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ABSTRACT 
 

Soil and plant samples from areas adjacent to Bahr El-Baqar main drain (El-Sharkia Governorate) 

were collected to study the fate and hazards of some heavy metals, i.e. Pb, Cd, Ni, Zn, Cu, Co …etc. 

Pollution associated with the studied heavy metals was valued following international norms. The fate and 

risks of studied pollutants were assessed and appraised using enrichment factor (EF), geo-accumulation 

index (Igeo), contamination factor (CF), degree of contamination (DC), modified degree of contamination 

(m Cd), pollution load index (PLI), soil pollution index (SPI). Moreover, the mobility indices and 

bioaccumulation (BAC) of most hazards selected pollutants were strong-minded in varied plant species 

grown the in study area including clover, onion, wheat, lettuce and garlic. Meanwhile, correlation analyses 

between soil properties and heavy metals concentrations in the grown crops were determined. Results 

showed that the disparity in the properties of sampled soils significantly shaped heavy metals distribution, 

concentrations as well as speciation. The total contents of Pb, Co, Cd, Ni…etc., exceeded the permissible 

levels set by Canadian Soil Quality Guidelines (CSQG), European Union Risk Assessment (EU), and the 

average of the earth crust. Data also exhibited that irrigation with Bahr El-Baqar low quality water is the 

main source of heavy metals pollutants found in the soils. Other heavy metal might be originated from 

certain adverse human activities. Regarding the contents of heavy metals found in plants grown in the 

studied area involving clover, onion, wheat, garlic and lettuce, gained results confirmed that the highest 

mean value of Cd was detected in all plants, despite other pollutants were also found in the studied  plants, 

yet at variable concentrations. All indicators calculated in the current work pointed to the worth of reducing 

pollutants by proper remediation techniques.  
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INTRODUCTION 
 

Agricultural expansion in Egypt necessitates the 

rational use of all available agricultural resources, 

particularly, land and water on an economic basis to meet 

the overgrowing population needs from safe food. To face 

the current shortages in natural sources in Egypt especially 

irrigation water, national strategies should be set and 

directed towards using the low-quality waters, such as 

agricultural drainage water, treated sewage effluent and/or 

ground waters in irrigation. Low quality waters are in most 

cases contaminated with inorganic pollutants such as heavy 

metals and organic pollutants like pesticides and enteric 

pathogens that arise mainly from the intensive use of 

chemical fertilizers, industrial by-products, sewage effluent 

and municipal solid wastes generated from households 

(Mateo-Sagasta et al., 2017). Theses wastewaters are also 

rich in organic components that are able to furnish high 

concentrations of heavy metals within the surface soil 

layers (Abbas and Bassouny, 2018). Moreover, the 

hydraulic continuities probably exists, totally or partially, 

between the wastewater of the main drain and the 

underground waters of the nearby arable lands possess 

potential hazards on the food quality harvested from these 

areas (Farid et al., 2019).  In consequence, periodical 

monitoring of heavy metals should take place in areas 

irrigated with wastewaters to follow their potential hazards 

on man and animal.  In Egypt, farmers in some hot spot 

regions such as Bahr El-Baqar, and El-Gabal el-Asfar were 

obliged to use low quality waters in irrigation. Many other 

regions in Egypt also considered wastewaters for 

complimentary irrigations. In the eastern area of the Nile 

Delta, Mohamed et al., (2014) evaluated the pollution 

associated with heavy metals using some indexes to 

compile a map of soil contamination in such regions. He 

found that the area nearby Bahr El-Baqar Drain was highly 

contaminated with heavy metals and that the 

concentrations of such metals were 6 folds higher than the 

corresponding permissible levels or more.. 

At the time being, it is now well recognized in 

Egypt that soil pollution is a great threat to plants grown in 

some polluted arid areas. Inorganic pollutants such as 

heavy metals have various modes to invade to food chain 

thus accumulating in other living organisms (O‟Connell et 

al., 2008; Nannoni et al., 2011; Sprynskyy et al., 2011; and 

Liu et al., 2013: Abdelhafez et al., 2015). Heavy metals 

have a significant impact on the quality of foodstuffs and 

environmental nutrient cycles as well since the growing 

plants usually absorb and accumulate significant 

concentrations of toxic metals from soil and water 

ecosystems, as well as from contaminated air (TokalıoÈlu 

and Kartal, 2003; ElShazly et al., 2019). 

Inorganic pollutants uptake is usually linked with 

their fate and speciation in soil ecosystems.  Unfortunately, 
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these chemicals always find their way to plant the editable 

portions of plants before invading to human body causing 

serious adverse health impacts (Kaplan et al., 2011; 

Abdelhafez et al., 2015) such as nausea, anorexia, 

vomiting, gastrointestinal abnormalities, and dermatitis 

(Chui et al., 2013; Tchounwou et al., 2012). Toxicity of 

heavy metals could also disorder and/or damage important 

organs (Lindemann et al., 2008), like mental and central 

nervous systems (Gybina and Prohaska, 2008), kidneys 

failure for human been (Reglero et al., 2009), troubles in 

blood combination (Cope et al., 2009), lungs damage 

marking (Kampa and Castanas, 2008), livers probles 

(Lindemann et al., 2008and Sadik, 2008). Furthermore, 

they might cause Alzheimer‟s disease (Kampa and 

Castanas, 2008). Heavy metals may causes Parkinson‟s 

disease in late stages (Guilarte, 2011), muscular dystrophy 

and in some cases it cause multiple sclerosis (Turaberlidze 

et al., 2008). Lung cancer and damage to human‟s 

respiratory systems at high rate exposure to heavy metals.  

In arid and semi-arid regions like Egypt, 

accumulation of heavy metals in soil ecosystems are 

influenced by their properties e.g. soil pH that represents a 

key parameter (Jieng-feng et al., 2009), calcium carbonate 

content (Bashir et al., 2019), soil organic matter, soil 

texture (Pepper et al., 2019), type of clay minerals  

(ElShazly et al., 2019), redox potential and cation 

exchange capacity (Selim, 2013; Bolan et al., 2014 and 

Wijayawardena et al., 2016).  

The main objectives of the present work are to 1) 

investigate the fate of some heavy metals in Bahr El-Baqar 

area, (Egypt) compared to the international critical levels of 

heavy metals in soil ecosystems.(2)evaluation of inorganic 

pollutants in soil and plant ecosystems through some 

important pollution indicators represented by Enrichment 

Factor (EF), Geo-accumulation index (Igeo), 

Contamination Factor (CF), Degree of contamination 

(DC), Modified Degree of Contamination (mCD), 

Pollution Load Index (PLI), (3) Status of heavy metals in 

different selected plant species cultivated in the studied 

area including onion, clover and wheat (4 Studying the 

relation between concentrations of pollutants in cultivated 

plants with the soil properties of different soils selected. 
 

MATERIALS AND METHODS 
 

Site description 
The investigated area is located close to Bahr El-

Baqar drain, northeastern Delta, Egypt. The studied sites 

are located between 30º 25՝48.1՝՝ N and 31º 34՝ 17.5՝՝ E to 

31º 11՝ 0.5՝՝ N and 32 º 13՝ 13.7՝՝ E (Map 1).  

Soils and plants sampling 
To assess the pollution status in this region, twelve 

surface soil samples (0-30 cm) were collected from 

different farms adjacent to Bahr El-Baqar drain. These 

samples were air-dried, crushed and passed through a 2 

mm sieve, then investigated for their physical and chemical 

properties as outlined by Klute (1986) and Page et al., 

(1982) as shown in Table (1). 

