


Geochemical Assessment of the Heavy Metal Pollution in Superficial Sediments along Wadi As-Sir Stream, Jordan

Abstract 

The concentrations of Cu, Mn, Cd, Pb, and Zn in superficial sediment samples from the Wadi As-Sir area were analyzed to evaluate pollution levels. A total of seventeen samples were collected between April and July 2019, including nine from Wadi As-Sir, six from Wadi Al-Sheta, and two from Al-Kafrain Dam. Sediment contamination was assessed using standard indices, namely the Pollution Index (PI), Pollution Load Index (PLI), and Geoaccumulation Index (Igeo).
The Igeo results indicate that Mn, Cu, Cd, and Pb concentrations in Wadi As-Sir stream sediments and Al-Kafrain Dam sediments fall within safe limits, whereas Zn concentrations exceed average background values. In contrast, Wadi Al-Sheta sediments show safe levels of Mn, Cu, and Pb, but elevated concentrations of Zn and Cd.
PI results reveal high levels of Zn and Cd in Wadi As-Sir, while Wadi Al-Sheta exhibits elevated Zn, Mn, and Cd concentrations. In Al-Kafrain Dam, Zn is the only element showing high concentration levels. The elevated Zn, Mn, and Cd are primarily attributed to anthropogenic inputs, including irrigation return flows and the weathering of surrounding rock formations.
Despite these localized enrichments, PLI values suggest an overall absence of significant pollution across the study area, as indicated by generally low index values. Correlation analysis demonstrates variable relationships among the studied metals, reflecting differences in their sources and geochemical behavior. To mitigate future contamination, continuous monitoring and effective management of anthropogenic discharges are strongly recommended.
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1. Introduction
Environmental pollution remains a pervasive challenge in contemporary societies. Among the various forms of pollution, the contamination of aquatic systems by toxic heavy metals is of particular concern. These elements are non-biodegradable, and their excessive accumulation in crops may adversely affect food quality and safety. Heavy metals are introduced into aquatic environments through both natural processes, such as weathering and rock erosion, and anthropogenic activities, including industrial, agricultural, and domestic operations, landfill leachate, and sewage discharge (Cevik et al., 2009). Once released into aquatic systems, heavy metals are commonly immobilised within stream sediments through processes such as adsorption, flocculation, and co-precipitation. Consequently, sediments function as a dynamic reservoir, capable of both retaining metals and releasing them back into the water column through various remobilisation mechanisms (Caccia et al., 2003; Pekey, 2006; Marchand et al., 2006). Several mechanisms contribute to the association of heavy metals with solid phases, including direct absorption onto fine-grained inorganic clay particles; adsorption onto hydrous ferric and manganese oxides associated with clays; complexation with inorganic and organic compounds; and subsequent accumulation as newly formed solid phases (Gibbs, 1977).
Numerous studies have demonstrated that the concentrations of heavy metals in sediments can be sensitive indicators of contaminants in the aquatic systems (Bellucci et al., 2002; Sekabira et al., 2003; Bloundi et al., 2009; Suthar et al., 2009; Mhamdi et al., 2010). Several approaches have been applied in order to assess the severity of sediment contamination and to understand the natural and anthropogenic inputs in the river system. The sediment quality guidelines were often used to screen the potentiality of contaminants within sediments. The aims of this study focus on the concentrations of heavy metals (Cu, Zn, Cd, Mn, and Pb) and their distribution in the sediments of Wadi As–Sir area in Jordan. The metal assessment indices, namely geo accumulation index (lgeo), pollution load index (PLI), Pollution Index (PI), Contamination Factor (CF), The aims of these study used to assess the various sources of contamination (Cu, Zn, Cd, Mn, and Pb) to a prospect regarding the possible distribution, concentrations and sources of contamination in the study area.   ... This contamination also aims to assess the various sources of contamination to have a prospect regarding the possible prevention of this contamination.




