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Abstract

This study is the first to be conducted in Sharurah governorate, Saudi Arabia, on groundwater. In this study,
correlation analysis and water quality index WQI were used to analyze thirty data points of groundwater in
some fields (15wells) in Sharurah city and its outskirts. The correlation analysis utilized the correlation
coefficient to study the relationship between different physicochemical parameters such as Hydrogen ion
concentration (pH), electrical conductivity (EC), turbidity (Turb), total dissolved solids (T DS), total hardness
(TH), chloride (CL7), sulfate (SO27), fluoride (F~), total iron (Fe) nitrite (NO;) and nitrate (NO3), of
groundwater at studied wells for Sharurah city. On the other hand, water quality index provides a useful tool
for monitoring of water quality, it uses the values of different water parameters in a mathematical equation
to produce a value that rates water quality, and determines the suitability of water for drinking. The study
came out with the results that there are several statistically significant correlations between water parameters.
Whereas water quality index W QI result reflects that 80% of the samples are of excellent and good quality.

Keywords: Water quality parameters, Correlation coefficient, Water quality index, Sharurah governorate,

Saudi Arabia.

1. Introduction

Water is a chemical substance that is composed of
hydrogen and oxygen and is a ubiquitous in life [1].
Approximately 71% of the Earth's surface is covered by
water, mostly in seas and oceans [2]. Seas and oceans hold
about 97 % of surface water, groundwater 1.7%, glaciers
and the ice caps 1.7 %, and other land surface water such
as rivers, lakes and ponds 0.6% [3]. Water resources are
limited and non-renewable in Saudi Arabia, which is an
arid, and the largest country in the Middle East. Most of
the people worldwide use groundwater for various
purposes such as agriculture, household, industrial,
recreational and environmental activities [4]. Water is the
most important natural resource because it is renewable
but not replaceable [4, 5].

The sedimentary rock formations that store water in the
Kingdom are classified into major reservoirs (Al-Saq,
Tabuk, Al-Wajid, Al-Manjoor, Al-Bayyadh, Al-Wasee’,
Umm Radhuma, Dammam, and Al-Nyujin). Al-Wajid
Formation is located in the center of the south of the
Kingdom, and its exposure appears on the surface of the
earth at a distance of 300 km south of Wadi Al-Dawasir,
and its width does not exceed 100 km. Its eastern borders
are unknown, but it is believed that it is located under the
Empty Quarter Basin, and its confined part extends to the
south, as it is located in the dug wells in Sharurah and Al-
Wadi’ah in the south of the Empty Quarter [6].

Several studies were conducted on water quality in Saudi
Arabia as [7-13].
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In this study, correlation analysis will be used to
investigate the groundwater of Sharurah Governorate —
Saudi Arabia based on different water quality parameters.

1.1 Water Quality Index WQOI

Water Quality Index WQI is defined as a reflection of
composite influence of water quality parameters [14-16].
The objective of WQI is to transform the large and
complex information of water quality data into a simplified
and useable information by the public and legislative
decision makers [17, 18]. Water quality monitoring has
become a central issue of many national and international
environmental organizations in different countries; to
identify whether waters meet designated uses, and to
identify specific pollutants and sources of pollution
[19, 20]. Many studies have used various indices to predict
the water quality of different regions for drinking and other
uses [18, 21-26]. [27] have proposed a simple effective
method to summarize the overall characters
(physicochemical and biological) of water to produce a
simple, stable, consistent, and repeatable index that could
be used to assess water quality [28, 29].

2. Materials and Methods
2.1 Groundwater quality data

Sharurah is a city in Najran province, southern Saudi
Arabia, approximately 200 miles east of the city of Najran
(Figure 1). and the population of Sharurah is 170,000,
based on 2022 Census.
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Fig. 1: Sharurah Location in Saudi Arabia
(https://www.nationsonline.org/oneworld/map/saudi-

arabia-map.htm).

Sharurah is a desert region located in the southern part of
Saudi Arabia. Groundwater in this region is the only
source of drinking water. So, its suitability for drinking and
household uses is of public and scientific concern. These
samples of groundwater were collected from 15 wells with
a depth exceed 1000 meters (two samples from each well
at 6 months interval) from March 2016 to December 2017;
and were analyzed at Najran water laboratories, Ministry
of Water.

Water quality correlation analysis is one of the most
effective tools for monitoring water quality. Little work
has been done on assessing groundwater quality in Saudi
Arabia, particularly in Najran. Therefore, this method is
used for the first time to assess the quality of water in
Sharurah which is called the Bride of the Desert of the
Empty Quarter.

