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Abstract

1. Introduction

Water is the “elixir of life” and the foundation of 
sustainable socioeconomic advancement (Cosgrove and 
Loucks 2015). In fact, the majority of freshwater is frozen, 
and the remainder is primarily stored in groundwater. 
Only 0.3% of freshwater is available for humans, animals, 
and plants’ requirements (Hotloś, 2008). Groundwater 
represents the major supply of water for all purposes in dry 
regions due to limited surface water supplies (Gutiérrez et 
al., 2018). However, human interventions have degraded 
groundwater quality to levels that exacerbate water scarcity, 
especially in water-stressed countries  (Elbeltagi et al., 
2022). Therefore, protection and sustainable management 
of groundwater is essential (Liu et al., 2019). Evaluating 
natural factors/processes as well as human interventions 
governing groundwater quality is a cornerstone in any 
sustainable management program of groundwater (Wang et 
al., 2020). Assessment of groundwater pollution could aid in 
the identification of potentially harmful sources of pollutants 
and areas at risk of groundwater pollution for proper water 

resources management (Ibrahim, 2019). Nitrate (NO3
-) is a 

big problem in many aquifers around the world, and it poses 
a big threat to groundwater resources, especially in areas 
where water is utilized for drinking and irrigation (Troudi 
et al., 2020; Soleimani et al., 2022). Hence, protecting water 
sources from NO3

- contamination is vital, especially in water-
stressed countries (Zhang et al., 2018; Yang et al., 2020). 
Numerous researches have shown that overexploitation and 
the usage of nitrogen fertilizers contaminate groundwater and 
cause human health problems  (Qiu et al., 2023). High nitrate 
exposure can result in several health problems such as “blue 
baby syndrome” (primarily in infants less than 6 months), 
an increased risk of cancer, miscarriages, heart disease, and 
thyroid enlargement  (Gangolli et al., 1994). Additionally, 
the quality of irrigational water affects soil conditions, and 
consequently, the growth of crops (Ayers and Westcot 1985). 
Typically, nitrate contamination is detected in groundwater 
due to its high solubility (Richa et al., 2022). Many studies 
have used different models and tools to assess groundwater 
fitness for irrigation and domestic purposes and its potential 
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Groundwater storage represents the ultimate source of drinking water in dry regions. Over-pumping, climate change, and 
diverse types of pollutants have all contributed to the deterioration of this precious resource. In order to protect human health 
and efficiently manage resources, it is crucial to conduct groundwater quality assessments for agricultural and domestic uses, 
especially drinking. In this study, two indices, the DWQI and NPI, are utilized to assess the fitness of the groundwater quality 
for drinking and to assess the magnitude of contamination by nitrate in Jerash region. Moreover, the fitness of the groundwater 
for irrigational purposes was assessed using the most commonly used indices, such as Kelly’s index (KI), magnesium hazard 
index (MHI), sodium adsorption ratio (SAR), electrical conductivity (EC), and the sodium percentage (%Na). Hierarchical 
cluster analysis (HCA) and conventional hydrochemical methods were applied to evaluate the groundwater chemistry. 
Results showed that the groundwater in the studied area is basically of a Ca-Mg-HCO3 facies, hardvery hard water. Although 
38% of the samples (dry season) and 35% of the samples (rainy season) possess NO3

- concentration above the maximum 
permissible limit (50 mg/L), the vast majority of the samples (96%) showed good to excellent water quality based on DWQI, 
authenticating suitability for drinking. On the other hand, the results of the NPI indicated that about 30% of the samples in 
both seasons present significant tovery significant levels of nitrate pollution with nitrate concentration surpassing 50 mg/L. 
In general, the NPI might be a better expression of water quality than the DWQI, which at low values, obscures or extremely 
masks important parameters such as nitrate, despite exceeding WHO guidelines. Thus, the DWQI should be used with high 
precaution, especially at low levels of the used hydrochemical parameters. Based on irrigational water quality indices, the 
groundwater in the studied area authenticates appropriateness for irrigation.
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2. Studied Area
The studied area is located in the northwestern highlands 

of the Amman-Zarqa basin (Figure 1a). It encompasses an 
area of approximately 188.3 km2, and is located between the 
coordinates at 3568545 m - 3582908 m N and 750269 m - 
777068m E (UTM system). It is just a few kilometers west 
of Jerash city, which is home to some of the best-preserved 
Roman ruins in the world. Jerash city is located 48 kilometers 
north of Amman, the capital of Jordan. The climate of the 
area under study is both arid and Mediterranean. Winter 
temperatures are a few degrees Celsius below zero, while 
summer temperatures average around 40 degrees Celsius  
(Al-Fugara et al., 2022). Average monthly temperature 
ranges from 7.9 ºC in January to 25.7 ºC in August. 
Minimum average temperature ranges from 3.6 ºC to 19.3 
ºC, and maximum average temperature ranges from 12.7 ºC 
in January to 33.1 ºC in August. The area experiences a wide 
range of precipitation, which varies from 319 mm to 560 mm 
(Figure 1b). As shown in Figure 1c, the agricultural land 
occupies about (33.4%) of the study area, followed by urban 
(29.5%), bare (28%), and forestlands (9%).

Geologically, the sedimentary rocks of the Upper 
Cretaceous Ajloun (A) and Belqa (B) groups dominate the 
studied area. These rocks overlie the sandstones of Kurnub 
group of the Lower Cretaceous (Figure 2a). The lithological 
and geological characteristics were thoroughly discussed in 
several studies (Bender 1974; Al Mahamid 2005; Hammouri 
and El-Naqa 2008; Al Kuisi et al., 2014; Al-Fugara et al., 
2022). The main lithological characteristics of the rock 
formations in the studied area are presented in Table 1. In the 
studied area, there are three aquifer complexes: The Kurnub 
sandstone aquifer, the Lower Ajloun aquifer (Na’ur and 
Hummar aquifers), and the Amman/Wadi As-Seir aquifer 
(Figure 2b). Kurnub aquifer is a potentially good aquifer in 
Jordan; however, in the studied area, it shows poor water 
quality and produces an uneconomical groundwater supply 
(Hammouri and El-Naqa 2007). Na’ur aquifer (A1/2) overlies 
the Kurnub, and it has a specific capacity in the range of 
0.01-12 m3/hr. Transmissivity is in the range of 0.3-100 
m2/d corresponding to a hydraulic conductivity of 0.0083 
to 2.7 m/d (Salameh and Bannayan 1993). Hummar aquifer 
has a transmissivity of 32 to 300 m2/d, corresponding to a 
hydraulic conductivity of 8.1 *10-7 to 7.6 *10-4 m/d  (Rimawi, 
1985). The groundwater level contour maps of Na’ur and 
Hummar aquifers are presented in Figure 3. Groundwater 
flow in both aquifers is directed towards the southwest and 
southeast of the study area.
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water quality fitness for drinking purposes because it helps 
understand water quality aspects by integrating complex 
data and producing a score that describes water quality 
status. Therefore, the present study was initiated with the 
following specific goals: (1) assessment of the groundwater 
quality for drinking using DWQI, (2) assessment of the 
groundwater contamination using the NPI, (3) assessment 
of the groundwater quality for irrigation, and (4) shedding 
light on the efficacy of the DWQI, especially at high levels 
of nitrate, and low levels of other hydrochemical parameters. 
The above-mentioned goals lie within the milestones of the 
Sixth Sustainable Development Goal of the United Nations. 

risk to human health (Adimalla and Wu 2019; Li et al., 2019; 
Adimalla et al., 2020). The drinking water quality index 
(DWQI) is a widely used tool to assess water quality and has 
recently been extensively used to demarcate water quality 
for domestic purposes (Xiao et al., 2021). The first water 
quality index was developed by Horton (1965), to convert the 
hydrochemical parameters into a single number describing 
the overall water quality. Horton’s index classifies the overall 
water quality into the following categories: excellent, good, 
poor, very poor, and unsuitable, based on the hydrochemical 
parameters, and the WHO guidelines of drinking water 
quality  (Rahman et al., 2022). The nitrate pollution index 
(NPI) was initially developed by  Obeidat et al., (2012)  to 
evaluate groundwater contamination by nitrate. The index 
is a single parameter index that incorporates the measured 
nitrate concentration in groundwater, and the threshold 
value of human origin (20 mg/L). It categorizes water quality 
into the following classification: clean (unpolluted), light 
pollution, moderate pollution, significant pollution, and very 
significant pollution (Obeidat et al., 2012). The index has 
been widely and successfully used to assess groundwater 
contamination by nitrate (Xiao et al., 2021; El Mountassir et 
al., 2022). Various criteria are utilized to assess the quality 
of irrigation water: electrical conductivity (EC), sodium 
adsorption ratio (SAR), sodium percentage (Na%), Kelley’s 
index (KI), and magnesium hazard (MH) (Subramani et 
al., 2005). By analyzing similarities/differences between 
sampling sites, multivariate statistical techniques have been 
widely utilized to characterize water quality (de Andrade 
et al., 2008; Obeidat et al., 2013). It provides a dependable 
technique for water resources management and rapid 
responses to water pollution  (Bodrud-Doza et al., 2016). 
Among these techniques, cluster and principal component 
analyses are the most prevalent ones. 

Jordan is a country in the arid Middle East region with 
an area of about 89,210 km2. Most of the country is an 
expanse of desert, where water resources are limited and 
scarce (Al-Kharabsheh, 2020). The current Jordanian share 
of freshwater is estimated at 90 m3/per capita/year, making 
it rank as the second most water-stressed country (Odeh, 
2019). Jordan gets about 67% of its water from groundwater 
extraction, with 27% of that coming from nonrenewable 
groundwater (Salameh et al., 2014). The crisis is worsening 
over time because of the high population growth, associated 
with sudden refugee influxes, agricultural expansion, 
increasing drought events, climate change, and inefficient 
water use, placing extraordinary demands on water 
resources (Al-Kharabsheh, 2020). Within the Jordanian 
context, several studies have utilized the DWQI to assess the 
appropriateness of water quality for drinking and irrigation 
purposes (Ibrahim 2018; Obeidat and Awawdeh 2021; Hyarat 
et al., 2022).  Several studies have shown that the studied 
area is vulnerable to contamination, particularly nitrate 
(Hammouri and El-Naqa, 2008). Accordingly, this study was 
initiated to map the groundwater quality in the studied area. 
Groundwater contamination by nitrate is a common problem 
and has gained great concern worldwide. This is attributed to 
its detrimental effects on human health and the environment. 
Additionally, the DWQI has been extensively used to assess 
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 Figure 1. Location map of the studied area a), a rainfall map b), land use/land cover with sampled localities c).

