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INTRODUCTION  

 

Everything that rivers carry away eventually ends up in the sea. As a result, sewage, 

rubbish, agricultural waste, and pesticides pollute the environment. The discharge of 

oils and petroleum products, as well as the dumping of radioactive waste into the sea, 

add more levels of heavy metals to the marine environment. Pollutants are produced 

where people live and work, and hence find their way into marine regions nearby their 

sources. Turbulence and ocean currents may disseminate the contaminant, or other 

physico-chemical processes such as adsorption, precipitation, and accumulation may 

concentrate it in food chain components or bottom sediment (El-Matary, 2006). 
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Investigating heavy metal levels and the associated contamination of water 

and sediments are crucial issues to ensure the sustainability of the ecosystem 

in the future, especially in marine zones. This study is aiming to assess water/ 

sediment quality and contamination indices of El-Alamein coast, in addition 

to predicting the shoreline in 2030 and the erosion/ accretion rates from 2020 

to 2030 using spatial and statistical techniques. To fulfill this aim, 25 water 

samples and 21 sediment samples were collected from the Mediterranean 

coast and the connected artificial ponds during the period from November 

13
th

 to 14
th

, 2020. Physico-chemical parameters, nutrients, and four heavy 

metals were investigated (Cd, Pb, Ni, Fe) since the geostatistical analyses tool 

(IDW technique) in ArcGIS 10.5 software was used to present water and 

sediment analyses/ contamination indices in spatial distribution maps. 

Moreover, the Digital Shoreline Analysis System (DSAS) tool was used to 

predict the 2030 shoreline, erosion, and accretion rates. Results indicated that 

the middle region of the shoreline is the most affected part by contamination, 

especially Cd, ranging from 0.06 mg/l to 0.17 mg/l and from 1.68 mg/kg to 

3.57 mg/kg in water and sediment, respectively. The metals contamination 

indices in sediment highlighted that the Cd Contamination Factor was very 

high, the Cd Ecological risk was high to very high, the Cd and Pb Enrichment 

Factors were extremely high, and the Cd Geo-accumulation index was 

moderate to heavy. However, the overall indices assessment indicated the 

following: the risk index revealed a low level of risk, the pollution load index 

showed no pollution, and the degree of contamination was mostly moderate. 

There will be a shoreline retreat in 2030 showing elevated accretion (1.793 

km
2
) than erosion (0.361 km

2
). It’s recommended to monitor the coastal 

changes and water/ sediment quality regularly to detect any changes that 

might occur to prevent the probable effect on El-Alamein marine ecosystem. 
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Monitoring heavy metal levels and analyzing their contamination levels in sediments, 

on the other hand, are critical and necessary challenges to ensure the ecosystem's 

long-term viability. Heavy metals analyses in sediments are also fundamental for 

determining their effects on water and aquatic life. Due to their probable carcinogenic 

impact, extended persistence, and bioaccumulation qualities, heavy metals have 

recently received more attention in water research (Censi et al., 2006).  

Heavy metals naturally occur in the crust of earth and are discharged into the 

environment through a variety of human activities. Sewage and home cleansers, 

petroleum wastes, air deposition, industrial effluents, surface runoff, and agricultural 

discharge water can all contribute to their presence in aquatic habitats (Mortatti and 

Probst, 2010).  

Due to the rising human populations and associated environmental threats, marine 

water monitoring and assessment have become an integral aspect of marine water 

management (El-Zeiny et al., 2019). Monitoring techniques range from simple testing 

to expert analyses of the ecosystems’ physicochemical and biological features (Jones 

and Lee, 1986; Cooke et al., 1993; Zeng and Rasmussen, 2005). Temporal changes 

may be readily tracked, and harmful impacts can be reduced by monitoring the 

physicochemical and microbiological features of the aquatic ecosystem (Bhateria 

and Jain, 2016). Monitoring spatial-temporal changes of coastal environments can 

help to mitigate the erosion hazards, portending their development trend, and assist in 

developing a defense system (Nassar et al., 2019).  

Genz et al. (2007) defined the shoreline as the location of the land-water interface at a 

specific moment in time; this characteristic is extremely dynamic and serves as an 

indication for coastal erosion and accretion. Remote sensing and GIS techniques can 

be used to monitor a region's situation over time to identify changes that have 

occurred (Abou Samra and El-Barbary, 2018; Hammad et al., 2022). A time series 

spectral data of different coastline locations is utilized to determine the rate of 

shoreline change statistics using the Digital Shoreline Analysis System (DSAS) 

extension tool. The U.S. Geological Survey's Coastal Change Hazards project 

included DSAS to supply a reliable suite of regression rates in a consistent and easily 

repeatable approach to run on vast amounts of data collected at multiple scales. The 

program is designed to aid in the computation of shoreline change and to provide rate 

of change information as well as arithmetical data required to ensure that the 

computed results are consistent (Murali et al., 2013).  

