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Abstract  

Groundwater resources in the AL-Marj area were evaluated for suitability for drinking and 

irrigation use by determining the main physical and chemical properties in 2023. pH, 

conductivity, total dissolved solids, total hardness, turbidity, major cations (Ca+2, Mg+2, 

Na+, and K+), major anions (HCO-
3, Cl-, NO-

3, and SO4
-2), and heavy metals (Fe+2, Cu+2, 

Zn+2, Pb+2, and Cd+2) were all measured in a several of samples taken from 9 various wells. 

The findings revealed significant differences in the physical and chemical characteristics of 

the analyzed samples. However, the majority of values fell short of the WHO drinking 

water standards’ maximum possible levels. According to the quality assessment, the study 

area’s groundwater is generally not completely suitable for direct drinking in terms of TDS, 

EC, Cd+2, and Pb+2. Based on the sodium ratio and EC, the water in the wells under study is 

suitable for irrigational purposes. In addition, the general chemistry of water samples was 

prevailing mainly calcium bicarbonate.. 

Key Words: Groundwater. Heavy metals. Water. Resources. AL-Marj area. 
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1. Introduction  

Water is essential for humans, animals, plants, agriculture, energy production, and industrial 

processes (Department of the Environment. 1992). About 97 percent of the world's freshwater 

is underground, and it is the primary source of rivers and lakes (Baird & Cann 2011). 

Groundwater is water found beneath the earth's surface in pores and fractures of soil and 

rocks (Goulburn-Murray Water. 2015). Groundwater is an unavoidable water resource for 

domestic and drinking purposes in urban Africa (MacDonald et al., 2011). Groundwater 

chemistry is heavily influenced by geochemical processes, regional geology, and land use 

patterns (Matthess, 1982; Kumar et al., 2006; Liu et al., 2008; Zhu and Schwartz, 2011; 

Rajesh et al., 2012). Libya's water comes from four sources: groundwater, which supplies 

nearly 95 percent of the country's needs; surface water, which includes rainwater and dam 

construction; desalinated seawater; and wastewater recycling (Wheida,2007). Therefore, can 

determine the quality of water by examining its physical, chemical, and biological properties. 

Water is being polluted more than ever before, consequently of increased population, 

industrialization, the use of fertilizer in farming, and man-made actions. Groundwater is the 

primary source of water for domestic and drinking purposes in many developing countries 

(Midhun Dominic & Shino Chacko 2016). In addition, Agriculture is the main source of 

income for the residents of Al-Marj, and they rely heavily on groundwater for drinking, 

domestic, livestock, and agricultural purposes (Nair, G.A et al 2006). As a result, estimating 

groundwater quality is critical for determining hygienic and appropriate groundwater sources. 

The human population in many parts of the world is facing critical water supply and 

contamination issues. African countries face challenges in obtaining safe drinking water and 

adequate sanitation (Tuinhof, A.; al el 2011). Groundwater contamination is especially severe 

in arid or semi-arid regions where water supplies are scarce (Hamzaoui-Azaza, F, al el 2012). 

Due to high concentrations of certain chemical and physical parameters, groundwater quality 

in Libya is a critical issue that threatens human health (Rashrash, al el 2015). Many 

researchers have assessed groundwater to their suitability for drinking in various parts of 

Libya, and some of them have found that, tested elements were within  the standard limits, 

Achuthan al el (2006) indicated that water at all places was within the standard limits when 

they evaluated groundwater quality of north-east Libya. Whereas Elgali (2015) had found the 

groundwater clean in only 14.3% of the groundwater samples in Derna city. In addition, 

Albanqeeyah (2021) had motioned that the concentration of nitrates in the groundwater in 

Awjilah was higher than the standard limits, while it was within the standard limits in Jabal 

Al Akhdar region. Moreover, Roshrash, al el, (2015) in their study found a significant rise in 

the majority of water ions, such as dissolved salts, Nitrates, sodium, and chlorides. It might be 

attributed to either the disposal of untreated wastewater from disposal ponds and septic tanks 

or the infiltration of irrigation water. According to the Megahed al el, (2021) the current 

quality groundwater in Al Jabal Al Akhdar, except for a few samples classified as unfit, 

groundwater is rated as excellent and doubtful. Therefore, the primary aim of this work is to 

evaluate groundwater quality by testing 9 groundwater wells in the study area using 

physicochemical parameters. 