The representative soil samples are dominated by 

clay to clay loam texture except for the sample no.1, which 

has a sandy clay loam texture. In the studied soils, the 

percentage of sand fraction ranged between 10.48% and 

58.80%, Silt fraction ranged between 10.00% and 37.16%, 

while the clay content ranged between 23.20% and 

61.58%. Soil pH ranged from 7.12 to 8.11 denoted that 

selected soils are in neutral to alkaline conditions. 

Electrical conductivity (EC) ranged between 0.72 dSm
-1

 

and 36.80 dSm
-1

, indicating non-saline to extremely saline 

conditions. CaCO3 contents ranged between 3.6 and 48.2 

gkg
-1

 and the organic matter contents between 28.1 and 

79.7 gkg
-1

. Cation exchange capacity ranged between 

29.70 and 96.00 cmolc Kg
-1
. 

 

Table 1. the average of the main chemical and physical properties of the studied soils 

Limit pH 
EC OM CaCO3 Sand Silt Clay CEC 

(Cmolc Kg-1) (dSm-1) (gkg-1) (gkg-1) (%) (%) (%) 

Minimum 7.12 0.72 28.1 3.6 10.48 10.00 23.20 29.70 

Maximum 8.11 36.80 79.7 48.2 58.80 37.16 61.58 96.00 

Mean 7.39 9.09 48.7 28.1 30.18 24.50 45.44 63.84 
 

 
Map 1. Location of the studied area and the sites of soil 

and crop samples.  
 

Extraction of heavy metals from selected soil samples  
Soil samples were analyzed for their total contents 

of heavy metals after being digested by HNO3, H2SO4 and 

60% HClO4 as described by Hesse (1971), gained results 

are documented in Table (3). 

Plant sampling and analyses: 
Different plant species (Table 2) were collected 

from the studied area washed and cleaned with fresh water, 
distilled water, oven-dried at 60

o
C, and ground into powder 

with an electric grinder. Afterwards, 0.5 g of the plant 
samples were taken into Pyrex beaker and digested using a 
mixture of acids (H2SO4, HNO3 and HClO4). Heavy metal 
contents were then determined according to the method 
adopted by Norvell (1984). Digested plant samples were 
diluted in 50 mL with redistilled water. The edible portions 
of five selected crops were digested using the 
abovementioned method and their heavy metals contents 
were determined and tabulated in  Table (11). 

Instrument of heavy metals analyses  
The concentrations of heavy metals in soils and 

plants (total and in sequential extraction solutions) were 

determined using Inductively Coupled Argon Plasma, 

ICAP 6500 Duo, Thermo Scientific, England. 1000 mg/l 

multi-element certified standard solution, Merck, 

Germany. 
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Table 2. Types of the sampled plants and their edible 

parts: 
Usual name of plant Scientific name of plant Part consumed 

Lettuce Lactuca sativa Leaves 

Wheat Triticum aestivum Cereals 

Onion Allium cepa Leaves 

Garlic Allium sativum Tubers 

Clover Trifolium alexandrinum Fodder (Shoots) 
 

3. Statistical analyses 
All induces such as mobility factor were calculated 

according to Salbu et al., 1998 and Kabala and Singh, 2001. 

Excel software (Excel Inc, 2003) was used to calculate the 

significant variation between the total metal contents of the 

different studied pollutants. Correlations coefficient analysis 

was calculated as described by Minitab Inc. (1992). 

4. Indices selected to express heavy metals status and 

overall analyses  
A second method for assessing the heavy metal 

status was tried using certain indices assessing the 

environmental impacts of heavy metal pollution in soil 

ecosystems at Bahr EL-Baqar Region.  

Pollution indices were classified into two type's 

single and integrated indices (Caeiro et al. 2005). The 

studied indices might be summarized as follow: 

1. Soil Enrichment factor  

To evaluate the magnitude of contaminants in the 

environment Enrichment factor (EF) was used in this work 

and Iron (Fe) as reference element was chosen (Seshan et al., 

2010). 

The EF values < 2 means that metal is from crustal 

materials or natural processes; whereas EF values > 2 

means that the sources of pollution are more likely to be 

anthropogenic (Liaghati et al., 2003). The following model 

represents EF calculation: 

𝑬𝑭𝒔= [C/Fe (sample)] / [C/Fe (Earth’s crust)] 

Where: EFs is the enrichment factor, C/Fe is the ratio between 

metal and Fe concentration of the sample and C/Fe is the 

ratio between pollutant(s) and Fe concentrations in the 

system (Sutherland, 2000). 

2. Contamination Factor (CF)  

Contaminated factor (CF) represents the ratio 

between the concentrations of each pollutant in the soil 

system and background value (Tomilson, 1980). The 

equation represents CF is: 

Contamination Factor CF = C metal /C background 
The limits of this factor could be summarized as 

follow: factor:  

CF less than 1 (low contamination factor);  

CF between 1 - 3  meaning moderate contamination status  

CF between 3-6 means considerable contamination status; 

and CF ≥ 6   represents very high contamination status. 

3. Degree of Contamination (DC) and Pollution Load 

(PLI) indices  

The PLI calculated for site is the root of number (n) 

of multiplied contamination factor  or CF values. This 

index could be calculated by using the following equation:  

PLI= (CF1* CF2* CF3* ….
 *
CFn) 

1/n
 

Where 
 n: number of metals studied  

CF: contamination factor. 

PLI value of zero meaning perfection; 

A numerical value of one indicates baseline levels 

of pollutants, and values above one indicate progressive 

deterioration of the site quality (Saad et al., 1981), 

(Environmental Protection Agency, 2002). 

Degree of contamination (DC) index is the sum of 

all CF values for a specific location (Hakanson, 1980). 

This index could be calculated using the equation: 

DC = ∑
n 

i=1 CF 

Where  
CF is the single contamination factor and  

n is the count of the presented pollutants.  

DC values less than n would indicate low degree of contamination and 

DC more than 2n represents moderate degree of contamination, 

meanwhile, DC values between 2n and 4n meaning considerable 

degree of contamination. The value of DC more than 4n means very 

high degree of contamination.  

4. Modified Degree of Contamination (mDC): 
The modified formula of mDC values represent the 

degree of contamination as the sum of all DC values for a 

given set of pollutants divided by the number of analyzed 

pollutants (Abrahim and Parker (2008); Hakanson (1980).  

The modified degree of contamination is given 

from the following equation:  

mDC = ∑
n 

i=1 CF/n 

Where n is the number of pollutants and CF is the contamination 

factor. 
5. Geo-Accumulation Index (Igeo)  

Index of geo-accumulation (Igeo) was used to 

determine pollutants contamination in soils by comparing 

pollutant(s) concentrations with critical level(s). The Igeo 

index could be calculated using the following model:  

I geo= log2 (Cn /1.5 Bn) 

Where: 
Cn is the measured concentration of pollutants in contaminated soil  

Bn is the geochemical background value in average 1.5 background 

matrix correction due to anthropogenic influences.  

According to  Buccolieri et al. (2006),  the (Igeo) 

was divided into seven classes:  

Class 1: Igeo less than or equal 0 represents unpolluted soil 

Class 2: From 0 < Igeo ≤ 1 represents from unpolluted to 

moderately polluted status; 

Class 3: From 1 < Igeo ≤ 2 represents moderately polluted 

status; 

Class 4: From 2 < Igeo ≤ 3 represents moderately to 

strongly polluted status; 

Class 5: From 3 < Igeo ≤ 4 represents strongly polluted 

status; 

Class 6: From 4 < Igeo ≤ 5 represents strongly to 

extremely polluted status;  

Class 7: From Igeo > 5 represents extremely polluted status 

5. Mobility factor 
Mobility factor (MF) was also determined by 

speciation of heavy metals in the studied soils as mention 

by Tessier et al., (1979) after modification carried out by 

Kashem and Singh (2001). The obtained results were 

applied in the model:  
MF = (F1 + F2+ F3)/ (F1 + F2 + F3 + F4 + F5 + F6) * 100 

Where F1-F6 represents the distribution of heavy metals to other 

different fractions in the used soils 
 

RESULTS AND DISCUSSION 
 

1. Heavy metals status in selected soil samples at Bahr 

El-Baqar area: 
Table (3) represents the total concentrations of 

heavy metals in Bahr El-Baqar site area. Generally, the 

levels of most pollutants were above the average upper 
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earth crust (except for Fe). Concentrations of some heavy 

metals like Zn were below the safe limits presented by 

CSQG and EU in some sites and this probably occur 

because of the continuous removal of these metals by crops 

grown in selected farms and/or leaching of these metals 

from the soil surface into deep layers of soils and/or to 

groundwater. 