DSAS is also suitable for any general application that involves calculating positional 

transformations over time, such as analyzing changes in glacier borders in 

chronological aerial images, river edge margins, or changes in land use/land-cover 

(Thieler et al., 2009).   

 

El-Alamein City is one of the newly constructed cities that need further investigation. 

Thus, the present study aims to assess water and sediment contamination of El-

Alamein coast and inland lakes to assess environmental contamination and the 

vulnerability to erosion through mapping the shoreline in 2030 using DSAS, lab 

analyses and geostatistical techniques. Then a final degradation map will be produced 
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to assess the overall deterioration considering the erosion (actual and predicted) and 

the contamination in the area. 

 

MATERIALS AND METHODS  

 

1. Study area 

The study area is represented by El-Alamein coastal zone, on Egypt's 

northwestern Mediterranean Sea coast, between latitudes 30º 42´ 30ʺ N to 30º 59´0ʺ 

N, and longitudes 28º 45´0ʺ E to 29º 12´0ʺ E (Fig 1). It’s located in Matrouh 

Governorate and includes the villages of Sidi Abdel-Rahman and Tal El-Ais. El-

Alamein was a tiny town with palm and olive trees before it became famous as a 

battleground. It is now one of the newly developed coastal locations, with a variety of 

activities such as recreational, commercial, and urban activities (State Information 

Service, 2018; Hammad et al., 2022).  

The climate of the region is semiarid Mediterranean, with a short-wet winter 

and lengthy snug summer months (May to September) with clear skies, strong 

radiation, and no rain. An easterly longshore current is created by the prevalent wave 

directions (WNW, NW, and NNW) (from west to east). Longshore currents travel 

westward as waves approach from the N, NNE, and NE (El-Banna and Hereher, 

2009). 

 

 
Fig (1). Study area location map. 

 

2. Satellite Data Acquisition & Preprocessing 

At first, three multispectral Landsat images (TM, ETM, and OLI) were freely 

downloaded for El-Alamein area on July 4
th

, 2000, July 8
th

, 2010, and July 19
th

, 2020, 

respectively. The U.S. Geological Survey generated the data collection, which was 

collected in geographic Tagged Image-File format (Geo TIFF). The data type is level 

1, which is obtained from data provided by the sensor and spacecraft and offers 
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consistent radiometric and geometric accuracy. The study area was located in one 

scene (178-39) and was geometrically corrected to the universal transverse Mercator 

(UTM) Zone 35. 

3. Assessing contamination in water and sediment 

A total of 25 evenly spaced sites were used to collect water and sediment samples 

during November 13
th

 and 14
th

, 2020 (Fig. 2). The pH, electric conductivity (EC) 

(ms/cm), turbidity (NTU), phosphate (PO4) (mg/L), organic matter (OM), and four 

hazardous heavy metals (Pb, Cd, Ni & Fe) were all measured in the water. Also, the 

pH, EC, OM, and the same hazardous metals were measured in sediment using the 

Flame Atomic Absorption Spectrometer. The background values for the investigated 

heavy metals (Pb, Cd, Ni & Fe) were (20, 0.3, 68 & 47200 ppm), respectively. All 

water and sediment analyses followed the protocol of APHA (1992). The following 

metrics were used to assess the level of heavy metal contamination in sediment: 

contamination factor (CF), degree of contamination (DC), ecological risk (ER), 

ecological risk index (RI), enrichment factor (EF), pollution load index (PLI), and 

geo-accumulation index (Igeo). A list of these indices and categories being used in 

this study is illustrated in Table 1. 

 

 
Fig. (2). All Sampled locations (Coastal and inland sites) 
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Table (1): Category of indices used to assess sediment pollution. 

