
Supplementary Materials
Text S1 Sediment assessment 
Text S1.1 Geoaccumulation index 
 I-geo was computed as follows (Muller, 1969).

Where Cn is the total metal concentration in the sediment sample; Bn is the metal background value, and 1.5 is the factor for background matrix correction. The concentrations of heavy metals in the freshwater sediment benchmarks (EPA, 2006) were used as background. I-geo consists of seven classes (Table S1).
Table S1- Geo-accumulation index (I-geo) enrichment factor (EF) and modified contamination factor for elements and the contamination levels 
	Index

	Geo-accumulation index (I-geo)
	Enrichment factor (EF)
	Modified contamination degree (mCd)

	Class no 
	I-geo value
	Contamination level
	EF value
	Contamination level
	value
	Contamination level

	0
	I-geo ≤ 0
	Practically unpolluted
	1 < EF < 3
	Minor enrichment
	< 1.5
	Nil pollution

	1
	0 < I-geo < 1
	Unpolluted to moderately polluted
	3 < EF < 5
	Moderate enrichment
	1.5 ≤ < 2
	Low pollution

	2
	1 < I-geo < 2
	Moderately polluted
	5 < EF < 10
	Moderately severe enrichment
	2 ≤  < 4
	Moderate pollution

	3
	2 < I-geo < 3
	Moderately to heavily polluted
	10 < EF < 25
	Severe enrichment
	4 ≤  < 8
	High pollution

	4
	3 < I-geo < 4
	Heavily polluted
	25 < EF < 50
	Very severe enrichment
	8 ≤  < 16
	Very high pollution

	5
	4 < I-geo < 5
	Heavily to extremely polluted
	EF ≥ 50
	Ultra-high
	16 ≤ < 32
	extremely high pollution

	6
	I-geo ≥ 5
	Extremely polluted
	
	
	 ≥ 32
	ultra-high pollution



Text S1.2 Enrichment factor 
The EF of a single trace element in the sediments was calculated as follows (Yahaya et al., 2012):

Fe was used as a conservative tracer to differentiate natural from anthropogenic components. (M/Al)sample is the ratio of metal, and Fe concentration in the sample in the examined environment and (M/Al)background is the ratio of metal and Fe concentration of the background (Yahaya et al., 2012). EF values were classified as presented in Table (2). The concentrations of heavy metals in the average shale obtained from Turekian and Wedepohl (1961) are used in this index.
Text S1.3 Pollution Load Index 
PLI was evaluated as follows (Tomlinson et al., 1980);

Where n is the number of elements, and  is the contamination factor, it is the ratio between the element level () in sediment samples and its background concentration (), the background concentrations of heavy metals taken from freshwater sediment benchmarks (EPA, 2006):

Where PLI value >1 would indicate a contaminated site while PLI value <1 indicates no contamination. 
Text S1.4 Modified contamination degree (mCd)
mCd was introduced to estimate the overall degree of contamination at a given site according to the formula (Abrahim and Parker, 2008). 

Where n = number of analyzed elements, i = ith element and  = contamination factor. The classifications of mCd were proposed in Table 2. 
Text S1.5 Potential Ecological Risk Index (ER)
The potential ecological risk index (ER) was introduced to assess the degree of heavy metal pollution in sediments, according to the toxicity of heavy metals and the response of the environment where ER is calculated as the sum of all risk factors () for heavy metals in sediments (Hakanson, 1980, 1988). 
    and    
Where  is the monomial potential ecological risk factor,  is the contamination factor, and  is the toxicity response factor of heavy metal, the factor scores on each of heavy metals according to Hakanson (1980) approach, were: Mn (1), Zn (1), Cu (5), Ni (5), Co (2), Pb (5), Cd (30) and Cr (2). The pollution levels according to ER and  values were presented in Table (3).                                                          
Table S2- The pollution levels according to ER and  values
	  scope
	Ecological risk levels for single factor pollution
	ER scope
	Potential ecological risk levels
	TRI scope
	Toxic risk levels

	
	Low
	
	Low grade
	TRI <5
	No 

	
	Moderate
	
	Moderate
	TRI 5-10 
	Low 

	
	Considerable
	
	Severe
	TRI 10-15
	Moderate 

	
	High
	
	Serious
	TRI 15-20
	Considerable 

	
	Serious
	-
	-
	TRI >20
	Very High 


Text S1.6 Toxic unit (TU) and toxic risk index (TRI) 

SQGs were applied for qualitative assessment of the potential ecological risks caused by Zn, Pb, Cu, Cd, Cr, and Ni in the sediment. The SQGs have two thresholds: the threshold effect level (TEL), below which adverse effects on aquatic ecosystems are not expected to occur, and the probable effect level (PEL), above which adverse effects are likely to be observed. The ƩTU, defined by Pedersen et al. (1998) who suggested that the potential acute toxicity of heavy metals in sediment could be represented by the sum of the ratio of the measured metal concentration to the PEL, and was used for quantitative determination of the toxic effects. The sediment ƩTU was calculated using the following equation:

However, the sediment ƩTU may undervalue the potential toxicity, since it only considers the PEL effects; therefore, the TRI is used to assess the integrated toxic risk based on both the TEL and PEL effects of metals (Gao et al., 2018; Zhang et al., 2016). The toxic levels according to TRI values were presented in Table (3).The TRI of the sediment is calculated using the following equation:  




[bookmark: _GoBack]Table S3 Matrix chart of correlation coefficients among metals in the sediment of Nile islands shores
	A: El-Keratten

	
	Al
	Fe
	Mn
	Zn
	Cu
	Ni
	Co
	Pb
	Cr
	Cd
	OM %
	Carbonate %
	Mud

	Al
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	Fe
	0.83
	1.00
	
	
	
	
	
	
	
	
	
	
	

	Mn
	0.08
	0.02
	1.00
	
	
	
	
	
	
	
	
	
	

	Zn
	0.52
	0.31
	0.81
	1.00
	
	
	
	
	
	
	
	
	

	Cu
	0.41
	0.12
	0.35
	0.60
	1.00
	
	
	
	
	
	
	
	

	Ni
	0.28
	0.25
	0.77
	0.89
	0.38
	1.00
	
	
	
	
	
	
	

	Co
	0.46
	0.36
	0.74
	0.87
	0.40
	0.88
	1.00
	
	
	
	
	
	

	Pb
	0.02
	-0.30
	0.34
	0.36
	0.74
	0.07
	0.02
	1.00
	
	
	
	
	

	Cr
	0.43
	0.39
	0.80
	0.86
	0.36
	0.88
	0.94
	0.01
	1.00
	
	
	
	

	Cd
	0.27
	0.08
	0.58
	0.60
	0.79
	0.34
	0.31
	0.88
	0.36
	1.00
	
	
	

	OM %
	-0.43
	-0.49
	0.20
	-0.09
	0.27
	-0.27
	-0.37
	0.75
	-0.35
	0.58
	1.00
	
	

	Carbonate %
	0.25
	0.34
	0.40
	0.36
	0.55
	0.24
	0.14
	0.42
	0.19
	0.63
	0.41
	1.00
	

	Mud
	0.10
	0.05
	0.27
	0.32
	0.77
	0.18
	0.05
	0.73
	0.02
	0.76
	0.62
	0.81
	1.00

	B: El-Warraq

	
	Al
	Fe
	Mn
	Zn
	Cu
	Ni
	Co
	Pb
	Cr
	Cd
	OM %
	Carbonate %
	Mud

	Al
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	Fe
	0.92
	1.00
	
	
	
	
	
	
	
	
	
	
	

	Mn
	0.32
	0.50
	1.00
	
	
	
	
	
	
	
	
	
	

	Zn
	0.03
	0.11
	0.59
	1.00
	
	
	
	
	
	
	
	
	

	Cu
	0.10
	0.25
	0.90
	0.64
	1.00
	
	
	
	
	
	
	
	

	Ni
	0.78
	0.88
	0.70
	0.24
	0.45
	1.00
	
	
	
	
	
	
	

	Co
	0.80
	0.90
	0.75
	0.33
	0.52
	0.97
	1.00
	
	
	
	
	
	

	Pb
	-0.50
	-0.37
	0.55
	0.49
	0.73
	-0.09
	-0.08
	1.00
	
	
	
	
	

	Cr
	0.86
	0.90
	0.53
	0.10
	0.27
	0.97
	0.92
	-0.26
	1.00
	
	
	
	

	Cd
	0.01
	0.07
	0.63
	0.23
	0.75
	0.10
	0.15
	0.64
	0.00
	1.00
	
	
	

	OM %
	-0.39
	-0.19
	0.65
	0.50
	0.81
	0.02
	0.08
	0.89
	-0.19
	0.68
	1.00
	
	

	Carbonate %
	-0.18
	-0.17
	-0.05
	-0.10
	0.21
	-0.08
	-0.04
	0.08
	-0.11
	0.01
	0.13
	1.00
	

	Mud
	-0.06
	0.13
	0.74
	0.35
	0.87
	0.30
	0.37
	0.62
	0.13
	0.70
	0.80
	0.45
	1.00

	C: El-Zamalek

	
	Al
	Fe
	Mn
	Zn
	Cu
	Ni
	Co
	Pb
	Cr
	Cd
	OM %
	Carbonate %
	Mud

	Al
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	Fe
	0.85
	1.00
	
	
	
	
	
	
	
	
	
	
	

	Mn
	-0.08
	0.07
	1.00
	
	
	
	
	
