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Abstract
The groundwater quality deterioration is a global phenomenon due to the effect of contaminated surface water. This study covers the investigation of
groundwater quality using the contamination indices, statistical analysis, and hydrochemical facies. Thirty-one water samples that representing the
water resources in the study area were collected and analyzed for chemical compositions. There are two aquifers; Pleistocene and Miocene. From the
obtained data, the electric conductivity (EC) values ranged from 8520 to 19410 μS/cm in Pleistocene aquifer. While in Miocene aquifer, it ranged from
4290 to 7920 μS/cm. The wide variation is due to interaction with aquifer rocks. The hydrochemical facies evolution diagram (HFE-D) indicated that
the majority of samples belong to an intrusion phase; the Na-Cl facies represents the state of the aquifer and the remaining sample is scattered in the
�eld of freshening. The dominance of average cations is about Na+ > Mg2+ > Ca2+ > K+, where the anion dominance average is in the imperative of Cl−

> SO4
2− > HCO3

-. Multivariate statistical techniques, such as cluster analysis (CA) and factor analysis (FA) showed contamination with heavy metal
and fecal due to the in�uence of the sewage treatment plant. The spatial distribution of heavy metal pollution index (HPI), Ecological risk index (ERI)
and pollution index of groundwater (PIG), in the southeastern portion of the research, revealed high values near the center and particularly in the
northwest portion of the study region. It demonstrated that water in the northeast of the study area is likely to be in�uenced by heavy metal leaching
from the water treatment plant.

Highlights
1- Assess the quality of surface and groundwater

2- Hydrochemical data are described for both groundwater and surface water samples. 

3- Heavy metal pollution index is used for overall water quality determination

4- Cluster analysis is a statistical analysis used in grouping samples in clusters

5- hydrochemical facies diagram is used for the determination of seawater intrusion

1. Introduction
The north-west coast of Egypt is more sensitive to future sustainable development and this, on the other hand, depends primarily on the occurrence
and maintenance of water resources (Ali et al. 2007). Due to the climate change, there have been insu�cient precipitation on the north-western coast
of Egypt for agricultural activity and residents have started drilling water wells (IPCC 2007). Surface waters are relatively inadequate, uniformly
scattered or unsuited to human consumption in many coastal locations (Yidana and Yidana 2010). Further research have found that direct dumping
into the surviving surface water bodies of various polluted materials from home, farming and industrial wastewater eventually pollutes them.
(Edokpayi et al. 2017). Surface water also faces serious exposures to salinity due to sea backwater in coastal zones. (Vijay et al. 2011). The surface
water is quite limited in the coastal zone because of the winter precipitations (El Bastawesy et al. 2008). Agricultural production may have several
factors; however water is the most important factor (Oweis and Hachum 2003). Naturally, water can convey various heavy metals across diverse
geological formations (Mohankumar et al. 2016). Biological activity, soil leaching, weathering and rock disintegration are many instances of natural
processes that produce changes in the quality of groundwater (Rao et al. 2020). Appreciation of the water body's hydrochemistry exposes water to a
variety of uses (Alexakis 2011; Gamvroula et al. 2013). The water quality index (WQI) approach aims to investigate and understand the status of water
quality in a water body (Horton 1965; Brown et al. 1970). The WQI and multivariate statistical tools enable to manage water resources consistently
(Bora and Goswami 2016). It aims to provide the water quality of a body a single value, which can help understand the quality of the water for various
purposes (Smita et al. 2018). Other approaches, such as multivariate statistical methods such as (CA) and (FA), help to assess the spatial and
temporal variants of water quality to identify potential factors affecting water quality (Gamble and Babbar 2012). The current investigation was shown
with the objective of (i) Make an evaluation of ground and surface water, (ii) Estimate their drinking and irrigation appropriateness (iii) identify the
state of aquifers for intrusion/freshening phases that occurs over time via using the hydrochemical facies evolution.

2. The Study Area
The study area is about 10 km away from Matrouh city. It is constrained by longitudes of 270 15/ and 270 25/E, latitudes of 310 8/ and 310 25/N with a
total area of approximately 400 km2. The study included three drainage basins; these basins from the northwest to the southeast are Wadi Samla,
Wadi Khair, and Wadi Naghamsh with the area of 26, 36, and 116 km2, respectively, Figure (1).

The sewage treatment plant in the study area at an altitude of approximately 60 m from sea level with a capacity of 25,000 m3/day. The plant has 14
oxidation basins used in aerobic and anaerobic treatment. The wastewater is treated and directed to three untreated dirt reservoirs used for water
storage and tree forest irrigation. The wastewater treatment plant provides 9 million m3/year of water to irrigate 1000 acres of tree plantations.
Groundwater interaction with polluted surface water can potentially put groundwater sources at risk; Different geochemical processes may affect
ground water quality, including natural and anthropogenic activity.
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North-western Egypt's summer is warmer (June, July and August) while winter is colder (December, January, and February) (UNESCO 1977). The
average annual rainfall varies from 64 mm to 412 mm (CLAC 2015), with an average annual cumulative precipitation of 155mm. Evaporation rates
vary with temperatures on the other hand, whereas in January the lowest evaporation rates (6.9 mm/day) were observed, while in September the
greatest rate (8.8 mm/day) was observed (Egyptian Meteorological Authority 1996). Many authors have researched the geomorphology, hydrology,
and geology of the coastal area of the northwest Mediterranean, (Raslan 1995; Masoud 2000; Barseem 2006; Mohamed et al. 2011).

3. Geomorphology, Geology And Hydrogeology
Geomorphologically, the northwestern Mediterranean coast is distinguished in three geomorphological units. These units were classi�ed into the
coastal plain, piedmont plain, and structural plateau (tableland), (Raslan 1995), Figure (2). The elevation is between the sea level and approximately
l00m in costal and piedmont plains. There were coastal dunes, ribs and sand dunes in the coastal plain. At the foot of the structural plateau the
Piedmont plain is growing. It has thick �ne deposits of calcareous grounds derived from the alluvial deposits of various wadies.The main catchment
region of the drainage line is the structural plateau (tableland). The construction of the plateau ranges from 100 to 175 m from the south to the north
side of the Piedmont.

The geology of the area of study plays an important effect in groundwater occurrence and quality. The classi�cations of the studied area are mainly
sedimentary from the Middle Miocenes to Quaternary eras (Raslan 1995). Marmarica formation is a characteristic element of the middle Miocene. The
structure of the plateau and the Piedmont plain are formulated. The Quaternary deposits, which are alluvial deposits. In addition to being very
calcareous, the deposits include mostly of sand, silt, and clay. As an Oolitic calcareous, Pleistocene sediments can be recognized. It comprises
carbonate grains with quartz and fossil scattered grains. The rocks of the Middle Miocene are fractured in all the wadies and conducive for
groundwater Figure (3).