2.  Study Area	
The Wadi as Sir Area is located to the west of Amman, the capital city of Jordan, in the central part of Jordan. The study area lies between 31°50' N and 31°57' N and 35°40' E and 35°50' E. The study area includes three main streams and a dam. (Figure 1): 
1- Wadi As-Sir Stream: have a durable water flow. It stems from wadi As-sir region and passes Al-Bassa area and Iraq Al-Amir. Agriculture abounds along the valley, and many parks for recreation in this area. 
2- Wadi Al-Sheta stream: it is located in wadi As-sir district in Amman. This winding valley is a place that connects Iraq Al-Amir from the western side with Marj Al-Hamam region from eastern side. Agriculture can be noticed hugely for the side of e valley. It is a tourist attraction such as Naba, Al-Bahat 
3- Al- Kafrain Dam: used to store water irrigation of crops.
The study area contains flat topography in some areas and steep slopes in other areas. The study area ranges from 130 meters below sea level in the Kafreen dam area to 900 meters above sea level Wadi Sir Area. (WAJ, 2002).
[image: ]
Figure 1: Satellite Image for the Study area shows samples location.

3. Geological Setting

The study area is covered by superficial deposits including Pleistocene gravels, alluvial and wadi sediments, and soils. Pleistocene deposits consist of poorly sorted Chert and limestone gravels, while red-brown soils of variable thickness are widespread. The exposed stratigraphy (after Shawabkeh, 2001; Diabat and Abdel Ghafoor, 2004) comprises several marine formations. The Amman Silicified Limestone Formation includes Chert, silicified limestone, marl, and phosphate, deposited in a shallow marine setting. The Wadi Umm Ghudran Formation consists of chalk with Chert and quartzite, representing deeper pelagic conditions. The Wadi As-Sir Formation is dominated by massive dolomitic limestone with marl and Chert nodules, deposited in a fully marine environment. The Shuayb, Hummar, and Fuhays formations represent subtidal to intertidal settings with limestone, marl, dolomite, and gypsum. The Na’ur Limestone Formation (Cenomanian) marks a major marine transgression, with a lower clastic unit (Juhra Member) overlain by limestone and dolomite deposited in tidal to open marine environments. The Kurnub Sandstone Group (250–300 m thick) consists of cross-bedded sandstones deposited in fluvial to shallow marine settings and is unconformable overlain by the Ajlun Group.
Structurally, the area is dominated by the Amman-Hallabat Structure, a major ENE–WSW trending dextral strike-slip fault system with associated folds and subsidiary faults. The structure shows a general downthrow toward the NNW and controls the juxtaposition of major formations across the study area.



3. Methodology and analytical technique:
3.1. Samples Collection 
Seventeen Stream sediment samples were collected along the main valley of Wadi Al- Sir, Wadi Al-Sheta, and Al-Kafrain dam. The samples collected at depths of 20 cm for April to July 2019. The samples have collected in a manner to cover the whole Superficial Sediments in the study area (Figure 1). The samples collected for the  in the mainstream of the wadi .. All the samples Air-dried and used stainless steel sieve to remove very large particles and have  fine grain size. Afterward, samples were transferred to labeled, pre-washed, polyethylene bags . The samples were prepared and then dried in the oven at 55°C for 2 hours. All dried samples were sieved; particles <63 μm in size were chosen to be analyzed, as this size is proven to be the best size for analysis for arid and semi-arid regions (Saffarini and Lahwani, 1992).
3.2. Extraction 
The ammonium acetate–EDTA extraction method was employed for the determination of heavy metals. This procedure was utilised to quantify Cu, Cd, Zn, Mn, and Pb concentrations. The extraction solution consisted of 0.5 M NH₄Ac, acetic acid (HAc), and 0.02 M EDTA, adjusted to pH 4.65. Specifically, 38.5 g of NH₄Ac was dissolved in 500 mL of deionised water, followed by the addition of 25 mL of acetic acid and 5.845 g of EDTA; the final volume was then made up to 1 L with distilled water. For extraction, 20 g of air-dried sample was placed in a 300 mL Erlenmeyer flask, and 100 mL of the extracting solution was added. The mixture was mechanically shaken for 30 minutes and subsequently filtered through a 0.45 μm filter paper. The suspended materials were removed during filtration, and the filtrate was collected in a polyethylene flask (Lakanen and Erviö, 1971). The concentrations of trace elements (Cu, Cd, Zn, Mn, and Pb) were determined using inductively coupled plasma optical emission spectrometry (ICP-OES) at the Water, Environment, and Arid Regions Research Center, Al al-Bayt University. The chemical characteristics of the analysed samples are presented in Table 1.


