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	Table S1 Sediments quality according to geoaccumulation index (Igeo) values (Muller, 1969)

	Class
	Igeo values
	Sediments quality

	0
	≤ 0
	Uncontaminated

	1
	0-1
	Uncontaminated to moderately contaminated

	2
	1-2
	Moderately contaminated

	3
	2-3
	Moderately contaminated to heavily contaminated

	4
	3-4
	Heavily contaminated

	5
	4-5
	Heavily contaminated to extremely contaminated

	6
	
	Extremely contaminated



	Table S2 Contamination factor (CF) classification (Hakanson, 1980; Yesilkanat & Kobya, 2021)

	Class
	CF values
	Contamination level

	1
	≤ 1
	Low contamination

	2
	1-3
	Moderate contamination

	3
	3-6
	Considerable contamination

	4
	> 6
	Very high contamination



	Table S3 Detailed categories of enrichment factor (EF) values (Buat-Menard & Chesselet, 1979; Sutherland, 2000)

	Class
	EF values
	Sediments enrichment

	1
	< 2
	Deficiency to minimal enrichment (natural variability)

	2
	2-5
	Moderate enrichment

	3
	5-20
	Significant enrichment

	4
	20-40
	Very high enrichment

	5
	> 40
	Extremely high enrichment



	Table S4 Biological toxic factors for hazardous elements (Hakanson, 1980)

	Elements
	Pb
	Cd
	Co 
	Cr
	Mn
	Cu
	Zn

	Biological toxic factor 
	5
	30
	5
	2
	1
	5
	1



	Table S5 Individual ecological risk factor (Er) and overall ecological risk index (RI) classification grades (Guo et al., 2010; Hakanson, 1980)

	Er
	Classification 
	RI
	Classification

	< 40
	Low risk
	< 150
	Low risk

	40-80
	Moderate risk
	150-300
	Moderate risk

	80-160
	Considerable risk
	300-600
	Considerable risk

	160-320
	High risk
	 ≥ 600
	High risk

	 ≥ 320
	Very high risk
	
	




	Table S6 Main components extracted by principal component analysis (PCA) with Varimax rotation for HMs in the studied beach sediment samples

	Heavy metals
	Principal components

	
	PC1
	PC2
	PC3

	Cd
	0.74
	0.49
	0.12

	Co
	0.90
	-0.01
	-0.35

	Cr
	-0.02
	0.93
	0.12

	Cu
	0.45
	0.78
	-0.21

	Fe
	-0.04
	0.01
	0.90

	Mn
	0.41
	0.62
	-0.36

	Pb
	0.88
	0.28
	0.15

	Zn
	0.37
	0.60
	0.39

	Rotation sums of squared loadings

	Eigenvalues
	2.61
	2.53
	1.31

	Proportion of variance %
	32.68
	31.61
	16.42

	Cumulative % of variance 
	32.68
	64.28
	80.70

	Rotation Method: Varimax with Kaiser Normalization
Bold values indicate significant loading factors (>0.7)





	Table S7 Geoaccumulation index (Igeo) values for HMs in beach sediment samples from the study area

	Study area
	Codes
	Beach 
	Igeo

	
	