The total Pb contents in selected soil samples 

fluctuated between 40.21and 59.02 (mg/kg). According to 

AbLatif Wani et al. (2015) the main sources of Pb in Bahr 

El-Bakar soils are probably the industrial waste disposal 

associated with the other human activities and motor 

vehicle exhausts that might enrich the nearby arable lands 

with Pb. 

Cadmium (Cd) concentrations in selected soils 

ranged between 10.67and 15.90 mg/kg. These results agree 

with El-Bady (2016) who found that Cd concentration in 

Bahr El-Baqar area far exceeded that given in both 

Canadian Soil Quality Guidelines (CSQG, 2007) and 

European Union Risk Assessment (EU, 2002) as well as 

the average content in upper earth crust. 

Nickel concentrations presented in Table (3) ranged 

between 22.30 and 80.20 (mg/kg). The main source of Ni 

in soil ecosystems might be originated from the continuous 

and high applied levels of agricultural fertilizers containing 

this element as an impurity such as phosphate fertilizers 

(Benson et al., 2014). Also, the high content of content of 

clay in the used soils, led to retain high amounts of Ni in 

these soils. From the obtained results, it seems that high Ni 

concentrations were correlated with the colloidal particles 

in soil such as clay and organic matter (Farid et al., 2015).  

Results in the same table indicated that Cobalt (Co) 

concentrations in investigated soil ecosystems ranged 

between 21.31and 75.74 mg/kg. This result might be 

linked with the variations in soil texture and existing 

presence of heavy clay. In addition, irrigation of the studied 

area by low quality water led to accumulate Co into the 

surface soil layer. 

 Other pollutants such as Zn and Cu, although 

considered as micronutrients; their concentrations were 

higher than AUEC. In this concern, Zn concentration 

varied from 194 to 227 mg/kg, Copper (Cu) concentration 

ranged between 162 and 187.4 mg/kg, manganese (Mn) 

concentration ranged between 1.12 and 736 mg/kg. All 

these elements showing significant values should be taken 

into consideration for the synergistic mechanism between 

them especially between Zn, Cu and Ni (Saber, et al., 

2012). 
 

Table 3. Average of the total contents of the heavy metals(mg/kg) in soils of Bahr El-Baqar area 
Heavy metals (mg/kg) 

  Fe Al Mn Zn Cu Pb Cd Ni Co Cr Sr 

Minimum 7355 968 115 102 101 43 12 83 121 129 18.75 

Maximum 29295 14985 376 182 168 69 20 103 133 164 58.30 

Average 18152 12231 249 128 138 50 14 95 128 147 43.18 

Median 16932 13866 249 116 142 45 13 95 128 148 45.39 

CSQG (mg/kg)    200 63 70 1.5 50 40 64  

(EU, 2002)    300 140 300 3 75 - 150  

AUEC (mg/kg 30890   52 14.3 17 0.1 18.6 11.6 35  

Where:            
SD: Standard deviation            
CSQG: Canadian Soil Quality Guidelines (2007),   
(EU) European Union Standards European Union, (2002),      
AUEC: Average of upper earth crust, after Wedepohl (1995).     
 

2. Assessment of contamination indicators used to 

evaluate heavy metal status in the contaminated 

soils at Bahr El-Baqar 

1. Single model  
1. Contamination Factor (CF) 

Table 4 shows that CF values of Cr was lower than 

1, low contamination status, while Zn and Ni values ranged 

between low and moderate contamination status. Copper and 

cobalt (Cu and Co) values represent moderate contamination 

status (CF > 1), the same trend was also observed in Pb 

values which varied between 2.01 to 2.95 (moderate 

contamination status). The CF values of Cd, however, were 

very high that represented extremely contamination.  

As shown in Table 4, the average of CF values of the 

studied heavy metals had the  ascending order of 

Cd>Co>Cu>Pb>Cr>Ni>Zn>Fe>Mn>Al>Sr, suggesting that 

studied soil ecosystems are extremely enriched with Cd, 

while Pb exhibited only a significant enrichment. In contrast, 

the rest of studied heavy metals showed moderate to 

minimal enrichment in the study area.  Regarding CF values 

of different pollutants, high CF values for Cd were found in 

the samples No. 8, 1 and 2 respectively. Numerically, the CF 

values for these samples reached to 66.33, 64.17 and 60.03. 

For Cobalt, the highest CF values were found in samples 2 

and 10 reaching 4.39 and 4.36, respectively.  

The calculated values for Cu in different soil 

ecosystems showed that most of selected locations have 

between moderate to considerable contamination conditions. 

The highest CF value for Cr (1.82) was found in the sample 

no. 11, the rest of other samples ranged from 1.44 to 1.77.  

Results in given in Table 4 showed also that CF values of 

most of pollutants like Al, Mn, Zn, Fe and Sr metals in the 

study area, were low in their numerical values that represent 

low degree of contamination. 

Nevertheless, CF values for some heavy metals like 

Cu and Co showed a considerable contamination degree and 

this result might be ascribed to the influence of some 

external discrete sources like industrial activities, agricultural 

and other anthropogenic inputs, hence it seems reasonable to 

conclude that Cd was the only heavy metal that showed a 

high and significant degree of contamination. 
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Table 4. The contamination factor (CF) for heavy metals in the studied soils 

Contamination factor (CF) 

no. Fe Al Mn Zn Cu Pb Cd Ni Co Cr Sr 

1 0.16 0.08 0.12 1.07 3.32 2.49 64.17 1.39 4.15 1.44 0.06 

2 0.34 0.18 0.40 1.09 3.84 2.21 60.03 1.40 4.39 1.49 0.18 

3 0.24 0.15 0.23 1.10 3.62 2.20 41.50 1.36 4.28 1.50 0.19 

4 0.56 0.17 0.25 1.20 3.78 2.19 39.93 1.50 4.27 1.66 0.15 

5 0.25 0.01 0.21 1.09 3.14 2.89 42.50 1.50 4.04 1.61 0.07 

6 0.60 0.19 0.27 1.26 3.91 2.16 42.30 1.52 4.42 1.61 0.19 

7 0.38 0.16 0.23 1.09 4.21 2.26 42.23 1.41 4.18 1.64 0.18 

8 0.62 0.18 0.26 1.92 2.72 2.83 66.33 1.22 4.40 1.74 0.14 

9 0.60 0.17 0.31 1.81 2.54 2.85 48.67 1.34 4.30 1.77 0.13 

10 0.24 0.18 0.30 1.32 3.87 2.17 42.23 1.36 4.36 1.65 0.12 

11 0.25 0.18 0.30 1.90 3.24 3.45 44.20 1.33 4.19 1.82 0.16 

12 0.38 0.17 0.29 1.37 3.49 2.30 42.73 1.43 4.09 1.66 0.16 

Aver 0.38 0.15 0.26 1.35 3.47 2.50 48.07 1.40 4.26 1.63 0.14 

Grade 1 1 1 2 3 2 4 2  2 1 
 

2. The Geo-Accumulation Index (Igeo) 
Results given in Table 5 showed that Igeo indicator 

values recorded negative values for Fe, Cr, Co, Cu and Zn. 

