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Abstract: The aim of this study was to investigate the variation in heavy metal contents and their natural and artificial 

sources in beach sands along the coastal area between the cities of Port-Said and Damietta, Mediterranean Sea, Egypt. The 

pollution load indexes and possible ecological impacts with respect to sediment quality guidelines were discussed. Twenty 

samples were collected from the beach and sabkha sediments and analyzed by XRF technique for 13 heavy metals. 

Uranium was analyzed by the oxidimetric titration method. The heavy metals; Cr, Ni, Cu, Zn, Pb, Ga, Sr, Y, Rb, V and Ba 

have lower concentration than their corresponding standard levels except Zr and U. According to multivariate statistical 

analysis, four factors were determined. The first factor consists of Cr, Ni, V and Ba could be considered as a natural 

process factor and related to the presence of ferromagnesium and plagioclase feldspar minerals. The second factor include 

Zr, Sr and Nb represents the presence of heavy minerals such as zircon, monazite and garnet., The third factor includes Cu, 

Zn and Pb and could be considered as anthropogenic factor. The fourth factor involves U and and could be connected to 

uranium mobilization as radioactive factor. The analyzed heavy metals have negative values of geoaccumulation factor 

(Igeo), low values of contamination factors (Cf), except few samples considered as uncontaminated to moderately 

contaminated with Cr, Zr, Ga, Cu, Pb and Zn. The Cd values are lower than 6.0 in nine sediment samples randomly 

distributed in the study area and indicate low degree of contamination. The calculated Cd values in the rest of samples 

(>.0.6) are of moderate degree of contamination, most of them are located at Port-Said area. The values of PLI recorded for 

all samples ranged from 0.07 to 0.5 (< 1.0) indicate a good quality of the beach and sabkha sediment of the study area. 
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1 Introduction 

Coastal environments are complex and dynamic in their 

characteristics and nature, it shows sandy beaches as a 

geographic space of interaction between terrestrial and 

marine ecosystems [1]. One of the most pollutants agents in 

coastal environments is the presence of abnormal 

concentration of heavy metals in beach sediments which 

results from complex natural processes and anthropogenic 

activities. The natural processes include accumulation of 

heavy metals through complex physical and chemical 

adsorption mechanisms depending on the properties of the 

adsorbed compounds and the nature of the sediment 

matrices [1]. Anthropogenic activities such as mining, 

smelting, electro plating and incineration of solid waste, 

untreated sewage, and by nonpoint surface runoff are the 

major source for enrichment of the metals in beach 

sediments [2]. 

Under certain conditions, the heavy metals can cause 

ecological damage when they accumulate to toxic 

concentration levels [3]. The unplanned evolution activities 

and development projects affected in serious way on the 

coastal territory and coastal water resources, it polluted 

them with unexpected pollution resulted from the domestic 

sewage, agricultural drains and industrial discharge. Those 

pollutants reached the coastal water resources through the 

rivers and drainage system [4]. The accumulation and 

toxicity of the heavy metals are dependent on many factors 

such as: level of metal in sediment, grain size, salinity, 

temperature, pH and organic matter [5-8]. 

 

All metals are toxic at higher concentrations [9]. Although, 

Fe, Zn, Cu and Mg are essential metals as they have 

important roles in the biological system, the higher 

concentration of them makes them toxic [10]. Although, 

heavy metals that have a relatively high density are highly 

poisonous even at low concentrations [11]. Some heavy 

metals such as Fe, Co, Ni, Cr, Cd, Pb, Zn, Mn and Cu are 
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regarded as serious pollutants metals in aquatic ecosystems 

due to their environmental perseverance, toxicity and 

ability to incorporate into food chains [12].  

 

In the present study, heavy metal contents of both beach 

and sabkha sediments in the coastal area between Port-Said 

and Damietta were investigated. Choosing this area is due 

to the commercial importance of the two cities and the 

presence of Damietta, Port-Said and east of Port-Said ports. 

The economic activities of the two cities include fishing 

activities, agriculture, industry activities which made this 

area attract attention of many researchers and that’s why, 

they are worthy to be studied. This work aims to provide a 

geochemical framework for evaluating the possible source 

and mechanism of metals input, their spatial distribution 

and enrichment. To identify the geochemical signature of 

the anthropogenic influences in this coastal environment, 

pollution load index and possible ecological impacts with 

respect to sediment quality guidelines were discussed. 

 

2 The study area 

The study area constitutes the Eastern flank of the Nile 

Delta and located on the coast of the Mediterranean Sea, it 

constitutes the coast between Port-Said and Damietta cities 

between longitudes, 31° 39’ 9.2–32° 20’9.6 E and latitudes 

31° 37’13-31° 0’ 54N (Fig.1). Port-Said located in the 

north-eastern part of Egypt. It surrounded in the east by 

Suez navigation Canal, in the north by the Mediterranean 

Sea and in the west by the eastern part of Manzala Lake. 

Damietta promontory area is located on the north-eastern 

Nile Delta coast and extends 11.0 km east, 11.0 km west, 

5.0 km north and 12.0 km south referenced to the tip of the 

promontory [13]. 