Index Value Category 

CF 

 

<1 

1 ≤ CF < 3 

3 ≤ CF < 6 

CF ≥ 6 

Low contamination 

Moderate contamination 

Considerable degree of contamination 

Very high contamination 

Er 

 

<40 

40 ≤ Er < 80 

80 ≤ Er < 160 

160 ≤ Er < 320 

Er ≥ 320 

Low potential ecological risk 

Moderate potential ecological risk 

Considerable potential ecological risk 

High potential ecological risk 

Very high ecological risk 

DC 

 

n ≤ Dc < 2n 

2n ≤ Dc < 4n 

Dc > 4n 

Low degree of contamination 

Moderate degree of contamination 

Very high degree 

 

RI 

< 150 

150 ≤ RI < 300 

300 ≤ RI < 600 

RI > 600 

Low ecological risk 

Moderate ecological risk 

Considerable ecological risk 

Very high ecological risk 

 

 

EF 

< 2 

2 ≤ EF < 5 

5 ≤ EF < 20 

20 ≤ EF < 40 

≥ 40 

Deficiently to minimal enrichment 

Moderate enrichment 

Significant enrichment 

Very high enrichment 

Extremely high enrichment 

PLI < 1 

> 1 

No Pollution 

Polluted 

 

3.1. Contamination factor (CF) 

The degree of contamination is represented by the contamination factor (CF) 

(Tomlinson et al., 1980). The CF is computed by dividing the quantity of each metal 

in sediment (C metal) by the background level (C background), which corresponds to 

the baseline values measured by Turekian and Wedepohl (1961). The distribution of 

elements in sedimentary rocks (shales) and the earth's crust were both used in the CF 

calculations. 

CF = C metal /C background 

where the CF< 1 denotes low contamination. 1 ≤ CF < 3 denotes moderate 

contamination, 3 ≤ CF ≤ 6 means significant contamination, while CF > 6 signifies 

extremely high contamination. 

3.2. Degree of contamination (DC) 

Another CF-based statistic is DC, which can be defined as the total of CFs for a 

specific location: 

 
where n is the total number of elements. 
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3.3. Potential ecological risk index (RI) 

The ecological risk of heavy metals in sediment was calculated using the 

prospective ecological risk index (RI) established as given in the equations below 

(Hakanson, 1980). 

 
Er = Tr *CF 

Because Er is a singular RI index, n is the number of heavy metals, and Tr is the toxic 

response factor for metals recommended by Hakanson. 

3.4. Enrichment factor (EF) 

A well-known technique for assessing the impact of human activity on 

sediments is the computation of a normalized enrichment factor (EF) for metal 

concentrations over uncontaminated baseline values (Salomons and Förstner, 1984; 

Hornung et al., 1989; Dickinson et al., 1996). EF was used in the present study 

because the EF computation is a valuable method for visualizing geochemical trends 

across large geographic regions with considerable mud (i.e., clay rich) to sand ratio 

variations and aims to reduce metal variability associated with mud/sand ratio 

variations. The EF method calibrates measurements of heavy metal concentrations 

against a sample reference metal, such as Fe or Al (Ravichandran et al., 1995). In 

this method, the Fe or Al is employed as a "proxy" for the clay component (Windom 

et al., 1989; Din, 1992). In a study of marine sediment near Christchurch, Stewart 

(1989) used a similar technique and used Mn for EF computations. Because other 

heavy elements were not linked to the Fe distribution, according to Deely and 

Fergusson (1994), they suggested Fe as a suitable normalizing element to be 

incorporated into the enrichment factor computation. Fe has a relatively high natural 

content, thus anthropogenic sources are unlikely to considerably increase it in 

estuarine sediments (Niencheski et al., 1994). Fe and Al normalization have been 

utilized as a substitute to grain size normalization in a variety of research (Bruland et 

al., 1974; Windom et al., 1989; Bresline and Sanudo-Wilhelmy, 1999). In modern 

sediments from estuaries of Texas, Sharma et al. (1999) employed Al and Fe 

together to identify natural and human sources. Cobalt (Co) was recently added as a 

normalizing element for detecting human contamination causes in coastal sediments 

of Sydney, Australia (Matthai and Birch, 2001). 

The following equation is used to compute the EF: 

EF = Mx X Feb /Mb X Fex 

where Mx and Fex are concentrations of the metal and Fe (or other normalizing 

element) values in sediment sample, and Mb and Feb are their amounts in a baseline 

reference material or an appropriate background (Salomons and Förstner, 1984). 

 

3.5. Pollution load index (PLI) 

The metal contamination degree at each site was determined using the following 

approach using the pollution load index (PLI) proposed by Thomson et al. (1980): 

PLI= (CF1*CF2*CF3*CF4*…*CFn)
1/n
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where n is the no. of metals investigated (in the present case will be four) and CF 

denotes the contamination factor. The PLI is a simple yet comparable method of 

measuring site fineness, with a value of PLI < 1 denoting perfection, PLI = 1 denoting 

baseline levels of contaminants, and PLI > 1 denoting site quality deterioration 

(Thomilson et al., 1980). 