According to the classification of Muller (1979) this result 

confirmed that the soil ecosystems adjacent to Bahr El 

Baqar suffer from moderate to high pollution status, as far 

as the above-mentioned heavy metals are considered. The 

results of geo-accumulation index values for Pb showed 

non-pollution to moderately pollution status for such 

element (class 1). Also, the Igeo of Cd values indicated a 

strongly to extremely pollution status in all trailed soil 

ecosystems that represent unsuitability of using such soils 

in agricultural purpose. 

 

Table 5. The geo-accumulation index (Igeo) of heavy metals in the studied soils 
Sample no. Fe Al Mn Zn Cu Pb Cd Ni Co Cr Sr 

1 -3.27 -4.17 -3.63 -0.48 0.98 0.73 5.42 1.98 1.47 -0.06 -4.59 

2 -2.14 -3.03 -1.92 -0.46 1.19 0.56 5.32 1.99 1.55 -0.01 -3.06 

3 -2.62 -3.32 -2.73 -0.44 1.10 0.55 4.79 1.95 1.51 0.00 -3.01 

4 -1.42 -3.14 -2.60 -0.33 1.16 0.55 4.73 2.09 1.51 0.15 -3.35 

5 -2.60 -6.95 -2.82 -0.46 0.90 0.94 4.82 2.09 1.43 0.11 -4.51 

6 -1.33 -3.00 -2.50 -0.25 1.21 0.53 4.82 2.10 1.56 0.10 -2.95 

7 -1.96 -3.26 -2.74 -0.46 1.32 0.59 4.82 2.00 1.48 0.13 -3.04 

8 -1.27 -3.03 -2.53 0.36 0.69 0.91 5.47 1.79 1.55 0.21 -3.41 

9 -1.32 -3.12 -2.29 0.27 0.59 0.93 5.02 1.93 1.52 0.24 -3.55 

10 -2.66 -3.08 -2.33 -0.18 1.20 0.53 4.82 1.94 1.54 0.14 -3.59 

11 -2.60 -3.03 -2.33 0.34 0.94 1.20 4.88 1.91 1.48 0.28 -3.23 

12 -1.99 -3.10 -2.38 -0.13 1.05 0.62 4.83 2.02 1.45 0.14 -3.27 

Av. -2.10 -3.52 -2.57 -0.18 1.03 0.72 4.98 1.98 1.50 0.12 -3.46 

Igeo Class 0 0 0 0 2 1 5 2 2 1 0 
 

 
 

The I-geo grade for the studied area varied among 

the different studied heavy metals and locations of soil 

sampling. Values of Fe, Al, Mn, Zn and Sr indicated that 

these pollutants remain in grade 0 (un-polluted) in all 

trailed locations, suggesting safe conditions for these heavy 

metals in trailed soils. The I-geo values for Cr found to be 

under grade 0 in some locations (un-polluted), while, 

attained in grade 1 in other ones. In other words, these soils 

were slightly polluted with Cr.  

The I-geo index values pointed to that Ni, Co and Cu 

are in grade 2. As shown in Table 5, Lead (Pb) and Cr are in 

grade 1, however, Cd is in grade 5. These results suggested 

that Bahr El Baqar soil ecosystems have safe concentrations 

of Pb and Cr; such elements are practically changed by 

anthropogenic activities, while the concentrations of Cd, Ni 

Co, and Cu exceeded the normal standard averages. All 

mentioned pollutants might be derived from industrial waste 

and gasoline additives used in the factories adjacent to Bahr 

El-Baqar area and cars (Mwamburi 2003). Also, these 

elements might be derived through corrosion of the 

numerous abandoned launches along the drain as well as 

agricultural activities. 

2. Combined index or indexes 

3. Pollution Load (PLI), Degree of Contamination (DC) 

and modified Degree of Contamination (m DC) indices 

values in Bahr El-Bakar polluted soil ecosystems  
Results given in Table (6) generally indicated that for 

different combined indices, heavy metals significantly 

accumulate in the investigated soil ecosystems. Values of the 

degree of contamination (DC) indicated a very high 

pollution status in all Bahr El Baqar soil ecosystems, 

reflecting the changes in soil occupation and the intensity of 

economic activities. Results showed that the soil samples no. 

8, 1and 2 are the most contaminated soil ecosystems. These 

soils had the highest DC values compared to the other ones.  

Igeo Class     Igeo Value            Contamination Level

0                 Igeo ≤ 0                Uncontaminated

2               1 < Igeo < 2          Moderately contaminated

3               2 < Igeo < 3          Moderately/strongly contaminated

4               3 < Igeo < 4          Strongly contaminated

5               4 < Igeo < 5          Strongly/extremely contaminated

6               5 < Igeo                Extremely contaminated

1               0 < Igeo < 1          Uncontaminated/moderately contaminated
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Numerically, the DC values were 82.38,78.45and 

75.56 respectively, ranking them under very high 

contaminated incidence, on the other hand, the soil sample  

no. 4 displayed the lowest DC value reaching 55.66.  

Pollution severity and its variation along the trailed 

sites were determined using pollution load index. This 

index is a quick tool comparing the pollution status in 

different sites. The values of the Pollution Load Indexes 

(Table 6) were found to be generally under class 1for all 

trailed soil ecosystems and/or under pollution conditions. 
 

Table 6. Calculated indices represent pollution status in 

selected Bahr El-Baqar Soil samples 

no. PLI DC mDC 

1 0.93 78.45 7.13 

2 1.37 75.56 6.87 

3 1.17 56.37 5.12 

4 1.31 55.66 5.06 

5 0.84 57.32 5.21 

6 1.40 58.42 5.31 

7 1.27 57.97 5.27 

8 1.44 82.38 7.49 

9 1.39 64.48 5.86 

10 1.22 57.81 5.26 

11 1.35 61.02 5.55 

12 1.30 58.08 5.28 

Aver 1.25 63.63 5.78 
 

4-Enrichment factor (EF) 
Data given in Tables (7 & 8) illustrates the EFs 

values of the different studied soil ecosystems and different 

heavy metals as well. Values of enrichment factors (EF‟s) 

of the studied heavy metals in soil ecosystems might be 

arranged as EF values ranged between <2 (1
st
 category) 

representing deficiency to minimal enrichment category, 

the EF values 2-5 (2
nd

 category) indicated that the 

investigated heavy metals were entirely come from crustal 

materials or natural processes. On the other hand, EF 

values > 5 (3
rd

 category) suggested that their sources are 

more likely to be anthropogenic, EFs ranged between 20–

40 (4
th
 category) showed very high enrichment and, 

EFs>40 (5
th
 category) extremely exhibited high 

enrichments (Liaghati et al., 2003). 

According to abovementioned critical values, 

results showed that the EF values of Cd were the highest 

compared to other pollutants as they ranged between 231 

and 600 (5
th
 category), thus this pollutant is extremely 

characterized with a high enrichment category, while Cr 

and Ni ranged between 2-5, indicating that they are entirely 

originated from crustal materials and/or natural processes, 

the Iron Fe value, however, represented a lower category. 

