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The present paper assesses the hydrochemistry of groundwater in AL JALLAM desert and its suitability for human 
consumption and irrigation. Nine groundwater samples were taken, and they were analyzed for major ions to determine 

the Piper diagram and Gibbs plot. The results showed that the evaporation process is the primary control of the water 

quality in the study area. Water Quality Index (WQI) method was utilized to assess the suitability of water for human 
consumption, whereas different geochemical parameters were used to evaluate the irrigation suitability. Generally, the 

groundwater in the study area is not suitable for drinking and irrigation. Based on cluster analysis (CA), it was found that 

two levels of pollution levels in the AL JALLAM desert. 
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1. Introduction 

MENA region, including Iraq, is located in an arid ad semi-arid area facing a water crisis during the last decades. Water shortage in Iraq is 

based on several factors such as population growth, water quality deterioration, climate change, unfair use of water quota of neighboring 

countries, and mismanagement of water resources [1-3]. Drought and groundwater are closely related in Iraq. For many years, the nation has 

had a severe water shortage, which has caused groundwater supplies to be depleted. Drought is a serious problem in Iraq, particularly in the 

southern and central regions of Iraq. Droughts have become more frequent and more severe, and the country's water resources have been 

severely depleted [2]. 

Tigris and Euphrates rivers have decreased in their flow rate due to the launching of the Southeastern Anatolia Project (GAP) project. Iraq has 

a number of rivers and lakes that are important sources of water for the country. However, due to a variety of factors, the quality of surface 

water in Iraq has deteriorated in recent years. One of the main factors contributing to this decline is pollution from industrial and agricultural 

sources. The discharge of untreated wastewater into rivers and other bodies of water is a major problem [4]. Furthermore, the concentration of 

Total Dissolved Solids (TDS) has increased in the rivers due to fewer amounts of water and evaporation phenomena [5, 6]. This led people to 

search for alternatives source of water such as groundwater. Groundwater quality can be affected by various natural and human-induced factors. 

The natural factors include geology, climate, and soil characteristics, while human-induced factors include land-use practices, pollution, and 

industrial activities [7]. 

Many natural processes help to protect and improve groundwater quality. These include the natural filtration provided by soils, the attenuation 

of contaminants by subsurface geological materials, and the dilution and natural degradation of contaminants by microbiological processes. 

However, human activities such as poorly designed wastewater treatment systems, inadequate land use practices, careless disposal of chemicals, 

and industrial activities have accelerated the degradation of groundwater quality [8]. Contamination and pollution of groundwater are serious 

issues as they affect the quality of water available for consumption by humans and aquatic life [9]. Contaminants can enter the groundwater 

system through seepage from landfills, illegal dumping, and chemical applications, while pollution from nitrogen and phosphorus from 

agricultural activities can result in excess nitrates in groundwater [10]. Numerous studies were conducted to explore the groundwater 

hydrochemistry and investigate their suitability for different uses [11-17]. 
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Nomenclature & Symbols   

WQI Water Quality Index BWQI Bascaron water quality index 

CA Cluster Analysis  EC Electrical Conductivity 

MENA Middle East and North Africa %Na Sodium Percentage 

GAP Southeastern Anatolia Project MH Magnesium Hazards 

TDS Total Dissolved Solids SAR Sodium Adsorption Ratio 

APHA American Public Health Association   

 

AL JALLAM desert is located north of Baghdad. It has no available source of surface water nearby this area. People in this area use groundwater 

for different uses. To comprehend the geochemical processes that control the water quality in the research area, an effort has been made to 

examine the hydrochemistry of groundwater. In addition to evaluating the Bascaron water quality index (BWQI) and geochemical indicators to 

evaluate the suitability of the groundwater for human and irrigation uses in the AL JALLAM desert. 

2. Materials and Methods 

2.1. Study area 

The AL JALLAM desert is roughly 119 kilometers north of Baghdad. It is situated between latitudes 34◦40′0″ and 34◦20′0″ North and longitudes 

43◦45′30″ and 44◦7′30″ East (Fig. 1). The region, which is located in Salah Al-Din Governorate and has a total area of 933 km2, is distinguished 

by desert land. The area has an average annual rainfall of 14.5 millimeters, with an arid to semi-arid environment. In the summer (June to 

August), the air temperature approaches 45 °C [18]. The groundwater is the primary source in AL JALLAM desert. 

 

Fig. 1. The study area 

2.2. Sampling and analysis 
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In May 2018, nine groundwater samples from tube wells were sampled in 1 litre sterilized polypropylene container. Fig. 1 shows the sampling 

locations in the study area. Water quality parameters including pH, TDS, EC, Ca2+, Mg2+, Na+, K+, Cl-, SO4
2-, HCO3

-, and NO3
- were measured 

in the samples. Standard procedures advised by the American Public Health Association (APHA) were used to conduct the analyses [19]. With 

the aid of portable equipment, Potential of Hydrogen (pH) and Electrical Conductivity (EC) were determined on-site. 