 Figure 2. Geological map of the study area a), and hydrogeological units b).



Table 1. Geological and Hydrogeological Classification of the Rock Units in the Studied Area.

Age Group Formation name Symbol Lithology Thickness (m) Aquifer potentiality

Maestrichtain

Belqa

Muwaqqar B3 Chalk, marl, chalky limestone 60-70 Poor 

Campanian Amman B2 Chert and limestone with 
phosphate 80-120 Poor 

Santonian Ghudran B1 Chalk, marl, marly limestone 15-20 Poor

Turonian

Ajloun

Wadi As Sir A7 Hard limestone, dolomitic 
limestone, with some chert 90-110 Excellent  

Cenomanian Shueib A5/6
Light gray limestone, inter-
bedded with marl and marly 
limestone

75-100 Poor

Cenomanian Hummar A4 Hard, high density limestone, 
dolomitic limestone 40-60 Good

Cenomanian Fuheis A3 Gray, olive, soft marl, marly 
limestone 60-80 Poor 

Cenomanian Na’ur A1/2 Limestone interbedded with 
marl and marly limestone 150-200 Good

Lower Cretaceous Kurnub Kurnub K Massive, white, multicolored 
sandstone 300 Good (poor water 

quality)

 Figure 3. Groundwater level contour map and groundwater flow 
direction of a) Na’ur aquifer, and b) Hummar aquifer.

3. Material and Method

Forty-four groundwater representative samples were 
gathered from 25 wells and springs distributed in the 
studied area (Figure 1c). All samples belong to the Lower 
Ajloun aquifer (Na’ur and Hummar aquifers). Two sampling 
campaigns were conducted: The first one, which represents 
the rainy season in Jordan, was conducted in March 2021, and 
the second campaign, which represents the dry season, was 
conducted in September 2021. The first campaign included 
samples no. (1-23), which represent one well (sample no. 
19) and twenty-two springs. The second campaign included 
samples no. (1-9, 11-14, 16-21, 24, and 25), which represent 
one well (sample no. 25) and twenty springs. The pH value, 
temperature, dissolved oxygen (DO), total dissolved solids 
(TDS), and electrical conductivity (EC) were all measured in 
using portable meters by Thermo Scientific (Elite PCTS pH/

Thermo Scientific Ion Chromatograph (Dionix ICS-
1600) was used to determine the concentrations of Cl–, Na+, 
K+, Ca2+, and Mg2+. The concentrations of SO4

2− and NO3
− were 

determined using a spectrophotometer (Lovibond 712005 
SpectroDirect Spectrophotometer). Bicarbonate (HCO3

−) 
concentration was determined by the titration method. 

Determination of the total hardness (TH) was carried out 
using the formula given by Todd (1980):

TH (as mg/l CaCO3) = 2.497 (Ca2+) + 4.11 (Mg2+)        (1)

The analytical uncertainty is less than 4%, where 
samples were analyzed in triplicate. The ionic charge balance 
was utilized to evaluate the analysis’s correctness, where it 
was reproducible within ±10% error limits (Appelo, 2005). 
According to Freeze and Cherry (1979), it can be calculated 
as follows:

                                        (2)

The concentrations are expressed in meq/L.

Conductivity/TDS/Salinity Pocket Testers) and Lovibond 
(SensoDirect 150 (Set 3) pH/Oxi/Temp). The accuracy of 
the devices is as follows: Electrical conductivity (±1% full 
scale), pH (±0.02), TDS (±1% full scale), and dissolved 
oxygen (0.4 mg/L). The samples were taken at the mouths 
of springs. Prior to sampling, the sampled wells were purged 
by removing a minimum of three well volumes or until T, 
EC, temperature, and pH became constant. The goal is to 
assure that the taken water samples accurately demonstrate 
the subsurface environment’s features and circumstances. 
The samples were filtered using a 0.45 μm acetate cellulose 
membrane and, then, moved to a pre-washed low-density 
polyethylene (LDPE) bottle gathered in 1000 mL and 60 
mL with proper storage and preservation techniques for the 
laboratory examination. The procedures given by American 
Public Health Association (APHA) (Apha, 1998) were 
utilized during fieldwork and laboratory work analyses. The 
coordinates of the sampled places were determined using 
GPS (GARMIN, GPS map 60CSx).

3.1. Sampling and Fieldwork

3.2. Laboratory Chemical Analyses
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Table 2. WHO Guidelines, Assigned Weight (wi) and Calculated Relative Weight (Wi) for each Parameter.

Table 3. NPI Classes (Obeidat et al., 2012).

Using univariate and multivariate statistical methods, 
large data sets are streamlined and arranged to provide 
substantial insight into the relationships between variables 
(Dixon and Massey Jr 1951). ANOVA test was utilized to 
determine whether dry and rainy water chemistry differed 
significantly. The P-value 0.05 was utilized as the statistical 
significance threshold. Hierarchical cluster analysis (HCA) 
was applied to the experimental groundwater data from 
Jarash studied area. The goal is to deduce the primary 
natural and anthropogenic processes/factors influencing 
groundwater quality. Ten parameters, including the major 
cations and anions, EC, and TDS are the input data for 
the analysis. Hierarchical clustering is the most prevalent 
technique, which gives conjectural similarity relationships 
between a single sample and the complete data set and is 
often represented as a dendrogram (McKenna Jr, 2003). To 
reduce the impact of the difference in the data dimensions, 
the data were normalized by z-scale transformation  (Liu et 
al., 2003). The statistical analyses and tests were performed 
using SPSS 13 (version 21, SPSS Inc., Chicago, Illinois, 
United States) and MS Excel.

2- Assigning a weight (AWi) to the parameters. The 
weight was estimated based on the parameter’s degree 
of significance for drinking (Table 2). The weight falls in 
the range of 1 to 5. NO3

−, SO4
2–, Cl–, and TDS have been 

assigned the highest weight (5) because of their importance 
in assessing water quality (Srinivasamoorthy, et al., 2008). 
Na+ was assigned a weight of 4, and Ca2+, Mg2 and K + were 
assigned a weight of 3 (Obeidat and Awawdeh, 2021). The 
following formula was utilized to estimate the relative weight 
(RWi) of each parameter (Njuguna et al., 2020):

                                                        (3)

, where

RWi: the relative weight, AWi: the parameter’s assigned 
weight, n: the number of parameters

3- Calculating the parameter’s quality rating (qi) using 
the following formula:

                                                                    (4)

, where

qi: the quality rating, Ci: the parameter’s measured 
concentration (mg/L), Si: WHO (2011) drinking water 
guideline (mg/L) for each parameter.

4- Calculating the water quality index using the following 
formula (Rabeiy, 2018):

                                                            (5)

The DWQI values obtained are classified as follows  
(Ismail et al., 2020): excellent, good, poor, very poor, and 
unsuitable with the DWQI values: <50, 50-100, 100-200, 
200-300, and >300, respectively.

To evaluate groundwater quality for drinking purposes, 
eight parameters (TDS, Mg2+, Ca2+, Na+, Cl–, SO4

2–, K+, and 
NO3

−) were utilized. Four steps were followed to calculate 
the DWQI (Swamee and Tyagi 2007): 

1- Determination of the selected parameters’ levels in the 
samples.

The NPI was initially developed by Obeidat et al., (2012) 
for the purpose of assessing the level of nitrate pollution in 
groundwater. It is a single-parameter water quality index and 
can be calculated using the following formula (Obeidat et al., 
2012):

                                                            (6)

, where

NPI refers to the nitrate pollution index.

Cs refers to the measured nitrate concentration of each 

sample.

HAV refers to the human-affected value (20 mg/L) 
(Spalding and Exner 1993). 

The level of groundwater nitrate pollution was classified 
into five groups as shown in Table 3.

The results were compared  against the established 
Jordanian Standards (JS, 2015) and WHO (2011) guidelines 
for drinking water quality.

3.4. Statistical Analysis

3.5. Drinking Water Quality Index (DWQI)

3.6. The Nitrate Pollution Index (NPI)

Parameter WHO (2011) Assigned weight (AWi) Relative weight (RWi)

TDS (mg/L) 1000 5 0.15

Cl- (mg/L) 250 5 0.15

SO4
2- (mg/L) 250 5 0.15

NO3
- (mg/L) 50 5 0.15

Na+ (mg/L) 200 4 0.13

Ca2+ (mg/L) 75 3 0.09

Mg2+ (mg/L) 100 3 0.09

K + (mg/L) 10 3 0.09

Sum of weights 33 1

NPI value Classification

< 0 Clean water

0-1 Light pollution

1-2 Moderate pollution

2-3 Significant pollution

>3 Very significant pollution
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Water appropriateness for irrigation can be evaluated 
based on the presence of undesirable dissolved chemicals. 
Since a considerable portion (33.4%) of the land-use in the 
studied area is agricultural, the groundwater quality was 
assessed for its suitability for irrigation purposes. The 
main parameters used in this study to assess groundwater 
for irrigation purposes are EC, sodium adsorption ratio 
(SAR), sodium percentage (Na%), Kelley’s index (KI), and 
magnesium hazard (MHI) (Table 4). These parameters were 

calculated based on the following formulae: 

                                (Wilcox, 1955)

   (Spandana et al., 2013)                        (7)

                                                     (Kelley, 1940)

                           (Spandana et al., 2013)

Concentrations are expressed in meq/l.