 

 
 

Fig.1: Location map of the area under investigation. 

3 Experimental 
 

Twenty samples were collected from two different 

environments from the shoreline and sabkha sediments 

between Port-Said and Damietta (Fig. 2). The samples were 

collected manually by rotating a spiral bar to a depth of one 

meter. The trace elements (Cr, Cu, Ni, Zn, Zr, Ga, Sr, Y, 

Rb, V, Nb, Pb and Ba) were determined for 20 selected 

samples using X-ray Fluorescence (XRF) Spectrometry 

technique on fused beads. X-ray Fluorescence at the 

laboratories of the Nuclear Materials Authority of Egypt. 

The trace elements were measured through Philips e PW 

1480 X e ray spectrometer X unique II with an automatic 

sample changer (PW e 1510). Uranium is chemically 

analyzed using the oxidimetric titration method against 

ammonium meta vanadate that was used after its reduction 

[14]. 

Descriptive statistical analyses (mean, maximum and 

minimum) were carried out to present results, compare 

sample characteristics and evaluate the possible concealed 

relationship between the obtained results. Data 

management and descriptive statistics were performed 

using SPSS computer program. Pearson’s correlation 

coefficient test was carried out to support the results 

obtained by multivariate analysis. It allows investigating 

the associations among the analyzed elements concerning 

their origin and geochemical affinity. The cluster analysis is 

usually used in combination with PCA. It was employed to 

provide intuitive similarity relationship in order to find the 

association between heavy metals contents and identify 

different geochemical groups, using the dendrogram [15]. 

 
Fig.2: Location map of collected samples in the study area. 
 

4 Results  

4.1 Heavy metal distribution 

The concentration of the heavy metals Cr, Cu, Ni, Zn, Zr, 

Ga, Sr, Y, Rb, V, Nb, Pb and Ba are presented in (Table 1). 

In general, the distribution patterns of heavy metals in the 

sediment samples were on the following order Zr >Ba> Zn 

> Sr > Cr > V > Cu > Pb> Ni >Nb > Ga> Y > Rb. 

Regarding the heavy metal contents of the earth crust [16], 

the concentrations of the heavy metals of the beach 
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sediments were considered normal except that of Zr and U 

(Table 1). The concentration of Cr ranged between 8.0 to 

169 mg/kg with an average concentration of 57.90 mg/kg 

less than the average concentration of Cr in shale (Table 1 

and Fig. 3). Only five samples have relatively high 

concentration of Cr (>90 mg/kg) located at both Port-Said 

city (Eastern zone) and Damietta (western zone). Ni 

concentration ranged from 7-41 mg/kg with an average 

concentration of 26.5 mg/kg less than its average 

concentration in shale [17]. Vanadium concentration ranged 

from 2.0 to 128 mg/kg with an average concentration 37.5 

mg/kg. The spatial distribution of Cr, Ni and V are similar 

to each other in both the beach and sabkha sediments (Fig. 

4). They are high in Port-Said and sabkha and Damietta 

shoreline and low in the concentrations in the central zone. 
The high concentrations of these metals are corresponding 

to the areas of urban areas and fish farm activities (Figs. 5 

& 6). 

The minimum and maximum concentrations (mg/kg) of Cu, 

Zn and Pb varied from 14–50, 4-419, 3-49 with an average 

concentration of 21.7, 31.2 and 3.5 respectively. Only one 

sabkha sediment sample has a high concentration of these 

elements (Fig. 3) relative to their average in shale [17]. The 

spatial distribution of Cu, Zn and Pb are similar to each 

other in both type of sediments in the study area (Fig. 4). 

The highest concentrations of these metals are related to 

urban activities and fish farms (Figs. 7, 8 & 9). 

The Zr contents of sediment samples range from 

57 to 850 mg/kg with an average of 280 mg/kg. Twelve 

samples of both types of studied sediments are above the 

average concentration of Zr in shale [17]. The highest 

concentrations of Zr are located at Port-Said and Damietta 

zone. Sr and Ba concentrations varied between 14 to 213 

mg/kg and 14 to 563 mg/kg with an average concentration 

of 73 and 157.9 mg/kg respectively. Both element 

concentrations are below their average contents in shale. 

The spatial distributions of Zr, Sr and Ba in beach and 

sabkha sediments are more or less similar to each other 

(Fig. 4). They exhibit high concentrations in shoreline and 

sabkha sediments at Port-Said and Damietta but show low 

concentrations in the central zone (Fig. 10).  

Ga contents ranged between 1.0 to 41 mg/kg with 

an average concentration of 18.3 mg/kg. Nine samples have 

slightly higher concentration above the standard limit (19 

mg/kg) located at Port-Said and the central zone of the 

studied area. Nb concentration ranged between 2-28 mg/kg 

with an average concentration of 9 mg/kg less than its 

average concentration in shale [17]. Few samples have 

concentration above the standard limits (9 mg/kg). The 

samples which have a high concentration of Ga have also 

the concentration of Zr and Nb (Table 1). Uranium 

concentration fluctuated between 38 to 41 mg/kg. Both Y 

and Rb contents are very low below their average contents 

in shale. 
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Fig.3: Distribution of trace elements in the beach and 

sabkha sediments. 