3.3. Percent of Total Organic Matter (TOM)
The Total Organic Matter (TOM) percent  determined by using equation 1 (Dean 1974). A mass of sediment is dried at 105°C and subsequently heated for 2 hours at 550°C. The procedure was used:
1. Clean and dried crucibles at 105°C for 2 hours have been weighed and labeled.
2. 2gm of but in the crucible, sample and crucible were weighed.
3. but the Crucibles within the sample in muffle furnace at 550°C for two hours.
4. The crucible and samples were weighed after heating.
5. The amount of (TOM) calculated by the weight in step (4) from the weight in step (2). The percent of (TOM) calculated by the following equation (Dean, 1974) (Table 1):

% (TOM) =*100%. .  Equation 1 

3.4. Measurement pH
PH meter measurement for all the samples by using these Procedure:
1. Weigh 2 grams of the sediment sample, combine it with 20 milliliters of distilled water, mix for 5 minutes, and filter the samples. 
2. Measure the pH value use pH electrode device to measure (Table 1). 










Table 1: Concentrations of trace Metals ppm for Cu, Cd, Zn, Mn, Pb, pH, and TOM for the Study Samples.

	Sample No.
	Cu 
	Cd 
	Zn 
	Mn 
	Pb 
	PH value 
	% (TOM)