3.7. Assessment of Water Quality for Irrigation

4. Results and Discussion

The descriptive statistics of the hydrochemical 
parameters alongside with WHO (WHO, 2011) guidelines 
for drinking water quality and the Jordanian standards 
(JS, 2015) are shown in Table 5, and the detailed analytical 
results of nitrate, which are the main focus of this study, are 
presented in Table 6. The pH value ranges from 7.3 to 8.6 with 
an average of 7.7 in the rainy season, and from 7.2 to 8.3 with 
an average of 7.5 in the dry season. The groundwater is of 
slightly alkaline type, with a limit pH value considered safe 
between 6.5 to 9.0, based on WHO and Jordanian standards 
(JS, 2015). The DO concentration ranges from 4.6 mg/L 
(sample no. 7) to 11.6 mg/L (sample no. 4) with an average 
of 7.5 mg/L in the rainy season and from 5.0 mg/L (sample 
no. 14) to 9.2 mg/L (sample no. 11) with an average of 6.9 
mg/L in the dry season. About 9% and 29% of the samples 
during the rainy and dry seasons, respectively, showed DO 
levels of less than 6.5 mg/L, which could indicate a polluted 
or overgrown watershed system. The TDS content falls in 
the range of 324 mg/L (sample no. 3) to 1030 mg/L (sample 
no. 4) in the rainy season, with an average of 539 mg/l, and 
from 172 mg/L (sample no. 12) to 690 mg/L (sample no. 4), 

with an average of 351 mg/L in the dry season. According 
to WHO and JS, all of the water samples in the studied area 
have TDS levels of less than 1000 mg/L and are considered 
safe, with the exception of sample no.4 in the northeast of 
the studied area with a TDS value of 1030 mg/L in the rainy 
season. The EC value lies in the range of 457 µS/cm (sample 
no. 2) to 1423 µS/cm (sample no. 4) with an average of 759 
µS/cm in the rainy season (Figure 3a), and from 354 µS/cm 
(sample no. 12) to 1368 µS/cm (sample no. 4) with an average 
of 705 µS/cm in the dry season (Figure 3b). The high spatial 
variation in EC value can be attributed to differences in 
geology, agricultural activity, soil conditions, and leaching 
of surface contaminants (Daghara et al., 2019). For health 
purposes, the recommended value of EC is no more than 
(1,500 µS/cm) (WHO, 2011). All measured values of EC fall 
within the acceptable limits of the WHO and JS. ANOVA 
test revealed that there is no significant difference between 
the EC values of collected groundwater samples in the dry 
and rainy seasons. This was because the calculated F-value 
(1.6) was less than the critical F-value (4.1), and the calculated 
P-value (0.3) was greater than 0.05. This means that there are 
no seasonal variations in the EC. The TH ranges from 152.4 
mg/L (sample no. 3) to 426.4 mg/L (sample no. 4), with an 

4.1 Hydrochemical Characterization 

Table 4. Water Quality Classification Based on the SAR (Spandana, Suresh et al. 2013), Na% (Wilcox 1955), KI (Kelley 1940), MHI 
(Spandana, Suresh et al. 2013) and EC (Rajankar, Tambekar et al. 2011).

Parameter Range Water Class
Sample no.

Rainy season Dry season

Sodium adsorption 
ratio (SAR)

<10 Excellent (S1) All samples All samples

10-18 Good (S2) __

18-26 Doubtful (S3) __

>26 Unsuitable (S4) __

Sodium ratio 
(Na%)

<20 Excellent 1, 2, 5, 9, 11, 13, 14, 15, 16, 21, 22, 23 2, 3, 5, 6, 11, 14, 16, 17, 24, 25

20-40 Good 3, 6, 7, 10, 12, 17, 19, 20 1,7, 8, 12, 13, 18, 19, 20, 21

40-60 Permissible 4, 8, 18 4, 9

60-80 Doubtful __

>80 Unsuitable __

Kelly’s index (KI)
<1 Good All samples All samples

>1 Unsuitable __

Magnesium hazard 
index (MHI)

<50 Good All samples except sample no. 19 All samples except sample no. 20

>50 Bad 19 20

EC µS/cm

<250 Excellent __

250–750 Good 2, 3, 5, 9, 10, 11, 13, 14, 15, 19, 20, 
21, 22, 23

2, 3, 5, 6, 9, 11, 12, 13, 14, 16, 17, 19, 
20, 21, 24

750–2,000 Permissible 1, 4, 6, 7, 8, 12, 16, 18 1, 4, 7, 8, 16, 25

2,000–3,000 Doubtful __

>3,000 Unsuitable __
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Minerals are usually more easily absorbed in the 
intestines from water than from food (Rosborg and Kozisek, 
2016). Their origin is largely rooted in the bedrock and 
some anthropogenic activity, and they can all be present in 
high or low quantities in the groundwater as well as surface 
water (Rosborg and Kozisek 2016). In the studied area, the 
order of dominance of major cations is as follows: Ca2+ > 
Mg2+ > Na+ > K+, whereas that of anions is HCO3

– > Cl– > 
NO3

– > SO4
2–. The major source of calcium in water comes 

from limestone weathering (Meybeck, 1987) and agricultural 
fertilizers (Weyhenmeyer et al., 2019). Calcium concentration 
lies in the range of 44.3 mg/L (sample no. 19) to 155.9 mg/L 
(sample no. 4) with an average of 81.8 mg/L in the rainy 
season and 4.7 mg/L (sample no. 6) to 164 mg/L (sample 
no. 4) with an average of 87.7 mg/L in the dry season. About 
71%, and 57% of the samples in the dry and rainy seasons, 
respectively, exceeded the maximum calcium levels set by 
the WHO guidelines. However, according to the Jordanian 

standards (JS, 2015), all groundwater samples are considered 
safe in both seasons. Sodium and magnesium in groundwater 
originate from natural sources such as mineral dissolution 
(silicate weathering and magnesium-containing rocks) 
(Lakshmanan et al., 2003). Agricultural operations, sewage, 
and industrial effluents may be additional sources of sodium 
and magnesium in the groundwater (Hem, 1985). None of 
the samples exceeded the maximum magnesium and sodium 
levels set by the WHO guidelines and JS. In the rainy season, 
potassium concentration ranges from 0.10 mg/L (sample no. 
21) to 26.04 mg/L (sample no. 4), with an average of 2.59 
mg/L and ranges from 0.12 mg/L (sample no. 6) to 32.76 
mg/L (sample no. 4), with an average of 3.39 mg/L in the 
dry season. None of the samples exceeded the maximum 
potassium levels set by the WHO and JS, except sample no.4 
during both the rainy and dry seasons. Throughout the rainy 
season, bicarbonate concentration ranges from 64.0 mg/L 
(sample no. 6) to 128.0 mg/L (sample no. 16), with an average 
of 96.9 mg/L, and in the dry season It ranges from 76.0 mg/L 

average of 262.2 mg/L, and from 15.8 mg/L (sample no. 6) 
to 459.9 mg/L (sample no. 4), with an average of 293.4 mg/L 
in the rainy and dry seasons, respectively. Consequently, the 
groundwater in the studied area falls in the categories hard 

or very hard water, with the exception of sample no.6 in the 
middle part of the studied area in the rainy season, which can 
be classified as soft water.

4.2 Major Cations and anions

Table 5. Descriptive Statistics of Hydrochemical Parameters during the Rainy and Dry Seasons in the Studied Area, Jordanian Standards 
(JS 2015), and WHO Guidelines (WHO 2011).

Season Parameter Min. Max. Mean Standard 
deviation

Coefficient of 
variation (CV) (%) WHO (2011) Jordanian 

standard (2015)

Rainy 
season

pH 7.3 8.6 7.7 0.4 5.2 6.5–8.5 6.5–9.0

Temp 13.6 21.6 17.9 1.5 8.4 - -

TDS (mg/L) 324 1030 539.3 163.8 30.4 500–1000 500-1500

EC (µS/cm) 457 1423 758.9 228.2 30.1 1000-1500 750-2300

TH (mg/L CaCO3) 152.4 426.4 57.4 13.0 22.6 500 500

DO (mg/L) 4.6 11.6 7.5 1.27 16.9 - -

Na+ (mg/L) 10.3 80.5 26.8 18.6 69.4 200 200-400

K+ (mg/L) 0.10 26.0 2.6 5.4 200.1 10-12 10-50

Mg2+ (mg/L) 5.9 32.3 14.0 7.7 55 50 50-150

Ca2+ (mg/L) 44.3 156.0 81.9 23.7 28.9 75 75-200

SO4
2− (mg/L) 13.0 117.7 33.4 22.4 67.1 250 200-500

Cl− (mg/L) 14.2 139.1 47.2 36.0 76.3 250 200-500

HCO3
− (mg/L) 64.0 128.0 96.9 19.0 19.6 250-500 100-500

NO3
− (mg/L) 3.5 230.8 50.9 56.4 100.1 50 70

Dry 
season

pH 7.2 8.3 7.5 0.3 4.0

Temp 17.8 27.5 21.0 2.3 11

TDS (mg/L) 172.1 690 351.2 129.8 37

EC (µS/cm) 354 1368 704.6 254.9 36.2

TH (mg/L CaCO3) 15.8 459.9 293.4 92.0 31.4

DO (mg/L) 5 9.2 6.9 1.0 14.5

Na+ (mg/L) 0.6 93.8 31.5 24.9 79

K+ (mg/L) 0.1 32.8 3.4 7.0 200.1

Mg2+ (mg/L) 1.0 37.4 18.0 9.9 55

Ca2+ (mg/L) 4.7 164.0 87.8 32.5 37

SO4
2− (mg/L) 12.2 127.6 33.5 24.7 73.7

Cl− (mg/L) 13.0 154.4 57.5 46.0 80

HCO3
− (mg/L) 76.0 136.0 107.4 16.6 15.5

NO3
− (mg/L) 2.5 262.6 60.2 70.1 100.2
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Table 6. Detailed Analytical Results of Nitrate (the Focus of This Study), EC, DO, and pH. 
Samples no Rainy season Dry season

parameter pH DO 
(mg/L)