	
	
	
	
	

	Zn
	0.29
	0.54
	0.05
	1.00
	
	
	
	
	
	
	
	
	

	Cu
	0.37
	0.43
	0.05
	0.68
	1.00
	
	
	
	
	
	
	
	

	Ni
	0.31
	0.50
	0.26
	0.47
	0.05
	1.00
	
	
	
	
	
	
	

	Co
	0.41
	0.45
	0.77
	0.06
	-0.03
	0.40
	1.00
	
	
	
	
	
	

	Pb
	-0.16
	-0.06
	-0.14
	0.43
	0.78
	-0.38
	-0.45
	1.00
	
	
	
	
	

	Cr
	0.59
	0.61
	0.09
	0.22
	0.08
	0.69
	0.56
	-0.36
	1.00
	
	
	
	

	Cd
	0.25
	0.11
	0.05
	0.38
	0.52
	-0.03
	0.14
	0.43
	0.31
	1.00
	
	
	

	OM %
	0.23
	0.39
	-0.05
	0.76
	0.89
	0.02
	-0.07
	0.78
	0.09
	0.60
	1.00
	
	

	Carbonate %
	0.33
	0.29
	0.14
	0.02
	0.22
	0.53
	0.10
	-0.14
	0.33
	-0.25
	-0.15
	1.00
	

	Mud
	0.42
	0.69
	0.15
	0.95
	0.61
	0.53
	0.26
	0.28
	0.35
	0.39
	0.69
	-0.02
	1.00

	D: El- Manial

	
	Al
	Fe
	Mn
	Zn
	Cu
	Ni
	Co
	Pb
	Cr
	Cd
	OM %
	Carbonate %
	Mud

	Al
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	Fe
	0.80
	1.00
	
	
	
	
	
	
	
	
	
	
	

	Mn
	0.17
	0.38
	1.00
	
	
	
	
	
	
	
	
	
	

	Zn
	0.09
	0.03
	0.35
	1.00
	
	
	
	
	
	
	
	
	

	Cu
	0.00
	0.08
	-0.17
	-0.60
	1.00
	
	
	
	
	
	
	
	

	Ni
	0.39
	0.56
	0.93
	0.17
	-0.13
	1.00
	
	
	
	
	
	
	

	Co
	0.35
	0.58
	0.92
	0.18
	-0.20
	0.98
	1.00
	
	
	
	
	
	

	Pb
	0.09
	0.21
	0.00
	-0.31
	0.84
	0.06
	0.03
	1.00
	
	
	
	
	

	Cr
	0.41
	0.53
	0.76
	0.08
	-0.14
	0.90
	0.88
	0.05
	1.00
	
	
	
	

	Cd
	-0.16
	0.04
	-0.14
	-0.51
	0.90
	-0.14
	-0.20
	0.77
	-0.10
	1.00
	
	
	

	OM %
	0.06
	0.11
	-0.12
	-0.38
	0.89
	-0.11
	-0.17
	0.88
	-0.08
	0.81
	1.00
	
	

	Carbonate %
	-0.01
	0.01
	-0.11
	-0.29
	0.69
	-0.16
	-0.24
	0.54
	-0.01
	0.76
	0.82
	1.00
	

	Mud
	-0.06
	0.00
	-0.15
	-0.37
	0.80
	-0.19
	-0.27
	0.67
	-0.08
	0.86
	0.90
	0.98
	1.00







	
	

	
	


Fig. S1 The average I-geo values for different Nile islands shores sediment  


Fig. S2 The average EF values for different metals in Nile islands sediment
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Index  

Geo - accumulation index (I - geo)  Enrichment factor (EF)  Modified contamination  degree (mCd)  

Class no   I - geo value  Contamination level  EF value  Contamination level  ???? ??   value  Contamination  level  

0  I - geo  =  0  Practically unpolluted  1 < EF < 3  Minor enrichment  mC d < 1.5  Nil pollution  

1  0 < I - geo  < 1  Unpolluted to moderately  polluted  3 < EF < 5  Moderate enrichment  1.5  =   mC d < 2  Low pollution  

2  1 < I - geo  < 2  Moderately polluted  5 < EF < 10  Moderately severe  enrichment  2  =   mC d   < 4  Moderate  pollution  

3  2 < I - geo  < 3  Moderately to heavily  polluted  10 < EF < 25  Severe enrichment  4  =   mC d   < 8  High pollution  

4  3 < I - geo  <   4  Heavily polluted  25 < EF < 50  Very severe enrichment  8  =   mC d   < 16  Very high  pollution  

5  4 < I - geo  < 5  Heavily to extremely polluted  EF  =  50  Ultra - high  16  =   mC d < 32  extremely high  pollution  

6  I - geo  =  5  Extremely polluted    mC d   =   32  ultra - high  pollution  
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