Results also indicated that the EF values for Zn 

were under the 2
nd

 and 3
rd
 categories, ranging from 1.92 to 

10.35, Cu resembled Zn in the categories, its numerical 

values ranged between 2.18 and 8.45. For Pb, the EF 

values ranged between 7.00 and 19.90 in different soil 

ecosystems under the 3
rd
 category. This result might 

indicate that the concentrations of these elements were 

within the significant enrichment categories. The EF values 

of Ni ranged between 1.19 and 4.30 being under the 2
nd

 

category with moderate enrichment values. Furthermore, 

the EF values of Co ranged between 4.51 and 16.25 (3
rd

 

category) under the significant enrichment categories. The 

EF values of Cr and Sr ranged between 0.65 and 2.59; 0.23 

and 0.66, respectively, thus are within deficiency to 

minimal enrichment categories.  

Generally, according to EF values, the studied 

pollutants could be arranged according to their EF values 

in the following ascending order: 

Cr < Ni < Cu<Zn<Co <Pb<Cd 
Cadmium could be seen as more abundant rather 

than other studied heavy metals; whereas Sr showed the 

lowest appearance in different soil samples.  

Variations of the indices used in the current work 

might be ascribed to the difference in sensitivity of these 

indices towards the soil pollutants (Praveena et al. 2007). 

This, however,  might confirm that Bahr El Baqar drain is 

the main source of adjacent soil and environmental 

pollution, especially with the injuries of inorganic heavy 

metals (Pb, Cd, Co, Cr and Ni) originating from the high-

pitched rates of non-treated industrial wastes discharged in 

Bahr El Baqar drain. It might be concluded that when the 

combined index (MPI) exceeds 1, the concentrations of 

heavy metals are considered elevated and the ecosystem 

regarded as „„polluted‟‟. 

From the abovementioned results of different 

indicators used to evaluate the pollution status of different 

soil ecosystems and according to results given in Table 10, 

it seems reasonable to state that only Cd, Cr, Co, Pb, Mn 

and Cu are the most pollutants showing hazards on the 

trialed soil and plants ecosystems.  

 

Table 7. The Enrichment factor (EF) for some heavy metals in the studied soils 
Sample  

No. 

Enrichment Factor (EF) 

Fe Al Zn Cu Pb Cd Ni Co Cr 

1 1.0 0.55 6.53 4.47 19.90 600 2.11 8.28 1.81 

2 1.0 0.56 3.73 3.34 7.37 270 1.37 4.95 1.05 

3 1.0 0.64 4.91 3.90 11.22 360 1.93 6.16 1.50 

4 1.0 0.72 3.68 4.44 10.93 346 1.68 6.13 2.16 

5 1.0 0.05 1.92 2.18 11.98 334 1.19 4.55 0.65 

6 1.0 0.50 3.32 3.11 7.00 233 1.35 4.51 1.24 

7 1.0 0.42 3.80 4.93 7.31 231 1.58 6.23 1.32 

8 1.0 0.49 5.93 5.96 9.08 289 2.50 9.86 1.54 

9 1.0 0.46 6.22 5.53 9.14 264 2.43 9.38 1.60 

10 1.0 0.77 7.46 7.55 11.12 316 3.46 6.89 2.18 

11 1.0 0.77 10.35 8.45 14.90 379 4.30 16.25 2.59 

12 1.0 0.48 4.89 5.09 7.60 239 2.79 6.01 1.38 
EF < 2 states deficiency to minimal enrichment                                                       EF = 20 - 40 very high enrichment 

EF = 2 - 5 moderate enrichment                                                             EF > 40 extremely high enrichment 
EF = 5 - 20 significant enrichment, 
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Table 8. The Enrichment factor (EF) for some associated elements in the studied soils 
Element Minimum Maximum Average Std. Devision Contamination categories on the basis of the enrichment factor 

Fe 1 1 1   

Al 0.05 0.77 0.53 0.22 EF < 2 states deficiency to minimal enrichment 

Zn 3.80 10.35 6.32 2.16 EF = 5 - 20 significant enrichment 

Cu 5.53 18.07 10.52 3.96 EF = 5 - 20 significant enrichment 

Pb 7.00 19.90 11.15 4.49 EF = 5 - 20 significant enrichment 

Cd 232.52 872.42 367.06 204.10 EF > 40 extremely high enrichment 

Ni 2.84 8.06 4.50 1.68 EF = 2 - 5 moderate enrichment 

Co 17.24 42.27 24.07 8.39 EF = 20 - 40 very high enrichment 

Cr 3.99 8.81 5.51 1.69 EF = 5 - 20 significant enrichment 

Sr 0.23 0.66 0.42 0.14 EF < 2 states deficiency to minimal enrichment 
 

Table 9. Heavy metals status under different indicators studied 
HMs  CF Igeo PLI DC mDC EF 

Fe - - - - - - 

Al - - - - - - 

Zn - - - - - - 

Cu + - -  - - 

Pb + + + + + + 

Cd + + + + + + 

Ni + + + + + + 

Co + + + + + + 

Cr + + + + + + 

Sr - - - - - - 

Al - - - - - - 
- +  Over the critical level                            Under the critical level 
 

5. Mobility factor MF 

Fractionation of heavy metals in soils signified as 

water soluble WS, exchangeable and carbonate fractions 

(F1 + F2 + F3) are regarded to be the most mobile and 

available or bioavailable fractions for cultivated plants 

regardless soil type and soil conditions. The heavy metals 

mainly created from anthropogenic activities (Asagba et 

al., 2007). Heavy metals in these fractions are weakly or 

loosely bound to soil components, while Fe-oxide form F4, 

Organic form F5 and F6 (Residual form) are more 

retainded to soil components. 

 According to Salbu et al., 1998; Kabala and Singh, 

2001, The relative calculated mobility of these pollutants 

was measured using the following model: 
MF = (F1 + F2+ F3)/ (F1 + F2 + F3 + F4 + F5 + F6) * 100 

Generally, the studied pollutants in the exchangeable 

fractions are considered as readily available form, while the 

reducible or oxidizable fractions are relatively stable under 

normal soil conditions. Heavy metals in residual fractions 

are fixed in crystal structure of the clay minerals and 

represent the least mobile fraction compared to others. The 

mobility of heavy metals in soil might be evaluated on the 

basis of the absolute and relative content of weakly bound 

fractions. To measure mobility of heavy metals, some works 

have used the relative index to calculate mobility factor 

(MF) based on the ratio between exchangeable, carbonate-

bound and reducible fractions to the sum of all fractions (Lu 

et al. 2007, Kabala and Singh 2001). 

Mobility factor MF calculated for inorganic 

pollutants is a measuring of the potential mobility of a 

metal(s) in contaminated soils Lua et al. (2003). Increasing 

of MF meaning that metal(s) is in high mobility state, 

consequently, its availability or bioavailaty to the 

biological systems will be high (Huang et al. 2007; Olajire 

et al. 2003). 

Figure 1 showed that MF of some pollutants 

fractions was strongly bound to soil components compared 

to those extracted in F1, F2 and F3 readily available forms. 

The MF of pollutants in used soil samples might be 

evaluated on the basis of absolute and relative content of 

fractions weakly bound to soil component such as clay 

content.  The high Mobility Factor values have been 

explained as the symptom of high ability and biological 

availability of the heavy metals in soil (Kabala and Singh 

2001; Narwal et al. 1999; Karczewska 1996). As shown in 

Figure 1, the MF used in this work showed that Mn 

(45.43%) > Co (40.6%) > Ni (35.1) > Zn (29.9%) > Pb 

(27.3%) > Cr (16.3%) > Cd (15.9%) > Cu (5.7%). The MF 

of all pollutants indicated that Mn was the most mobile 

pollutant and Cu was the lowest and stable pollutant. The 

same trend was observed by Zhou et al. 2008; Salbu et al. 

1998; Lua et al. 2003 and Banat et al. 2005. 