Hydrogeological, The Pleistocene, and Middle Miocene aquifers are the foremost productive aquifers in the study area (Raslan 1995). The aquifer
Pleistocene is composed of Oolitic calcareously. Either from a direct in�ltration of the annual rainfall on site or by a deterioration of the portion of the
tableland, ground water for this Oolitic calestone arises. The aquifer for the Middle Miocene is the Marmarica limestone. It includes alternate limestone
and clay beds. Hydrogeological cross sections reveal that groundwater can be re�ected from the precipitation, with rain dropping into the tableland
and �owing to the Mediterranean Sea to the north. (Yousif et al. 2014). These aquifers are recharged by direct rainfall in�ltrations and/or surface
discharge. (Sewidan 1978; NARSS 2005).

4. Materials And Methods
Thirty-one water samples were collected during June 2019 from surface and groundwater points and chemically analyzed Figure (4). These samples
are represented by 6 surface water samples and 25 groundwater samples. The analyses include the determination of TDS, pH, EC, the concentration of
major ions Ca, Mg, Na, K, CO3, HCO3, SO4, and Cl concentration of certain minor components including NO3, PO4, organic substance as chemical
oxygen demand (COD), total organic carbon (TOC), biological oxygen demand (BOD), heavy metals and trace components as B, Fe, Pb, Co, Cr, Cu, Cd,
Al, V, Sr, Zn, Mn, Mo, and Ni. The obtained chemical data are expressed in milligram per liter (mg/l) Table (3 and 5). Some parameters including pH,
temperature, EC, CO3, HCO3, TOC, COD, and NH4 were determined in situ using pH, EC meter, 3510 Jenway, UK, titrimetrically against sulphuric acid by
neutralization method using Phenolphthalein as an indicator for CO3 and Methyl orange as an indicator for HCO3 and Compact photometer PF-12Plus.
MACHEREY – NAGEL GmbH & Co.KG, Filter photometer with microprocessor control and auto-calibration; Wavelength range (340 – 860) nm,
Automatic �lter wheel with 7 interference �lters, Xenon high-pressure lamp, respectively. The analyses include Ca, Mg, Na, K, SO4, Cl, BOD and heavy
metals were performed at the hydrogeochemistry department of Desert Research Center (DRC) according to the methods adopted by the United States
Geological Survey (Rainwater and Thatcher 1960), (Fishman and Friendman 1985) and American Society for Testing and Materials (ASTM 2002).       
                              

4.1.   Multivariate Statistical Analysis

All mathematical and statistical calculations were implemented using SPSS version 16.0 software was used for carrying out the statistical analysis of
the data; the data sets were log-transformed to accommodate a wide range of parameters (Matiatos et al. 2014).

4.1.1. Cluster analysis

The objective of cluster analysis is to group a number of objects to such an extent that they are more similar to one another in the same group (called
cluster) (Otto 1998).

4.1.2. Factor analysis

Factor analysis is a way used to analyze variability between observable and correlated variables as a result of a potentially lower range of variables
termed factors (Shrestha and Kazama 2007).

4.2.    Pollution Indices
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4.2.1. Heavy metal pollution index

Heavy metal pollution index, HPI is a comprehensive tool used for overall water quality determination, according to calculated weights of each metal;
HPI was calculated according to (Horton 1965; Mohan et al. 1996). HPI is classi�ed into �ve classes as following excellent extended from 0 to 25,
good ranged from 26 to 50, poor ranged from  51 to 75, very poor ranged from 76 to 100, and unsuitable more than 100.

4.2.2. Nitrate pollution index

Nitrate sources in the groundwater are classi�ed to point sources such as irrigation of land by sewage e�uents and nonpoint sources such as densely
populated sanitation and intense farming practices (McLay et al. 2001). The nitrate pollution index (NPI) for the water samples was determined by
(Spalding and Exner 1993). The water quality according to NPI values was classi�ed into �ve types: clean (unpolluted) (NPI<0), light pollution
(0<NPI<1), moderate pollution (1<NPI< 2), signi�cant pollution (2<NPI< 3), very signi�cant pollution (NPI > 3).

4.2.3. Pollution index of groundwater               

Drinking water quality can be assessed with the use of (PIG) (Rao 2012), and were utilized successfully in several locations to monitor and evaluate
variations in drinking water quality (Rao et al. 2018; Rao and Chaudhary 2019). In the current study the PIG values for each water sample were
calculated using the standard limit of the World Health Organization (WHO 2017) prescribed for safe drinking water Table (2). PIG calculation involves
four steps which determined according to (Rao 2012). All the observed chemical variables in each sample of groundwater are determined in the PIG
values. Thus, the effects of chemical pollution on the aquifer system are distinct.     

4.2.4. Ecological risk index

In consideration of the pollution and toxic response factor, the potential ecological risk (ERI) index for the heavy metals analyzed has been
quantitatively assessed. In this investigation, the ERI was estimated for each groundwater sample according to (Bhutiani et al. 2017; Adimalla and
Wang 2018; Taiwo et al. 2019).

4.3. Hydrochemical facies evolution of groundwater

The Evolution Diagram for Hydrochemical Facies, proposed by Gimenez FE(2010) offers a convenient manner of recognizing the status of aquifers in
temporal intrusion/refreshing phases, which is identi�ed through the distribution of anion and cation levels in the square diagram Figure (5). Four
heteropic facies are identi�ed in this plot: Na-Cl (sea water), Ca–HCO3 (fresh water) and Ca–Cl (water salinized with direct bases exchange).

5. Results And Discussion
5.1. Hydrogeochemistry

The hydrochemical data provides an overview of the physical-chemical parameters measured in the groundwater and surface water samples. The pH
values ranged from 7.2 to 8.1 in the Pleistocene aquifer, from 7.1 to 7.6 in the Miocene aquifer and from 7.1 to 8.3 in surface water re�ected that the
groundwater and surface water samples are somewhat neutral to slightly alkaline. The electric conductivity(EC) values represent water's dissolved salt
content and higher values typically re�ect higher concentrations of ions in the water (Prasanth et al. 2012). The EC values ranged from 8520 to 19410
μS/cm in the Pleistocene groundwater, from 4290 to 7920 μS/cm in the Miocene groundwater and from 3970- 64410 μS/cm in the surface water. The
EC value differences are attributable to the composition of the aquifer rocks. The total dissolved solids (TDS) values ranged from 5041 to 11741 mg/l
in the Pleistocene groundwater, from 2360 to 4742 mg/l in the Miocene groundwater and from 2455 to 41958 mg/l in the surface water. Major ions are
observed in Na+ and Cl− correspondingly as prominent cation and anion species in both the groundwater and surface water sample concentrations.
The concentration of Na+ varies from 1450 to 3500 mg/L in the Pleistocene groundwater, from 580 to 1380 mg/L in the Miocene groundwater, and
from 740 to13400 mg/L in the surface water. The ionic concentration of Cl− is highest among all the ions and the concentration of Cl− in pleistocene
groundwater is between 2211 and 6076 mg/L, in Miocene groundwater is between 951 to 2262 mg/L, and in surface water from 1054 to 20567 mg/L.
Both the surface and the groundwater display signi�cantly higher Na+ and Cl− concentrations, indicating that seawater most likely affects the water
quality in the area under investigation and this indicates the mixing of groundwater with the matrix of marine aquifers. The concentration of K+ shows
the least variation with the range of 52 to 100 mg/L in the Pleistocene groundwater, from 32 to 55 mg/l in the Miocene groundwater and 28 to 600
mg/L in the surface water. In the Pleistocene groundwater, Ca2+ and Mg2+ concentrations range between 131 - 767 mg/L and 152 - 270 mg/L,
respectively, also in the Miocene groundwater Ca2+ and Mg2+ concentrations range between 129 - 306 mg/L and 113-164 mg/L.   Similarly, the
concentrations of SO4

2− and alkalinity vary from 344 to 2650 mg/L and 50 to 205 mg/L, in the Pleistocene groundwater, while in the Miocene
groundwater ranges from 140 to1340mg/L and 135 to 275 mg/ L, in each case. The dissolving of marine sediments is the result of the high salinity of
groundwater. Table (3), Figure (6).

