parameters, we use an empirical regression
equation described as:

Y = Bo + B1X; (1)
Where, £, is the intercept that shows the value

univariate

two

of response when explanatory variable is zero
whilef; is the slope of the estimated
regression equation. Moreover, Y is dependent
and X is explanatory variable. The normal
equations can be deduced from equations (1)
as:

i=1Y; = nPo + P1 Xizq Xi 2)

1 XV = Bo it Xi + B XL X7 (3)
Where 5, and [5; are theregression parameters
which can be estimated by solving the two
normal equations (2)- (3).

Geostatistics and Kriging model

Geostatistics is a branch of Spatial Statistics
that deal the geographical referenced spatial
and spatio-temporal data for prediction and
interpolation. Kriging 1s just like the
regression model with a difference that it deals
the spatial data for predicting the unmeasured
locations on the basis of measured locations. It
is a family of estimators applied to predict the
spatial or spatio-temporal data. Simple
Kriging, ordinary kriging and cokriging are
usually used in GIS for handling such data. In
kriging methods, response variable is usually
referred as regionalized variable. Let
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Y(5;):Y(s1),Y(sy),...,Y(s,) are n
realizations of the regionalized variable than
the unknown value Y (sy) is predicted on the

spatial

basis of ordinary kriging equation described
as:

Y(so) = X, Y (s) “4)

Where A; are the weights related to the
distances among measured observations and
sum of theses weights always equal to unity
such as:

=i =1, )
which is a basic prerequisite for an unbiased
prediction of unmeasured locations.

Results and discussion

In this section, we have described the results
deduced from water quality indicators using
different statistical methods.

Summary statistics
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Descriptive statistical measures are usually
calculated to view the center, dispersion and
shape of the variables. In Table 1, minimum,
maximum, average and SD of water quality
parameters along with permissible limits of
WHO have been calculated. The average
amount of every water quality parameter has
been equated with the standard permissible
limit WHO. It has been observed that Arsenic
(ppb) concentration for the underlying data
ranges from 0 to150 with an average of 22.70
ppb which was alarming. TDS concentration
for the underlying data ranges from133 to
3424mg/1, Sulfate concentration ranges from
13 to 2133 mg/l, Calcium ranges from 12 to
464 mg/1, Sodium ranges from 7 to 930 mg/l,
Potassium ranges from 1 to 37 mg/l,
Magnesium ranges from 0 to 145 mg/l and
Bicarbonate ranges from 73 to 1244 mg/l.
Most of the water quality parameter crossed
the permissible limit of the water quality
parameter.

Table 1. Summary Statistics (Minimum, Maximum, Average and SD) of water quality parameters along with
permissible limits of WHO.

Water Quality Parameters Min. Mean | Max. |S.D WHO
limits
Arsenic (ppb) 0.00 22.70 | 150 26.15 | <12
TDS (Mg/l) 133 722 3424 | 521.3 | <1000
Sulfate (Mg/1) 13 197.30 | 2133 | 206.99 | <500
Calcium (Mg/1) 12 69.17 | 464 40.88 | -
Sodium (Mg/l) 7 144.50 | 930 138.86 | <200
Potassium(Mg/1) 1 6.155 |37 4316 | <12
Magnesium (Mg/l) 0 28.569 | 145 19.602 | <150
Bicarbonate(Mg/1) 73 336.66 | 1244 | 141.65 | -
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Fig 2: Arsenic concentration (ppb) at Khanewal (195 samples), Multan (253 samples and Muzafargarh (108
samples)
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In Fig 2, Arsenic concentration has been
compared city wise. It has been noted that
Multan has comparatively high in Arsenic
concentration (ppb) in drinking water while
Khanewal is at lower level.

Pearsons’ correlation coefficients

To evaluate the pair wise association among
the water quality parameters, Pearson’s
correlations coefficients have been computed.
Fig 3represented that that Arsenic has negative
association with all water quality parameters
except Calcium (r=0.035). TDS have high pair
wise correlation with all water quality
parameters expect Calcium and
Potassium(r=0.38, 0.43 respectively). Sulfate
represented maximum association with sodium
(r=0.85), while magnesium showed positive

correlation with all water quality parameters
expect Arsenic (r=-0.172) having maximum
correlation with TDS (r=0.64).

Estimation of Regression Equations
Correlation coefficients only show the pair
wise association while regression equation
depicts the structure of the
variables. Thus, regression equations along
with coefficient of determination (R?), have

dependence

been estimated. Rassists in evaluating the
goodness of fit of the regression
models(Ahmad et al. 2017). Among all
equations shown in Table 2, it has been
observed that the effect of sulfate on TDS is
the  best  fit  with  R’=98.4%.
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Fig 3: A graphical display of Pearsons’
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Table 2: Best Regression models for the observed water quality indicators

Dependent Variable Independent Variable Bo + b1 R’

TDS Calcium -42 +12.0 87.7%
TDS Magnesium 28 +30.4 85.5%
TDS Sulfate 277+1.91 98.4%
Magnesium Sulfate 24.9 +0.0830 83.9%
Magnesium Sodium 35.4+0.193 56.7%
Potassium Sodium 3.18 +0.00953 70.4%
Potassium TDS 2.78 +0.00173 67.8%

It has also been noted that the dependence of
TDS Calcium  with R’=87.7%,
Magnesium over Sulfate R2=83.9%, Calcium
over Sulfate R’=86.6% and Potassium over
Sodium R*=87.6% were also high.