3.6. Geoaccumulation index (Igeo) 

Calculating the geo-accumulation index (Igeo) suggested by Müller (1969) is a 

typical technique for measuring the content of metal concentrations over background 

values. On basis of the rising numerical values of the indicator, the technique 

classifies metal pollution into seven enrichment groups (Table 2). The following 

equation is used to compute this index: 

Igeo =log2 Cn /1.5 Bn 

where Cn is the element's content in the enriched samples and Bn is the element's 

background value. Also, the factor 1.5 is used to reduce the impact of any fluctuations 

in baseline values because of lithologic differences in the sediments (Stoffers et al., 

1986). 

For the growing Igeo values, Müller (1969) provided the following descriptive 

classification: 

Table (2): Different classes of Igeo used in the present study 

Igeo value Igeo class Designation of sediment quality 

>5 6 extremely contaminated 

4–5 5 strongly to extremely contaminated 

3–4 4 strongly contaminated 

2–3 3 moderately to strongly contaminated 

1–2 2 moderately contaminated 

0–1 1 uncontaminated to moderately contaminated 

0 0 uncontaminated 

 

4. Geostatistical analyses 

Using ArcGIS 10.5, the geographic position of each visited location was 

recorded and transformed into a GIS ready layer that was associated with the 

laboratory analyses. Then, by using Inverse Distance Weighing (IDW) in geo-

statistical studies were carried out.  Maps of spatial distribution of water and sediment 

properties for every parameter were created as raster layers. Water and sediment 

parameters in El-Alamein region were mapped using the integrated spatial and non-

spatial data sets. Non-spatial data were represented by detailed analyses, each of 

which had its own ID. The geographic location of each collected water and sediment 

sample was used to generate spatial data sets. Inverse Distance Weighing (IDW) was 

used to perform geostatistical analysis and map water and sediment properties/ all 

relevant contamination indices. 

5. DSAS tool for monitoring shoreline changes 

The impacts of anthropogenic activities on El-Alamein region coastline were 

quantified using DSAS version 5.0 during a 20-year period (2000–2020). DSAS is a 
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free tool added to ESRI ArcGIS v.10.5 that uses vector data to produce change rate 

statistics from several old shoreline points (Thieler et al., 2009). The 1
st
 step in using 

DSAS to analyze data is to build a baseline parallel to the coastline from which 

transects will emerge perpendicularly. The 2
nd

 step is to set transect parameters that 

divide the coastline into intervals and the 3
rd

 step is to set and calculate change rate 

statistics at every transect (Emam and Soliman, 2020; Baig et al., 2020). The multi-

date shorelines (1990–1995–2000–2010–2020) were digitized as shapefiles from 

satellite images of various time periods and used as input in the (DSAS) technology to 

compute and predict the shoreline erosion in 2030. 

 

RESULTS & DISCUSSIONS 

 

1. Spatial analyses and assessment of water and sediment characteristics 

Tables 3 and 4 show the statistics of the investigated water and sediment quality 

characteristics in El-Alamein region including the samples collected from the 

Mediterranean Sea and the inland ponds. 

Table (3): Water and sediment analyses statistics. 

Water 

statistics 

pH Conductivity 

(ms/cm) 

Organic 

Matter 

%(w/v) 

Pb 

(mg/L) 

Cd 

(mg/L) 

Ni 

(mg/L) 

Fe 

(mg/L) 

Turbidity 

(NTU) 

PO4 

(mg/L) 

Minimum 7.90 56.20 0.78 0.51 0.06 0.32 0.25 0.70 ND 

Maximum 8.60 128.20 2.34 1.02 0.17 1.20 1.94 20.60 ND 

Mean 8.35 79.42 1.26 0.71 0.10 0.64 0.64 6.30 ND 

S.D. 0.19 25.05 0.52 0.16 0.04 0.30 0.44 4.30 ND 

Sediment 

statistics 

pH Conductivity 

(ms/cm) 

Organic 

Matter 

%(w/w) 

Pb 

(mg/kg) 

Cd 

(mg/kg) 

Ni 

(mg/kg) 

Fe 

(mg/kg) 

_ _ 

Minimum 8.70 0.78 1.45 19.19 1.68 9.60 720.95 _ _ 

Maximum 9.60 3.77 6.64 37.99 3.51 16.82 2518.95 _ _ 

Mean 9.30 1.64 2.57 30.35 2.90 14.54 1189.72 _ _ 

S.D. 0.27 0.95 1.26 4.40 0.48 1.65 540.60 _ _ 

 

Table (4): Sediment samples mechanical analyses statistics. 