A multi-rectangular hydrochemical facies evolution diagram (HFE) can be employed to determine the dynamics of seawater intrusion, considering the
percentages of major ions, showing the intruding and freshening phases. Figure (7) shows that the majority of samples are appropriate for a phase of
intrusion. The Na-Cl facies signi�es the state of aquifer. The samples shown in HFE-D con�rms the hypotheses regarding salinization with the
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exception of one sample (G1), is scattered in the �eld of freshening. The methodology of classi�cation proposed in the present study takes into
account that of Gimenez FE (2010).

5.2. Statistical analysis

5.2.1. Cluster analysis 

Cluster analysis (CA) is a statistical analysis based on their similarity used in grouping samples in clusters and it is one of the most frequently used for
evaluating the surface water effect on groundwater quality. The dendogram of two aquifers and surface water obtained by agglomerative hierarchical
clustering are shown in Figures (8and19).Two dendrograms were produced which are certi�ed to illustrate signi�cant pollution. The diagram of CA
calculated by using all detected parameters in water depend on chemical characteristics such as pH, EC, Ca, Mg, CO3, HCO3, Na, K, SO4, Cl, BOD, TOC,
COD, NO3,NO2, NH4. The dendogram in Pleistocene was grouped by HCA into two groups Figure (8). Cluster 1 (C-1) contains 22samples (18
groundwater and 4 surface water); this cluster shows pollution and fecal contamination. Appearance of contaminated water at a sewage treatment
plant in the study area, the remaining 2 samples, including two surface water is collective in cluster 2 (C-2). The variation of water quality parameters
in cluster 1 of samples is presented in Figure (8) which indicated that the in�uence of sewage treatment plant on groundwater. In the Miocene aquifer,
the dendogram also was classify into two clusters Figure (9). (C-1) includes 11 samples (7 groundwater and 4 surface water), (C-2) corresponding to
surface water. The C-1 samples had substantially higher levels of water quality parameters, the predominance of the average cations being Na+ > Mg2+

> Ca2+ > K+ for both samples' clusters. The mean anion levels are in the category of Cl− > SO4 2− > HCO3. 

5.2.2. Factorial analysis

The factor analysis was executed on 7 variables such as boron(B), strontium(Sr), biological oxygen demand(BOD), phosphorous(P), chromium(Cr),
nickel(Ni) and total organic carbon(TOC) for the Pleistocene and Miocene groundwater, so that is identi�ed the in�uence of surface water and
treatment plant on groundwater. An eign value measures the relevance of the factor: the factors with maximum eign values are the most signi�cant.
Eigenvalues of 1.0 or larger are re�ected signi�cant values (Shrestha and Kazama 2007). Thus the classi�cation for factor loads is 'strong,' 'moderate'
and 'weak' which correspond to >0.75, 0.75-0.50 and 0.50-0.30 absolute loading values, respectively (Liu et al. 2003). Table (4) provides variable loads
and explained variation and high loading values. The four factors of Miocene groundwater include more than 81.8 % of the total cumulative variance,
and the three factors of Pleistocene groundwater include more than 71 % of the total cumulative variance respecting water quality data sets. The most
signi�cant parameters with strong positive factors in Miocene groundwater are B, Sr, BOD, Ni, and TOC and in Pleistocene groundwater are B, Sr, BOD,
Ni, and TOC. Strontium and Boron with positive strong loading value have contributed as the most important parameters to changes in water quality in
Miocene and Pleistocene ground water. This means that a signi�cant amount of inorganic nutrients is caused by agriculture. The biochemical
demands for oxygen, nickel and total organic carbon with strong factor loads are key parameters in the variability of water quality and it explains the
fact that waste water and industrial wastewater enters the study area and causes signi�cant pollution caused by the treatment plant. (Pejman et al.
2009). 

5.3. Pollution indices

5.3.1. Heavy metal pollution index:

The mean concentrations were calculated to guess the heavy metal pollution index (HPI). Calculated index values and unit weightage values were
listed in Table (1). In the current study, metals for example V, Cu, Mo, Cr, B, Fe, Cd, Mn, Ni, Pb, Al, and Zn were measured. The HPI for the study area is
intended by integrating the mean concentration values of con�rmed heavy metals. The particulars of the calculation are existing in Table (8). HPI is
categorized into �ve classes; excellent (0–25), good (26–50), poor (51–75), very poor (76–100), and unsuitable (100). 72.2% of the Pleistocene aquifer
samples is considered unsuitable for drinking purposes, 16.7% poor, 5.5% very poor, and the remaining samples5.5% is considered good, on the other
hand, 71.5% of the Miocene aquifer samples is considered unsuitable for drinking purposes, and the remaining 28.5% is considered good. The results
were assessed that in both aquifers (Pleistocene, Miocene), the heavy metal pollution index exceeds 100 in the majority of the samples. Wells are
shown to be contaminated by heavy metals. It was estimated that the region of the research would be affected by heavy metal leakage from the water
treatment plant, as shown in Figure (10). The water treatment plant has not treated the inorganic matters especially the heavy metals.

5.3.2. Nitrate pollution index:

Nitrate levels were ranged from 1 to 13.2 mg/L with an average of 4.03 mg/L in the study area. Nitrate was organized into three groups, 1) low (<20
mg/L), 2) medium (≥ 20 mg/L to <50 mg/L), and 3) high (≥50 mg/L). The concentration of nitrate in all the samples in the studied area is less than
20 mg/L. Five classi�cations of water have been determined according to NPI values: clean, light pollution, moderate pollution, signi�cant pollution,
and highly signi�cant pollution, with NPI values of <0, 0-1, 1-2, 2-3, and >3, respectively. NPI is smaller than zero for all groundwater samples in the
class clean Table (8).

5.3.3. Pollution index of groundwater:

The relative contribution of the pollutants from each ground water sample was evaluated in a Pollution Index (PIG) assessment. The chemical water
quality (Ow) of pH and NO3 of less than 0.1 Table (6) shows a low impact on groundwater contamination in the current study. Depends on the data in
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Table (6), Pb and Fe had the greatest effect on sample water quality. This is evident in the values of Ow and PIG achieved. In this study the �nal PIG
values were around 1.4 and 6.0. In �ve categories, the level of drinking water pollution is divided: PIG < 1.0 indicates insigni�cant pollution; 1.0–1.5
refers to the low pollution, 1.5-2.0 is moderate pollution; 2.0–2.5 signi�es high pollution; and PIG > 2.5 shows very high pollution Table (7) (Rao 2012;
Rao et al. 2018; Rao and Maya 2019). Based on this classi�cation, 94.4% of Pleistocene water samples were found to be very high polluted, while the
remaining samples, 5.6%, were highly polluted and unsuited for drinking. Nevertheless, Miocene aquifers include a very low pollution level of 14.3%,
moderate pollution of 14.3%, high pollution of 28.6% and very high pollution of 42.8%. The highest anthropogenic input is probably found in the
samples identi�ed as un�t to drink and is observed from both the north and south regions of the study area Figure (11).