over

3.4 Multivariate Factor Analysis

Since, multivariate statistical analysis is a
consistent ~method for the
environmental and natural sources (Panda et
al. 2006).Factor

analyzing
analysis, a well-known
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multivariate technique has been used to assess
the linearly correlated variables(Ahmad et al.
2017). Scree plot suggest the three
uncorrelated factors to carry out the analysis
rather than dealing all water quality
parameters. In Table 3, three factors
constructed using varimax rotation method are

shown. Following relations can be derived

between these three factors and original
variables:

Factor1=0.972[S04]+0.960[ TDS]+0.916[Na]
+0.894[Ca]+0.866[Mg]+0.8[K].
Factor2=0.722[HCOs]

Factor3=0.847[As]

Table 3: Organized rotated factor loadings and
communalities

Table 3: Significant loadings

Variable Factor 1 Factor 2 | Factor 3 | Communality
Sulfate (SO4) 0.972* 0.157 -0.104 0.981
TDS 0.960* 0.215 -0.156 0.995
Sodium (Na) 0.916* 0.012 -0.255 0.929
Calcium (Ca) 0.894* 0.358 -0.021 0.936
Magnesium (Mg) 0.866* 0.425 -0.039 0.934
Potassium (K) 0.800* 0.061 -0.311 0.770
Bicarbonate 0.334 0.722* -0.519 0.934
Arsenic -0.158 -0.135 0.847* 0.785
% Explained Variance 0.481 0.146 0.090 0.898

Table 3 defines the results of factor analysis
with a total variance of 89.8% for 3 factors.
First factor added 48.1% to the total variance
with maximum loading on SO4, TDS, Na, Ca,
Mg and K. Second factor added 14.6% to the
total variance with maximum loading on
HCO; while third factor contributed 9% to the
total variance with maximum loading on
Arsenic. Thus TDS, Magnesium Calcium,
Sulfate, Potassium and Sodium falls in first
factor therefore these water quality parameters
are linearly associated with each other.
Arsenic did not represent strong collinearity
with any water quality parameter thus it falls
distinctly in a third factor.

3.5 Spatial mapping

Initially, we estimated the three parameters of
the variogram (sill, range and nugget)for all
water quality parameters. Exponential and
spherical covariance functions best fitted the

variogram model for all parameters. These are
estimated using OLS and WLS estimation
method where WLS showed better results as
compared to OLS. We use the geo R package
(Ribeiro and Diggle 2006) of R statistical
software (R Core Team 2014) to spatially
model and predict these water parameters. We
plug-in the estimated parameters values in
kriging equations and compared
geostatistical prediction techniques (ordinary
kriging and simple kriging) through mean
square error (MSE) and coefficient of
determination (Rz). As table 4 shows that the
MSE and R? for ordinary kriging are showing
its superiority. Thus we selected the ordinary
kriging and estimated its parameters for each
water quality indicator. Arsenic was found to
be alarming at the east latitude 29.5°-30°, north
longitude 71°-71.5°and similarly at the east
latitude 28°-28.5°, north longitude 71° -72°.

two
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Table 4: Comparison of ordinary kriging with simple kriging through mean square error (MSE) and
coefficient of determination (R?).

Parameter Unit Ordinary Kriging Simple Kriging
MSE R’ MSE R’

Arsenic ppb 19.97 0.64 26.33 0.34
TDS Mg/l 1921.3 0.73 2249 0.44
Calcium Mg/l 12.881 0.69 1482 0.63
Sulfate Mg/l 1206.5 0.81 1304.9 0.59
Potassium Mg/l 88.71 0.64 98.5 0.47
Sodium Mg/l 2812 0.74 3221 0.60
Bicarbonate Mg/l 1416 0.65 1843 0.58
Magnesium Mg/l 98.12 0.71 149.7 0.49

These maps showed clear picture of their
concentration level at the study area. The red
shaded areas showed the most alarming zones
where all parameters extensively crossed the
WHO permissible limits (Table 1).
Conclusions

In this paper, we studied eight water quality
indicators (Arsenic, TDS, Calcium,
Magnesium, Bicarbonate, Potassium, Sodium
and Sulfate) in the groundwater of Southern
Punjab. It was found that majority of the water
samples within the sampling region were
beyond the permissible limits set by WHO.
Multivariate correlation matrix suggested pair

wise association among the water quality
indicators while factor analysis grouped the
most correlated and related
parameters which were chemically behaving
alike. Thus factor analysis proved to be useful
in assessing the highly significant water
quality parameters. Using the geostatistical
ordinary kriging technique, we predicted the
unmeasured locations and mapped the resulted
prediction values of these variables using
contour plot. Arsenic was found to be alarming
at the east latitude 29.5°-30°, north longitude
71° -71.5%nd similarly at the east latitude 28°-
28.5°, north longitude 71° -72°.

seemingly
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Fig. 4: Contour plots of Arsenic, TDS, Calcium, Magnesium, Bicarbonate, Pottasium, Sodium and Sulfate.

Arse

nic

Latitude
Latitude

Longitude Longitude
Bicarbonate Potassium
AR 600 ;

\
=
[@)
) 500
0
O 400 8
2 2
8 4 8
P 300
N
e 200
[es)
N
M RB M
Longitude Longitude
On the basis of these results, it is

recommended that the residents of these

1500

500

-500

Calcium

Magnesium

160

30.0

140

120

29.5

100

Latitude

Latitu
29.0

28.5

™

0o M R B B M

Longitude
Sodium

7

600
600

3Q0.0
oS

400 500

400

29.5

200
300

Latitude
Latitude

29.0

200

100

28.5

-200

M RBM
Longitude

0 M R B H
Longitude

7 7

in central Italy. Toxicol Environ Chem
92:509-520

regions must be aware of that water especially Ahmad M, Chand S (2015) Spatial distribution

for drinking purpose and it should not be used

without desalination at the alarming locations

shown in prediction maps for preserving good

health.
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