	Wadi As-Sir

	1
	0.81
	0.11
	1.96
	5.3
	0.46
	7.96
	4.00

	2
	0.86
	0.13
	2.41
	5.4
	0.46
	8.35
	4.50

	3
	0.61
	0.10
	2.03
	5.7
	0.35
	8.72
	4.00

	4
	0.90
	0.12
	2.50
	6.3
	0.47
	8.35
	4.50

	5
	0.61
	0.13
	2.02
	3.6
	0.40
	8.49
	6.00

	6
	0.29
	0.09
	0.87
	3.7
	0.32
	8.88
	5.00

	7
	0.43
	0.09
	1.68
	4.4
	0.29
	8.94
	4.50

	8
	0.42
	0.10
	1.98
	3.7
	0.32
	8.58
	4.00

	9
	0.43
	0.10
	1.86
	3.6
	0.30
	8.64
	4.00

	Average
	0.59
	0.10
	1.92
	4.26
	0.374
	8.54
	4.50

	Wadi Al Sheta

	10
	0.71
	0.25
	1.40
	7.2
	0.33
	8.65
	7.00

	11
	0.36
	0.04
	0.73
	5.5
	0.19
	8.74
	4.00

	12
	1.09
	0.21
	1.79
	12.2
	0.35
	8.64
	7.50

	13
	0.44
	0.04
	0.83
	4.4
	0.17
	8.87
	4.50

	14
	0.70
	0.23
	1.18
	10.4
	0.28
	8.75
	7.00

	15
	0.42
	0.04
	0.76
	4.5
	0.16
	8.96
	4.00

	Average
	0.62
	0.13
	1.11
	7.36
	0.24
	8.76
	4.66

	Al Kafrain Dam

	16
	0.07
	0.02
	0.37
	7.0
	0.49
	8.94
	4.00

	17
	0.71
	0.03
	1.82
	5.4
	1.29
	8.86
	4.50

	Average
	0.388
	0.025
	1.094
	6.180
	0.891
	8.90
	4.25



 4. Assessment of Contamination Level
The measure level of metals contamination in the superficial sediments for the area study was the Geoaccumulation index (Igeo), Pollution load index (PLI), and Pollution Index (PI) to assess the metals contamination (Yang et al., 2011). The Geoaccumulation index (Igeo was used by Muller (1981) and Wei et al. (2009) to assess heavy metal pollution. The Igeo was used to assess metal contamination in urban soils by comparing current and pre-industrial values (Wei et al. 2009; Al-Khashman, 2013). Igeo index is used since it is a precise scale that compares between present and previous pollution for individual heavy metals (Kowalska, et al., 2018). In this study, the geoaccumulation index (Igeo) was used to determine the extent of heavy metal pollution in Wadi As-Sir Superficial sediments. The following equations for Rath et al. (2005)  used  calculation:       
        Igeo = log2 (Cn/1.5Bn), -------------------------------equation1
Where Cn is the concentration of the element ‘n’, and Bn is the geochemical background value of the element n, and 1.5 is the background matrix correction factor due to lithogenic effects. The geochemical background value in average shale is used to calculate Igeo (Turekian and Wedepohl, 1961). The geo-accumulation index (Igeo) scale consists of seven grades from zero  to 6, ranging from unpolluted to highly polluted (Table 2) (Muller, 1981; Rath et al., 2005; Faiz et al., 2009). The Geoaccumulation index value class designation of sediment quality is as follows: Igeo < 0 unpolluted environments >5 extremely polluted.
The pollution index (PI) and Pollution load index (PLI) were used to assess heavy metal pollution in the soil, Superficial sediments, and dust. The pollution index (PI) was defined by the following equation:
PI = Cn /Bn ------------------------------------------equations 2
where Cn and Bn are the measured and background concentrations of metal n, respectively, in the Superficial sediment samples. PI is classified by (Faiz et al., 2009) as follows:
 PI ≤ 1 indicates a low level of pollution.
 1< PI ≤ 3 indicates a middle level of pollution, and
 PI > 3 a high level of pollution. 
The pollution Load Index (PLI) for each sample was calculated following the method by Tomilson et al., (1980) and Soares et al., (1999). It was defined by the following equation: 

PLI=equation3
Where n is the number of metals and CF is the contamination factor. The contamination factor (CF) can be calculated from the following relation: 
(CF) = Metal concentration in the sediments /Background value of the metal……Equation 4
According to Harikumar et al,. (2009) and Seshan et al., (2010), the PLI value
 (PLI ≤ 1) indicates a low level of pollution, while
 1< PLI ≤ 2 indicates a middle level of pollution and
 PLI >2 high-level pollutions. 
[bookmark: _GoBack]List 1 : The degree of metal pollution in terms of seven enrichment classes for (Igeo)  
	Igeo Value
	Igeo Class
	Designation of sediment quality 