5.3.4. Ecological risk index:

For each heavy metals and water sample, the RI (potential ecological risk) was initially identi�ed during the ERI evaluation. Table (7). According to
(Bhutiani et al. 2017; Adimalla and Wang 2018; Taiwo et al. 2019), RI is divided into �ve, to re�ect its impact on sample quality of heavy metal: RI < 40
(low potential risk), 40 ≤ RI < 80 (moderate potential risk), 80 ≤ RI < 160 (considerable potential risk), 160 ≤ RI < 320 (high potential risk), and ≥ 320
(very high potential risk). In the current study, depend on this classi�cation; Cd poses moderate potential risks to sample G14, considerable potential
risk index to samples G11, G13, G15, and G29, high potential risk index to samples G9, G16, G19 and G7, very high potential to sample G27. However,
the samples G6, G13, G19, G1, G26, G27 and G29 have been found to be moderately at risk by Pb Table (8).

The �nal ERI values achieved from this analysis ranged from 10.9 to 388.3 Table (8). The ground water can be divided into four categories based on
the ERI values: ERI < 150 (low risk), 150 < ERI (moderate ecological risk), 300 < ERI < 600 (considerable risk), and 276 > 600 (very high risk) (Adimalla
and Wang 2018; Taiwo et al. 2019). According to this classi�cation scheme, 66.7% of the Pleistocene aquifer samples have low ecological risk, 22.2%
have moderate risk, and 11% are considerable risks. However, 42.8% of the Miocene aquifer has low ecological risk, 22.8% have moderate risk and
14.4% are a considerable risk Figure (12).  

Conclusions
The hydrochemical data describes in the both of groundwater and surface water samples in the study area. The groundwater and surface water are
somewhat neutral to slightly alkaline. Both the groundwater and the surface water display signi�cantly higher Na+ and Cl− concentrations, indicating
that seawater or leaching and dissolution of marine salts most likely affects the water quality of the study area. Two dendrograms were constructed
by cluster. The Pleistocene aquifer; cluster 1 includes 22 samples (18 groundwater and four surface water), and the remaining includes two is
combined in cluster 2. In the Miocene aquifer, cluster 1 includes 11 samples (7 groundwater and four surface water), cluster 2 corresponding to surface
water which indicated the presence of contaminated water in the study area coming from a sewage treatment plant .The factor analyses were
executed on seven variables for the Pleistocene and Miocene groundwater. The most signi�cant parameters with strong positive factors in Miocene
and Pleistocene groundwater are B, Sr, BOD, Ni, and TOC. Strontium and Boron have a positive substantial loading value as the highly signi�cant
parameters in Miocene, and Pleistocene groundwaters have a considerable amount of inorganic nutrients due to agricultural areas. The biochemical
demands for oxygen, nickel and total organic carbon with strong factor loads are key parameters in the variability of water quality and it explains the
fact that waste water and industrial wastewater enters the study area and causes signi�cant pollution caused by the treatment plant. The majority of
the groundwater samples are represented in an intrusion phase using the hydrochemical facies evolution diagram indicating the hypotheses about the
salinization except for sample G1, which is dispersed in the �eld of freshening. All samples in the study area have nitrate levels of less than 20 mg/L
belonging to the class clean. The �nal PIG, HPI and ERI values obtained from this study shows the presence of contaminated water in the study area
upcoming from a sewage treatment plant. So that is identi�ed the in�uence of surface water and treatment plant on groundwater. The heavy metal
disposal from the treatment plant was most affected the groundwater in this area. The groundwater in the study area is unsuitable for drinking
purposes because of the presence of a water treatment facility and is observed as being of high anthropogenic inputs.

Declarations
Declaration of interests

Ethics approval and consent to participate

'Not applicable' 

Consent for publication

'Not applicable' 

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Competing interests



Page 7/25

"The authors declare that they have no competing interests" 

Funding

The authors declare that they have no known competing �nancial interests or personal relationships that could have appeared to in�uence the work
reported in this paper.

No funding source(s) for this research has been received.  

Author contributions

All authors contributed to the study conception and design, Material preparation, data collection and analysis were performed by [RAE], [EZ], [HI], [EAS],
[MMHK], [AME] and [MMS]. The �rst draft of the manuscript was written by [RAE] and all authors commented on previous versions of the manuscript.
All authors read and approved the �nal manuscript.

References
Adimalla N, Wang H (2018) Distribution, contamination, and health risk assessment of heavy metals in surface soils from northern Telangana,
India. Arab. J. Geosci. 11, 684. https://doi.org/10.1007/s12517- 018-4028-y.

Alcala FJ and Custodio E(2004) Use of the Cl / Br ratio as tracer to identi�ty the origin of salinity in some Spanish coastal aquifers SWIM pp 481–
97 

Alexakis D (2011) Assessment of water quality in the Messolonghi – Etoliko and Neochorio region (West Greece) using hydrochemical and
statistical analysis methods. Environmental Monitoring and Assessment, 182, 397–413.https://doi.org/10.1007/s10661-011-1884-2.

Ali AO, Rashid M, El Naggar S, & Abdul A (2007) Water harvesting options in the drylands at different spatial scales. Land Use and Water Resource
Research, 7, 1–13.

American Society for Testing and Materials [ASTM] (2002) Water and Environmental Technology, Annual Book of ASTM Standards,
U.S.A.Sect.11.Vols.11.01, And 11.02, Conshohocken.

Barseem MSM (2006) Geophysical contribution to groundwater exploration in carbonate rocks, west Sidi Barani area, North western coast, Egypt.

Bhutiani R, Kulkarni DB, Khanna DR, Gautam  A (2017) Geochemical distribution and environmental risk assessment of heavy metals in
groundwater of an industrial area and its surroundings,Haridwar, India. Energ. Ecol. Environ. 2(2), 155–167. https://doi.org/10.1007/s40974-016-
0019-6.

Bora M, Goswami DC (2016) Water quality assessment in terms of water quality index (WQI): Case study of the Kolong River, Assam, India.
Applied Water Science, 7, 7– 11. https://doi.org/10.1007/s13201-016-0451-y.

Brown RM, Mcclelland NI, Deininder RA, Tozer RG (1970) A water quality index: do we dare? Water Sewage Works, 117(10), 339–343.

Cartwright IR, Weaver  T, Keith FL (2006) Cl/Br ratios and environmental isotopes as indicators of recharge variability and groundwater �ow: An
example from the southeast Murray Basin, Australia Chem. Geol. 231 38–56 

CLAC (2015) Central Laboratory for Agricultural Climate website. http:// www.   calc.edu.eg.