4.2 Statistical analysis 

The interelement correlation analysis of the variables Cr, 

Cu, Ni, Zn, Zr, Ga, Sr, V, Nb, Pb, Ba and U in studied 

beach and sabkha sediments along the coast between Port-

Said and Damietta are listed in the (Table 2). The 

correlation matrix showed a significant correlation 

between a number of elements that may reflect the mineral 

composition and the effects of any pollution hazards. The 

first group of element association includes Cr, Ni, V and Ba 

has a strong positive correlation with each other. Cr has 

positive correlation coefficients with Ni (r= 0.826), V (r= 

0.948), and Ba (r=0.948). Ni has a positive correlation  
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coefficient with Ba (r= 0.818) and V (r= 0.820). V has a 

positive correlation with Ba (r= 1.000). This element 

association could be related to the presence of 

ferromagnesium minerals as well as plagioclase minerals in 

the composition of beach and sabkha sediments. The 

second group of element association which have strong 

positive correlation coefficient include Zr, Nb, Sr and 

relatively Ba.  Zr has positive correlation coefficient with 

Sr (r=0.998) and Nb (r=0.999). At the same time, Sr has 

strong a positive with Nb (r= 0.995). This element 

association could be connected to the presence of garnet, 

feldspars and zircon minerals. The first group of elements 

(Cr, Ni and V, Ba) has moderate positive correlation 

coefficient with the second group of elements (Zr, Nb, Sr) 

suggesting mixed sources of these sediment (mafic to acidic 

rocks).  The third group of element association includes Cu, 

Pb and Zn which have strong positive correlation 

coefficients among themselves and weak to negative 

correlation with the first and the second group of element 

association indicating different sources. Cu has very strong 

positive correlation with Zn (r=0.936) and Pb (r=0.930) and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Zn has strong positive correlation with Pb (r= 0.996). The 

concentrations of these groups of elements in general are 

low and below their average concentration in shale except 

one sabkha sediment sample located at Port-Said zone. 

These elements could be due to anthropogenic activity in 

the study area.  

Factor analysis of all measured variables in the sediment of 

Sabkha and shoreline of the study area was undertaken to 

classify the different factors that control the distribution of 

elements in the beach sediments and identify the 

composition and the nature of the sediments and their 

sources. The four-factor model account for 94.403% of the 

data variability, the communalities show that all elements 

are well accounted by this model (Table 3). The first factor 

(Factor 1) explains 34.543% of the total variance with a 

high eigenvalue of 4.145. It is the most prevalent among the 

obtained factors. It is highly correlated with Cr, Ni, V and 

Ba and could be considered as a natural process factor. This 

metals association of this coupled with the strong positive 

correlation coefficient among themselves related this factor 

to the presence of ferromagnesium and plagioclase feldspar 

minerals. The second factor (Factor 2) represents 24.691% 

of the data variability with an eigenvalue of 3.034. It is  

* Beach sediment sample 

** Sabkha sediment sample 

Table 1. Concentrations of heavy metal (mg/Kg) in sediments of the study area as well as U (in ppm) compared 

to the average concentration of heavy metals in sea sediments [17] and Earth crust [16]. 

Sample 

no. 
Cr Cu Ni Zn Zr Ga Sr Y Rb V Nb Pb Ba U 

1* 33 17 25 12 417 22 113 0.4 1 16 13 1 71 38 

3* 169 21 41 15 850 21 213 3 1.8 128 28 2 563 40 

5* 61 22 25 8 77 22 21 1 1 13 3 1 56 39 

7* 110 22 39 14 260 14 73 2 0.5 64 8 3 276 40 

9* 36 23 21 8 114 6 29 1.5 1 16 4 2 71 39 

11* 30 18 32 12 390 22 108 0.4 1.3 17 12 2 75 39 

13* 28 22 20 10 57 6 14 0.5 0.7 8 2 2 34 40 

14* 30 18 28 10 262 2 73 1 0.4 15 8 0.5 68 39 

16* 15 18 19 8 138 29 33 0.4 0.5 5 4 0.3 22 40 

19* 88 21 34 12 406 15 107 0.4 1 65 13 0.4 285 39 

2** 107 23 30 14 210 27 59 1 1.5 54 7 0.4 251 39 

4** 8 19 7 7 81 19 20 0.5 0.5 2 3 0.4 15 40 

6** 30 50 28 419 229 28 62 5 1.7 16 7 49 70 41 

8** 44 16 26 12 789 41 200 2 0.4 25 26 2 108 40 

10** 14 14 13 4 75 37 18 1 0.7 3 3 0.5 14 41 

12** 95 23 31 13 299 26 82 1.2 1 67 10 0.4 298 42 

15** 31 22 22 9 118 13 31 1.5 1 18 4 1 80 41 

17** 34 22 17 9 57 9 16 1 1.1 7 2 0.7 28 38 

18** 86 22 34 14 348 7 92 1.8 0.2 88 11 1 387 41 

20** 109 21 37 14 428 1 111 2 0.4 87 14 0.5 387 40 

Min. 8 14 7 4 57 1 14 0.4 0.2 2 2 0.3 14 38 

Max. 169 50 41 419 850 41 213 5 1.8 128 28 49 563 41 

Ave. 57.90 21.70 26.45 31.20 280.25 18.35 73.75 1.38 0.885 35.70 9.10 3.505 157.95 38.1 