	>5
	6
	Extremely polluted

	4-5
	5
	Strongly to extremely polluted 

	3-4
	4
	Strongly polluted

	2-3
	3
	Moderately to strong polluted 

	1-2
	2
	Moderately polluted

	0-1
	1
	Unpolluted to moderately polluted

	<0
	0
	Un polluted



5. Results and Discussion 
5.1. Physicochemical Properties of the Superficial Sediments 
The concentrations of heavy metals in the superficial sediments of the study area (Wadi As-Sir, Wadi Al-Sheta, and Al Kafrain Dam) reflect the combined influence of anthropogenic and natural sources, as well as pH conditions (Table 1). Spatial variability in heavy metal distribution is evident across the study sites (Figure 2). Elevated concentrations of Mn and Zn were observed in the superficial sediments of Wadi As-Sir, Wadi Al-Sheta, and Al Kafrain Dam along the upstream–downstream gradient, whereas comparatively lower concentrations of Cu, Cd, and Pb were recorded throughout the valleys.
The mean concentrations of Cu, Cd, Zn, Mn, and Pb in Wadi As-Sir sediments were 0.596, 0.107, 1.923, 4.262, and 0.374, respectively. In Wadi Al-Sheta, the corresponding mean values were 0.621, 0.133, 1.115, 7.363, and 0.244, while in Al Kafrain Dam sediments they were 0.388, 0.025, 1.094, 6.180, and 0.891, respectively. These values were compared with baseline concentrations reported for unpolluted sediments and soils (Bowen, 1979). The relatively elevated concentrations of certain heavy metals in Wadi As-Sir sediments are likely attributable to anthropogenic inputs, including agricultural and domestic activities in the vicinity of the wadi (Calace et al., 2005). Potential sources include the application of fertilisers and pesticides, as well as sewage effluent discharge and surface runoff associated with human activities.
The pH values exhibited a relatively uniform distribution across all sampling locations (Figure 3), ranging from 7.96 to 8.96 (Table 1), with an average value of 8.66, indicating predominantly alkaline conditions. Such alkaline environments can significantly influence sediment composition and, consequently, the mobility and distribution of heavy metals. Variations in metal concentrations are strongly associated with both organic matter content and pH levels, as pH governs metal solubility, adsorption behaviour, and partitioning within sediment matrices (Odat and Alshammari, 2011).
The percentage of Total Organic Matter (TOM%) in the Superficial Sediments of Wadi As-Sir between 4.0% to 7.5% with an average of 4.88 % (Table 1). The amount of organic matter in Wadi As-Sir sediments is linked to the organic material of plant remains at different stages of decomposition, deposited adjacent to the Wadi location Figure 4. Cells and tissues of plant organisms and substances from plant roots, and soil microbes are considered as additional sources (Figure 3).


Figure 2: Distribution for the Heavy Metal Concentrations of the Studied Sample 


Figure 3: pH Values Distribution of the sediment for Studied Sample




Figure 4: Organic Matter (TOM) Distribution for Superficial Sediments of the Studied Samples  
The Pearson’s correlation coefficients between the contents of Cu, Zn, Cd, Mn, and Pb in the Superficial Sediments of Wadi As-Sir area shows in Table 2. Significant correlation of Cu with Zn (r = 0.701) and moderated correlation of Cu with Cd (r = 0.622), Mn with Cd (r = 0.614) and Mn with Cu (r = 0.527), The results revealed that metal concentrations rise abnormally due to the anthropogenic sources of contamination which have been identified to be the human, industrial, and agricultural activities such as sewage effluent, waste combustion, fertilizers and pesticides (Ennouri et al. 2010). The significant correlations were clearly observed for Pb with Cu, Zn, Cd, and Mn, Mn with Zn, and Zn with Cd. These results indicate that the heavy metals analyzed are not interrelated, and there is no relationship between the variables (Bany Yaseen and Al-Hawari, 2015). Moreover, these metals have different anthropogenic and natural sources in the sediments Wadi As-Sir area (Habes and Nigem, 2006; Bany Yaseen and Elaimat, 2016). 

Table 2: Correlation coefficients of the Heavy Metals for the Studied Samples
	
	Cu
	Cd
	Zn
	Mn
	Pb

	Cu
	1
	
	
	
	

	Cd
	0.622
	1
	
	
	

	Zn
	0.701
	0.345
	1
	
	

	Mn
	0.527
	0.614
	-0.045
	1
	

	Pb
	0.238
	-0.193
	0.306
	0.013
	1



5.2. Geoaccumulation Index (Igeo)
The Igeo distribution in the study samples  shows in Table 3; the f Igeo differs according to metal type and location. The metals  for Mn, Cd, Pb and  Cu for the samples from 1 to 9 low grade < 0 (unpolluted) for Wadi As-Sir stream. While Zn has strongly polluted, depending on the sample position and the concentration of the elements. The highest grade of Igeo was attributed to Zn because it exceeds 4 in some places, showing that the sediment samples are extremely polluted. This indicates that Wadi As Sir sediments have background concentrations for Zn; These elements are practically altered by anthropogenic influences. These hazardous metals can be derived from industrial waste and gasoline additives used in the industrial sectors (Mwamburi 2003). Furthermore, they may be derived from agricultural activities in the wadi. While samples from 10 to 15 indicate to the sediments of Wadi Al-Sheta stream, the Igeo values indicate that the sediments of Wadi Al-Sheta are unpolluted with Cu, Mn, and Pb remain in grade zero in all stations (Figure 5), while Zn and Cd moderately to strongly polluted, the highest grade of Igeo was attributed to Zn because it exceeds 3 in some places, showing that the sediment samples are extremely polluted. This indicates that Wadi Al-Sheta sediments have background concentrations for Zn and Cd; these elements are practically altered by anthropogenic influences. These hazardous metals can be derived from industrial waste and gasoline additives used in the automotive and industrial sectors (Mwamburi 2003; Bany Yaseen and Harahsha, 2024)