Edokpayi JN, Odiyo JO, Durowoju OS (2017) Impact of wastewater on surface water quality in developingcountries: A case study of South Africa.
In: Tutu H (ed) Water Quality. InTech, Croatia, p 428.

Egyptian Meteorological Authority (1996) Climatic atlas of Egypt. Cairo: Ministry of Transport.

El-Bastwasy, MA (2008) The Use of Remote Sensing and GIS for Catchments Delineation in Northwestern Coast of Egypt: An Assessment of water
Resources and Soil Potential., Egypt J. Remote Sensing Space Sci. 11: 3-16.

Fishman M J, Friedman LC (1985) Methods for determination of inorganic substances in water and �uvial sediments. U.S. Geol. Surv., Book 5,
Chapter A1. Open File Report, pp.85-495, Denver, Colorado, U.S.A.

Gamble A, Babbar-sebens AGM (2012) On the use of multivariate statistical methods for combining in-stream monitoring data and spatial
analysis to characterize water quality conditions in the White River basin, Indiana, USA. Environmental Monitoring and Assessment, 184, 845–
875. https://doi.org/10.1007/s10661-011-2005-y.

Gamvroula D, Alexakis D,  Stamatis G (2013) Diagnosis of groundwater quality and assessment of contamination sources in the Megara basin
(Attica, Greece). Arabian Journal of Geosciences., 6(7), 2367–2381. https://doi. org/10.1007/s12517-012-0533-6.

Gimenez FE (2010) Dynamic of sea water interface using hydrochemical facies evolution diagram. Ground Water 48, no. 2: 212–216.

Horton RK (1965) An index number system for rating water quality. Journal - Water Pollution Control Federation, 37(3), 300–306.

IPCC (2007) Climate change: The physical science basis. In Solomon, S., Qin, D., & Manning, M., et al. (Eds.), Contribution of working group I to the
fourth assessment report of the intergovernmental panel on climate change. Cambridge: Cambridge University Press.

Katz   BG, Eberts SM, Kauffman LJ  (2011) Using Cl / Br ratios and other indicators to assess potential impacts on groundwater quality from
septic systems : A review and examples from principal aquifers in the United States J. Hydrol. 397 151–66. 

https://doi.org/10.1007/s10661-011-2005-y


Page 8/25

Liu CW, Lin KH, Kuo YM (2003) Application of factor analysis in the assessment of groundwater quality in a Blackfoot disease area in Taiwan. Sci.
Total Environ, 313 (1-3), 77-89 (13 pages).

Masoud MHZ (2000) Assessment of surface runoff in Marsa Matrouh area, Northwestern Coastal Zone, Egypt. M.Sc. Thesis, Faculty of Science,
Alexandria University, Egypt, 166 p.

Matiatos  I, Alexopoulos  A, Godelitsas   A (2014) Multivariate statistical analysis of the hydrogeochemical and isotopic composition of the
groundwater resources in northeastern Peloponnesus (Greece). Sci Total Environ 476–477:577–590.
https://doi.org/10.1016/j.scitotenv.2014.01.042.

McLay CDA, Dragten R, Sparling G, Selvarajah N, (2001) Predicting groundwater nitrate concentrations in a region of mixed agricultural land use: a
comparison of three approaches. Environmental Pollution, Vol.115, pp. 191-204, ISSN 0269-7491.

Mohamed A, El Sabri SH, Masoud MHZ,  Dahab, A K (2011) Water budget assessment for some wadis of west Marsa Matruh and possibilities of
sea water intrusion. Sedimentology of Egypt 1: 113–125. 

Mohan S, Nithila P, Reddy S (1996) Estimation of heavy metal in drinking water and development of heavy metal pollution index". Environ,  Sci, J
Health A., 31(2),283.

Mohankumar K, Hariharan V, Rao NP (2016) Heavy Metal Contamination in Groundwater around Industrial Estate vs Residential Areas in
Coimbatore, India. J Clin Diagnostic Res 10:BC05. https://doi.org/10.7860 /JCDR/2016/15943.7527.

Nai IS, Renganayaki SP, Elango L ( 2013) Identi�cation of Seawater Intrusion by Cl / Br Ratio and Mitigation through Managed Aquifer Recharge in
Aquifers North of Chennai , India Jgwr 2 155–62.

National Authority for Remote Sensing & Space Sciences (NARSS) (2005) Environmental evaluation of land resources in the Northwestern Coast
of Egypt, using space data and land information systems, phase II: Area from Sedi Abd EL-Rahman to Marsa El-Assi. Fainal Report No. 101/SR/
ENV/04-0. Cairo: NARSS.

Otto M (1998) Multivariate methods. In: Kellner, R., Mermet, J. M., Otto, M., Widmer, H. M. (Eds.), Analytical Chemistry. WileyeVCH, Weinheim,
Germany, 916.

Oweis T and Hachum A (2003) Improving water productivity in the dry areas of West Asia and North Africa. In: Kijne, W.J., Barker, R., Molden, D.
(Eds.), Water Productivity in Agriculture: Limits and Opportunities for Improvement. CABI Publishing, Wallingford, UK, 179– 197.

Pejman AH, Nabi Bidhendi GR, Karbassi AR, Mehrdadi N, Esmaeili Bidhendi M (2009) Evaluation of spatial and seasonal variations in surface
water quality using multivariate statistical techniques. Int. J. Environ. Sci. Tech., 6 (3), 467-476, ISSN: 1735-1472.

Prasanth SVS, Magesh NS, Jitheshlal KV, Chandrasekar N, Gangadhar K (2012)   Evaluation of groundwater quality and its suitability for drinking
and agricultural use in the coastal stretch of Alappuzha District, Kerala, India. Appl Water Sci 2:165–175. https://doi.org/10.1007/s13201-012-
0042-5.

Rainwater FH, Thatcher, LL (1960) Method for Collection and Analysis of Water Samples, U.S.Geol.Survey.Water Supply. Paper No.1454.U.S.A.,
301p.

Raslan  SM (1995) Geomorphological and hydrological studies on some localities along the Northwestern Coast of Egypt. M.Sc. Thesis, Faculty
of Science, Menou�a University.

Sanjoy S, Umesh K S, Pankaj M (2019) Water quality assessment of a tropical river using water quality index (WQI), multivariate statistical
techniques and GIS. Applied Water Science ,9:168, https://doi.org/10.1007/s13201-019-1045-2.

Sewidan  AS (1978). Water budget analysis for the northwestern coastal zone. PhD Thesis, Cairo University, Cairo, Egypt.

Shrestha, S., Kazama. F. (2007). Assessment of surface water quality using multivariate statistical techniques: A case study of the Fuji river basin,
Japan. Environ. Model. Software, 22 (4), 464-475 (12 pages).

Smita D, Ajay D, Suresh Kumar M (2018) Use of water quality index and multivariate statistical techniques for the assessment of spatial variations
in water quality of a small river. Environ Monit Assess 190: 718. https://doi.org/10.1007/s10661-018-7100-x.

Spalding RF, Exner ME (1993) Occurrence of nitrate in groundwater- a review. Journal of Environmental Quality, Vol.22, pp. 392-402, ISSN 0047-
2425.