Ave. 

shale 
90 45 68 95 160 19 300 26 140 130 11 20 580  

Ave. 
Earth 

crust 

100 50 75 70 165 19 370 33 90 120 20 12.5 425 2.7 
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Figure 4. Comparison between trace elements concentration in beach and sabkha sediments  

Figure 5. Distribution of Cr in beach and Sabkha sediments between Port-Said and Damietta 

Figure 6. Distribution of Ni in beach and Sabkha sediments between Port-Said and Damietta 

Figure 7. Distribution of Cu in beach and Sabkha sediments between Port-Said and Damietta 

Figure 8. Distribution of Zn in beach and Sabkha sediments between Port-Said and Damietta 

Figure 9. Distribution of Pb in beach and Sabkha sediments between Port-Said and Damietta 

Figure 10. Distribution of Zr in beach and Sabkha sediments between Port-Said and Damietta 
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Table 2. Pearson correlation coefficient of elements in beach and sabkha sediments (20 samples) 

between Port-Said and Damietta.  

 

 

 
 

highly correlated with Zr, Sr and Nb and could represent 

the presence of some heavy minerals such as zircon, 

monazite and garnet. The third factor (Factor 3) accounts 

for 25.284% of the data variability of this model with 

eigenvalue of 2.963. It is highly correlated with Cu, Zn and 

Pb and could be considered as anthropogenic factor. The 

fourth factor (Factor 4) explains a further 10.744 % of the 

variance with eigenvalue of 1.186. It is highly correlated 

with U with some contribution of Ga. The weak correlation 

coefficient between U and Ga indicate that there is no 

relationship between them, therefore we can consider this 

factor as a single element factor and may be considered 

related to uranium mobilization as the radioactive factor. 

The negative loading of Zr in this factor as well as the weak 

correlation with U indicates zircon mineral metamictization 

and mobilization of uranium from its structure 

incorporating monazite, as the main sources of radioactivity 

in the black sand in the studied area [18, 19].  
Cluster analysis was conducted to determine the correlation 

between the analyzed chemical elements (R-mode cluster 

analysis). The applied analysis is depended on the 

Euclidean average linkage method (within groups), which 

is adequate as its clusters are distinct and decisive revealing 

the nature of the sediment of the study area (Fig. 11). 

Although R-mode cluster analysis is not notably different 

from factor analysis, it is an alternative to confirm the 

results [20].  The dendrogram of R-mode cluster analysis 

(Fig. 10) shows four distinct groups of elements association 

The first group of elements included V, Ba and Cr, the 

second group comprised Zr, Nb and Sr, the third group 

included Cu, U and Ni; the fourth group encompassed Zn 

and Pb. The elements first and the second groups of 

element association were found to be consistent with and 

confirm the results obtained from both factor analysis and 

other statistical data. The third (Cu, U and Ni) and the  

 

 

 

 

fourth group (Zn and Pb) of element association appear to 

be related to the radioactive minerals in the black sands 

with anthropogenic sources. 

 

 

Element Factor 1 Factor 2 Factor 3 Factor 

4 
Cr .911 .245 -.064 .047 

Cu .118 -.155 .967 .060 

Ni .837 .342 .147 -.124 

Zn -.080 .041 .987 .105 

Zr .435 .886 -.033 -.029 

Ga -.441 .573 .089 .533 

Sr .444 .883 -.024 -.047 

V .943 .270 -.059 .122 

Nb .434 .885 -.049 -.008 

Pb -.090 .057 .986 .099 

Ba .942 .266 -.062 .125 

U  .205 -.089 .195 .909 

Eigenvalue 4.145 3.034 2.963 1.186 

Variance 

(%) 
34.543 25.284 24.691 9.885 

 

 

 

 

 

 

 

 

 

Table 3. R-mode varimax rotated factor matrix of elements in beach and sabkha sediments (20 

samples) 

Element Cr Cu Ni Zn Zr Ga Sr V Nb Pb Ba U 

Cr 1            

Cu .033 1           

Ni .826** .160 1          

Zn -.127 .936** .070 1         

Zr .573** -.124 .643** -.032 1        

Ga -.124 -.003 -.181 .197 .232 1       

Sr .578** -.117 .668** -.026 .998** .223 1      

V .948** .023 .823** -.104 .642** -.181 .644** 1     

Nb .582** -.135 .626** -.047 .999** .244 .995** .645** 1    

Pb -.132 .930** .071 .996** -.021 .202 -.016 -.115 -.035 1   

Ba .948** .022 .818** -.105 .638** -.179 .640** 1.000** .641** -.117 1  

U .112 .264 .061 .268 .018 .241 .006 .244 .030 .264 .244 1 
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5 Sediment Quality Guidelines (SQGs) 

The obtained data of heavy metal concentrations in the 

sediments samples in the study area was compared with the 

average concentration of heavy metals in sea sediments 

defined by [17]. This comparison provides a reliable basis 

for evaluating the quality of sediment conditions in the 

studied area. In this concern, the trace element contents of 

Ni, Sr, Y, Rb, V and Ba in all the analyzed sediments 

samples in the study area are lower than standard levels, 

however, some samples have high concentrations of Zr, Ga, 

Nb, Cu, Zn and Pb.  