Table 3: The Igeo Values for Heavy Metal in the Studied Sample for Wadi As-Sir, Wadi Al Sheta and Wadi Al Kafrain dam.  
	Geoaccumulation Index (Igeo) for Wadi As-Sir samples 

	No. of Samples
	Cu 
	Cd 
	Zn 
	Mn 
	Pb 

	1
	-5.525
	-0.418
	3.781
	-1.221
	-6.02

	2
	-5.444
	-0.133
	4.081
	-1.195
	-6.024

	3
	-5.934
	-0.499
	3.835
	-1.11
	-6.433

	4
	-5.374
	-0.341
	4.131
	-0.968
	-6.011

	5
	-5.953
	-0.222
	3.822
	-1.754
	-6.232

	6
	-7.024
	-0.773
	2.606
	-1.719
	-6.537

	7
	-6.443
	-0.676
	3.56
	-1.496
	-6.682

	8
	-6.466
	-0.555
	3.797
	-1.723
	-6.537

	9
	-6.456
	-0.629
	3.103
	-1.792
	-6.653

	Average
	-6.068
	-0.471
	3.635
	-1.442
	-6.347

	Geoaccumulation Index (Igeo) for Wadi Al Sheta samples 

	10
	-5.718
	0.771
	3.295
	-0.768
	-6.515

	11
	-6.686
	-1.842
	2.352
	-1.161
	-7.333

	12
	-5.101
	0.479
	3.653
	-0.016
	-6.438

	13
	-6.403
	-1.914
	2.535
	-1.484
	-7.48

	14
	-5.751
	0.652
	3.049
	-0.236
	-6.758

	15
	-6.48
	-2.029
	2.422
	-1.46
	-7.559

	Average
	-6.023
	-0.647
	2.884
	-0.854
	-7.013

	Geoaccumulation Index (Igeo) for the sediments in Wadi Al Kafrain dam

	16
	-9.107
	-2.807
	1.376
	-0.821
	-5.927

	17
	-5.726
	-2.341
	3.674
	-1.187
	-4.539

	Average
	-7.415
	-2.574
	2.525
	-1.004
	-5.233





Figure 5: The Igeo Values Distribution for Heavy Metal in the Studied Sample
5.3. Pollution Index (PI)
The results of PI for the study samples shows in Table 4 and Figure 6. The PI values for all metals in Wadi As-Sir Superficial sediments samples low-level pollution (PI  1) for  Cu, Mn, and Pb, where Cd are medium levels of pollution (1< PI  3), but Zn are high levels of pollution (PI > 3). The results  PI value of Wadi Al-Sir Superficial Sediments shows Cu, Mn, and Pb are safe; these elements are practically unchanged due to anthropogenic influences. While the PI of Zn and Cd morthan the medium and high levels of pollution. Medium to high PI of Cd and Zn may be due to anthropogenic sources. The current study confirmed that long-term use of phosphate fertilizer containing a high level of Cd may lead to Cd accumulation in the soil, and this may eventually increase plant Cd uptake (El-Shebiny et al., 1997; Lone et al., 2008; Dökmeci, 2020). The PI results for  the samples in Wadi Al Sheta shows Cu and Pb are safe for low levels of pollution (PI  1). These elements are practically unchanged due to anthropogenic influences. Cd and Mn are medium levels of pollution (1< PI  3), but Zn are high levels of pollution (PI > 3). The elevated PI values of Cd, and Zn may be due to anthropogenic sources in the study area (Abu-mayyaleh, 2025). The results of PI for Al Kafrain show Cu, Mn, Cd, and Pb are safe, (PI  1). These elements are practically unchanged due to anthropogenic influences, but Zn high levels of pollution (PI > 3), due to anthropogenic sources. 