2.3. Cluster analysis 

CA is a statistical technique that is used to group the nine groundwater sampling points into clusters based on their similarity. The goal of cluster 

analysis is to create groups or clusters of groundwater sampling points that are more similar to each other [20]. On several occasions, CA has 

been used to describe the relationship between the groundwater variables more clearly [20]. In the current paper, the hierarchical agglomeration 

was created using Ward's approach of linking, and the similarity distance was calculated using the squares Euclidean distance method and 

visualized using a dendrogram [21] Normality distribution test were conducted prior to CA. International Business Machines-Statistical Package 

for Social Sciences (IBM-SPSS) 25 for Windows was used to implement the statistical calculations [7].   

3. Results and Discussion 

3.1. Hydrochemistry of groundwater 

Table 1 displays the results of the primary ion parameters for groundwater quality. The pH of the groundwater in the AL JALLAM desert ranges 

from 7.16 to 7.81, with an average value of 7.45. In the ALJALLAM desert, the average values for EC and TDS were 4810.67 μS/cm and 

3566.22 mg/L, respectively (Table 1). These values are considerably high. Referring to the maximum values of EC and TDS (7590 μS/cm and 

5355 mg/L) in AL JALLAM desert, the groundwater cannot be used for irrigation. Ca2+, Mg2+, Na+ and K+ ions have average concentrations 

of 276.78, 130.11, 460.00, and 44.22 mg/L, respectively. Geochemical processes such as ion exchange, evaporation, and weathering can be 

attributed to the presence of Ca and Mg. They can originate from a variety of places, including carbonate minerals such as calcite and dolomite 

as well as silicates like plagioclase, amphibole, and mica. Na and K may have come from anthropogenic sources, saline incursion, or the ion 

exchange mechanism. In the study region, the average concentrations of the anions Cl-, SO4
2-, HCO3

- and NO3 were 603.33, 1041.11, 323.67, 

and 2.37 mg/L, respectively (Table 1). Cl- can be impacted by a variety of sources or processes, including atmospheric deposits, anthropogenic 

sources, and solutions of related minerals in evaporated deposits that contain halite (NaCl). Fig. 2 shows the major ions variation of groundwater 

quality parameters in the AL JALLAM desert. 

Table 1. The analytical results of the groundwater in the AL JALLAM desert 

Well No. pH EC     TDS    K+   Na+  Mg2+  Ca2+  Cl−  SO4
2-  HCO3

−  NO3
−  

1 7.71 3500 2640 3 370 95 220 515 740 300 3 

2 7.19 3410 2830 139 580 127 199 641 1245 116 1.3 

3 7.81 4020 2802 10 130 81 124 241 541 67 4 

4 7.71 5666 4122 31 528 150 370 710 1385 322 2 

5 7.70 7590 5355 20 660 198 415 780 1076 566 2 

6 7.33 6020 4540 80 465 130 290 640 1090 450 2 

7 7.20 4590 3388 80 520 139 283 651 1170 480 4 

8 7.16 3480 2627 2 360 90 210 500 730 285 2 

9 7.20 5020 3792 33 527 161 380 752 1393 327 1 
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Fig. 2. Major ions variation of groundwater quality parameters in the AL JALLAM desert  

3.2. Piper and Gibbs plot 

Hydro-chemical classification and relationships were studies through piper plot [22] to classify and analyse the chemical composition of 

groundwater samples. The plot was performed using AquaChem. The plot was drawn using AquaChem (Fig. 3). This diagram helps in 

identifying the dominant water types and provides insights into water chemistry, such as the presence of different minerals or the water's origin. 

From Fig. 3, it can be seen that the groundwater samples are divided into three different sorts: mixed Ca-Mg-Cl water types, Na-Cl type, and 

Ca-Cl type. This observation implies the high saline water in AL JALLAM desert. 

The Gibbs plot, also known as the Gibbs diagram or the triangular diagram, is a graphical representation used in geochemistry to analyse and 

interpret the composition of rocks, minerals, or chemical systems [23]. It can be seen from Fig. 4 that this ratio gives an expression to analyse 

and interpret the composition of rocks, minerals, or chemical systems. In the present paper, and according to the Gibbs plot, all of the 

groundwater samples were collected in the zone where evaporation predominates. This result suggests that the evaporation process controls 

groundwater chemistry primarily in the examined area. 
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Fig. 3. Piper plot 

 

Fig. 4. Gibbs plot 

3.3. Drinking suitability  

Using the WQI model, groundwater samples are assessed for their appropriateness for human consumption. WQI is a popular technique used 

to evaluate groundwater for different uses [15, 24, 25]. Numerous models of WQI have been developed in the literature [26]. In this paper, 

Bascaron (BWQI) [27] was selected as it was widely applied [28-30], besides the ability to include many water quality parameters that have 

already normalization factors by previous research [28, 29]. The final value of BWQI can be calculated as: 

𝑊𝑄𝐼 =   
∑ 𝐶𝑖𝑃𝑖

𝑛
𝑖=1

∑ 𝑃𝑖
𝑛
𝑖=1

                                                                                                                                                                                                    (1) 

Where: 

n = The sum of variables. 

Ci = value of the factor i after the appropriate normalization. 