1.1Location map of the study area 

The research was conducted in the Libyan city of Al-Marj. The city is in the north-eastern 

part of Libya, on the Mediterranean Sea's coast. It has a land area of about 10,000 km2. The 

Mediterranean climate, with hot, dry summers and mild, rainy winters, has an impact on the 

study area. moreover, it has a dry climate, similar to that of a semidesert, with minimal 

rainfall and high evaporation rates, as well as a distinct appearance of aridity that prevails 

throughout the entire area. Al-Marj is located on the Cyrenaica level on the western edge of 
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Jebel Akhdar and has a population of 85,315 people as of the beginning of 2012 with 

coordinates 32_29012” N 20_50002” E. The precise locations of the sampling points of the 

groundwater wells were determined in the field using (Jaouda al el, 2017). In addition, Soils 

of El-Marj was humus rich clayed carbonate mixture called ‘Rendzinas’. The soils of it was 

red color. It belonged to intrazonal hiolithogenic group of soil that was alkaline with a total 

nitrogen range from 0.04% to 0.20%; 1.35% clayed residues and 1.34% calcium carbonate. It 

was a red rock composed of clayed limestone residues that formed soil. It was alkaline, 

containing high levels of calcium, magnesium, and iron and low levels of nitrogen (0–13%). 

The amount of organic matter in the surface soil was approximately 1.67%, but as depth 

increased, this percentage dropped (Nair et al., 1996). 

Number Location Altitude Longitude 

1 Residential 32.496501 20.859535 

2 Residential 32.496324 20.862006 

3 Residential 32.497848 20.864204 

4 Residential 32.508477 20.861527 

5 Farm 32.503601 20.862879 

6 The edge of town 32.5032 20.856189 

7 The edge of town 32.501007 20.853749 

8 The edge of town 32.500281 20.830645 

9 Residential 32.483835 20.841003 

Table 1 shows the Main wells with their coordinate, altitudes and names in the study area. 

 

Figure 1 shows the groundwater wells (water sampling) in study area at Al-Marj city in 

northeast Libya. 

1.2. Aquifer of Al -Marje City   

The geological and hydrogeological studies (e.g. Ali, 2009) show that there are three horizons 

in Al Marj plain, these horizons are: 

The first horizon: These bodies of ground water perched on clay or shale beds occur locally 

of Pleistocene age. The water in this horizon is characterized by high salinity (Figure 2).  
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The second horizon: The water in this horizon found in clayey sandy and gravel layer, the 

depth of this horizon is ranged between 25 and 90 m, the salinity of the water is increased as 

we move towards the middle of the plain, this horizon of Pliocene age. The available amount 

water in this layer is very limited.  

The third horizon: Bodies of ground water of this horizon found in limestone reservoir of 

Eocene age. This horizon is considered to be the most important horizon of the groundwater 

in the plain in term of the water quality and availability. The depth of this horizon is between 

150 and 500 meters (Figure 2). 

 

Figure 2 Subsurface map showing the main aquifers in the study area (Al Awami, 2002) 

2. Materials and Methods 

2.1. Sample Collection and Analysis 

Water samples were collected from different 9 wells shown in figure (1) in study area. It can 

be seen that, the groundwater wells (sampling points) in the study area in Al-Marj city in 

northeast Libya in table (1). The coordinates of the groundwater wells were determined using 

the Global Positioning System (GPS).  This was done during the middle of the wet season on 

1 June 2023.  First, water samples were collected in clean glass bottles with a minimum 

capacity of 250ml. A water pump was used to collect groundwater samples. Second, the date 

and source of the water sample were labeled on all bottles. Water samples were then stored in 

an icebox at 4 °C to avoid changes in chemical parameters caused by photochemical 

reactions. The physical and chemical parameters of the water samples were performed using 

standard equipment and materials, in the water analysis laboratories.  