Table 4: The Pollution Index Values for Heavy Metal in the Studied Sample in Wadi As-Sir, Wadi Al Shta, and Al Kafrain Dam.  
	Pollution Index (PI) for Wadi-Sir Samples

	Sample No.
	Cu 
	Cd 
	Zn 
	Mn 
	Pb 

	1
	0.032
	1.122
	20.620
	0.643
	0.023

	2
	0.034
	1.367
	25.400
	0.654
	0.023

	3
	0.024
	1.061
	21.410
	0.694
	0.017

	4
	0.036
	1.183
	26.290
	0.766
	0.023

	5
	0.024
	1.285
	21.220
	0.444
	0.019

	6
	0.011
	0.877
	9.136
	0.455
	0.016

	7
	0.017
	0.938
	17.690
	0.531
	0.014

	8
	0.016
	1.020
	20.860
	0.454
	0.016

	9
	0.017
	0.969
	19.530
	0.432
	0.014

	Average
	0.023
	1.091
	20.030
	0.563
	0.018

	Pollution Index (PI) for Wadi Al Shta samples

	10
	Cu 
	Cd 
	Zn 
	Mn 
	Pb 

	11
	0.028
	2.651
	14.720
	0.880
	0.016

	12
	0.014
	0.418
	7.663
	0.670
	0.009

	13
	0.043
	2.091
	18.870
	1.482
	0.017

	14
	0.027
	2.357
	12.42
	1.273
	0.013

	15
	0.017
	0.367
	8.042
	0.544
	0.007

	Average
	0.024
	1.38
	11.73
	0.897
	0.011

	Pollution Index (PI) for Al Kafrain Dam samples

	16
	0.002
	0.214
	3.894
	0.848
	0.024

	17
	0.028
	0.295
	19.14
	0.658
	0.064

	Average
	0.015
	0.254
	11.51
	0.753
	0.044



[image: ]
Figure 6: The Pollution Index (PI) Values Distribution for Heavy Metal in the Studied Sample
5.4. Pollution Load Index (PLI)
The PLI distribution in the study samples is shows in Figure 7 and Table 5. The value PLI indicate no pollution (PLI < 1) in all the study samples for the area study include (Wadi As-Sir stream, Wadi Al Sheta, and Al Kafrain dam). 



Figure 7: The PLI Values Distribution for Heavy Metal in the Studied Sample

Table 5: Contamination factor (CF) and pollution Load Index (PLI) for the study samples
	(CF) and (PLI) for Heavy Metal Wadi As-Sir area