In this study, the samples were analyzed for eleven
physicochemical parameters such as Hydrogen ion
concentration (pH), electrical conductivity(EC), turbidity
(Turb), total dissolved solids (TDS), total hardness (TH),
chloride (CI7), sulfate(S02™), fluoride (F~), total iron
(Fe), nitrite (NO3) and nitrate (NO3).

2.2 Statistical and Correlation Analysis

Water quality data was summarized in table and graphical
form using Microsoft Excel, and SPSS. Moreover, a
comparison of groundwater quality with Saudi Arabia
standards for groundwater was performed.

Correlation coefficient is a single summary number that
measure how strong a relationship is between two
variables. To obtain the relationship between two
parameters x and y , the Karl Pearson’s correlation
coefficient R is calculated using the following equation
[30-32]:

— n2?=1(xiJ’i)—(Z?=1xi)(Z?:ﬁ’i) (1)
Tt - ) [ 5y v (52 0

where n is the number of data points. If R is found between
-1 and 1, this indicates a good correlation coefficient. If the
value of correlation coefficient R between xand y is close
to +1, this means that these two variables are highly
correlated. In such cases, it is suitable to use the linear
equation shown below [31,32]:

y=ax+b 2

where ‘@’ is the slope and ‘b’ is the intercept. a and b are
to be determined by fitting the experimental data on the
variables x and y to equation (2). The values of the
constants ‘@’ and ‘b’ are calculated from the following
relations:

” a” is the slope and ” b” is the intercept.

_ ni(xy)-XxXy
= asan-gn? ®)
and
b= ry-ayx (4)

n

2.3 WQI Calculation

This study used the index proposed by [27] to assess the
quality of the groundwater. Although, this method has
been widely used by many researchers, it is considered to
apply for the first time in studying the quality of
groundwater in Sharurah Governorate — Saudi Arabia.
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Relying on several water quality parameters, we can obtain
a single number, which characterizes the overall quality of
the water. To calculate the , eleven parameters such as: pH
,EC,Turb,TDS ,TH ,Cl” ,S0;~ ,F~ ,Fe,NO; and
NO3 have been used. WQI was computed by using the
following three steps [23, 24, 33-35]:

First step: quality rating Q; of i"" parameter for a total of n
water quality parameters is computed for each of the
parameters by using the following expression:

0, =2Zlix 100 (5)

Si—I;
where:

M; is the monitored value of the water quality parameter
obtained from laboratory analysis.

I; is the ideal value of that water quality parameter, I; for
pH is 7 but for other parameters equals zero.

Vsandard 1S the standard of the water quality parameters.

Second step: the relative (unit) weight W; for each water
quality parameter was determined by using the following
formula:

K
Wi=g (6)
where S;V,tuar 1S the standard permissible value for nth
parameter, K is the proportionality constant, which can be
calculated by using the following formula:

1

K=— )

2(s;)
Here the value of K is considered 1 [36].

In the final step, the overall Water Quality index WQI
calculated by using the following formula:

n
— Zi:1 QiW;
?:1Wi

wQl (®)

3. Results and Discussions
3.1 Statistical analysis

Descriptive statistics of the physicochemical parameters
for the collected groundwater samples were presented in
Table 1, where the parameters were compared to the Saudi
groundwater standards [37, 38]. Figure 2, represents a line
plot for the studied groundwater samples, with a dotted
line representing the desirable limits. The results showed
that all samples have complied with the standards for
electrical conductivityEC, total dissolved solids TDS,
Total Hardness TH, Sulfate SO;~ , Fluoride F~, Nitrite
NO3, and Nitrate NO3 .

The pH value of groundwater samples indicated their
slightly acidic to moderately alkaline nature (pH ranged
from 6 to 7.9), with 93.3% of the sample fell within the
desirable limits. Total dissolved solids TDS indicated the
salinity behavior of groundwater. TDS values of the
studied samples varied from 427 to 880mg. L™, and fell
within the desirable limits. However, with a mean value of
625mg. L™, Figure 2(d) showed that most of the studied
samples exceeded the desirable limit for drinking water
supplies (<500 mg. L™1) cited by [39].

Chlorides are common constituents of all natural water.
The measurable concentrations of CI~ were in the range of
100 — 300mg. L™1, and about 7% of samples exceeded
the maximum limits as per [37]. Turbidity is the measure
of relative clarity of a liquid, ranged from 0.7 to 10 NTU
with almost 17% of the studied ground water samples
exceeding the maximum limit recommended by [37]. High
levels of iron in groundwater can serious problems to
human health and affect water’s taste. Iron concentration
ranged from 0.04 to 0.3mg. L™, where more than 33% of
the studied samples contained Fe concentration that
exceeded the Saudi Arabian Standards Organization [37].