 

5.1 The geo-accumulation index (Igeo) 

 
The geo-accumulation index (Igeo) is a numerical measure 

of the degree of pollution of heavy metal in sediments. It 
is calculated by comparing the concentrations of heavy 

metal in the present study with pre-industrial levels [21]. It 

builds on the background level of natural fluctuations 

including very low anthropogenic input. Igeo is calculated 

by the following equation (1): 

2log ( )


n
geo

n

C
I

K B
 (1) 

where, Cn is the measured concentration of metal in 

sediment, Bn is the corresponding geochemical background 

of element in average shale proposed by [17] and K is the 

background matrix correction factor (K = 1.5). The 

respective background content (Bn) is multiplied by the 

constant factor 1.5 to achieve the following: 1) get the 

upper limit of the lowest load class 0, 2) minimize the 

effect of possible variations in the background values which 

might due to lithologic variations in the sediments, 3) 

analyze natural fluctuation between the content of a given 

substance in environment and very small anthropogenic 

influences [22-25], generally [26]. 

In these regards, the world average concentration of Cr (90 

mg/kg), Cu (45 mg/kg), Ni (68 mg/kg), Zn (95 mg/kg), Zr 

(160mg/kg), Ga (19 mg/kg), Sr (300 mg/kg), Y (26 mg/kg), 

Rb (140mg/kg), Nb (11 mg/kg), Pb (20 mg/kg) and Ba (580 

mg/kg) reported for world shale were considered as the 

background values of sediments [17, 27, 28, 29].The results 

of geo-accumulation index of the 13 heavy metals in each 

sediment sample were calculated and listed in (Table 4) and 

depicted in (Figs 12, 13 & 14). Negative Igeo values were 

detected in all samples for Cr Ni, V, Cu, Pb, Zn, Sr, Rb, Y, 

which revealed that the beach and sabkha sediments are 

uncontaminated with these metals except few samples (e.g., 

sample no. 6 is contaminated with Pb and Zn). However, 

the Igeo values for Zr were the highest as compared to all the 

other metals in which eight samples are belonged to 

uncontaminated to moderately uncontaminated and two 

samples are moderately contaminated. The moderately 

contaminated samples with Zr are located mostly at Port-

Said beach. The moderately contaminated samples with Zr 

are related to the presence of zircon minerals in the beach 

and sediments. Ga and Nb are practically uncontaminated 

in all samples except three samples which are 

uncontaminated to moderately contaminate along the 

shoreline of Port-Said and Damietta.  

 

5.2 Contamination Factor and Contamination 

Degree (Cf) 
 

The contamination factor is the ratio between the sediment 

metal concentration at a given site and its normal content 

level [30]. In the current study, the contamination factor 

(Cf) and degree of contamination (Cd) are used to describe 

the pollution grade of beach and sabkha sediments. Cf was 

calculated using the following equation (2): 

 

Cf = Ci / Cn  (2) 

where Ci is the mean content of a substance in sediments” 

and Cn is the standard level (background) for that metal. 

The criteria used to display the values of the contamination 

factor [31] are presented in (Table 5).  

The contamination factor (Cf) of Ni, Sr, Y, Rb, V and Ba of 

all studied samples show low degree of contamination 

(Table 6 and Figs. 14, 15 & 16). The Cf values of Cr and Nb 

are slightly different where, some samples exhibit moderate 

degree of contamination. The contaminated samples with 

Cr and Nb are randomly distributed along the study area. 

Only one sabkha sediment sample (no.6) has Cf values for 

Cu, Pb and Zn > 1.0 however, the rest of samples are 

considered uncontaminated. Zr Cf values have a different 

distribution rather than the other heavy metals, 

 

Figure 11. R-mode cluster analysis of trace elements in beach and sabkha 

sediments between Port-Said and Damietta 
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* Beach sediment sample 

** Sabkha sediment sample 

Table 4. Igeo of (Cr, Cu, Ni, Zn, Zr, Ga, Sr, Y, Rb, V, Nb, Pb and Ba) in sediment samples and PLI. Igeo: Geo-

Accumulation index and PLI: pollution load index. 

 

 

 

 

 

 

it has 8 samples show low degree of contamination (Cf < 1) 

and ten samples exhibit moderate degree of contamination 

(1 <Cf < 3) and the rest two samples display considerable 

degree of contamination (3 <Cf< 6). The moderately 

contaminated to considerably contaminated samples with 

Zr are distributed randomly in the study area due to the 

presence of zircon minerals in the black sand in both beach 

and sabkha sediments. The Cd values are lower than 6.0 in 

nine sediment samples randomly distributed in the study 

area and indicate low degree of contamination. The Cd 

values in the rest of samples are of moderate degree of 

contamination and have a considerable degree of 

contamination in Port-Said area (Table 6). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

Table 5. Terminologies used to describe the contamination factor (Cf) and contamination degree (Cd). 