	Contamination Factor (CF)
	PLI

	No. of samples
	Cu
	Cd
	Zn
	Mn
	Pb
	PLI

	1
	0.032
	1.122
	20.62
	0.643
	0.023
	0.405

	2
	0.034
	1.367
	25.4
	0.654
	0.023
	0.446

	3
	0.024
	1.061
	21.41
	0.694
	0.017
	0.365

	4
	0.036
	1.183
	26.29
	0.766
	0.023
	0.456

	5
	0.024
	1.285
	21.22
	0.444
	0.019
	0.356

	6
	0.011
	0.877
	9.136
	0.455
	0.016
	0.23

	7
	0.017
	0.938
	17.69
	0.531
	0.014
	0.293

	8
	0.016
	1.02
	20.86
	0.454
	0.016
	0.301

	9
	0.017
	0.969
	19.53
	0.432
	0.014
	0.29

	Average
	0.023
	1.091
	20.03
	0.563
	0.018
	0.394

	(CF) and (PLI) for Heavy Metal Wadi Al Sheta area

	Contamination Factor (CF)
	PLI

	No. of samples
	Cu
	Cd
	Zn
	Mn
	Pb
	PLI

	10
	0.028
	2.651
	14.72
	0.88
	0.016
	0.43

	11
	0.014
	0.418
	7.663
	0.67
	0.009
	0.194

	12
	0.043
	2.091
	18.87
	1.482
	0.017
	0.534

	13
	0.018
	0.397
	8.694
	0.535
	0.008
	0.194

	14
	0.027
	2.357
	12.42
	1.273
	0.013
	0.425

	15
	0.017
	0.367
	8.042
	0.544
	0.007
	0.184

	Average
	0.024
	1.38
	11.73
	0.897
	0.011
	0.334

	(CF) and (PLI) for Heavy Metal Al Kafrain dam

	Contamination Factor (CF)
	PLI

	No. of samples
	Cu
	Cd
	Zn
	Mn
	Pb
	PLI

	16
	0.002
	0.214
	3.894
	0.848
	0.024
	0.128

	17
	0.028
	0.295
	19.14
	0.658
	0.064
	0.367

	Average
	0.015
	0.254
	11.51
	0.753
	0.044
	0.247





6. Conclusions 
The principal findings of this study can be summarized as follows:
6.1 The distribution of heavy metals in superficial sediments reflects the combined influence of natural weathering processes and anthropogenic inputs under alkaline conditions. Elevated concentrations of Mn and Zn were observed along Wadi As-Sir, Wadi Al-Sheta, and Al-Kafrain Dam from upstream to downstream, whereas Cu, Cd, and Pb generally occur at low concentrations  
6.2 The relatively high pH values indicate alkaline conditions across all samples, which significantly control metal behavior. Variations in metal concentrations are strongly influenced by pH and organic matter content, both of which regulate metal mobility, adsorption, and distribution within the sediments. 
6.3 Pearson’s correlation analysis among Cu, Zn, Cd, Mn, and Pb reveals variable relationships, suggesting complex geochemical behavior and multiple sources for these elements. 
6.4 Geoaccumulation index (Igeo) results for Wadi As-Sir and Al-Kafrain Dam indicate that Mn, Cu, Cd, and Pb remain within safe limits and are largely unaffected by anthropogenic activities, whereas Zn shows enrichment above background levels. This Zn enrichment is attributed to anthropogenic sources such as phosphate fertilizers, pesticides, sewage sludge application, wastewater seepage, and natural weathering of surrounding lithologies. In Wadi Al-Sheta, Igeo results show that Mn, Cu, and Pb remain within safe limits, while Zn and Cd exceed background values, reflecting additional anthropogenic contributions. 
6.5 Pollution Load Index (PLI) values indicate that the study area is currently not significantly accumulating Cd if anthropogenic inputs are not controlled. 
6.6 Pollution Index (PI) results for Wadi As-Sir indicate that Cu, Mn, and Pb are within safe levels, whereas Zn and Cd reach moderate to high pollution levels, mainly due to anthropogenic activities such as prolonged use of phosphate fertilizers, which are known to contain elevated Cd concentrations and may lead to soil accumulation and plant uptake.  In Wadi Al-Sheta, PI results show safe levels of Cu and Pb, while Zn, Mn, and Cd exhibit moderate to high contamination, indicating mixed natural and anthropogenic influences. In Al-Kafrain Dam sediments, PI results confirm that all metals except Zn are within safe limits, with Zn showing high contamination levels. 
6.7 Soil properties, including clay content, organic matter, calcium carbonate, salinity, and pH, play a critical role in controlling heavy metal concentrations. Natural weathering of surrounding rocks also contributes to metal inputs, while calcareous conditions enhance the adsorption of certain metals such as Cd. 
6.8 The primary sources of Zn and Cu contamination are linked to agricultural practices, including the use of sewage sludge, phosphate fertilizers, and pesticides, as well as leakage from septic systems in nearby residential areas. Variations in Mn concentrations are associated with irrigation using wastewater, industrial and municipal discharges, and organic matter enrichment, highlighting the role of anthropogenic activities in modifying sediment geochemistry.
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