Table 1: Descriptive statistics and comparison of groundwater quality with Saudi Arabia groundwater standards [33, 34]

D D o ble O. plla
4

pH 6 7.9 7.16 0.48 6.5-8.5 93.3%
Turb (NTU) 0.7 10 2.14 222 5 833 %
EC (uS cm™) 854 1977 1271.83 315.09 2500 100 %
TDS (mg.L™") 427 880 625 141 1000 100 %
TH (mg.L™?) 120 320 178.67 4631 500 100 %
Cl” (mg.L™Y) 100 300 178 53 250 93.3 %
$0% (mng.L™Y) 45 198 111.43 45.45 250 100 %
F~ (mg.L™") 0 0.72 0.23 0.20 L5 100 %
Fe (mg.L™") 0.04 1.53 0.32 0.33 0.3 66.7 %
NO; (mg.L™1) 0 0.08 0.02 0.02 3 100 %
NO; (mg.L™Y) 0.1 7 325 1.58 50 100 %
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Fig. 2: Variation of (a) pH, (b) electrical conductivity, (c) turbidity, (d) total dissolved solids, (e) total hardness,
() chloride, (g) sulfate, (h) fluoride, (i) total iron, (j) nitrite and (k) nitrate with groundwater samples.

Table 2: Pearson's Correlation Coefficient among groundwater parameters using SPSS (version 19).

Parameter pH Turb EC TDS TH cl- N F~ Fe NO; NO3

pH 1

Turb -0.328 1
EC -0.557* 0.338 1

TDS -0.47* 0.324 0.888* 1
TH -0.508* 0.121 0.644* 0.52* 1
cl- -0.531* 0.351 0.792* 0.92* 0.48* 1

N 0.452* -0.206 -0.096 -0.2 0.224 -0.264 1
F~ -0.12 0.394* -0.0493 -0.0435 | -0.000516 | 0.0431 -0.102 1
Fe -0.324 -0.269 0.365* 0.395* 0.416* 0.463* -0.0177 -0.182 1

NO; 0.114 -0.385%* 0.0389 0.215 -0.0843 0.241 -0.218 -0.244 0.523* 1

NO3 0.296 -0.264 -0.0398 -0.0198 | -0.00867 | -0.0891 0.34 -0.444* -0.108 0.16 1

* Correlation is significant at the 0.05 level

Correlation analysis of water parameters shows number of
statistically significant correlations between several
parameters. The strongest positive (R = 0.92) is observed
between total dissolved solids TDS and ChlorideCl™
(Figure 3), and R = 0.888 between electrical conductivity
EC and TDS (Figure 4), therefore high conductivity values

of all samples reflect the amount of total dissolved solids
TDSin groundwater. Moreover, a positive correlation was
found R = 0.792 between EC and Cl~ (Figure 5), which
indicates the strong relation between these three
physiochemical groundwater parameters. The correlation
coefficient between each pair of the studied parameters can
be found in Table 2.

EJUA-BA | March 2024



EJUA Electronic Journal of University of Aden for Basic and Applied Sciences

Vol. 5, No. 1, March 2024

Daraigan, et al. Pages 1-10

https://ejua.net

350 350
- 5
50 T r T T T 50 T - T T T T T
400 500 800 700 800 500 1000 800 800 1000 1200 1400 1800 1800 2000 200
TDS (mg.L™) EC (uS.cmi’)
Fig. 3: Correlation between TDS and Cl~ Fig. 5: Correlation between ECand CI~
3.2 Water Quality Index WQI
e The water quality index of all samples taken was
o004 calculated according to the procedure explained previously
in materials and methods (eq.5, €g.6 and eq.8). Values of
w00 WQI obtained for groundwater in the different 15 wells (30
= samples) are shown in Table 3.
g,% ] Figure 6 shows the statistical summary for water quality
T w0 index WQI of groundwater samples. It can be seen that
WQI values varied from 15.5t0 366.75. The minimum
00 value has been recorded from sample no. 11 while the
w . . . ‘ ' . . maximum has been recor_ded from sample_ _no. _12. The
€00 8 1000 1200 1400 1600 1800 2000 2200 computed WQI values (Figure 7) are classified into five
EC (uS.cm™) types “excellent water” to “water unsuitable for drinking”
Fig. 4: Correlation between EC and TDS according to [24, 40] as shown in Table 4. The results show
that more than half of water samples (53.33%) are
excellent,26.67%are good water, and only 3.33% are
unsuitable for drinking.
Table 3: Obtained WQI values of groundwater samples
Saramete Observed Va andard va eig Quality Rating 0
a a 0
pH 7.5 8.5 0.1176 33.33 3.92
Turb (NTU) 0.85 5 0.2 17 3.40
EC (uS cm™) 880 2500 0.0004 35.2 0.01
TDS (mg.L™?) 441 1000 0.001 44.1 0.04
TH (mg.L™) 128 500 0.002 25.6 0.05
Cl™ (mg.L™) 113 250 0.004 452 0.18
$0% (mg.L™?Y) 120 250 0.004 438 0.19
F~ (mg.L™) 0 1.5 0.67 0 0
Fe (mg.L™") 0.08 0.3 3.33 26.67 88.89
NO; (mg.L™") 0.004 3 0.33 0.13 0.04
NOj3 (mg.L™1) 2.1 50 0.02 42 0.08
n L W=4.682 T QW ,=96.82
Overall Water Quality Index WQI = ZEI—QM:‘E 20.68
6 2024 =)« | EJUA-BA
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It is observed that the majority of groundwater samples are
good quality water, indicating that groundwater can be
used for drinking purpose. Only six samples have poor
water quality. The highest value of WQI obtained is due to
the presence of iron in groundwater.