TDS 
(mg/L)

EC (µS/
cm)

NO3
− 

(mg/L) Ph DO 
(mg/L)

TDS 
(mg/L)

EC (µS/
cm)

NO3
− 

(mg/L)

1 7.7 6.2 602 851 54.3 7.76 5.4 375 758 39.5

2 7.4 7.1 471 659 24.1 7.64 6.7 309 627 33.5

3 8.0 7.5 324 457 13.8 7.94 6.6 220 449 13.1

4 7.4 11.6 1030 1423 230.8 7.44 7.5 690 1368 262.6

5 7.3 7.7 456 643 10.3 7.36 6.4 316 638 6.8

6 7.4 7.1 590 832 73.4 7.35 8.2 346 698 42.8

7 7.9 4.6 573 804 63.2 7.4 7 382 767 62.6

8 7.4 9.4 787 1114 120.3 7.46 5.9 614 1220 172.2

9 7.3 7.3 489 684 12.1 7.19 8.4 331 679 7.3

10 7.6 7.7 475 667 31.1 – – – – –

11 8.1 7.8 511 716 20.2 7.93 9.2 289 586 17.8

12 7.6 7.5 762 1080 164.4 7.41 6.3 172.1 354 190.3

13 7.5 6.8 434 609 16.2 7.94 5.7 233 497 17.2

14 7.3 7.8 420 592 14.7 7.22 5 276 555 8.4

15 7.9 8.2 442 618 18.1 – – – – –

16 7.3 7.5 550 796 43.5 7.27 7.6 314 629 40.1

17 7.3 7.5 623 876 72.5 7.19 7.9 337 674 52.5

18 7.3 7.3 750 1055 97.4 7.22 7.5 510 1015 97.4

19 7.7 8.1 511 723 3.5 7.5 6.5 313 632 2.5

20 8.5 8.4 409 576 46.7 8.25 6.9 285 519 37.2

21 7.8 6.6 418 587 14.8 7.55 7.7 271 547 19.9

22 8.1 7.2 406 572 14.1 – – – – –

23 8.6 6.2 370 520 12.4 – – – – –

24 – – – – – 7.41 6.3 269 542 21.7

25 – – – – – 7.38 6.9 523 1042 118.5

(sample no. 3) to 136.0 mg/L (sample no. 9), with an average 
of 107.4 mg/L. The aquifer’s calcite and dolomite weathering 
would contribute 50% of the bicarbonate ions. This process 
adds calcium, magnesium, and bicarbonate ions to the 
groundwater (Jeevanandam et al., 2007). Typically, chloride 
level in groundwater does not exceed 30 mg/L, but in arid areas, 
concentrations of 1000 mg/L or higher are typical (Saha et al., 
2019). A high chloride concentration is detrimental to metal 
pipelines, structures, and agricultural crops (Khashogji and El 
Maghraby 2013). In the rainy season, chloride concentration 
ranges from 14.2 mg/L (sample no. 14) to 139.1 mg/L (sample 
no. 4) with an average of 47.23 mg/L, while in the dry season, 
its concentration ranges from 12.0 mg/L (sample no. 3) to 
154.4 mg/L (sample no. 4) with an average of 57.5 mg/L. 
In the rainy season, sulfate concentration ranges from 13.0 
mg/L (sample no. 9) to 117.7 mg/L (sample no. 4), with an 
average concentration of 33.4 mg/L, and in the dry season, its 
concentration ranges from 12.2 mg/L (sample no. 3) to 127.6 
mg/L (sample no. 4), with an average concentration of 33.5 
mg/L. Dry fallout and industrial runoff are among the primary 
human activities that raise sulfate concentration (Venkatesan 
et al., 2021). Oxidation of marcasite and pyrite may play a 
significant role in this link (Rahman et al., 2013). The levels of 
bicarbonate, chloride, and sulfate in all groundwater samples 
are below the WHO guidelines and JS. Nitrate ion has a high 
solubility in water and readily reaches the groundwater. Its 
concentration ranges from 3.5 mg/L (sample no. 19) to 230.8 
mg/L (sample no. 4) with an average of 50.9 mg/L in the rainy 
season, and from 2.5 mg/L (sample no. 19) to 262.6 mg/L 
(sample no. 4) with an average of 60.1 mg/L in the dry season. 
About 81%, and 91% of the samples from both dry and rainy 
seasons, respectively, showed NO3

– concentrations exceeding 
the concentration of natural origin (5-10 mg/L (Panno et 

al., 2006), indicating human-induced nitrogen pollution. 
About 38%, and 35% of the samples from both dry and rainy 
seasons, respectively, showed NO3

– concentration higher than 
the WHO guidelines and JS of 50 mg/L. The favorable factor 
for the high level of nitrate in the studied region is primarily 
anthropogenic, consisting of agricultural practices, livestock 
farming, and home sewage (Al-Ajlouni et al., 2019; Al Kuisi 
et al., 2009). As a result of contamination, eight groundwater 
wells and springs (sample no. 1, 4, 7, 8, 12, 17, 18, and 25) 
are not recommended for drinking purposes. ANOVA test 
revealed no significant difference between the NO3

− values 
of the collected groundwater samples in the rainy and dry 
seasons because the calculated F-value (0.005) was less than 
the critical F-value (4.1), and the calculated P-value (1.0) 
was greater than 0.05. This means that there are no seasonal 
variations in nitrate concentration. Analyzing the groundwater 
samples, using a Piper diagram (diamond shape), revealed 
that the predominant water type is Ca–Mg–HCO3, followed 
by a Ca–Mg–Cl and a Ca–Mg–SO4 types during both the 
rainy and dry seasons (Figures 4a and b). The Ca–Mg–HCO3 
type reflects the weathering of limestone and dolomite that 
comprise the region’s primary rock formations. This type of 
freshwater indicated  that  it has been recently introduced and 
has not been contaminated by human activity (El Yaouti et al., 
2009). Ca-Mg-Cl water type originates as a result of invasion 
of highly saline, polluted water into unpolluted freshwater, 
followed by ion exchange reactions (Selvam et al., 2016). The 
majority of samples falls within the Ca-dominant zone of the 
cation facies, followed by the zone where no cation-anion 
pair exceeded 50%. Furthermore, the majority of samples was 
found within the anion zone’s no-dominating zone, with only 
a few samples falling within the HCO3

- and Cl- zones.
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cluster 1 does, and its water can be classified as Ca–Na–Cl. 
The nitrate concentration in this group is much higher than 
the WHO permissible limit (average NO3

− concentration 
of these samples =153.2 mg/L), indicating that the origin 
of nitrate pollution is mainly due to human activities. The 
water of this cluster is unfit for drinking. In the dry season, 
Cluster 1 includes the samples (no. 1, 2, 3, 5, 6, 7, 9, 11, 12, 
13, 14, 15, 16, 17, 19, and 21), whereas Cluster 2 includes the 
samples (no. 4, 8, and 18). Cluster 1 represents 84% of the 
samples, with the lowest concentration of dissolved ions and 
the water can be classified as Ca–Mg–HCO3 indicating the 
water is affected by water-rock interaction processes with 
slightly higher nitrate concentration than when it is in the 
natural background. Cluster 2 represents 16% of the samples, 
showing higher ionic concentrations than cluster 1 does, 
with nitrate concentration exceeding the WHO permissible 
limit (average NO3

− concentration =177.4 mg/L), indicating 
that the origin of pollution is from human activities. The 
water of this group can be classified as Ca–Na–Cl. When 
plotted using Schoeller diagram (Figure 6a and b), it can be 
concluded that the two clusters stem from a common origin, 
but due to water rock interaction and human impacts, the 
two clusters have been generated. Potential anthropogenic 
sources of groundwater contamination in the study area 
include cesspits, sewer overflows, illegal dumping of fluid 
wastes, olive tree cultivation (Hammouri and El-Naqa 2008). 
This can be confirmed by the land use/land cover map of the 
study area (Figure 2c). Accurate and specific identification 
of these sources requires more advanced techniques such as 
the stable isotope composition of the dissolved nitrate, which 
is the focus of another research being currently developed 
by the authors. In both seasons, the average values of all 
parameters are higher for cluster 2, and most of the samples 
belong to cluster 1. Additionally, the values of Cl-, NO3-, 
Ca2+, K+, and EC are higher in the dry season. No significant 
changes in the values of SO42-, HCO3-, and Na+. Ca–Mg–
HCO3 facies are considered the baseline groundwater 
in the study area. It is worth mentioning that some of the 
springs sampled in the wet season were not sampled in the 
dry season, since they became dry. Moreover, there are two 
additional points sampled in the dry season.

 Figure 4. Spatial distribution of EC (µS/cm) in the rainy season a), 
and in the dry season b).