Cf Cd Description 

Cf < 1 Cd< 6 Low degree of contamination 

1 <Cf < 3 6 ≤ Cd < 12 Moderate degree of contamination 

3 <Cf< 6 12 ≤ Cd< 24 Considerable degree of contamination 

Cf > 6 Cd ≥ 24 Very high degree of contamination 

 

Serial 

no. 

Sample 

no 
Cr Cu Ni Zn Zr Ga Sr Y Rb V Nb Pb Ba PLI 

1 1* -2.03 -1.99 -2.03 -3.57 0.80 -0.37 -1.99 -6.61 -7.71 -3.61 -0.34 -4.91 -3.62 0.20 

2 2** -0.34 -1.55 -1.77 -3.35 -0.19 -0.08 -2.93 -5.29 -7.13 -1.85 -1.24 -6.23 -1.79 0.25 

3 3* 0.32 -1.68 -1.31 -3.25 1.82 -0.44 -1.08 -3.70 -6.87 -0.61 0.76 -3.91 -0.63 0.50 

4 4** -4.08 -1.83 -3.87 -4.35 -1.57 -0.58 -4.49 -6.29 -8.71 -6.61 -2.46 -6.23 -5.86 0.07 

5 5* -1.15 -1.62 -2.03 -4.15 -1.64 -0.37 -4.42 -5.29 -7.71 -3.91 -2.46 -4.91 -3.96 0.15 

6 6** -2.17 -0.43 -1.87 1.56 -0.07 -0.03 -2.86 -2.96 -6.95 -3.61 -1.24 0.71 -3.64 0.43 

7 7* -0.30 -1.62 -1.39 -3.35 0.12 -1.03 -2.62 -4.29 -8.71 -1.61 -1.04 -3.32 -1.66 0.29 

8 8** -1.62 -2.08 -1.97 -3.57 1.72 0.52 -1.17 -4.29 -9.04 -2.96 0.66 -3.91 -3.01 0.29 

9 9* -1.91 -1.55 -2.28 -4.15 -1.07 -2.25 -3.96 -4.70 -7.71 -3.61 -2.04 -3.91 -3.62 0.15 

10 10** -3.27 -2.27 -2.97 -5.15 -1.68 0.38 -4.64 -5.29 -8.23 -6.02 -2.46 -5.91 -5.96 0.09 

11 11* -2.17 -1.91 -1.67 -3.57 0.70 -0.37 -2.06 -6.61 -7.34 -3.52 -0.46 -3.91 -3.54 0.22 

12 12** -0.51 -1.55 -1.72 -3.45 0.32 -0.13 -2.46 -5.02 -7.71 -1.54 -0.72 -6.23 -1.55 0.27 

13 13* -2.27 -1.62 -2.35 -3.83 -2.07 -2.25 -5.01 -6.29 -8.23 -4.61 -3.04 -3.91 -4.68 0.10 

14 14* -2.17 -1.91 -1.87 -3.83 0.13 -3.83 -2.62 -5.29 -9.04 -3.70 -1.04 -5.91 -3.68 0.14 

15 15** -2.12 -1.62 -2.21 -3.98 -1.02 -1.13 -3.86 -4.70 -7.71 -3.44 -2.04 -4.91 -3.44 0.16 

16 16* -3.17 -1.91 -2.42 -4.15 -0.80 0.03 -3.77 -6.61 -8.71 -5.29 -2.04 -6.64 -5.31 0.10 

17 17** -1.99 -1.62 -2.58 -3.98 -2.07 -1.66 -4.81 -5.29 -7.58 -4.80 -3.04 -5.42 -4.96 0.11 

18 18** -0.65 -1.62 -1.58 -3.35 0.54 -2.03 -2.29 -4.44 -10.04 -1.15 -0.58 -4.91 -1.17 0.25 

19 19* -0.62 -1.68 -1.58 -3.57 0.76 -0.93 -2.07 -6.61 -7.71 -1.58 -0.34 -6.23 -1.61 0.25 

20 20** -0.31 -1.68 -1.46 -3.35 0.83 -4.83 -2.02 -4.29 -9.04 -1.16 -0.24 -5.91 -1.17 0.24 
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Table 6. The contamination factor (Cf) of Cr, Cu, Ni, Zn, Zr, Ga, Sr, Y, Rb, V, Nb, Pb and Ba in sediment 

samples, Cd is the contamination degree 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

Figure 12. Variations in geoaccumulation index Cr, Ni and V in the beach and sabkha sediment 

of the study area 

Figure 13. Variations in geoaccumulation index Cu, Zn and Pb in the beach and sabkha sediment 

of the study area 

Serial 
no. 