Statistics Grain %  Sand % Silt % Clay % Skewness 

(SkI) 

Kurtosis 

(KG) 

Minimum 0 53.64 0 0 0.01 0.04 

Maximum 44.27 100 7.76 6.44 0.39 1.64 

Mean 5.63 92.63 1.14 0.6 0.14 0.75 

S.D. 11.43 12.66 2.06 1.46 0.11 0.54 
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A. Water pH 

In the research region, weak alkaline samples of water were found, particularly in the 

middle part, where pH extended from 7.9 to 8.6, with a mean of 8.35 and a standard 

deviation of 0.19 (Fig. 3) which might indicate a pH-friendly environment. The pH 

spatial distribution in water samples increases from the center to the east and west, 

with the most alkaline water found in the research area's eastern and western regions. 

The EPA (2017) advised a pH range of 6.5–8.5 for aquatic life protection, which was 

slightly surpassed in the water of the research area’ eastern and western regions. For 

water samples, eastern of the research region indicated an alkaline pH (7.74–9.82) 

(Elnazer and Salman, 2021). 

 
Fig (3): Spatial distribution map for levels of pH in water. 

 

B. Water electric conductivity (mS/cm) 

The EC of water samples varied greatly from the lowest values in east and west to the 

highest levels in the center, near the building zone of the new El-Alamein towers 

(Figs. 4). Water had an EC of 56.2 to 128.2 mS/cm, with a mean of 79.42 mS/cm and 

a standard deviation of 25.05 mS/cm. 

 

 
Fig (4): Spatial distribution map for levels of EC in water. 
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C. Water turbidity (NTU) 

The turbidity of water varied spatially similar to EC patterns, ranging from 0.7 to 20.6 

NTU with a mean value of 6.3 NTU and a standard deviation (S.D) of 4.3 NTU, with 

the greatest values (5.21–20.6 NTU) in the middle of the study region near the 

location where the new El-Alamein towers are found (Fig. 5). High turbidity levels at 

these sites might be due to residuals from building activities. 

 
Fig (5): Spatial distribution map for Turbidity of water samples. 

 

D. Water organic matter (w/v%) 

Furthermore, the greatest amounts of organic matter (OM) in water were found in the 

same location (i.e., the middle of the research area) ranging from 1.09% to 2.34%. 

This reflects the significant organic load in this location, owing to nearby 

anthropogenic activity. The concentration of OM in water varied from 0.78% to 

2.34%, with a mean of 1.26% and S.D of 0.52% (Fig. 6). El-Zeiny et al. (2019) 

referred to the same relation between turbidity and OM in Qaroun Lake because OM 

in water participated in higher levels of turbidity, a positive correlation between 

turbidity of water and OM concentration was observed (0.465). 

 
Fig (6): Spatial distribution map for Organic Matter in water. 
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E. Phosphate (PO4) 

The phosphate is not detected around the whole area; this can be explained by the 

absence of sewage and agricultural drainage in the study area. El-Rayis et al. (2012) 

also found that the average total phosphate (TP) concentration in Alamein Marina 

Lagoon throughout the study period (2007-2008) was 0.5 mg/l (0.47 mg/l for the 

surface samples and 0.68 mg/l for bottom samples), indicating a state of unproductive 

and unpolluted water of the lagoon. 

F. Sediment pH 

In the research region, weak alkaline sediment samples were found, particularly in the 

center, where pH varied from 8.7 to 9.6, with a mean of 9.3 and S.D of 0.27 (Fig. 7). 

The most alkaline sediments were in the eastern and western regions of the research 

area. The spatial distribution of pH in sediment samples increases from the middle to 

the east and west. Elnazer et al. (2015) reported that sediment samples' pH analyses 

ranged from 7.3 to 8.7, with half of the samples having pH values between 7.7 and 

8.4. They found that it was of a moderately alkaline to alkaline nature and didn’t vary 

considerably along the roadside of the Alexandria-Marsa Matruh route. 

The reactivity of the soils investigated by Elnazer and Salman (2021) was alkaline, 

with pH rising from 7.93 to 8.72, low organic matter (0.52%), and a sandy 

composition. These features are mentioned as the soil's marine nature and the research 

area's aridity. The soil was mostly originated from the extensive carbonate rocks 

weathering in the study area's southern region. 

 
Fig (7): Spatial distribution map for levels of pH in sediment. 