The high Mobility Factor values have been 

explained as symptoms of high and biological availability 

of heavy metals in soil ecosystems. Results of the MF 

imply the mobility of the the studied pollutants were 

declined according to order: 

Mn > Co > Ni > Zn > Pb > Cr > Cd > Cu 
  

 
Figure 1. Mobility factor of heavy metals in the studied 

soils  
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Concentration of heavy metals in selected Bahr El-

Baqar cultivated crops irrigated with low quality water 

1. Lead (Pb) 
Results presented in Table (10) showed that Pb 

concentrations in plants cultivated in Bahr El-Bakar area 
exceeded the permissible levels of FAO-EPA (2001). The 

range of Pb concentration in these crops in all investigated 
sites ranged between 1.82 and 12.85 mg kg

-1
, specifically, 

Pb concentrations in clover ranged between 1.76 to 11.27 
mg kg

-1
 in the different farms with significant variations 

among trailed soils as shown in the same Table.  

 

Table 10. Range of heavy metals concentration in edible parts of different crops collected from cultivated soils 

adjunct to Bahr El- Baqar main drain. 
Veg.  

name 
 Heavy metals (mg/kg) 

 Pb Cd Ni Co Zn Cu 

Clover 

Min 1.76 0.11 2.77 0.39 24.90 26.63 
Max 11.27 0.20 3.83 0.93 54.70 33.09 
Mean 5.81 0.16 3.24 0.64 36.16 29.51 
SD 3.60 0.04 0.41 0.20 10.97 2.41 

Wheat 

Min 1.82 0.15 2.51 0.08 28.11 20.18 
Max 12.85 0.24 3.46 0.24 40.41 40.56 
Mean 6.28 0.21 2.87 0.15 34.33 28.64 
SD 4.26 0.03 0.37 0.06 4.90 7.99 

Lettuce 

Min 2.09 0.26 3.48 0.40 68.50 27.50 
Max 9.66 0.41 5.73 1.24 91.35 38.86 
Mean 5.46 0.31 4.11 0.72 78.40 31.38 
SD 3.07 0.07 0.84 0.29 8.08 4.11 

Garlic 

Min 1.66 0.14 2.27 0.06 17.60 15.00 
Max 9.00 0.23 3.88 0.20 24.60 21.83 
Mean 5.24 0.19 2.85 0.14 20.53 18.95 
SD 2.99 0.03 0.61 0.05 2.76 2.28 

Onion 

Min 1.96 0.14 2.10 0.03 18.25 23.00 
Max 8.76 0.24 2.84 0.10 40.10 29.20 
Mean 5.40 0.18 2.53 0.06 30.93 26.14 
SD 2.47 0.04 0.29 0.02 8.24 2.11 

 

Data given in Table 11 revels that Pb concentration 
in onion plants ranged between 1.96 to 8.76 mg kg

-1
. The 

high concentration of Pb in some plants might be attributed 
to the existence of this pollutant in irrigation water in 
addition to the nearby situation of the selected farms to 
highways traffic as given by (Qui et al., 2000). It should be 
mention that the highest concentration of Pb was found in 
wheat plants and reached to 12.9 mg kg

-1
. 

2.Cadmium (Cd) 
Results listed in Table 10 revealed a high 

concentration of Cd clover plants ranging from 0.11 to 
0.20 mg kg

-1
. Cadmium concentrations in wheat and onion 

ranged between 0.15-0.24 and 0.14-0.24 mg kg
-1

, 
respectively. The lowest mean level of Cd was detected in 
clover (0.11 mg kg

-1
). These concentrations of Cd found in 

plant samples were higher than the permissible safe limits 
given by FAO/WHO (2001), 0.2 mg kg

-1
, emphasizing the 

results of pollution indicators calculated. 

3. Nickel (Ni) 
Results in the same table showed that Ni 

concentrations in the vegetables cultivated in the studied 
farms were in range between 2-10 mg kg-1 in onion plants 
and 5.73 mg kg

-1
in lettuce, meanwhile, the corresponding 

values of Ni pollutant in wheat and onion ranged between 
2.51-3.46 mg kg

-1
; and 2.10-2.84 mg kg

-1
 dry weight. 

Again, these values were higher than the safe level (0.1 
mg/kg) recommended by the FAO/WHO (2002). 

4. Cobalt (Co) 
Cobalt (Co) is an essential element for some plants 

since it exercises some biochemical functions (Salvatore et 
al., 2009), for example, Co is essential for nitrogen fixation 
by rhizobium in legume nodules. In contrast, Collins and 
Kinsela (2011) documented that there is no evidence that 
higher plants have a direct requirement of cobalt. Results in 
the same table showed that the concentrations of Co were 

within the normal range of 0.01-1.00 mg kg
-1 

as reported 
by Khan et al., (2008). The lowest mean level of Co was 
detected for onion reaching 0.032 mg kg

-1
.  

Correlation analysis between heavy metals 

concentrations in different crops and soil properties: 
Correlation analysis was done between soil 

properties and the heavy metal pollutants exerting the 
highest hazards, i.e., Ni, Pb, Cd, Zn and Cu. Results given 
in Table 11 showed that Pb uptake by different plant 
species was highly correlated and controlled by some soil 
properties. The correlation analysis showed that Pb uptake 
by clover was highly and negatively correlated with CEC 
(-0.93**), organic matter (-0.86**) and clay content (-
0.93**) of trailed soils. The Pb uptake by wheat was 
correlated negatively and significantly with CEC, OM and 
clay contents in values of -0.92**, -0.88** and -0.94**, 
respectively. Onion uptake of Pb was significantly 
correlated with CEC (-0.99**), O.M (-0.99**) and clay 
content (-0.95**). The most effective soil properties that 
controlled Pb uptake could be arranged as follows: clay 
content > CEC > OM, while values of pH, EC, CaCO3, 
and sand or silt fractions did not affect Pb uptake.  

In case of Cd, its uptake by clover, lettuce, garlic 
and onion had significant negative correlation with CEC, 
OM and clay content. Cadmium uptake by wheat was 
highly significantly correlated with clay contents. This 
result might be ascribed to the reactions between certain 
organic components such as phenol, carboxyl, amine 
groups or clay with pollutants, forming   complexes 
compounds. Jülide and  Resat (2006) found that the surface 
sites are responsible for the sorption reactions and assumed 
that they retain ions since their permanent charge's and Cd 
ions are assumed to bind to the surface soils in outer sphere 
and inner-sphere mono-dentate complexes.  
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Table 11. Correlation coefficient between soil properties and heavy metals concentration in the cultivated crops 

Soil  

property 

Pb Cd 

Clover Wheat Lettuce Garlic Onion Clover Wheat Lettuce Garlic Onion 

pH -0.36ns -0.34ns -0.30ns -0.27 ns -0.38 ns -0.38ns -0.55 ns -0.29 ns -0.39 ns -0.31 ns 

EC 0.29 ns 0.25 ns 0.28 ns 0.28 ns 0.21 ns 0.05 ns 0.01 ns 0.39 ns 0.14 ns 0.27 ns 

CEC -0.88** -0.88** -0.93** -0.94** -0.94** -0.99** -0.56 ns -0.80** -0.95** -0.90** 

CaCO3 0.12 ns 0.21 ns 0.14 ns 0.22 ns 0.17 ns 0.17 ns 0.26 ns 0.03 ns 0.23 ns 0.20 ns 

OM -0.84** -0.86** -0.89** -0.93** -0.92** -0.96** -0.69 ns -0.74* -0.93** -0.88** 

Sand 0.64 ns 0.68 ns 0.61 ns 0.66 ns 0.69 ns 0.53 ns 0.82** 0.54 ns 0.71* 0.70* 

Silt 0.08 ns 0.03 ns 0.12 ns 0.03 ns 0.02 ns 0.17 ns -0.43 ns 0.18 ns 0.09 ns 0.09 ns 