Hierarchical cluster analysis (HCA) has been recently 
adopted for the purpose of groundwater quality evaluation 
(Lee et al., 2001; Kumar et al., 2009). It was applied to obtain 
common clusters of the sampled locations that have similar 
characteristics in the studied area. The dendrogram plot, 
which is useful in tracing HCA, was used, and two main 
clusters were extracted (Figure 5). The variables used in 
generating the clusters cover the major cations and anions, 
EC, and TDS of the groundwater for both the rainy and dry 
seasons. Table 7 presents the two major clusters with their 
average composition in the rainy and dry seasons. The 
distance between clusters 1 and 2 is 25, which shows that 
the geochemical properties of the water samples in cluster 
1 are different from those in cluster 2. In the rainy season, 
cluster 1 encompasses the samples (no. 1, 2, 3, 5, 6, 7, 9, 
10, 11, 13, 14, 15, 16, 17, 19, 20, 21, 22, and 23), whereas 
Cluster 2 encompasses the samples (no. 4, 8, 12, and 18). 
Cluster 1 represents 83% of the samples, and the water of this 
cluster can be classified as Ca–Mg–HCO3 with the lowest 
TDS content (477.6 mg/L) and lowest mean concentrations 
for all major parameters. The water of ten samples of this 
cluster (samples no. 3, 5, 9, 13, 14, 15, 19, 21, 22, and 23) 
was found to be affected by human activities and by water-
rock interaction processes (dissolution and ion exchange 
reactions) as it is indicated in the slightly higher nitrate 
concentration than the natural background concentration 
(5-10 mg/L). Five samples (no. 2, 10, 11, 16, and 20) were 
found to be contaminated due to human activities since 
nitrate concentration exceeds the threshold value of (5-10 
mg/L) but still less than WHO guidelines and JS (50 mg/L). 
The four remaining samples (no. 1, 6, 7, and 17) have NO3

− 
concentrations higher than the WHO guidelines and JS, 
demonstrating the impact of nitrogen pollution resulting 
from human activities. Due to contamination, these samples 
are not recommended for drinking. Cluster 2 represents 17% 
of the samples, showing higher ionic concentrations than 

4.3 Hierarchical Cluster Analysis (HCA) 

parameters
Rainy seasons Dry seasons

cluster 1 cluster 2 cluster 1 cluster 2

Cl- 33.0 114.7 38.6 142.1

NO3
- 29.4 153.2 37.0 177.4

SO4
2- 26.2 67.3 25.3 76.2

HCO3
- 95.4 104.0 107.3 101.3

Na+ 19.6 61.1 29.1 55.0

K+ 1.4 8.3 1.8 13.3

Mg2+ 13.0 19.1 18.8 15.3

Ca2+ 76.1 109.5 83.9 115.8

EC 672.7 1168.0 600.6 1201.0

TDS 477.6 832.3 298.1 604.7

Table 7. The Average of the Main Hydrochemical Parameters of 
Cluster 1 and Cluster 2 during the Rainy and Dry Seasons.
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 Figure 5. Piper’s trilinear diagram showing different facies of the 
groundwater in the studied area during the rainy season a), and in 

the dry season b).

 Figure 6. Dendrogram of clusters of the hydrochemical parameters in the rainy season a), and in the dry season b).

The Drinking Water Quality Index (DWQI) is a rating 
technique that offers the combined effect of individual water 
performance indicators of overall water quality based on 
several chemical parameters (Eslami et al., 2017). The WHO 
(2011) guidelines for drinking water quality have been used 
to calculate the DWQI, where water quality was divided into 
five groups based on the DWQI results (Table 8). The values 
of the DWQI fall in the range of 19.3 and 148.3 with an average 
of 43.4 in the rainy season and between 19.5 and 162.4 with 
an average of 46.0 in the dry season. The highest values of 
DWQI were found in the northeastern parts of the studied 
area (sample no. 4) in both the rainy and dry seasons (Figure 
7a and b). During the rainy season, the lowest values of DWQI 
were found in the northeastern, southwestern, southeastern, 
northwestern, western, and middle parts of the studied area 
(samples no. 1, 2, 3, 5, 7, 9, 10, 11, 13, 14, 15, 16, 19, and 
23), whereas in the dry season, the lowest values of DWQI 
were found in the northeastern, southwestern, southeastern, 
northwestern, western, and middle parts of the studied area 
(samples no. 1, 2, 3, 5, 6, 7, 9, 11, 13, 14, 16, 17, 19, 20, 21, 
and 24). Accordingly, about 95% of the groundwater samples 
possess good andexcellent water quality, although more 
than one third of the samples possesses nitrate levels higher 
than 50 mg/L. The wide variation in the DWQI reflects the 
variability of the levels of the used parameters, mainly TDS, 
Cl-, and NO3

-, which in turn reflects the influence of human 
activities on the water quality.

4.4 Drinking Water Quality Index (DWQI)
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 Figure 7. Schoeller’s diagram of the two clusters for the rainy a) and 
dry seasons b).

The nitrate pollution index (NPI) has been utilized as 
an indicator for nitrate pollution of the groundwater in the 
studied area. As shown in Table 9, the NPI values fall in the 
range of -0.82 to 10.5 with an average of 1.5 in the rainy 

Except for sample no. 4, which has poor water quality, all 
samples’ DWQI values correspond to good-excellent water 
quality classes, thus authenticating their appropriateness 
for drinking. On the other hand, NPI values show a wide 
range of nitrate pollution levels in groundwater in the 
studied area. Table 10 presents the matchup of the DWQI 
and NPI as water quality indicators compared to the WHO 
guidelines. When compared together, it is found that 
samples no. 1 (rainy season) and 17 (dry season) fall in the 
category “excellent water” based on the DWQI, and in the 
category “moderate pollution” based on the NPI. However, 

both samples have NO3
- concentrations above the WHO 

guidelines of 50 mg/L. Furthermore, samples no. 6, 7, and 17 
(rainy season) and no. 7 (dry season) are classified as “good-
excellent” by the DWQI and “significant pollution” by the 
NPI, despite having NO3

- concentrations above 50 mg/L 
in all of them. Despite having NO3

- concentrations above 
50 mg/L, samples no. 8, 12, and 18 (rainy season) and no. 
8, 12, 18, and 25 (dry season) fall into the category “good 
water” based on DWQI and the category “very significant 
pollution” based on NPI. Sample no. 4, representing the rainy 
and dry seasons, has a NO3

- concentration greater than 50 
mg/L and is classified as “poor water” by DWQI and “very 

season, and -0.87 to 12.1 with an average of 2.0 in the dry 
season. In the rainy seasons, 44% of the overall groundwater 
samples are classified as clean water, 13% light pollution, 
13% moderate pollution, 13% significant pollution, and 
17% very significant pollution. While 38% of the total 
groundwater samples in the dry season are considered as 
clean water, 19% light pollution, 14% moderate pollution, 
5% significant pollution, and 24% very significant pollution. 
In the rainy season, the highest values of the NPI are found 
in the northeastern, southeastern, southwestern, and middle 
parts of the studied area (samples no. 4, 8, 12, and 18). The 
lowest values of the NPI are found in the northeastern, 
southwestern, northwestern, western, eastern, and middle 
parts of the studied area (samples no. 3, 5, 9, 13, 14, 15, 19, 
21, 22, and 23) (Figure 7c). In the dry season, the highest 
values of the NPI are found in the northeastern, southeastern, 
southwestern, and middle parts of the studied area (samples 
no. 4, 8, 12, 18, and 25). The lowest values of NPI are found 
in the northeastern, southwestern, northwestern, western, 
eastern, and middle parts of the studied area (samples no. 
3, 5, 9, 11, 13, 14, 19, and 21) (Figure 7d). According to NPI 
values, light nitrate pollution dominates most of the area. 
Medium, high, and very significant levels of human-caused 
nitrate pollution are most common in the central region, 
which is dominated by agriculture and urbanization. Thus, 
these regions have significant nitrate concentrations.

4.5 Nitrate Pollution Index (NPI)

4.6 Comparison between DWQI and NPI

DWQI Range Type of water WHO (2011) guidelines Rainy Samples no. Dry samples no.

<50 Excellent water
NO3

−  below
50 mg/L, except for samples no. 1 and 7 in rainy 

season, and samples no. 7, and 17 in the dry season

1,2,3,5,7,9,10,11,13
,14,15,16,19,20,21

,22,23

1,2,3,5,6,7,9,11,1
3,14,16,17,19,20,

21,24

50–100 Good water NO3
−exceeding 50 mg/L 6,8,12,17,18 8,12,18,25

100–200 Poor water NO3
−exceeding 50 mg/L 4 4

200–300 Very poor water NO3
−exceeding 50 mg/L __ __

>300 Water unsuitable NO3
−exceeding 50 mg/L __ __

Table 8. Water Quality Classification Based on the Water Quality Index (DWQI).

Table 9. Water Quality Classification Based on the Nitrate Pollution Index (NPI).

NPI value NPI class WHO (2011) guidelines Rainy Samples no. Dry samples no.

< 0 Clean (unpolluted) NO3
− below 50 mg/L 3,5,9,13,14,15,

19,21,22,23
3,5,9,11,13,

14,19,21

0–1 Light pollution NO3
− below 50 mg/L 2,10,11 1,2,20,24

1–2 Moderate pollution NO3
−below 50 mg/L, except for samples 

no. 1 (rainy season) and no.17 (dry season) 1,16,20 6,16,17

2–3 Significant pollution NO3
−exceeding 50 mg/L 6,7,17 7

 > 3 Very significant 
pollution NO3

−exceeding 50 mg/L 4,8,12,18 4,8,12,18,25
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significant pollution” by NPI. According to Obeidat et al., 
(2012), the NPI categories “significant pollution” and “very 
significant pollution” have NO3

- concentrations above 50 
mg/L. By grouping measurements of selected parameters 
such as pH, EC, major cations, and anions, it also provides a 
concise summary of the overall water quality status (Abbasi 
and Abbasi 2012). Because it is easy to introduce bias when 
selecting parameters and calculating individual weighing 

DWQI has been utilized by several studies to assess 
water quality for drinking purposes in Jordan. El-Naqa and 
Al Raei (2021) assessed the DWQI in the Greater Amman, 
Jordan in the period between 2012-2016. Results indicated 
that the computed DWQI has values in the range of 29.17-
62.32, corresponding excellent to good water quality classes. 
Additionally, it was found that the water quality in the study 
area has been deteriorated over time. The highest values of 
the DWQI were attributed to the high values of TDS, Ca2+, 

values, it may not be sufficient to comprehend the DWQI of 
a large body of water as a whole, although the calculations 
are straightforward. Certain parameters can influence water 
quality in a way that can be disregarded during calculation. 
Hence, the NPI may be a better indicator of water quality 
than the DWQI, which, at low values, obscures or masks very 
important parameters such as nitrate despite having levels 
that exceed WHO guidelines.