 

G. Sediment electric conductivity (mS/cm) 

The EC of sediment samples indicated a wide spatial variation, extending from the 

lowest levels in the research area's east and west to the highest values in the center of 

study region, near the site of the new El-Alamein towers' construction (Fig. 8). EC of 

sediment ranged from 0.78 to 3.77 with mean of 1.64 mS/cm and S.D of 0.95 mS/cm. 
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Fig (8): Spatial distribution map for levels of EC in sediment. 

 

H. Sediment organic matter (w/w%) 

Organic matter levels in bottom sediments vary greatly (1.45–6.64%), with a mean of 

2.57% and S.D of 1.26%, and higher levels of organic matter accumulate in bottom 

sediments, particularly in the midsection (Fig. 9).  

This reflects the significant organic load in this location, owing to nearby 

anthropogenic activities. Elnazer et al. (2015) discovered that the OM content of the 

sediment is low, with maximum of 2.07%, and 75% of samples having OM less than 

1%. When compared to fair soils, the soil near the road includes a higher percentage 

of OM. This might be due to fuel combustion deposition, tire wear, and oil leaks. 

 

Fig (9): Spatial distribution map for Organic Matter (%) in sediment. 

2. Spatial patterns of heavy metals in water and sediment samples. 

In water samples of the research region, 4 hazardous heavy metals were tested in this 

investigation. The spatial distributions of the metals analyzed in water are illustrated 

in figures (10–13). Fe and Ni were the most common metals found in the research 

area's water. Fe levels varied from 0.25 to 1.94 mg/l, with a mean of 0.64 mg/l and a 

standard deviation of 0.44 mg/l. Ni levels varied from 0.32 to 1.2 mg/l, with a mean 

of 0.64 mg/l and S.D of 0.3 mg/l. Both metals had a similar geographical distribution 

in water, with levels increasing in the middle, whereas in sediment Fe increases from 

middle to west while Ni increases along the study area's shore. 
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Fig (10): Spatial distribution map for Fe in water. 

 
Fig (11): Spatial distribution map for Ni in water. 

 
Fig (12): Spatial distribution map for Pb in water. 

 
Fig (13): Spatial distribution map for Cd in water. 
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Fig (14): Spatial distribution map for Cd in sediment. 

 
Fig (15): Spatial distribution map for Pb in sediment. 

 
Fig (16): Spatial distribution map for Ni in sediment. 

 
Fig (17): Spatial distribution map for Fe in sediment. 
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Pb and Cd levels in water were found to be lower in comparison to Fe and Ni levels. Cd 

levels varied from 0.06 to 0.17 mg/l, with a mean of 0.1 mg/l and S.D of 0.4 mg/l. Pb 

levels fluctuated from 0.51 to 1.02 mg/l, with a mean of 0.71 mg/l and S.D of 0.16 mg/l. 

Pb had an analogous spatial distribution to Ni, but Cd had a different spatial distribution 

since its high levels in water were found in the intermediate area, particularly in the 

artificial ponds near the new constructions. Some metals (e.g., mercury, cadmium, and 

lead) are hazardous even at extremely low doses with no biological importance (Zheng et 

al., 2015). Elnazer and Salman (2021), discovered that the water of El Hammam canal, 

which is located to the east of the research region, had an unsatisfactory concentration of 

Cd and Ni with average concentration of 25.3 𝜇g/l and 280.8 𝜇g/l, respectively.  

The regional patterns of the four hazardous metals examined in bottom sediments are 

illustrated in figures (14–17). The investigated metals were found in significant 

concentrations in the bottom sediments. The concentration of Cd in sediments varied 

from 1.68 to 3.53 mg/kg, with an average of 2.9 mg/kg and S.D of 0.48 mg/kg. Elnazer 

et al. (2015), deduced that Cd levels in soils started from 1.25 to 3.15 𝜇g/g, and that P-

fertilizers and deposition of vehicle exhaust are sources of Cd in soils, whereas 

phosphatic deposits in Egypt that are utilized in super phosphate fertilizers include 20 

𝜇g/g Cd (El Kammar, 1974). Given the absence of industry in the surveyed locations, 

the amounts of Cd might be attributable to oils of lubrication and tire wear, with Cd 

levels in automobile tires ranging from 20 to 90 𝜇g/g (Nan et al., 2006). Long-term 

cadmium exposure can harm the neurological system, liver, and cardiovascular system, as 

well as cause kidney dysfunction and death in animals and mammals (Semerjian, 2010). 