	
	Cd
	Co
	Cr
	Cu
	Fe
	Mn
	Pb
	Zn

	West Alexandria area
	X1
	Safa
	5.03
	4.09
	0.93
	2.62
	-3.05
	-3.02
	1.84
	1.60

	
	X2
	
	4.22
	3.46
	0.87
	2.70
	-2.78
	-2.84
	1.57
	1.37

	
	X3
	
	3.91
	3.81
	0.95
	2.53
	-2.84
	-3.15
	1.16
	1.32

	
	X4
	
	3.00
	3.54
	1.00
	2.62
	-2.78
	-2.90
	0.76
	1.52

	
	X5
	
	4.39
	3.93
	1.10
	2.08
	-2.74
	-2.95
	1.83
	1.16

	
	X6
	El-Nakheil
	-7.45
	-8.23
	1.11
	1.97
	-3.00
	-2.82
	-1.12
	0.34

	
	X7
	
	-7.45
	-8.23
	1.13
	2.90
	-3.54
	-2.79
	-1.34
	1.97

	
	X8
	
	-7.45
	-8.23
	0.91
	1.53
	-2.62
	-2.76
	-0.53
	-0.36

	
	X9
	
	-7.45
	-8.23
	0.80
	1.25
	-2.69
	-2.90
	-1.14
	1.60

	
	X10
	
	-7.45
	-8.23
	0.49
	2.84
	-3.03
	-2.26
	-1.25
	2.15

	
	X11
	Al-Hanuvil
	3.10
	3.84
	0.97
	1.53
	-3.08
	-3.64
	1.07
	4.50

	
	X12
	
	5.22
	4.88
	1.31
	3.37
	-2.65
	-2.22
	1.15
	4.10

	
	X13
	
	3.78
	3.05
	1.02
	1.97
	-2.32
	-2.30
	1.95
	4.69

	
	X14
	
	5.27
	4.81
	1.32
	3.43
	-2.61
	-2.18
	2.04
	3.48

	
	X15
	
	5.34
	4.80
	1.31
	3.42
	-2.45
	-2.53
	1.88
	4.56

	
	X16
	El-Beytash
	3.36
	4.82
	-0.82
	1.35
	-3.30
	-2.46
	0.78
	1.94

	
	X17
	
	3.10
	4.88
	0.10
	2.54
	-3.23
	-2.23
	0.95
	1.45

	
	X18
	
	3.80
	4.78
	-2.27
	3.09
	-3.24
	-2.00
	1.50
	1.89

	
	X19
	
	2.89
	5.19
	-0.91
	1.35
	-4.01
	-2.91
	1.22
	1.23

	
	X20
	
	4.29
	5.09
	-0.82
	3.23
	-3.48
	-2.68
	1.72
	1.37

	
	X21
	
	3.36
	5.16
	-0.49
	1.69
	-3.42
	-2.31
	1.68
	1.83

	
	Mean
	1.28
	1.38
	0.48
	2.38
	-2.99
	-2.66
	0.84
	2.08

	New Al-Alamein City
	X22
	4.18
	2.40
	-1.57
	-1.95
	-3.51
	-3.77
	-0.52
	-0.34

	
	X23
	-7.45
	2.24
	-11.69
	-10.97
	-2.04
	-4.23
	0.16
	-2.96

	
	X24
	-0.81
	3.25
	-1.72
	-1.24
	-3.25
	-4.09
	0.31
	0.23

	
	X25
	-7.45
	2.63
	-11.69
	-10.97
	-2.13
	-3.72
	0.14
	-2.64

	
	X26
	1.19
	3.32
	-0.75
	-1.79
	-3.45
	-3.52
	-1.24
	-0.84

	
	X27
	-7.45
	3.37
	-1.60
	-2.31
	-3.33
	-4.15
	0.08
	-0.19

	
	X28
	-7.45
	2.55
	-11.69
	-10.97
	-2.01
	-3.84
	0.34
	-2.20

	
	Mean
	-3.61
	2.82
	-5.81
	-5.74
	-2.82
	-3.90
	-0.10
	-1.28

	Overall sites
 (n = 28)
	Maximum
	5.34
	5.19
	1.32
	3.43
	-2.01
	-2.00
	2.04
	4.69

	
	Minimum
	-7.45
	-8.23
	-11.69
	-10.97
	-4.01
	-4.23
	-1.34
	-2.96

	
	Mean
	0.06
	1.74
	-1.10
	0.35
	-2.95
	-2.97
	0.61
	1.24

	
	SD
	5.40
	4.81
	3.89
	4.31
	0.49
	0.66
	1.12
	2.00
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