Pi = proportional weight associated with each factor which has the range of 1 - 4 depending to its impact on water usability. 

Eight water quality parameters were evaluated in the present study namely, Nitrate, sulphate, chloride, magnesium, calcium, TDS, EC, and pH. 

HCO3, Na, and K were excluded in the above calculations because they have no normalized and weighted parameters. 

The following classification was considered in order to classify water quality: 

▪ “Excellent”: 90-100 
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▪ “Good”: 71-90 

▪ “Medium”: 51-70 

▪ “Bad”: 26-50 

▪ “Very bad”: 0-25 

Table 2 shows the calculated sub-indices as well as the final values and categories of the water suitability for human consumption, which is 

found to be “medium” to “bad”. Fig. 7 depicts the variation of BWQI in the AL JALLAM desert. 

Table 2. The sub-index values, relative weights, final values of BWQI and categorization values of BWQI index. 

Well No. 
Sub-index values (Ci) 

BWQI Categorization 
pH EC TDS Mg Ca Cl SO4 NO3 

1 90 30 40 60 50 30 20 80 49.09 Bad 

2 90 30 40 50 50 30 10 90 48.18 Bad 

3 90 30 40 60 70 50 30 80 54.54 Medium 

4 90 20 30 50 40 20 10 90 43.63 Bad 

5 90 20 20 40 30 20 10 90 40 Bad 

6 90 20 30 50 50 30 10 90 45.45 Bad 

7 90 30 30 50 50 30 10 80 44.54 Bad 

8 90 30 40 60 50 40 20 90 51.81 Medium 

9 90 20 30 40 40 20 10 90 42.72 Bad 

Relative 

weight (Pi) 
1 1 2 1 1 1 2 2 ∑ 𝑃𝑖 = 11  

 

 

Fig. 5. Map of drinking suitability in AL JALLAM desert 

3.4. Irrigation suitability 

Different geochemical factors, including the US salinity diagram, sodium percentage (%Na), and MH, were taken into consideration in order 

to determine the appropriateness of groundwater for irrigation. For the US salinity diagram, suggested by [31], the SAR is plotted as opposed 

to EC. 

SAR, %Na and MH were calculated as the following: 

𝑆𝐴𝑅 =
𝑁𝑎+

√𝐶𝑎2+ + 𝑀𝑔2+

2

                                                                                                                                                                                                               (2) 

𝑁𝑎% = [
𝑁𝑎+ + 𝐾+

𝑁𝑎+ + 𝐾+ + 𝐶𝑎2+ + 𝑀𝑔2+] × 100                                                                                                                                                                        (3) 
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𝑀𝐻 = [
𝑀𝑔2+

𝐶𝑎2+ + 𝑀𝑔2+] × 100                                                                                                                                                                                                    (4) 

Where all values are expressed in milliequivalent per liter. 

%Na in the study area shows that the majority of the samples are permissible for irrigation (Fig. 6).  

 

Fig. 6. Map of irrigation suitability in AL JALLAM desert based on %Na 

According to the MH results in the research region [32], 82% of the samples have a value of less than 50, indicating that the water is appropriate 

for irrigation (Fig. 7). 

All groundwater samples in the research area were found to fall into the C4S1, C4S2, and C4S3 zones of the US salinity diagram, suggesting 

that the water would be of very low quality if utilized for irrigation (Fig. 8). 

 

Fig. 7. Map of irrigation suitability in AL JALLAM desert based on MH 
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Fig. 8. USSL plot of AL JALLAM desert  

3.5. Cluster analysis (CA) 

Cluster analysis is a statistical technique that is used to group objects or data points into clusters based on their similarity. Hierarchical CA is 

used to assess the spatial differences between the sampling sites, and the results are represented as a dendrogram in Fig. 9. The groundwater 

samples were divided into two clusters. The group of samples 1, 2, 3, and 8 are associated with locations that are relatively less polluted. The 

other cluster, which corresponds to somewhat moderately contaminated areas, includes samples 4, 5, 6, 7, and 9. In the western portion of the 

research area, close to the Tigris River, are the less polluted sites. This demonstrates that the recharge mechanism from the Tigris River controls 

the quality of the groundwater in the research area. 

 

Fig. 9. CA output in the AL JALLAM desert 

4. Conclusions 

In general, the study found that the AL JALLAM desert was at serious risk of pollution. High concentrations of major ions were observed in 

the north part of the study area and the groundwater quality was relatively low near the Tigris River. Groundwater samples are categorized by 

Piper plot as mixed Ca-Mg-Cl water types, Na-Cl type, and Ca-Cl type, which indicates the study location, has highly salinized water. All of 

the groundwater samples fell inside the evaporation dominance zone, according to a Gibbs plot, demonstrating that the evaporation process 

predominantly regulates the chemistry of groundwater in the studied area. Regarding whether groundwater is fit for drinking, it has been 

determined that the water is not. Furthermore, the groundwater is unsuitable for irrigation based on US salinity diagram. CA showed two groups 
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indicating that the study area reflecting relatively moderately contaminated sites to less polluted sites. The output of CA revealed that the 

recharge process from Tigris River control the quality of groundwater in the study area. 
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