Total Dissolved Solids (TDS), pH, and electrical conductivity (EC) were measured using a 
Denver Instrument Model 50. A LaMotte turbidimeter (Model: 2020 we/wi, LaMotte 
Company, Chestertown, MD, USA) was calibrated by using formazin standards to measure 
the turbidity of the water samples. HCO3 and Cl- were determined using titration techniques, 
while SO4 was determined using gravimetric methods. Whereas NO-3 and Iron (Fe-) were 
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analyzed by 100 Dionex Ion Chromatography instrument equipped with AG4A-SC guard 
column, AS4ASC separating column, SSR1 anion self-regeneration. Suppresser and 
conductivity detector. Used the AAS Hitachi-5000 to measure Ca, Mg, Na, P, and K. In 
addition, the atomic Absorption method model (Perkin Elmer, model 2380) is used to 
calculate heavy chemical metal concentrations such as; Zinc (Zn), Copper (Cu), Cadmium 
(Cd), and Lead (Pb). 

3. Results and discussion  

Major ions like these are included in the chemical analysis of the water samples under study 
Na+, Ca+2, Mg+2, K+, Cl-, HCO-3, NO-3, and SO4

-2 and heavy metals for instance Zn, Cu, Cd, 
Fe, and Pb tale (2) were collected from different 9 wells in AL-Marj city and analyzed for 
several chemical and physical parameters shown in Table 2. 

Table 2 gives the statistical analysis of the physiochemical parameters of groundwater in the 
region of Al-Marj city, east Libya. 

 

Table 2 Statistical summary of physiochemical characteristics of groundwater 

TDS and EC are considered the most important factors when assessing water quality, the TDS 
concentration is proportional to the measured EC parameter in water samples with a 
proportional constant that varies between 0.55 and 0.7(Hem D 1985. Brown E al el,1960). 
The minimum and maximum values of the TDS concentrations for groundwater are (900 – 
1295 mg/l). Meanwhile, the corresponding EC measurements are (1774 – 1295 mS/cm) as 
shown in figure 3, all TDS and EC values of the groundwater fall over the standard value 
recommended by WHO. In addition, due to the complex geomorphological makeup of the 
study area, this ratio increased as pH levels decreased, indicating a greater release of 
inorganic matter. Moreover, with a maximum level of 7.70, the field measurements showed 
basic pH levels for groundwater. This suggests that the amount of bicarbonate in the water is 
high. However, all measured pH values are within the permissible limits suggested by WHO 
drinking water standards. 
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Figure 3 shows the concentration of TDS and EC 

The TH concentrations in water samples that were measured showed similar trends in terms 

of alters in EC and TDS. The amount of heavy rain and leachate drainage from agricultural 

fields and farming, as well as the use of well water for gardening and agriculture, all impacted 

the TH concentration in groundwater. However, it ranged from 400 to 430 mg/l. Calcium and 

magnesium ions are the main contributors to total hardness (TH) (Fetter 1988). A previous 

study by James, M, (2017), evaluated the groundwater wells in the Liberian city of 

Paynesville; the findings indicated that the TH distribution ranged from 25 to 425 mg/L. 

 The study area's groundwater wells had turbidity levels ranging from 0.52 to 4 nephelometric 

turbidity units (NTU), as indicated in Table 2. Five groundwater wells had the highest amount 

of turbidity (4 NTU), while groundwater well number 4 had the lowest level (0.52 NTU). 

However, the sewage discharge from the residential area that made its way to the groundwater 

well and the soil erosion brought on by human activity and natural phenomena close to the 

study area were the causes of the high turbidity value. In addition, the turbidity value in the 

current study stayed within the WHO drinking water guidelines (5 NTU). 

The minerals gypsum, aragonite, anorthite, calcite, and dolomite are examples of geological 

sources of calcium variables (Macdonald 1965; Bender 1974). The calcium content of the 

groundwater samples varied from 625 to 1400 mg/l with an average of 934.33 mg/l. It is 

primarily ascribed to the infiltration of rainwater, which releases calcium into the 

groundwater from sedimentary carbonate rocks and soil aquifer materials (Magaritz et al. 

1989). Sodium concentrations in the collected water samples ranged from 12.28 to 161 mg/l 

with average 134.95 mg/l. Strong water–aquifer interaction brought on by cation exchange 

and human activities like wastewater disposal may be indicated by a high concentration of Na 

in the groundwater wells. Water naturally contains sodium ions as a result of several 

processes, including weathering of clay, vaporization, and agricultural and human activities 

(Siemens, al el 2020). 