The greatest metals concentration in sediments were for Pb and Ni, showing a great 

fluctuation which ranged from 19.19 mg/kg to 37.99 mg/kg with a mean of 30.35 mg/kg 

and S.D of 4.4 mg/kg for Pb, and from 9.6 mg/kg to 16.82 mg/kg with a mean of 14.54 

mg/kg and S.D of 1.65 mg/kg for Ni.  

Elnazer et al. (2015), discovered that total Pb concentration varied from 29.15 to 50.6 

𝜇g/g (greater than the range in the El-Alamein region under investigation), and that the 

amount of Pb in soil is reduced as space from the road is increased. The high intensity 

along the road refers that vehicle exhaust has a role, as does the usage of gasoline anti-

knock additives made of alkyl-lead compounds (Gratani et al., 1992). Lead is extremely 

harmful to human health. It may cause reduction in intelligence level, hyperactivity, and 

sound deafness in children, as well as high blood pressure level, liver, kidney, and 

damage to fertility in adults (Okorie, 2010). 

Fe levels varied greatly as they ranged from 720.95 to 2518.95 mg/kg, with a mean of 

1189.72 mg/kg and a standard deviation of 540.60 mg/kg. 
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3. Heavy Metal Contamination Risk Assessment 

The Contamination Factor (CF), which analyses the reference levels of harmful metals in 

the environment (Shale of the earth), may be used to define the spatial distribution of 

these metals. This parameter evaluates the level of sediment samples contamination 

caused by every metal separately (El-Zeiny et al, 2019). The CF revealed that the 

research area' sediments are heavily polluted with Pb and Cd metals. In the case of Cd, 

one contamination level was recorded: very high contamination. Most of the research 

area is heavily contaminated with Cd (Fig. 18). The second pollutant identified by the CF 

was Pb that had a moderate level of contamination (Fig. 19). 

 
Fig (18): Spatial distribution map for CF of the Cd in sediment. 

Elnazer et al. (2015) found that the CF values was >1 for Pb and Cd, the majority of the 

samples (approximately 85%) had significant CF for Cd, while the remainder have 

moderate CF and all the samples have moderate CF for Pb. This is consistent with the 

present study (Fig. 19). These findings point to possible contamination, particularly with 

regard to the dangers of Pb and Cd. Fe and Ni, however, revealed low contamination over 

the whole region (Figs. 20nd 21). 
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Fig (19): Spatial distribution map for CF of the Pb in sediment. 

 
Fig (20): Spatial distribution map for CF of the Fe in sediment. 
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Fig (21): Spatial distribution map for CF of the Ni in sediment. 

The contamination degree (DC) map was created to measure the total degree of 

hazardous metal contamination in sediment (Fig. 22).  The DC displayed the sediments' 

cumulative level, showing low and moderate level of contamination. The ecological risk 

map assesses the impact of this contamination on the ecosystem. 

 
Fig (22): Spatial distribution map for DC of the toxic metals in sediment. 

The Er maps (Figs. 23-25) revealed that the area's sediment pollution resulted in three 

categories of risk: low, high, and very high. The ecological danger is moderately 

affecting majority of the region. The low Er was due to Ni, whereas the high and very 

high ecological risk zones were due to Cd levels. Elnazer et al. (2015) discovered that 

the computed Er revealed that Pb poses a small risk to the local aquatic life, however Cd 
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had the greatest Er, ranging from considerable to high risk, implying that the ecological 

risk is mostly due to Cd soil pollution.  

Elnazer and Salman (2021) discovered that the investigated soil samples had no 

biological risk of Pb (15 samples), moderate and significant (Er) from the presence of Ni 

in certain samples, while Cd levels were very high (Er). 

 

Fig (23): Spatial distribution map for Er of the Cd in sediment. 

 

Fig (24): Spatial distribution map for Er of the Ni in sediment. 
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Fig (25): Spatial distribution map for Er of the Pb in sediment. 

As demonstrated in (Fig. 26), the potential ecological risk in the research region is quite 

low throughout the whole area. Elnazer et al. (2015) deduced that the total potential 

ecological risk in the metals identified in (62 %) of the tested sediment is low, with RI < 

150. The remaining samples (38%) had a moderate RI. 

 

Fig (26): Spatial distribution map for Risk Index in sediment. 
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According to Elnazer and Salman (2021) at eastern of El-Alamein study area, they 

found that the (RI) revealed that the majority of the investigated sites (15 sites) had a very 

high RI, while five (5) have a considerable RI. Cd is the predominant cause of the high 

RI, followed by Ni to a lesser extent. 