K+, Cl-, HCO3
-, NO3

-, and SO4
2. A study was carried out by  

Hyarat et al., (2022) to assess groundwater quality using 
water quality index in  Amman andZarqa areas, Jordan. 
Based on the index values, 12%, 53%, and 35% of the 
samples can be described as having excellent, good,  fair, 
and poor quality, respectively. The values of the index were 
in the range of 31-335 with an average of 95.  Evaluation of 
the groundwater quality suitability for drinking purpose 
using water quality index in the Yarmouk basin, Jordan, 

 Figure 8. Spatial distribution of DWQI values in the rainy season a), and in the dry season b), and spatial distribution of NPI in the rainy 
season c), and in the dry season d).

DWQI Water Type NPI Water Type WHO (2011)  Guidelines Rainy Sample no. Dry Sample no.

Excellent water Clean (unpolluted) NO3
− below 50 mg/L 3,5,9,13,4,15,19,21, 

22,23 3,5,9,11,13,14,19,21

Excellent water Light pollution NO3
− below 50 mg/L 2,10,11 1,2,20,24

Excellent water Moderate pollution
NO3

−exceeding 50 mg/L except for 
(samples no. 16 and 20) rainy season, 
and (samples no. 6 and 16) dry season

1,16,20 6,16,17

Excellent to good water Significant pollution NO3
−exceeding 50 mg/L 6,7,17 7

Good to poor water Very significant 
pollution NO3

−exceeding 50 mg/L 4,8,12,18 4,8,12,18,25

Table 10. Comparison between DWQI and NPI Water Quality Classification.
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was carried out by Ibrahim (2018). Based on the index 
scale classification, the groundwater quality of the studied 
locations falls in the excellent to poor quality, corresponding 
to the computed index values of 26.3 to 107.93. Ibrahim 
(2019) investigated the suitability of groundwater in major 
groundwater basins in Jordan using the water quality index. 
Groundwater from 16 stations within one year monitoring 
period (March 2015-Fberuabry 2016) was used. The findings 
of the study indicated that the computed index values are in 
the range of 40-4295, corresponding to the quality classes 
of excellent, good, poor, and very poor water quality. Three 
locations were classified as excellent water, nine samples as 
good, one as poor, and two as very poor water. Assessment 
of groundwater quality in the area surrounding Al-Zataari 
camp, Jordan, using cluster analysis and water quality index 
was conducted by Obeidat and Awawdeh (2021). The index 
calculation indicated that the groundwater quality falls in 
three classes: excellent covering 46% of the samples, good 
covering 50% of the samples, and poor involving two samples. 
The NPI was firstly applied in the Northern part of Jordan 
by Obeidat and Awawdeh (2021). Since then, the index has 
been widely utilized to assess groundwater contamination 
worldwide (El Mountassir et al., 2022; Egbueri et al., 2023; 
Paneerselvam et al., 2023). In both seasons, three zones of 
high DWQI and NPI values can be observed: in the northern 
part, where groundwater levels are high (700-900 masl; see 
Figure 3), which can be considered as recharge areas; the 
other two zones are located in eastern and southeast parts of 
the study area, where groundwater tables become shallower, 
and these areas might represent discharge areas.

Water quality for irrigation is determined by the kind and 
magnitude of the dissolved solids. In the studied area, the EC, 
the sodium adsorption ratio (SAR), the sodium percentage 
(Na%), and the magnesium hazard index (MHI) were used 
to determine the suitability of water for irrigation purposes. 
SAR is a characteristic that reveals the relative amounts of 
Na+, Ca2+, and Mg2+ in water samples. SAR takes into account 
the fact that the negative effects of sodium are mitigated by 
calcium and magnesium ions. When the SAR value is higher 
than 12–15, the soil becomes much damaged and plants have 
trouble getting water. The results of SAR range between 
0.4 and 2.4 with an average of 1.0 in the rainy season, and 
between 0.1 and 1.9 with an average of 0.8 in the dry season. 
As seen in Table 2, water quality for irrigation purposes was 
graded into four groups according to the sodium adsorption 
ratio (SAR) (Anandakumar et al., 2009). The results show 
that all groundwater samples in our study are less than 10 and 
are classified as excellent (S1). The sodium concentration in 
groundwater is crucial for determining its appropriateness 
for irrigation purposes. This is because sodium ions have 
a tendency to react with soil formations and the soil will 
become less permeable (Mohamed et al., 2017). The value 
of Na% ranges between 8.8% and 45.4% with an average of 
21.9% in the rainy season, and between 6.6% and 49.1% with 
an average of 22.3% in the dry season. As seen in Table 2, 
water quality for irrigation purposes was graded into five 
groups  (Wilcox, 1955). According to the Na% classification, 
51% of the total groundwater samples represent excellent 

4.7 Water Quality for Irrigation

water, 35% good water, and the remaining 19% permissible 
water during the rainy seasons. While through the dry season, 
the classification of Na%, 43% of the total groundwater 
samples represent excellent water, 48% good water, and the 
remaining 9% permissible water. The lowest value of Na% 
relative to excellent water was found in samples no.14 and 
no.11 in the rainy and dry seasons, respectively, which are 
located in the middle and southwestern parts of the studied 
area. The highest value of Na% relative to permissible 
water was found in sample no.4, which is located in the 
northeastern part of the study region in both seasons. Based 
on the interpretation, it can be recognized that the majority 
of the samples exhibit excellent to good characteristics. The 
ratio of  Na+ to Ca2+ and Mg2+ is used to calculate Kelley’s 
index  (Kelley, 1940). A Kelley’s index (KI) greater than one 
shows an increased level of sodium in the water. Therefore, 
water with a KI of less than one is suitable for irrigation, 
whereas those with a ratio greater than one provide alkali 
dangers and are unsuitable for irrigation (Kelley, 1940). The 
KI value in the studied area ranges from 0.1 to 0.4 with an 
average of 0.2 in the rainy season and from 0.1 and 0.5 with 
an average of 0.2 in the dry season. The Kelley’s ratio values 
show that all the groundwater samples are less than 1, and 
this indicates suitable water quality for irrigation purposes 
in both seasons. Ca2+ and Mg2+ maintain equilibrium in the 
majority of the water. As the soil gets more alkaline, high 
quantities of magnesium in the water will negatively impact 
crop production  (Subhash Chandra, 2017). The value of 
MHI ranges from 8.6 to 54.6 with an average of 22.3 in the 
rainy season and from 10.7 to 56.8 with an average of 25.5 
in the dry season. Water quality was graded into two groups 
based on the MHI results (Subhash Chandra, 2017). Based 
on the MHI value, all groundwater samples are suitable for 
irrigation purposes, which control the majority of the area 
in the study region. A very small portion (2%) of the higher 
MHI concentration was recorded as harmful and unsuitable 
for irrigation purposes, specifically samples no.19 and no.20 
in the rainy and dry seasons, respectively, in the eastern 
and northeastern parts of the studied area. According to  
Marmontel et al., (2018), electrical conductivity is crucial 
in determining the appropriateness of water for irrigation 
purposes. In the studied area, the EC range from 457 to 1423 
µS/cm with an average of 759 µS/cm in the rainy season, and 
from 354 to 1368 µS/cm with an average of 705 µS/cm in 
the dry season. Water quality is classified into five groups 
according to the range of EC  (Rajankar et al., 2011). The 
results indicated that water in the studied area is obviously 
classified as good or permissible for irrigation purposes.

5. Conclusion and Recommendations
The present study aimed to evaluate the quality of 

groundwater in t Jerash region using the DWQI and NPI as 
water quality indicators. The DWQI should be used with 
extreme caution due to the fact that it gives a false impression 
of water quality by masking pollutants at levels that 
exceeded the acceptable limit for a drinking water quality. 
In contrast, the nitrate pollution index (NPI) revealed that 
approximately 43% of the samples fall into the categories 
“moderately polluted,” “significantly polluted,” and “very 
significantly polluted,” with NO3

- concentrations exceeding 
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the WHO and JS-mandated maximum permissible limit of 
50 mg/L. The main sources of nitrate pollution in the studied 
area are synthetic fertilizers and sewage intrusion. On the 
other hand, water-rock interaction is the primary natural 
process affecting groundwater quality, as indicated by the 
predominant carbonate rock composition of the aquifer 
material. The quality of all tested groundwater samples 
was suitable for irrigation with no seasonal variation in 
the groundwater chemistry. The results shed light on the 
protection and allocation of usable groundwater supplies, 
particularly for irrigation and drinking and offer decision-
makers an important tool for putting into place effective 
measures to protect groundwater in the studied area. It is 
highly recommended to apply best management practices and 
efficient land use planning including improved agriculture 
and sanitation techniques. In addition, selecting the most 
suitable environmental parameters is crucial and will 
provide the user with a particular form of the algorithm and 
the potential effects of water body pollution. Furthermore, 
statistical methods can be utilized to reduce uncertainty in 
processes like parameter selection.

Abbasi, T., and Abbasi, S. (2012). Water quality indices. 
Elsevier. London, UK. 

Adimalla, N., Qian, H., and Li, P. (2020). Entropy water 
quality index and probabilistic health risk assessment from 
geochemistry of groundwaters in hard rock terrain of Nanganur 
County, South India. Geochemistry, 80(4), 125544. 

Adimalla, N., and Wu, J. (2019). Groundwater quality and 
associated health risks in a semi-arid region of south India: 
Implication to sustainable groundwater management. Human 
and ecological risk assessment: an international journal, 25(1-
2), 191-216. 

Al-Ajlouni, E., Hamid, S. A., Saad, L., Subbarini, M., and 
Wahdan, A. (2016). The Effect of Water Shortage on Water 
Quality of Different Resources in Jerash Governorate, Jordan,  
Based On New Water Quality Index. International Journal of 
Engineering Research and Application, 6, 36-48. 

Al-Fugara, A. k., Ahmadlou, M., Al-Shabeeb, A. R., AlAyyash, 
S., Al-Amoush, H., and Al-Adamat, R. (2022). Spatial mapping 
of groundwater springs potentiality using grid search-based and 
genetic algorithm-based support vector regression. Geocarto 
International, 37(1), 284-303. 

Al-Kharabsheh, A. (2020). Challenges to Sustainable 
Water Management in Jordan. Jordan Journal of Earth and 
Environmental Sciences, JJEES, 11, 38. 