Subba Rao N (2012) PIG: a numerical index for dissemination of groundwater contamination zones. Hydrol Process 26, 3344–3350.

Subba Rao N, Maya C (2019) Hydrogeochemical processes regulating the spatial distribution of groundwater contamination, using pollution index
of groundwater (PIG) and hierarchical cluster analysis (HCA): A case study. Groundw. Sustain. Dev. 9, 100238.
https://doi.org/10.1016/j.gsd.2019.100238. 

Subba Rao N, Sunitha  B, Rambabu R, Nageswara Rao PV, Surya Rao P, Spandana  BD, Sravanthi M, Marghade D (2018) Quality and degree of
pollution of groundwater, using PIG from a rural part of Telangana State, India. Appl. Water Sci. 8, 227. https://doi.org/10.1007/s13201-018- 395
0864-x.

Subba Rao N, Sunitha B, Adimalla N, Chaudhary M (2020) Quality criteria for groundwater use from a rural part of Wanaparthy District, Telangana
State, India, through ionic spatial distribution (ISD), entropy water quality index (EWQI) and principal component analysis (PCA). Environ Geochem
Health 42:579–599.

https://doi.org/10.1007/s13201-019-1045-2
https://doi.org/10.1007/s10661-018-7100-x


Page 9/25

Taiwo AM, Michael JO, Gbadebo AM, Oladoyinbo FO (2019) Pollution and health risk assessment of road dust from Osogbo metropolis, Osun
state, Southwestern Nigeria. Hum. Ecol. Risk Assess. https://doi.org/10.1080/ 10807039.2018.1563478.

UNESCO (1977) Climatic zonation of the arid and semi-arid regions. In REij, C., Mulder, P., & Begemann, L. (Eds.), 1988 Water harvesting for plant
production. Technical paper 91. Washington, DC: The World Bank.

Vijay R, Khobragade P, Mohapatra PK (2011) Assessment of groundwater quality in Puri City, India: an impact of anthropogenic activities.
EnvironMonit Assess 177:409–418. https://doi.org/10.1007/s10661-010-1643-9.

WHO (2017) Guidelines for drinking water quality (3rd edn.). World Health Organization, Geneva.

Yidana SM, Yidana A (2010) Assessing water quality using water quality index and multivariate analysis.Environ Earth Sci 59:1461–1473.
https://doi.org/10.1007/s12665-009-0132-3.

Yousif M, Oguchi T, Anazawa K, Ohba Tv (2015) Framework for Investigation of Karst Aquifer in an Arid Zone, Using Isotopes, Remote Sensing
and GIS Applications: the Northwestern Coast of Egypt J. of Environ. Process, Vol. 2, No. 1, ISSN 2198-7491, DOI: DOI 10.1007/s40710-015-0063-
9.

Tables
Table (1) Unit weightage (Wi) and standard permissible value (Si) in mg/l according to Egypt Guidelines according to the Minister of Health decree
Number (108) for 1995 and (458) for 2007.

Item Egyptian 2007 Wi Egy

Al 0.1 0.01

B 0.5 0.009

Cd 0.003 0.60

Cr 0.05 0.04

Cu 2 0.0009

Fe 0.3 0.01

Mo 0.07 0.03

Mn 0.4 0.00

Ni 0.02 0.09

Pb 0.01 0.18

V 0.05* 0.04

Zn 3 0.0006

Table (2) Assigned weight (wi) and relative weight (Wi) of water quality parameters with their WHO (2017).

https://doi.org/10.1007/s10661-010-1643-9


Page 10/25

Parameter unit Relative weight (Rw) Weight parameter (Wp) WHO(2017)

Stander limits

pH - 3 0.0577 7

Na mg/L 4 0.0769 200

K mg/L 1 0.0192 12

Ca mg/L 2 0.0385 75

Mg mg/L 2 0.0385 50

Cl mg/L 4 0.0769 250

HCO3 mg/L 3 0.0577 250

SO4 mg/L 5 0.0962 250

NO3 mg/L 5 0.0962 50

Fe mg/L 4 0.0769 0.3

Zn mg/L 4 0.0769 3

Ni mg/L 5 0.0962 0.02

Cr mg/L 5 0.0962 0.05

Pb mg/L 5 0.0962 0.01

Table (3) Summary of quality parameters in groundwater and surface water  

Parameters Groundwater  

Surface water

 

WHO (2011)

permissible limits

Pleistocene aquifer Miocene aquifer

median Min Max Median Min Max Median Min Max

*pH 7.6 7.2 8.1 7.4 7.1 7.6 7.7 7.1 8.3 6.5 – 8.5

*EC 13543 8520 19410 6377 4290 7920 27895 3970 64410 -

TDS 7951 5041 11741 3678 2360 4742 17614 2455 41958 1000

Alkalinity 147 50 205 191 135 275 314 155 545 600

Cl- 3885 2211 6067 1700 951 2262 8848 1054 20567 250

SO4
2- 1090 344 2650 536 140 1340 2066 400 6000 500

Na+ 2250 1450 3500 966 580 1380 5702 740 13400 200

K+ 72 52 100 43 32 55 191 28 600 -

Ca2+ 348 131 767 185 129 306 380 74 879 200

Mg2+ 216 152 270 131 113 164 237 64 443 150

 *pH is in numerical value, *EC is in μS/cm, all others are in mg/L.

Table (4) The factor loadings value and explained variance of water quality parameters in Pleistocene and Miocene groundwater.
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Miocene groundwater

Parameters Factor 1 Factor 2 Factor3 Factor 4

B 0.881 -.144- -.069- -.272-

Sr 0.831 -.392- -.262- -.158-

BOD -.012- 0.786 -.351- -.264-

P 0.375 0.663 -.126- 0.368

Cr -.440- -.499- -.401- 0.218

Ni -.032- 0.059 0.845 -.364-

TOC 0.432 -.010- 0.398 0.786

Total variance 28.395 21.213 17.780 14.436

Pleistocene groundwater

Parameters Factor 1 Factor 2 Factor3  

B 0.935 .004 -.120-  

Sr 0.918 -.148- -.047-  

BOD .021 0.857 .103  

P .209 0.601 .594  

Cr -.018- -0.515- .503  

Ni -.025- -.252- 0.773  

TOC 0.761 -.036- .076  

Total variance 33.232 20.678 17.228  

Table (5) Heavy metals analysis for groundwater and surface water samples, all concentrations in part per million (ppm).
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ZnVPbNiMnMoFeCuCrCdBAlNo.