The enrichment factor percent changes accordingly with the metal under study since the 

EF of Cd is extremely high along the whole area shoreline (Fig 27).  

 
Fig (27): Spatial distribution map for EF of Cd in sediment 

However, throughout the research area's beach, the EF of Ni varies from moderate to 

significant (Fig 28). Furthermore, the EF of the Pb is very high along the research area's 

and increased to extremely high levels (Fig 29). 

 
Fig (28): Spatial distribution map for EF of Ni in sediment 
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Fig (29): Spatial distribution map for EF of Pb in sediment 

The (PLI) values in the study region indicate that there is no pollution throughout the 

whole study area's shore with values <1 (Fig 30). However, Elnazer et al. (2015) 

deduced that PLI results for all of samples are >1, indicating the importance of discrete 

external sources of sediment pollution, such as car exhaust and agricultural operations. 

 

Fig (30): Spatial distribution map for PLI in sediment 

The (Igeo) values computed are displayed in (Fig 31-34). The Igeo readings show that the 

region is substantially contaminated with Cd, but not with Fe or Ni. Regarding Pb, Igeo 

readings range from unpolluted to moderately polluted. Elnazer et al. (2015) found the 

same thing for Pb, where the Igeo values for Pb denote that the sediment samples are 
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uncontaminated to moderately contaminated, and the Igeo results for Cd denote the 

human input of Cd into soil, with the majority of samples falling into the moderately 

contaminated class, and just 5 samples being classified as uncontaminated to moderately 

contaminated with Cd. 

 

Fig (31): Spatial distribution map for Igeo of Cd in sediment 

 

Fig (32): Spatial distribution map for Igeo of Fe in sediment 
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Fig (33): Spatial distribution map for Igeo of Ni in sediment 

 

Fig (34): Spatial distribution map for Igeo of Pb in sediment 

4. Future coastal changes (DSAS) 

Five different dates of El-Alamein shoreline were digitized (1990, 1995, 2000, 2010, and 

2020) to be used for the prediction of 2030 shoreline which was obtained by using DSAS 

tool and the result was shown in Fig. 35. It was obvious that the resulting shoreline is 

mostly affected by retreat process especially in the middle part of the study region. El-

Alamein Shoreline is showing an erosion and an accretion at different rates (Hammad et 

al., 2022). 
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Fig (35): The 6 studied shorelines 

The map shown in Fig. 36 presents the retreat of the future shoreline (2030) compared to 

the shoreline of 2020. 

 
Fig (36): Shorelines of the years 2020 and 2030. 
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The erosion and accretion in the next decade for the studied area shoreline were predicted 

and it was obvious that the area will be affected by accretion (1.793 km
2
) more than 

erosion (0.361 km
2
) till the year 2030. The annual rate of accretion and erosion will be 

0.18 and 0.04 km
2
/year, respectively (Fig. 37). 

 
Fig (37): Erosion and accretion from 2020 to 2030. 

 

5. El-Alamein degradation map 

A final degradation map was produced to assess the overall deterioration in the area 

resulting from erosion (actual and predicted) and contamination in the area (Fig. 38). It 

was obvious that the whole area is moderately contaminated which might be due the 

anthropogenic activities associated with the new constructions in El-Alamein. Also, the 

actual erosion dominated the eastern and western parts of the area, and the predicted 

erosion will dominate in the eastern parts. 

The pollution sources and the water flow direction have a significant impact on water 

quality characteristics. However, persistent sources of pollution have a significant 

influence on sediment quality features, resulting in the aggregation of contaminants in the 

bottom sediments (El-Zeiny et al., 2019). 

 



1267                           Susceptibility of El-Alamein coast to future erosion using geostatistical analyses 
 

 

 

 

Fig. (38): El-Alamein degradation map. 

CONCLUSION 

 

Remote sensing imagery integrated with spatial analyses of water and sediment 

helped to predict the future shoreline erosion and to assess the environmental quality/ 

contamination of El-Alamein coastal area. It can be concluded that the research area is 

affected by a moderate contamination degree because of the high levels of Cd and Pb 

however, the overall ecological risk is still low. Further, the area will be subjected to 

more accretion than erosion in the next decade (2020 to 2030) according to the prediction 

analyses using DSAS. To sustain the marine ecosystem of El-Alamein and prevent the 

occurrence of any degradation, it’s recommended that water and sediment quality/ 

contamination should be studied regularly and continuously. In addition, shoreline 

erosion and accretion should be monitored regularly for any unexpected coastal change, 

to conserve the infrastructure in the region. 
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