Clay -0.93** -0.94** -0.91** -0.92** -0.95** -0.84** -0.77** -0.86** -0.96** -0.94** 

Ni Zn 

pH -0.39 ns -0.40 ns -0.36 ns -0.33 ns -0.36 ns -0.41 ns -0.33 ns -0.40 ns -0.41 ns -0.36 ns 

EC 0.27 ns 0.28 ns 0.20 ns 0.25 ns 0.10 ns 0.22 ns 0.27 ns 0.21 ns 0.24 ns 0.18 ns 

CEC -0.89** -0.82** -0.69 ns -0.77** -0.96** -0.83** -0.95** -0.88** -0.89** -0.96** 

CaCO3 0.12 ns 0.10 ns 0.23 ns 0.14 ns 0.30 ns 0.15 ns 0.16 ns 0.21 ns 0.11 ns 0.21 ns 

OM -0.86** -0.78** -0.64ns -0.71* -0.99** -0.79** -0.93** -0.86** -0.85** -0.97** 

Sand 0.64 ns 0.62 ns 0.70* 0.55 ns 0.72* 0.67 ns 0.64 ns 0.73* 0.61 ns 0.70* 

Silt 0.09 ns 0.11 ns -0.06 ns 0.17 ns -0.07 ns 0.05 ns 0.08 ns -0.02 ns 0.14 ns -0.02 ns 

Clay -0.94** -0.92** -0.90** -0.87** -0.91** -0.95** -0.92** -0.97** -0.93** -0.92** 

Cu 

pH -0.35 ns -0.37 ns -0.38 ns -0.47 ns -0.44 ns 

EC 0.27 ns 0.29 ns 0.18 ns 0.17 ns 0.20 ns 

CEC -0.87** -0.87** -0.79** -0.89** -0.88** 

CaCO3 0.23 ns 0.11 ns 0.25 ns 0.13 ns 0.18 ns 

OM -0.87** -0.83** -0.76** -0.90** -0.88** 

Sand 0.73* 0.62 0.73* 0.74* 0.75* 

Silt  -0.05 ns 0.11 ns -0.05 ns -0.07 ns -0.07 ns 

Clay -0.95** -0.93** -0.95** -0.94** -0.97** 
 

CONCLUSION 
 

From the previous discussion, it could be concluded 

that: 

 The risk assessment of heavy metals in soils depends on 

both their relative mobility and bioavailability and those 

pollutants are considered harmful for the life cycle of 

growing plants cultivated in such soil ecosystems. These 

pollutants habitually invade to food chain.   

 The abundance of heavy metals measured in these soil 

ecosystems decreased according to the order:  

Fe>Al>Mn>Cr>Cu>Zn>Co>Ni>Pb>Sr>Cd 

 Trailed soil ecosystems seemed to be highly enriched 

with Co, Cu, Pb and Cd, while Cu had a significant 

enrichment. It should be mention that Cd has extremely 

high enrichment factor compared to other pollutants. 

Cd>Co>Pb>Cu>Zn>Cr>Ni>Al>Sr . Cadmium was the 

most abundant heavy metal; whereas Sr showed the   

lowest appearance in different trailed soil ecosystems. 

 The total concentrations of Co in different soil 

ecosystems were high in some sites due to irrigation with 

untreated water of Bahr EL-Baqar drain. 

  Copper concentrations in editable parts were lower than 

other heavy metals pollutants due to their continuous 

removal from the soil ecosystems by leaching to ground 

water.  

 Cadmium content was high in the investigated soil 

ecosystems samples due to the heavy application of 

phosphate fertilizers, irrigation by untreated wastewater 

of Bahr EL-Baqar drain and heavy texture of trailed soils 

that permitted the retain of heavy metal pollutants.  

 All indicators used in the current study confirmed the 

toxic effects of Cd, indicating that Cd should receive 

more attention compared to other heavy metals studied. 

 The concentrations of Pb were low due to the limiting 

sources of Pb added to the main drain used in irrigation.  

  The concentrations of Ni and Cr were significant high in 

trailed soil ecosystems due to irrigation with untreated 

Bahr EL-Baqar drainage water and intensive use of 

agricultural fertilizers, in addition to the waste 

incinerations and fugitive emissions from industrial sites 

in Port Said and around the Cairo Ismailia road. The 

continuous removal of heavy metals by the food crops 

grown in this area and the leaching of heavy metals into 

the deeper layer of the soil and to the ground water could 

be also reasons in decreasing Cr concentrations. 

 The determined values of Pb, Cd, Ni and Co in various 

crops (clover, wheat, Lettuce, Garlic and onion) grown in 

Bahr El-Baqar region significantly varied between plant 

species, however, these heavy metals pollutants exceed 

the permissible levels internationally recommended.   

 The high concentration of Co was found in onion plants, 

while high concentrations of Cd were found in clover 

plants.  

 The pollution indices used in this work gave a good 

indicator for pollution status in selected soil ecosystems. 

 It is recommended that before using wastewater in 

irrigation, analyses and assessment of the harmful and 

toxic elements should be assessed.  

 The Pollution Load Index was higher than 1 in most 

trailed soil ecosystems, indicating a serious pollution 

problem with heavy metals and the study area fell into 

“considerable” degree of contamination.  
 The CF values showed that Cd was at a very high 

contaminated Class. According to the CF results, the Co 
and Cu concentrations of all trailed ecosystems are in the 
„considerably‟ contaminated Classes. The CF for Ni, Pb, 
Cr and Zn showed that all samples are in moderately 
contaminated‟ classes. Worthy, Fe, Al, Mn and Sr in 
trailed soil ecosystemss were in low,‟ contaminated classes 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pollution-load#_blank


Sherine Sh. Mourid 

646 

 

REFERENCES 
 

Abbas, M.H.H. and Bassouny, M., 2018. Implications of 

long term irrigation with wastewater on the 

contents and retention kinetics of potentially toxic 

elements in Typic Torripsamment soils. Egypt J 

Soil Sci, 58 (3): 337-357.  

Abdelhafez, A.A., Abbas, M.H.H. and Attia, T.M.S., 2015. 

Environmental monitoring of heavy-metals status 

and human health risk assessment in the soil of Sahl 

El-Hessania area, Egypt. Pol J Environ Stud 24 (2): 

459-467. 

AbLatif Wani, A.A. and Usmani, J.A., 2015. Lead toxicity: 

a review. Interdisciplinary toxicology, 8(2), p.55. 
Abrahim, G.M.S. and J. Parker. 2008. Assessment of 

heavy metal enrichment factors and the degree of 
contamination in marine sediments from Tamaki 
Estuary, Auckland, New Zealand. Environ. Monit. 
Assess. 136: 227-238. 

Asagba, E.U., Okieimen, F.E. and Osokpor, J. 2007. 
Screening and speciation of heavy metal 
contaminated soil from automobile spare-parts 
market. Chemical Speciation and Bioavailability, 19 
(1): 9-15.  

Banat, K. M., Howari, F. M., & Al-Hamad, A. A. 2005. 

Heavy metals in urban soils of central Jordan: 

Should we worry about their environmental risks? 

Environmental Research, 97, 258–273. 
Bashir, M.A., Rehim, A., Liu, J.,  Imran, M., Liu, H., 

Suleman, M. and Naveed, S., 2019. Soil survey 
techniques determine nutrient status in soil profile 
and metal retention by calcium carbonate, 
CATENA, 173, 141-149.Benson, N.U., Anake, 
W.U. and Etesin, U.M., 2014. Trace metals levels in 
inorganic fertilizers commercially available in 
Nigeria. Journal of Scientific Research & 
Reports, 3(4), pp.610-620. 