Sample 
no 

Cr Cu Ni Zn Zr Ga Sr Y Rb V Nb Pb Ba Cd 

1 1* 0.37 0.38 0.37 0.13 2.61 1.16 0.38 0.02 0.01 0.12 1.18 0.05 0.12 6.90 

2 2** 1.19 0.51 0.44 0.15 1.31 1.42 0.20 0.04 0.01 0.42 0.64 0.02 0.43 6.80 

3 3* 1.88 0.47 0.60 0.16 5.31 1.11 0.71 0.12 0.01 0.98 2.55 0.1 0.97 14.96 

4 4** 0.09 0.42 0.10 0.07 0.51 1.00 0.07 0.02 0.00 0.02 0.27 0.02 0.03 2.67 

5 5* 0.68 0.49 0.37 0.08 0.48 1.16 0.07 0.04 0.01 0.10 0.27 0.05 0.10 3.89 

6 6** 0.33 1.11 0.41 4.41 1.43 1.47 0.21 0.19 0.01 0.12 0.64 2.45 0.12 12.91 

7 7* 1.22 0.49 0.57 0.15 1.63 0.74 0.24 0.08 0.00 0.49 0.73 0.15 0.48 6.97 

8 8** 0.49 0.36 0.38 0.13 4.93 2.16 0.67 0.08 0.00 0.19 2.36 0.1 0.19 12.04 

9 9* 0.40 0.51 0.31 0.08 0.71 0.32 0.10 0.06 0.01 0.12 0.36 0.1 0.12 3.18 

10 12** 0.16 0.31 0.19 0.04 0.47 1.95 0.06 0.04 0.01 0.02 0.27 0.025 0.02 3.59 

11 13* 0.33 0.40 0.47 0.13 2.44 1.16 0.36 0.02 0.01 0.13 1.09 0.1 0.13 6.78 

12 14** 1.06 0.51 0.46 0.14 1.87 1.37 0.27 0.05 0.01 0.52 0.91 0.02 0.51 7.70 

13 15* 0.31 0.49 0.29 0.11 0.36 0.32 0.05 0.02 0.01 0.06 0.18 0.1 0.06 2.37 

14 19* 0.33 0.40 0.41 0.11 1.64 0.11 0.24 0.04 0.00 0.12 0.73 0.025 0.12 4.29 

15 20** 0.34 0.49 0.32 0.09 0.74 0.68 0.10 0.06 0.01 0.14 0.36 0.05 0.14 3.51 

16 21* 0.17 0.40 0.28 0.08 0.86 1.53 0.11 0.02 0.00 0.04 0.36 0.015 0.04 3.96 

17 22** 0.38 0.49 0.25 0.09 0.36 0.47 0.05 0.04 0.01 0.05 0.18 0.035 0.05 2.47 

18 24** 0.96 0.49 0.50 0.15 2.18 0.37 0.31 0.07 0.00 0.68 1.00 0.05 0.67 7.38 

19 25* 0.98 0.47 0.50 0.13 2.54 0.79 0.36 0.02 0.01 0.50 1.18 0.02 0.49 8.02 

20 26** 1.21 0.47 0.54 0.15 2.68 0.05 0.37 0.08 0.00 0.67 1.27 0.025 0.67 8.21 
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5. 3 Pollution Load Index (PLI) 

The overall pollution level of each sample was calculated 

using pollution load index (PLI) according to Tomlinson et 

al. [30]. Each sampling cites has been evaluated for the 

extent of the pollution load of sediments by using the 

method based on pollution load index (PLI). The PLI is 

expressed as concentration factors (Cf) which provides a 

simple and comparative means for measuring the level of 

heavy metal pollution according to equation (3):.  
 

1 2 3PLI n
f f f

i

f

i i

n

iC C C C   
       (3) 

Where, C
i
f = contamination factor of each metal, n 

= number of metals. The PLI value are classified into two 
classes such as PLI > 1.0 indicating pollution and PLI > 

1.0 is not polluted and close to background concentration 

[32]. The values of PLI recorded for all samples ranged 

from 0.07 to 0.5 (less than 1) indicating a good quality in 

all sediment samples of the study area (Table 4 & Fig. 18). 

 

 

 
 
 

 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 14. Variations in geoaccumulation index Zr and Ga in the beach and sabkha sediment of 

the study area 

 

Figure 15. Variations in contamination factors Cr, Ni and V in the beach and sabkha sediment of 

the study area 

Figure 16. Variations in contamination factors Cu, Zn and Pb in the beach and sabkha sediment 

of the study area 

Figure 17. Variations in contamination factors Zr, Ga and Pb in the beach and sabkha sediment of 

the study area 

Figure 18. Variations in pollution load index in beach and sabkha sediments in the study area 
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6 Discussion and conclusion 

The main objective of this chapter was to distinguish the 

contamination processes of coastal environments between 

the Port-said and Damietta which are subjected to various 

types of natural and anthropogenic contamination. The 

spatial distribution of heavy metals supported by a 

statistical study was done to connect the relationship 

between various elements and lead to the identification of 

potential sources of contamination. The observation of the 

spatial distribution of trace elements indicated that Ni, Sr, 

Y, Rb, V and Ba have a lower concentration than their 

corresponding standard levels and exhibit negative values 

of geoaccumulation factor (Igeo), low values of 

contamination factors (Cf), indicating that the beach and 

sabkha sediments are uncontaminated. On the other hand, 

most samples are uncontaminated with Cr, Zr, Ga, Cu, Pb 

and Zn except a few samples are considered as 

uncontaminated to moderately contaminate. (Table 8)  

shows a comparison between the average concentrations 

of some heavy metal from the study area with those from 

other beach sediment along the Mediterranean Sea coast. 