Sulfate values in groundwater samples varied from 88.06 to 141.8 mg/l, with a mean of 
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130.94 mg/l. Well, no. 6 presented the highest value of sulfate, while well no. 8 presented the 

lowest value. Sulfate ions were found in water samples as a result of gypsum dissolution, rock 

weathering, and household wastewater (Fetter 1988).  Bicarbonate concentrations in water 

samples ranged from 61.5 mg/L in well no 8 to 861 mg/L in well no 1 as shown in Table 2. 

Nearly 88.8 % of the analyzed samples exceeded the standard limit of 300mg/L 

recommended by WHO whereas approximately 11.1% of samples were below this limit. 

According to table 2, chloride concentration in the groundwater wells varied from 233 mg/L 

to 335.1 mg/L. Groundwater well number 8 had the lowest value, and groundwater well 

number 6 had the highest level. The chloride concentration in only one groundwater well was 

below the WHO-recommended drinking water limit. However, the overuse of 

groundwater may be the cause of this rise.  

 

Figure 4 shows the concentration of T.H, Ca+2, Na+, Cl-, HCO-
3, and SO4-2 

As shown in the table 2 and figure 5, the potassium content of the evaluated groundwater 

wells varied from 1.50 to 13.5 mg/L. However, approximately 22.2 % of the analyzed 

samples exceeded the standard limit of 12 mg/L recommended by WHO whereas 77.7% of 

samples were below this limit. Wastewater in the study area may be the primary source of the 

increasing amount of pollutants, including potassium, in the groundwater wells. In addition, 

to solid and liquid wastes, rock weathering may be the main source of potassium. In the 

investigated subterranean wells, the potassium content was within the WHO-recommended 

drinking water limit 12 mg/l. Jauda al el (2021), assessed the quality of ground water in AL-

Marj city and discovered that the potassium value ranged from 2.3 and 12 mg/L. 

The dissolution of all solids and rocks, but primarily of limestone, dolomite, and gypsum 

found in significant amounts in certain brines was referred to as the abundance of magnesium 

in the groundwater wells. The magnesium concentration in the studied groundwater wells 

varied from 7.9 mg/L to 63.15 mg/L with an average 40.35, as shown in table 2. 
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Figure 5 shows the concentration of Mg+2, and K+ 

The finding obtained from Table 2 shows the nitrate concentration of groundwater obtained 

within the period of study between 0.0 and 0.18 mg/l with an average of 0.06 mg/l. 

Comparing the obtained value of nitrate with the standard of 50 mg/l (WHO, 2022) shows 

that all obtained values fall lower than the allowable maximum permissible for drinking 

water. Albanqeeyah, (2021) determined the nitrate concentration of groundwater in the AL-

JABAL AL-AKHDAR district of Libya and observed that the concentration of NO-
3 in the 

groundwater wells varied between 0.7 and 13.1 mg/L. Figure 6 shows an inverse relationship 

between groundwater nitrate concentration and depth, whenever the depth rises, whenever 

concentration decreases.  

 

Figure 6 shows relationship between groundwater nitrate concentration and depth 

This slight increase in nitrate concentration particularly in shallow wells compared with deep 

wells might be attributed to using fertilizers in irrigation and /or infiltration of domestic 

wastewater from cesspools distributed within the study area. 

According to their values, heavy metals in the natural surface and groundwater are typically 

divided into major, minor, and trace levels. Due to human activity or natural processes, these 

metals may enter groundwater. The concentrations of heavy metals in water are primarily 
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caused by two natural processes: chemical weathering and soil leaching (Drever 1988). Table 

2 displays the findings of the heavy metal analysis. In addition, the release of heavy metals 

from primary materials and soil is influenced by several factors, including pH, adsorption, 

hydration, and co-precipitation. These factors further impact the stability of trace 

metals in water (Drever 1988; Fetter 1988). The findings revealed that all heavy metals, 

except Pb+2 and Cd, are within the WHO-recommended drinking water limits table 2. 

Furthermore, lead and cadmium contamination of groundwater is indicated by their 

concentrations measured from various wells that are less than (<0.03 and <0.012 mg/L), 

respectively, but were marginally higher than the WHO-recommended permissible limit of 

(0.01 and 0.003) mg/L consecutively. The significant levels of lead and cadmium suggest the 

impact of nearby human-driven activities, including farming in AL-Marj city and other 

ventures around groundwater wells, on the water's composition. The concentration of iron, 

copper, and zinc in water samples were below the permissible limits for drinking water use. 