Al Kuisi, M., Al-Qinna, M., Margane, A., and Aljazzar, T. 
(2009). Spatial assessment of salinity and nitrate pollution 
in Amman Zarqa Basin: a case study. Environmental Earth 
Sciences, 59(1), 117-129. 

Al Kuisi, M., Mashal, K., Al-Qinna, M., Hamad, A. A., and 
Margana, A. (2014). Groundwater vulnerability and hazard 
mapping in an arid region: case study, Amman-Zarqa Basin 
(AZB)-Jordan. Journal of Water Resource and Protection, 2014. 

Al Mahamid, J. (2005). Integration of water resources of the 
upper aquifer in Amman-Zarqa basin based on mathematical 
modeling and GIS, Jordan Inst. für Geologie]. 

Anandakumar, S., Subramani, T., and Elango, L. (2009). Major 
ion groundwater chemistry of Lower Bhavani River Basin, 
Tamil Nadu, India. Journal of Applied Geochemistry, 11(1), 
92-101. 

Apha, A. (1998). WEF (American Public Health Association. 

References

American Water Works. 

Appelo, C. (2005). J. and Postma, D. Geochemistry, groundwater 
and pollution. 

Ayers, R. S., and Westcot, D. W. (1985). Water quality for 
agriculture (Vol. 29). Food and Agriculture Organization of the 
United Nations Rome. 

Bender, F. (1974). Geology of Jordan. 

Bodrud-Doza, M., Islam, A. T., Ahmed, F., Das, S., Saha, N., 
and Rahman, M. S. (2016). Characterization of groundwater 
quality using water evaluation indices, multivariate statistics 
and geostatistics in central Bangladesh. Water science, 30(1), 
19-40. 

Cosgrove, W. J., and Loucks, D. P. (2015). Water management: 
Current and future challenges and research directions. Water 
Resources Research, 51(6), 4823-4839. 

Daghara, A., Al-Khatib, I. A., and Al-Jabari, M. (2019). Quality 
of drinking water from springs in palestine: West bank as a case 
study. Journal of Environmental and Public Health, 2019. 

de Andrade, E. M., Palácio, H. A. Q., Souza, I. H., de Oliveira 
Leão, R. A., and Guerreiro, M. J. (2008). Land use effects in 
groundwater composition of an alluvial aquifer (Trussu River, 
Brazil) by multivariate techniques. Environmental research, 
106(2), 170-177. 

Dixon, W. J., and Massey Jr, F. J. (1951). Introduction to 
statistical analysis. 

Egbueri, J. C., Agbasi, J. C., Ayejoto, D. A., Khan, M. I., and 
Khan, M. Y. A. (2023). Extent of anthropogenic influence 
on groundwater quality and human health-related risks: an 
integrated assessment based on selected physicochemical 
characteristics. Geocarto International, 38(1), 2210100. 

El-Naqa, A., and Al Raei, A. (2021). Assessment of drinking 
water quality index (WQI) in the greater Amman area, Jordan. 
Jordan Journal of Earth and Environmental Sciences, JJEES, 
12(4), 306-314. 

El Mountassir, O., Bahir, M., Ouazar, D., Chehbouni, A., and 
Carreira, P. M. (2022). Temporal and spatial assessment of 
groundwater contamination with nitrate using nitrate pollution 
index (NPI), groundwater pollution index (GPI), and GIS (case 
study: Essaouira basin, Morocco). Environmental Science and 
Pollution Research, 29(12), 17132-17149. 

El Yaouti, F., El Mandour, A., Khattach, D., Benavente, J., and 
Kaufmann, O. (2009). Salinization processes in the unconfined 
aquifer of Bou-Areg (NE Morocco): a geostatistical, 
geochemical, and tomographic study. Applied Geochemistry, 
24(1), 16-31. 

Elbeltagi, A., Pande, C. B., Kouadri, S., and Islam, A. R. M. 
(2022). Applications of various data-driven models for the 
prediction of groundwater quality index in the Akot basin, 
Maharashtra, India. Environmental Science and Pollution 
Research, 29(12), 17591-17605. 

Eslami, F., Shokoohi, R., Mazloomi, S., Darvish Motevalli, M., 
and Salari, M. (2017). Evaluation of water quality index (WQI) 
of groundwater supplies in Kerman Province in 2015. Journal of 
Occupational and Environmental Health, 3(1), 48-58. 

Freeze, R., and Cherry, J. (1979). Ground~ ater. Prentice-hall. 

Gangolli, S. D., Van Den Brandt, P. A., Feron, V. J., 
Janzowsky, C., Koeman, J. H., Speijers, G. J., Spiegelhalder, 
B., Walker, R., and Wishnok, J. S. (1994). Nitrate, nitrite and 
N-nitroso compounds. European Journal of Pharmacology: 
Environmental Toxicology and Pharmacology, 292(1), 1-38. 

Gutiérrez, M., Biagioni, R. N., Alarcón-Herrera, M. T., and 
Rivas-Lucero, B. A. (2018). An overview of nitrate sources 
and operating processes in arid and semiarid aquifer systems. 
Science of the Total Environment, 624, 1513-1522. 

Bani Khaled et al. / JJEES (2024) 15 (1): 37-5250



Hammouri, N., and El-Naqa, A. (2007). Hydrological modeling 
of ungauged wadis in arid environments using GIS: a case study 
of Wadi Madoneh in Jordan. Revista mexicana de ciencias 
geológicas, 24(2), 185-196. 

Hammouri, N., and El-Naqa, A. (2008). GIS based 
hydrogeological vulnerability mapping of groundwater 
resources in Jerash area-Jordan. Geofísica internacional, 47(2), 
85-97. 

Hem, J. D. (1985). Study and interpretation of the chemical 
characteristics of natural water (Vol. 2254). Department of the 
Interior, US Geological Survey. 

Horton, R. K. (1965). An index number system for rating water 
quality. J Water Pollut Control Fed, 37(3), 300-306. 

Hotloś, H. (2008). Quantity and availability of freshwater 
resources: the world-Europe-Poland. Environment Protection 
Engineering, 34(2), 67-77. 

Hyarat, T., Al Kuisi, M., and Saffarini, G. (2022). Assessment 
of groundwater quality using water quality index (WQI) and 
multivariate statistical analysis in Amman-Zarqa area/Jordan. 
Water Practice and Technology, 17(8), 1582-1602. 

Ibrahim, M. (2018). Evaluation of groundwater quality 
suitability for drinking purpose using water quality index 
approach in Yarmouk basin, Jordan. Jordanian Journal of 
Engineering and Chemical Industries (JJECI) Research Paper, 
1(2). 

Ibrahim, M. N. (2019). Assessing groundwater quality for 
drinking purpose in Jordan: application of water quality index. 
Journal of Ecological Engineering, 20(3). 

Ismail, A. H., Hassan, G., and Sarhan, A.-H. (2020). 
Hydrochemistry of shallow groundwater and its assessment for 
drinking and irrigation purposes in Tarmiah district, Baghdad 
governorate, Iraq. Groundwater for Sustainable Development, 
10, 100300. 

Jeevanandam, M., Kannan, R., Srinivasalu, S., and Rammohan, 
V. (2007). Hydrogeochemistry and groundwater quality 
assessment of lower part of the Ponnaiyar River Basin, 
Cuddalore district, South India. Environmental monitoring and 
assessment, 132(1), 263-274. 

JS. (2015). Jordanian Standard 286/2015 on Water/Drinking 
Water. Jordan Standards and Metrology Organization, Amman, 
Jordan. 

Kelley, W. (1940). Permissible composition and concentration 
of irrigation water. Proceedings of the American society of civil 
engineers, 

Khashogji, M. S., and El Maghraby, M. (2013). Evaluation of 
groundwater resources for drinking and agricultural purposes, 
Abar Al Mashi area, south Al Madinah Al Munawarah City, 
Saudi Arabia. Arabian Journal of Geosciences, 6(10), 3929-
3942. 

Kumar, M., Kumari, K., Singh, U. K., and Ramanathan, A. 
(2009). Hydrogeochemical processes in the groundwater 
environment of Muktsar, Punjab: conventional graphical and 
multivariate statistical approach. Environmental Geology, 
57(4), 873-884. 

Lakshmanan, E., Kannan, R., and Kumar, M. S. (2003). 
Major ion chemistry and identification of hydrogeochemical 
processes of ground water in a part of Kancheepuram district, 
Tamil Nadu, India. Environmental geosciences, 10(4), 157-166. 

Lee, J. Y., Cheon, J. Y., Lee, K. K., Lee, S. Y., and Lee, M. 
H. (2001). Statistical evaluation of geochemical parameter 
distribution in a ground water system contaminated with 
petroleum hydrocarbons. Journal of environmental quality, 
30(5), 1548-1563. 

Li, P., He, X., and Guo, W. (2019). Spatial groundwater quality 
and potential health risks due to nitrate ingestion through 

drinking water: a case study in Yan’an City on the Loess Plateau 
of northwest China. Human and ecological risk assessment: an 
international journal, 25(1-2), 11-31. 

Liu, C.-W., Lin, K.-H., and Kuo, Y.-M. (2003). Application 
of factor analysis in the assessment of groundwater quality 
in a blackfoot disease area in Taiwan. Science of the total 
environment, 313(1-3), 77-89. 

Liu, F., Wang, S., Wang, L., Shi, L., Song, X., Yeh, T.-C. J., and 
Zhen, P. (2019). Coupling hydrochemistry and stable isotopes to 
identify the major factors affecting groundwater geochemical 
evolution in the Heilongdong Spring Basin, North China. 
Journal of geochemical Exploration, 205, 106352. 

Marmontel, C. V. F., Lucas-Borja, M. E., Rodrigues, V. A., and 
Zema, D. A. (2018). Effects of land use and sampling distance 
on water quality in tropical headwater springs (Pimenta creek, 
São Paulo State, Brazil). Science of the Total Environment, 622, 
690-701. 