The pollution effects of heavy metals on the beach sand 

along the Mediterranean Sea were discussed by many 

authors. Dorgham et al. mentioned that the Damietta 

coast is negatively suffered from environmental pollution 

in the last few decades resulted from the anthropogenic 

activities of agriculture, industry, fishing and untreated 

domestic sewage [33]. 

These activities have dramatically changed the 

environment represented by a decrease in the salinity, 

frequent anoxic conditions, high nutrient levels and 

intensive phytoplankton growth.  

El-Sorogy and Attiah concluded that beach samples along 

Rosetta Coast have higher concentrations of certain heavy 

metals like Pb, Zn and Ni [34]. Geoaccumulation index and 

contamination factor indicated an enrichment of Pb and Ni 

as a result of anthropogenic inputs. The natural sources of 

heavy metals in the study area are attributed to weathering 

and decomposition of mountain ranges of the Sudan and 

Ethiopia, while the anthropogenic ones are the metals 

produced from industrial, sewage, irrigation and urban 

runoff. 

According to El-Baz and Khalil, Cu highest levels were 

found in Ras El-Bar, New Damietta, Eastern Harbor and El 

Gamil East, Zn highest levels were found in Ras El-Bar and 

Port-Said, Fe and Mn highest intensity were found at Ras 

El-Bar Rashid East and El-Gamil East [35]. Ali et al. 

concluded that the beach sediments at Rosetta are 

uncontaminated to moderately contaminate with Ba, 

however, it is moderately contaminated with Zn and 

moderately to heavily contaminated with Cr [36]. 

The average concentrations of some analyzed heavy metals 

in beach sediments of the study area and that of similar 

deposits in some worldwide regions are listed in the (Table 

9). The present study area has lower contents Ni, Cu, Zn 

and Pb than the beach sediments in the Arabian Gulf and 

Caspian Sea (Azerbaijan) and Gokcekaya Dam Lake 

(Turkey). On the other hand, the beach sediments in the 

present study, have higher concentrations of Ni, Cu, Zn and 

Pb than the beach sediments at Salaam Coast on the Indian 

Ocean (Tanzania), Caspian Sea (Tanzania), Red Sea Coast 

(Saudi Arabia). The contents of heavy metals in beach and 

sabkha sediments are below the average concentration of 

these elements in the continental crust [37] which indicated 

that the area under study can be considered as unpolluted 

and safe for the living organisms.  

 

 
 

Area Ni Zn Cu Sr Pb Reference 

The present study 26.45 31.20 21.7 
73.7

5 

3.50

5 

 

Al Khobar, Arabian Gulf 75.10 52.68 182.97 - 5.3 [44] 

Red Sea Coast, Saudi 
Arabia 

13.66 16.75 18.67 - 3.54 [45] 

Arabian Gulf, Saudi 

Arabia 
77.07 48.26 297.29 

480

1.71 
5.25 [46] 

Gokcekaya Dam Lake, 

Turkey 
125.7 265.8 108.99 - 

74.4

7 
[47] 

Mediterranean Sea, Libya 22.65 26.36 17.30 - 
11.6

9 
[48] 

Caspian Sea, Russia 14 17.1 8.3 - 4.19 [49] 

Azerabaijan, Caspian Sea 50.1 83.2 31.9 - 19.6 [50] 

Indian Ocean, Salaam 
Coast Tazania 

1.1 5.7 0.8 - 1.2 [51] 

Background continental 

crust 75 70 55 375 12.5 [37] 

Table 8. Comparison between average heavy metal concentrations along Port-Said-Damietta Coast with other 

Mediterranean Sea coast (in mg/kg)  

Table 9.  Comparison between average heavy metal concentrations along Port-Said-Damietta Coast with other 

worldwide areas (in mg/kg) 

Area Cr Ni Zn Pb Cu Zr Reference 

This study 57.9 26.45 31.2 3.505 21.7 280  

Industrial 

area of Port-

Said 

- 22-26 40-42 16-17 11-12 - [38] 

Mediterranea

n Coast 

(Between 

Damietta and 

Port-Said 

- - 7.99-400.3 1.16-19.07 
1.62-

14.69 
- [39] 

Eastern of 

Manzala lake 
- - 13.5 15.0 110.0 - [40] 

Manzala 

lagoon 
- - 48.8-12.15 9.6-146.8 7.84-380  [41] 

The 

Mediterranea

n coast 

82.74 25.93 22.19 13.17 8.46  [42] 

The 

Mediterranea

n coast 

- - 12.3-59 5.3-57 6.4-18.5  [35] 

North of Nile 

Delta, Egypt 
1814  671   6225 [36] 

Edku Lagoon - - 40-352 4-37.14 18-60  [41] 

Rosetta coast 0.26 803 340.23 405.71 - 0.29 [34] 

Abu-Qir Bay - - 50.98 8.20 13.64  [43] 
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