Overall, the chemical analysis's findings demonstrated that both natural and man-made 

activities significantly impact the groundwater's chemical composition in the study area. This 

is consistent with other researchers' findings for various locations (Shi et al. 2012; Vousoughi 

et al. 2013). 

3.1. Classification of groundwater according to A piper diagram 

A Piper (Piper 1953) diagram of Cations Na, K, Ca, and Mg and Anions HCO-3, Cl, CO3 a, 

and SO4 was used to determine water types for the studied areas Figure 7. The Piper diagram 

revealed the groundwater in all wells are characterized by CaHCO3 type II except S. Ghaith 

well (well no 8) is characterized by CaCl type V. 

Figure 7 Piper diagram of water chemistry in the study area (fields after Tweed et al., 2005). 

3.2. Classification of water based on Total Dissolved Solids  

The values of TDS in the studied wells range from 900 to 1295 mg/l with a mean of 1112 

mg/l, the WHO (2022) drinking water guideline shall not be more than 500 ppm. All the 

groundwater samples were above the permissible limit. According to TDS classification table 

3, the studied water samples were classified as brackish water and useful for irrigation table 4.  
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Table 3 Classification of water based on Total Dissolved Solids (after Fetter,1994). 

 

 

 

 

 

Table 4 Classification of water based on Total Dissolved Solids (after Davis and De Wiest, 

1966). 

The discrimination diagrams based on Cl /Cl+HCO3 vs. TDS indicate the dominance of rock 

in the studied well figure 8. 

 

Figure 8 Dominance of precipitation, rock and evaporation on Na/Na+Ca vs. TDS of the 

study area (fields after Gibbs, 1970). 

The plot of Mg/Ca vs. Na/Ca showed that the source of ions in the studied samples mainly 

originated from limestone figure 9 
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 figure 9 Plot of Mg/Ca vs. Na/Ca ratios of the studied water samples (modified after Han and 

Liu, 2004). 

3.3. Irrigation water quality  

Groundwater quality was assessed in this study to ascertain its suitability for irrigation 

by identifying the primary parameters that represent its quality, such as EC and 

sodium hazards.  In addition, since EC reflects the TDS in water, it is a useful indicator of 

salinity. Excessive EC, or water salinity, puts crops at risk by decreasing 

plant osmotic activity, which hinders the plant's ability to absorb water and nutrients from 

the soil (Saleh et al. 1999; Subramani et al. 2005). However, in this study, electrical 

conductivity (EC) averages 1897 mS/cm, and is classified as class 3, fair quality shown in 

table 5. 

 

 

 

 

 

 

 

 

 

 

 

Table 5 Types of groundwater according to EC (US Salinity Laboratory ,1954) 

Results of Na % for all samples were less than 40 % and according to Plot classification, the 

waterfalls in the field were excellent category figure 10 suggesting that the water is suitable 

for irrigation use.  
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figure 10 Plot of EC vs. Na % showing the classification of irrigation water (fields after 

Johnson and Zhang, 1990). 

4. Conclusion 

The physical and chemical composition of groundwater at the AL-Marj basin was 

investigated throughout the study period in 2023, representing the study of elements and 

knowledge of water quality in the study area. The physical and chemical composition of 

groundwater samples showed that the EC of the measured groundwater wells was noticeably 

high. All groundwater wells presented high concentrations of TDS, calcium, and bicarbonate, 

and one sample had a value lower than the WHO standard. In addition, the primary causes of 

salinity in the groundwater samples were bicarbonate, calcium, chloride, and sulfate. 

According to the quality assessment, the groundwater in the study area is 

generally not completely suitable for direct drinking in terms of EC, TDS, Pb, 

and Cd. Moreover, according to the sodium ratio and conductivity values, the water sources 

examined can be used for irrigational purposes. Furthermore, the Piper diagram showed that, 

except well number 8, all wells' groundwater is classified as CaHCO3 type II. According to 

this study, groundwater in the study area needs to be monitored and protected from pollutants, 

whether from agricultural practices or wastewater released from cesspools. 
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