Pleistocene Aquifer (mg/l)

<0.010 .03350
.0482

<0.0020
.1363

<0.001<0.0062.526<0.010.01913.2702.105G2

<0.010 .0101<0.008<0.0020
.0045

<0.001<0.0060
.0590

<0.01<0.00062.7570
.0991

G4

<0.010 .01270
.0153

0
.0397

0
.0064

0 .0537<0.0060
.0761

<0.01<0.00063.2320
.0862

G5

<0.010 .00640
.1579

<0.0020
.0146

<0.001<0.0060
.6749

<0.01<0.00062.3870
.2037

G6

<0.010 .02910
.0858

<0.0020
.0081

0 .0241<0.0060
.3304

<0.01<0.00063.1240
.1481

G8

<0.010 .02900
.3053

<0.0020
.0184

0 .0296<0.0060
.9583

<0.010 .02041.9470
.2854

G9

<0.01<0.00060
.0168

<0.002<0.0020 .1182<0.0060
.0012

<0.010 .01343.2830
.0324

G11

<0.010 .00710
.0889

<0.0020
.0301

0 .05830.02310
.5047

<0.010 .01194.4360
.3372

G13

<0.010 .0100<0.008<0.0020
.0184

0 .06300.0110
.5012

<0.010 .00723.6960
.2011

G14

<0.010 .0142<0.008<0.0020
.0030

<0.001<0.0060
.0265

<0.010 .00832.5630
.0417

G15

<0.010 .0086<00080
.0311

0
.0036

0 .0171<0.0060
.0229

<0.010 .02122.8440
.0653

G16

<0.010 .0151<0.0080
.0269

0
.0803

0 .0140<0.0061.254<0.01<0.00062.2440
.4775

G17

<0.01<0.00060
.0764

0
.0109

0
.0034

<0.004<0.0060
.1263

<0.01<0.00063.0300
.0033

G18

<0.010 .02840
.1642

<0.002<0.0020 .0615<0.0060
.0589

<0.010 .02704.5400
.0707

G19

<0.01<0.00060
.2034

<0.0020
.0240

<0.001<0.0063.3690
.0371

0 .01713.8490
.1093

G21

<0.010 .0210<0.0080
.0070

0
.1416

<0.0010
.0071

3.0880
.0312

<0.00063.9591.752G22

<0.010 .01280
.0780

0
.0580

0
.0030

<0.001<0.0060
.0251

0
.0209

0 .00092.6410
.0663

G23

<0.010 .07530
.0278

0
.0109

0
.0147

0 .14860
.0184

0
.6892

0
.0203

<0.00062.3000
.2026

G24

Miocene Aquifer

0
.2567

0 .00310
.0070

0
.1328

10.24<0.00060.0251<0.010.01069.4340
.6449

1.748G1

0
.0354

0 .1097<0.002<0.00811.30<0.00060
.0266

<0.01<0.0061.1120
.5168

1.643G3

0
.0402

0 .05910
.0272

<0.00812.380 .02470
.0214

<0.01<0.0061.0070
.2093

0.9865G7

0
.0113

<0.0010
.0062

<0.0085.484<0.00060
.0088

<0.01<0.0060 .05450
.1062

2.126G25

0
.0040

0 .0475<0.0020
.0999

7.9240 .0172<0.0010.0250.01310 .21610
.0855

0.718G26

0
.0097

<0.001<0.0020
.1046

10.410 .0335<0.001<0.010.010 .06950
.1309

2.658G27

0
.2567

0 .00310
.0070

0
.1328

10.240 .01540
.0127

<0.01<0.0060 .12470
.1352

1.858G29

Surfacewater
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ZnVPbNiMnMoFeCuCrCdBAlNo.

0
.0080

0 .0109<0.0020
.2018

10.050 .01090
.1290

1.094<0.040.020
.0404

<0.01S10

2.9020 .0653<0.0020
.1156

26.550 .06530
.1924

9.2220
.0517

0 .00560
.0172

<0.01S12

0
.4242

0 .05210
.0085

<00085.3350 .05210
.1764

18.290
.3403

0 .03070
.0115

<0.01S20

0
.0687

<0.0010
.0198

<0.008Nil<0.0010
.2511

7.2470
.0527

<0.00060
.0113

<0.01S28

0
.0786

0 .05680
.0163

<00082.7390 .05680
.1094

1.7770
.1763

0 .0094<0.001<0.01Treatment plant
(before)

0
.0553

<0.001<0.002<0.0082.899<0.0010
.1085

2.6820
.6108

0 .0014<0.001<0.01Treatment plant
(after)

Table (6) The overall quality (Ow) of the groundwater samples
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No. OW
pH