McKenna Jr, J. (2003). An enhanced cluster analysis program 
with bootstrap significance testing for ecological community 
analysis. Environmental Modelling and Software, 18(3), 205-
220. 

Meybeck, M. (1987). Global chemical weathering of surficial 
rocks estimated from river dissolved loads. American journal 
of science, 287(5), 401-428. 

Mohamed, M. M., Murad, A., and Chowdhury, R. (2017). 
Evaluation of groundwater quality in the Eastern District of Abu 
Dhabi Emirate, UAE. Bulletin of environmental contamination 
and toxicology, 98(3), 385-391. 

Njuguna, S. M., Onyango, J. A., Githaiga, K. B., Gituru, R. 
W., and Yan, X. (2020). Application of multivariate statistical 
analysis and water quality index in health risk assessment by 
domestic use of river water. Case study of Tana River in Kenya. 
Process Safety and Environmental Protection, 133, 149-158. 

Obeidat, M., and Awawdeh, M. (2021a). Assessment of 
groundwater quality in the area surrounding Al-Zaatari Camp, 
Jordan, using cluster analysis and water quality index (WQI). 
Jordan Journal of Earth and Environmental Sciences, JJEES, 
12(3), 187-197. 

Obeidat, M., and Awawdeh, M. (2021b). Assessment of 
groundwater quality in the area surrounding Al-Zaatari Camp, 
Jordan, using cluster analysis and water quality index (WQI). 
Jordan Journal of Earth and Environmental Sciences, JJEES, 
187. 

Obeidat, M. M., Awawdeh, M., and Abu Al‐Rub, F. (2013). 
Multivariate statistical analysis and environmental isotopes of 
Amman/Wadi Sir (B2/A7) groundwater, Yarmouk River Basin, 
Jordan. Hydrological processes, 27(17), 2449-2461. 

Obeidat, M. M., Awawdeh, M., Al-Rub, F. A., and Al-Ajlouni, 
A. (2012). An innovative nitrate pollution index and multivariate 
statistical investigations of groundwater chemical quality 
of Umm Rijam Aquifer (B4), North Yarmouk River Basin, 
Jordan. Vouddouris K, Voutsa D. Water Quality Monitoring 
and Assessment. Croatia: InTech, 169-188. 

Odeh, O. (2019). Water Shortage in Jordan. International 
Journal of Engineering and Management Sciences, 4(4), 277-
286. 

Paneerselvam, B., Ravichandran, N., Li, P., Thomas, M., 
Charoenlerkthawin, W., and Bidorn, B. (2023). Machine 
learning approach to evaluate the groundwater quality and 
human health risk for sustainable drinking and irrigation 
purposes in South India. Chemosphere, 139228. 

Panno, S., Kelly, W., Martinsek, A., and Hackley, K. C. (2006). 
Estimating background and threshold nitrate concentrations 
using probability graphs. Groundwater, 44(5), 697-709. 

Qiu, H., Gui, H., Xu, H., Cui, L., Li, Z., and Yu, H. (2023). 

Bani Khaled et al. / JJEES (2024) 15 (1): 37-5251



Quantifying nitrate pollution sources of shallow groundwater 
and related health risks based on deterministic and Monte Carlo 
models: A study in Huaibei mining area, Huaibei coalfield, 
China. Ecotoxicology and Environmental Safety, 249, 114434. 

Rabeiy, R. E. (2018). Assessment and modeling of groundwater 
quality using WQI and GIS in Upper Egypt area. Environmental 
Science and Pollution Research, 25(31), 30808-30817. 

Rahman, M. M., Haque, T., Mahmud, A., Al Amin, M., Hossain, 
M. S., Hasan, M. Y., Shaibur, M. R., Hossain, S., Hossain, M. 
A., and Bai, L. (2022). Drinking water quality assessment based 
on index values incorporating WHO guidelines and Bangladesh 
standards. Physics and Chemistry of the Earth, Parts A/B/C, 
103353. 

Rahman, M. M., Reza, A., Rahman, M. M., Islam, R., and 
Rahman, M. A. (2013). Geochemical characterization of 
groundwater in Bhangamor Union, Fulbari Upazila, Kurigram. 
Int J Chem Mater Sci, 1(2), 022-035. 

Rajankar, P. N., Tambekar, D. H., and Wate, S. R. (2011). 
Groundwater quality and water quality index at Bhandara 
District. Environmental monitoring and assessment, 179(1), 
619-625. 

Richa, A., Touil, S., and Fizir, M. (2022). Recent advances in 
the source identification and remediation techniques of nitrate 
contaminated groundwater: A review. Journal of Environmental 
Management, 316, 115265. 

Rimawi, O. (1985). Hydrochemistry and isotope hydrology of 
groundwater and surface water in the north-east of Mafraq, 
Dhuleil, Hallabat, Azraq basin PhD. Thesis. Tech. University, 
Muenchen]. 

Rosborg, I., and Kozisek, F. (2016). Drinking water minerals 
and mineral balance. Springer. 

Saha, S., Reza, A. S., and Roy, M. K. (2019). Hydrochemical 
evaluation of groundwater quality of the Tista floodplain, 
Rangpur, Bangladesh. Applied Water Science, 9(8), 1-12. 

Salameh, E., Alraggad, M., and Tarawneh, A. (2014). Natural 
salinity sources in the groundwaters of Jordan—importance of 
sustainable aquifer management. Geochemistry, 74(4), 735-747. 

Salameh, E., and Bannayan, H. (1993). Water resources 
of Jordan. Future and Future Potentials: Amman, Jordan, 
Friedrich Ebert Stiftung. 

Selvam, S., Venkatramanan, S., and Chung, S. (2016). 
Identification of groundwater contamination sources in 
Dindugal district of Tamil Nadu, India using GIS and 
multivariate statistical analyses. Arabian Journal of 
Geosciences, 9(5), 1-14. 

Soleimani, H., Nasri, O., Ghoochani, M., Azhdarpoor, A., 
Dehghani, M., Radfard, M., Darvishmotevalli, M., Oskoei, 
V., and Heydari, M. (2022). Groundwater quality evaluation 
and risk assessment of nitrate using monte carlo simulation 
and sensitivity analysis in rural areas of Divandarreh County, 
Kurdistan province, Iran. International journal of environmental 
analytical chemistry, 102(10), 2213-2231. 

Spalding, R. F., and Exner, M. E. (1993). Occurrence of nitrate 
in groundwater—a review. Journal of environmental quality, 
22(3), 392-402. 

Spandana, M., Suresh, K., and Prathima, B. (2013). Developing 
an irrigation water quality index for vrishabavathi command 
area. Int. J. Eng. Res. Technol, 2, 821-830. 

Srinivasamoorthy, K., Chidambaram, S., Prasanna, M., 
Vasanthavihar, M., Peter, J., and Anandhan, P. (2008). 
Identification of major sources controlling groundwater 
chemistry from a hard rock terrain—a case study from Mettur 
taluk, Salem district, Tamil Nadu, India. Journal of Earth 
System Science, 117(1), 49-58. 

Subhash Chandra, K. (2017). Hydrogeology—Problems with 

solutions. In: Springer.

Subramani, T., Elango, L., and Damodarasamy, S. (2005). 
Groundwater quality and its suitability for drinking and 
agricultural use in Chithar River Basin, Tamil Nadu, India. 
Environmental Geology, 47(8), 1099-1110. 

Swamee, P. K., and Tyagi, A. (2007). Improved method 
for aggregation of water quality subindices. Journal of 
environmental engineering, 133(2), 220-225. 

Todd, D. K. (1980). Groundwater hydrology. 

Troudi, N., Hamzaoui-Azaza, F., Tzoraki, O., Melki, F., and 
Zammouri, M. (2020). Assessment of groundwater quality for 
drinking purpose with special emphasis on salinity and nitrate 
contamination in the shallow aquifer of Guenniche (Northern 
Tunisia). Environmental Monitoring and Assessment, 192(10), 
1-19. 

Venkatesan, S., Arumugam, S., Bagyaraj, M., Preethi, T., and 
Parthasarathy, P. (2021). Spatial assessment of Groundwater 
Quantity and Quality: A case study in parts of Chidambaram 
Taluk, Cuddalore District, Tamil Nadu, India. Sustainable 
Water Resources Management, 7(6), 1-17. 

Wang, Q., Dong, S., Wang, H., Yang, J., Huang, H., Dong, 
X., and Yu, B. (2020). Hydrogeochemical processes and 
groundwater quality assessment for different aquifers in the 
Caojiatan coal mine of Ordos Basin, northwestern China. 
Environmental Earth Sciences, 79(9), 1-15. 

Weyhenmeyer, G. A., Hartmann, J., Hessen, D. O., Kopáček, J., 
Hejzlar, J., Jacquet, S., Hamilton, S. K., Verburg, P., Leach, T. H., 
and Schmid, M. (2019). Widespread diminishing anthropogenic 
effects on calcium in freshwaters. Scientific Reports, 9(1), 1-10. 

WHO, F. (2011). Guidelines for drinking-water quality. WHO 
chronicle, 38(4), 104-108. 

Wilcox, L. (1955). Classification and use of irrigation waters. 
US Department of Agriculture. 

Xiao, J., Wang, L., Chai, N., Liu, T., Jin, Z., and Rinklebe, J. 
(2021). Groundwater hydrochemistry, source identification 
and pollution assessment in intensive industrial areas, eastern 
Chinese loess plateau. Environmental Pollution, 278, 116930. 

Yang, Q., Li, Z., Xie, C., Liang, J., and Ma, H. (2020). Risk 
assessment of groundwater hydrochemistry for irrigation 
suitability in Ordos Basin, China. Natural Hazards, 101(2), 
309-325. 

Zhang, Y., Wu, J., and Xu, B. (2018). Human health risk 
assessment of groundwater nitrogen pollution in Jinghui 
canal irrigation area of the loess region, northwest China. 
Environmental Earth Sciences, 77(7), 1-12.

Bani Khaled et al. / JJEES (2024) 15 (1): 37-5252