2501 Mean 80.85
Std. Deviation 71.38
20.0 Skewness 217
% K i 5.49
: urtosis K
g 1507 Minimum 155
g 1st Quartile 30.99
w 1007 Median 49.22
3rd Quartile 94.58
5.0 .
Maximum 366.77
95% Confidence interval for mean
0.0 1 T 1
0 100 200 300 400 51.96 109.74

wal

Fig. 6: Statistical summary for WQI of groundwater
samples

400 1

200

Water Quality Index

0 4
01224567 89101112131415161718192021222324262627282930

Sample Number
Fig. 7: Variation of water quality index in groundwater
samples.

Table 4: Water quality classification based on WQI
values (2016-2017)

De ptio Percentage
ae eve a ple

<50 Excellent 16 5333 %
50 - 100 Good water 8 26.67 %

100 - 200 Poor water 3 10 %
200 - 300 Very poor (bad) 2 6.67 %

water

Unsuitable (unfit) for o

> 300 drinking 1 3.33%

Table 5 shows the correlation coefficient between water
quality index WQI, and characteristics of groundwater.
Results showed highly significant positive correlations
between WQI and a total Iron (R = 0.999) which indicates
that Fe concentration has the strongest effect on Sharurah
groundwater quality. On the other hand, the correlation
coefficient between WQI and the parameters, namely,
Hydrogen ion concentrationpH, turbidityTurb, indicates a
rather weak negative relationship, while a very weak

negative relationship between WQI and sulfate S02~,
fluoride F~ and nitrate NO3. A low positive correlation
values was observed between WQI and electrical
conductivityEC, total dissolved solids TDS, total hardness
TH, chloride Cl~ and nitrite NO; . These results can be
summarized by saying that a total Iron has a strong
influence on the value of WQI. In other words, a total Iron
is the most important parameter that specify water quality
in our samples. Figure 8 shows the positive strongest
correlation between WQI and a total Iron Fe graphically.
This result is confirmed by the study [41] which showed
that a total iron has a significant effect on WQI.

Table 5: Correlation between WQI and selected
parameters of groundwater using SPSS.

Parameter Correlation coefficient (R) with WQI
pH —0.337
Turb —0.236
EC 0.375
TDS 0.406
TH 0.424
cl” 0.477
s0% -0.023
F~ -0.149
Fe 0.999
NO; 0.513
NO; -0.126
1.8
1.8 4
1.4 4
1.24
) 10
E 0.8 -
E 064
0.4 4
0.24
0.0 4
] 100 200 200 400

wal
Fig. 8: Correlation between WQI and Total Iron

The current study shows that all the selected parameters
are well in a compliance and agreement within water
quality standards given by [33]. Therefore, we can say that
it is fit for drinking purpose. As the importance of water
quality for human consumptions, it should be monitored
and checked continuously.

4. Conclusions and Recommendations

From correlation analysis, it is concluded that there is a
strong relation between the three physiochemical
groundwater parameters TDS, EC and Cl~, while there is
a weak and moderate relations between the other
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parameters, which means the correlation analysis
technique has been proven to be a very useful tool for
monitoring groundwater and has a good accuracy, this
leads to invest these results to reduce the costs of some
analytical instruments by predicting the parameters ECand
Cl™in terms of parameter TDS by establishing a suitable
regression equations.

The overall WQI values computed for the samples of
groundwater at some fields (15 wells) for Sharurah city
and its outskirts lies between class 1 (‘Excellent
water’(53.33%)) and class II (Good water’ (26.67%)
(Table 1), which indicates that the groundwater water
quality is good and suitable for drinking and other
domestic purposes. The variations of index values are due
to variation in physicochemical parameters of
groundwater. Application of W QI in this study is useful in
assessing the overall water quality. This method is
systematic and gives comparative evaluation of the water
quality in different wells. It is also helpful for public to
understand the water quality as well as being a useful tool
in many ways in the field of water quality management.
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