OW
Na

OW K OW
Ca

OW
Mg

Ow
Cl

OW
HCO3

OW
SO4

OW

NO3

OW
Fe

OW
Zn

OW
Ni

OW
Cr

OW
Pb

∑OW

Pleistocene Aquifer

G2 0.059 0.673 0.088 0.152 0.142 0.807 0.053 0.540 0.007 0.647 0.001 0.048 0.019 0.464 3.7

G4 0.059 0.731 0.091 0.344 0.200 0.949 0.037 1.020 0.011 0.015 0.000 0.048 0.019 0.077 3.6

G5 0.063 0.731 0.160 0.097 0.156 0.949 0.037 0.308 0.005 0.020 0.000 0.048 0.019 0.147 2.7

G6 0.066 0.558 0.083 0.111 0.127 0.743 0.038 0.250 0.005 0.173 0.000 0.048 0.019 1.519 3.7

G8 0.065 0.884 0.114 0.113 0.154 1.218 0.041 0.185 0.013 0.085 0.001 0.048 0.019 0.825 3.8

G9 0.065 0.654 0.112 0.084 0.158 0.680 0.041 0.577 0.002 0.246 0.001 0.048 0.019 2.937 5.6

G11 0.059 0.904 0.086 0.132 0.153 1.155 0.044 0.346 0.017 0.000 0.000 0.048 0.019 0.162 3.1

G13 0.062 0.980 0.128 0.126 0.198 1.329 0.038 0.280 0.016 0.129 0.000 0.048 0.019 0.855 4.2

G14 0.063 1.019 0.160 0.096 0.156 1.297 0.035 0.317 0.008 0.128 0.000 0.048 0.019 0.077 3.4

G15 0.061 1.000 0.106 0.180 0.179 1.518 0.034 0.281 0.008 0.007 0.000 0.048 0.019 0.077 3.5

G16 0.067 0.769 0.088 0.067 0.117 0.996 0.041 0.182 0.002 0.006 0.000 0.048 0.019 0.077 2.5

G17 0.060 0.634 0.088 0.129 0.132 0.981 0.037 0.133 0.023 0.321 0.000 0.048 0.019 0.077 2.7

G18 0.063 0.961 0.112 0.257 0.208 1.550 0.031 0.385 0.006 0.032 0.000 0.048 0.019 0.735 4.4

G19 0.065 1.057 0.160 0.178 0.186 1.582 0.023 0.327 0.007 0.015 0.001 0.048 0.019 1.580 5.2

G21 0.060 0.807 0.106 0.162 0.172 1.170 0.032 0.374 0.003 0.864 0.000 0.178 0.071 1.957 6.0

G22 0.063 1.346 0.160 0.258 0.206 1.866 0.037 0.466 0.002 0.792 0.001 0.150 0.060 0.077 5.5

G23 0.060 1.038 0.122 0.338 0.169 1.423 0.021 0.827 0.003 0.006 0.000 0.101 0.040 0.750 4.9

G24 0.060 0.827 0.104 0.394 0.186 1.297 0.013 0.750 0.003 0.177 0.002 0.098 0.039 0.267 4.2

Miocene Aquifer

G1 0.059 0.223 0.080 0.157 0.126 0.293 0.038 0.516 0.018 2.418 0.001 0.048 0.019 1.278 5.3

G3 0.061 0.446 0.072 0.072 0.087 0.569 0.039 0.177 0.005 0.285 0.001 0.048 0.019 0.077 2.0

G7 0.063 0.231 0.051 0.066 0.090 0.387 0.034 0.054 0.002 0.258 0.000 0.048 0.019 0.077 1.4

G25 0.062 0.500 0.066 0.068 0.096 0.633 0.055 0.177 0.005 0.014 0.001 0.048 0.019 0.077 1.8

G26 0.059 0.223 0.058 0.105 0.096 0.419 0.069 0.061 0.014 0.055 0.001 0.120 0.048 0.961 2.3

G27 0.060 0.531 0.067 0.097 0.096 0.664 0.051 0.279 0.005 0.018 0.003 0.048 0.019 1.006 2.9

G29 0.061 0.446 0.088 0.098 0.116 0.696 0.042 0.181 0.007 0.032 0.001 0.048 0.019 1.127 3.0

Surface water

S10 0.068 0.285 0.045 0.038 0.049 0.324 0.032 0.154 0.006 0.082 0.000 0.048 0.019 1.941 3.1

S12 0.059 4.614 0.320 0.412 0.341 5.852 0.055 1.595 0.002 0.955 0.001 0.048 0.019 1.112 15.4

S20 0.068 5.152 0.960 0.451 0.321 6.327 0.044 2.309 0.002 0.162 0.001 0.048 0.019 0.077 15.9

S28 0.063 1.365 0.160 0.095 0.142 1.582 0.148 0.348 0.002 0.114 0.001 0.048 0.019 0.077 4.2

Treatment
plant
(before)

0.059 1.269 0.240 0.070 0.086 1.582 0.110 0.203 0.025 0.076 0.004 0.048 0.019 0.077 3.9

Treatment
plant
(after)

0.062 0.469 0.104 0.103 0.154 0.664 0.113 0.162 0.006 0.042 0.003 0.048 0.019 0.077 2.0

Table (7) Groundwater classi�cation based on the PIG and ERI
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Quality index Range of
values

Classi�cation % of samples in
category

Pleistocene aquifer

% of samples in
category

Miocene Aquifer

PIG (Subba Rao et al. 2018) < 1.0 Insigni�cant pollution --- ---

  1.0 – 1.5 Low pollution --- 14.3

  1.5 – 2.0 Moderate pollution --- 14.3

  2.0 – 2.5 High pollution 5.6 28.6

  > 2.5 Very high pollution 94.4 42.8

ERI (Bhutiani et al. 2017; Taiwo et al.
2019)

< 150 Low ecological risk 66.7 42.8

  150 < ERI < 300 Moderate ecological risk 22.2 42.8

  300 < ERI < 600 Considerable ecological
risk

11.1 14.4

  > 600 Very high ecological risk --- ---

Table (8) The potential ecological risks (RI) and heavy metals pollution index (HPI) of the groundwater samples
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Sample RI (Cd) RI (Cr) RI (Cu) RI (Fe) RI (Mn) RI (Ni) RI (Pb) RI (Zn) ∑RI HPI NPI

Pleistocene Aquifer    

G2 191 0.2 0.015 8.42 0.341 0.5 24.1 0.011 224.6 516.0 -0.705

G4 6 0.2 0.015 0.20 0.011 0.5 4 0.003 10.9 32.6 -0.86

G5 6 0.2 0.015 0.25 0.016 9.925 7.65 0.004 24.1 64.8 -0.875

G6 6 0.2 0.015 2.25 0.0365 0.5 78.95 0.002 88.0 305.0 -0.67

G8 6 0.2 0.015 1.10 0.020 0.5 42.9 0.010 50.7 175.1 -0.95

G9 204 0.2 0.015 3.19 0.046 0.5 152.65 0.010 360.6 968.4 -0.565

G11 134 0.2 0.015 0.00 0.005 0.5 8.4 0.000 143.1 307.5 -0.595

G13 119 0.2 0.05775 1.68 0.075 0.5 44.45 0.002 166.0 412.3 -0.78

G14 72 0.2 0.0275 1.67 0.046 0.5 4 0.003 78.4 170.2 -0.79

G15 83 0.2 0.015 0.09 0.0075 0.5 4 0.005 87.8 185.2 -0.95

G16 212 0.2 0.015 0.08 0.009 7.775 4 0.003 224.1 457.2 -0.39

G17 6 0.2 0.015 4.18 0.201 6.725 4 0.005 21.3 53.2 -0.84

G18 6 0.2 0.015 0.421 0.0009 2.725 38.2 0.000 47.6 158.2 -0.825

G19 270 0.2 0.015 0.196 0.005 0.5 82.1 0.009 353.0 843.9 -0.925

G21 171 0.742 0.015 11.23 0.06 0.5 101.7 0.0002 285.2 723.1 -0.95

G22 6 0.624 0.0178 10.293 0.354 1.75 4 0.007 23.0 73.2 -0.93

G23 9 0.418 0.015 0.084 0.008 14.5 39 0.0043 63.0 189.7 -0.92

G24 6 0.406 0.046 2.297 0.037 2.725 13.9 0.0251 25.4 81.2 -0.54

Miocene Aquifer    

G1 6 0.2 0.0265 31.447 0.642 1.75 66.4 0.0121 106.5 288.2 -0.865

G3 6 0.2 0.015 3.707 0.089 0.5 4 0.0082 14.5 45.5 -0.645

G7 247 0.2 0.015 3.357 0.101 6.8 4 0.003 261.5 530.2 -0.86

G25 6 0.2 0.015 0.182 0.028 1.55 4 0.014 12.0 34.2 -0.81

G26 172 0.5 0.03275 0.720 0.010 0.5 49.95 0.008 223.7 530.9 NPI

G27 335 0.2 0.025 0.232 0.024 0.5 52.3 0.043 388.3 864.1 -0.815

G29 154 0.2 0.015 0.416 0.016 0.5 58.55 0.017 213.7 524.6 -0.705

Figures
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Figure 1

Location map of the study area.

Figure 2

Geomorphological map of the study area.
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Figure 3

Geological map of the study area.
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Figure 4

Map of sampling points of the area under investigation.

Figure 5
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Hydrochemical facies evolution of groundwater

Figure 6

Box plots of (TDS, Ca,Mg, Na+K, CO3+HCO3, SO4, Cl),(A) in Pleistocene aquifer ,(B)in Miocene aquifer and (C) in surface water samples of the study
area. All concentrations are given in milligram per litre (mg/l).
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Figure 7

Hydrochemical facies evolution (HFE) diagram in groundwater of Pleistocene and Miocene aquifer.

Figure 8
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Dendrogram of the Pleistocene groundwater.

Figure 9

Dendrogram of the Miocene groundwater.
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Figure 10

Heavy metals pollution index classed map of groundwater samples in the area under investigation.
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Figure 11

Pollution index classed map for the groundwater samples in the study area.
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Figure 12

Classed map of Ecological risk index of the studied groundwater in Pleistocene and Miocene aquifer.
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