Benson, N.U., Anake, W.U. and Etesin, U.M., 2014. Trace 

metals levels in inorganic fertilizers commercially 

available in Nigeria. Journal of Scientific Research 

& Reports, 3(4), pp.610-620. 

Bolan, N., Kunhikrsihnan, A., Thangarajan, R., Kumpiene, 

J., Park, J., Makino, T., Kirkham, M.B., 471 & 

Scheckel, K. 2014. Remediation of heavy 

metal(loid)s contaminated soils - To mobilize or 

472 to immobilize. Journal of Hazardous Materials, 

266: 141–166. 
Buccolieri, A., Buccolieri, G. and Cardellicchio, N. 2006. 

Heavy Metals in Marine Sediments of Taranto Gulf 
(Ionian Sea, Southern Italy). Marine Chemistry, 99, 
227-235. 
http://dx.doi.org/10.1016/j.marchem.2005.09.009 

Caeiro, S., Costa, M. H., & Ramos, T. B. 2005. Assessing 

heavy metal contamination in Sado Estuary 

sediment: An index analysis approach. Ecological 

Indicators, 5, 151–169. 

Canadian Soil Quality Guidelines (CSQG) 2007. Canadian 

Soil Quality Guidelines (CSQG) for the Protection 

of Environmental and Human Health: Summary 

tables. Updated September, 2007. In: Canadian 

Environmental Quality Guidelines, 1999, Canadian 

Council of Ministers of the Environment (CCME), 

Winnipeg. 

Chui, S.H., Wong, Y.H., Chio, H.I., Fong, M.Y., Chiu, 

Y.M., Szeto, Y.T., Vong, W.T. and Lam, C.W.K., 

2013. Study of heavy metal poisoning in frequent 

users of Chinese medicines in Hong Kong and 

Macau. Phytotherapy Research, 27(6), pp.859-863. 

Collins, R.N. and Kinsela, A.S., 2011. Pedogenic factors 

and measurements of the plant uptake of 

cobalt. Plant and Soil, 339(1-2), pp.499-512. 

Cope, C.M., Mackenzie, A.M., Wilde, D. and Sinclair, 

L.A., 2009. Effects of level and form of dietary zinc 

on dairy cow performance and health. Journal of 

dairy science, 92(5), pp.2128-2135. 

EL-Bady, MSM  2016. New approach for calculation of 

pollution indices of the soils by heavy metals: case 

study for soils of Bahr El-Baqar Region, South of 

Manzala Lagoon, Egypt. Inter. J. Chem. Tech. 

Res.,9: 461-474. 

Environmental Protection Agency 2002. National 

Recommended Water Quality Criteria. EPA, USA, 

822-R-02-047. 

ElShazly, A.A.A., Abbas, M.H.H., Farid, I.M., Rizk, M.A., 

Abdelhafez, A.A., Abbas, H.H.,  Soliman, S.M., 

Abdel Sabour, M.F. and Mohamed, I., 2019. 

Depthprofile distribution of Cs and its toxicity for 

canola plants grown on arid rainfed soils as affected 

by increasing K-inputs, Ecotoxicology and 

Environmental Safety, 183, 109529. 

European Union 2002. "Heavy Metals in Wastes, 

European Commission on Environment". 

http://ec.europa.eu/environment/waste/studies/pdf/e

avymetal-sreport.pdf 

Excel Inc 2003. Microsoft Excel for Windows, Microsoft 

Corporation 

FAO/WHO  Codex Alimentarius Commission 2001. Food 

Additives and Contaminants. Joint FAO/WHO Food 

Standards Programme, ALINORM 01/12A:1-289. 

Farid, I., Abbas, M., Bassouny, M., Gameel, A. and Abbas, 

H., 2019. Indirect impacts of irrigation with low 

quality water on the environmental safety. Egyptian 

Journal of Soil Science. doi: 10.21608/ ejss.2019. 

15434.1294 

Food and Agriculture Organization/World Health 

Organization. 2002. Human Vitamin and Mineral 

Requirements: Report of a Joint FAO/ WHO expert 

consultation Bangkok, Thailand. Rome: Food and 

Agriculture Organization; Geneva: World Health 

Organization; pp. 223-9.  

Farid G,  Nadeem Sarwar, Saifullah, Ayaz Ahmad, Abdul 

Ghafoor and Mariam Rehman 2015.  Heavy Metals 

(Cd, Ni and Pb) Contamination of Soils, Plants and 

Waters in Madina Town of Faisalabad 

Metropolitan and Preparation of Gis Based Maps. 

Adv. Crop Sci. Tech., 4: 2-7 

Guilarte TR . 2011. Manganese and Parkinson's disease: a 

critical review and new findings. Cien Saude Colet 

16: 4549-4566. 

Gybina AA, and Prohaska JR. 2008. Fructose-2,6-

bisphosphate is lower in copper deficient rat 

cerebellum despite higher content of 

phosphorylated AMP activated protein kinase. Exp 

Biol Med (Maywood) 233: 1262-1270. 



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 10 (10), October, 2019 

647 

Hakanson, L. 1980. An ecological risk index for aquatic 

pollution control. A sedimentological 

approach. Water research, 14(8), 975-1001.  

Hesse PR 1971. A Textbook in Soil Chemical Analysis. 

London: William Glowe. 

Huang, J., Huang, R., Jiao, J. J., & Chen, K. 2007. 

Speciation and mobility of heavy metals in mud in 

coastal reclamation areas in Shenzhen, China. 

Environmental Geology, 53, 221–228. 

Jieng-feng, P, Yong-hui, S, Peng, Y, Xiao-yu C, and 

Guang-lei Q 2009. Remediation of heavy metal 

contaminated sediment. J. Hazardous Materials, 

161: 633-640. 

Jülide, H and Resat, A 2006. Modeling of cadmium (II) 

adsorption on kaolinite-based clays in the absence 

and presence of humic acid. Appl. Clay Sci.32: 

Issues 3-4: 232. 

Kabala C., Singh B.R. 2001. Fractionation and mobility of 

copper, lead, and zinc in soil  

profiles in the vicinity of a copper smelter. Journal of 

Environment Quality, 30: 485–492. 

Kampa M, and Castanas E .2008. Human health effects of 

air pollution. Environ Pollut. 151: 362-367.  

Kaplan, O., Kaya, G. and Yaman, M. 2011. Sequential and 

selective extraction of copper in different soil 

phases and plant parts from former industrialized 

area. Commun. Soil Sci. Plant Anal., 42: 2391-

2401 

Karczewska, A. 1996. Metal species distribution in top and 

sub-soil in an area affected by copper smelter 

emissions. Applied Geo-Chemistry, 11, 35–42. 

Kashem, MA, and Singh, BR 2001. Solid phase speciation 

of Cd,Ni and Zn in some Contaminated and Non-

contaminated Tropical Soils. In: I.K. Iskandar and 

M.B. Krikham (eds). Heavy Elements in Soil. 

Bioavailability, Flux and Transfer, Lewis 

publishers, CRS press. Boca Raton, FL., pp.213-

227. 

Khan, S, Aijun, L, Zhang, S, Hu, Q and Zhu, YG 2008. 

Accumulation of polycyclic aromatic hydrocarbon 

and heavy metals in lettuce grown in the soils 

contaminated with long-term wastewater irrigation. 

J. Hazardous Materials, 152: 506–515. 

Klute, A., 1986. Water retention: laboratory 

methods. Methods of soil analysis: part 1-physical 

and mineralogical methods, (methodsofsoilan1), 

pp.635-662. 

Liaghati, T., Preda, M. and Cox, M. 2003. Heavy Metal 

Distribution and Controlling Factors within Coastal 

Plain Sediments, Bells Creek Catchments, 

Southeast Queensland, Australia. Environment 

International, 29, 935-948. http://dx.doi.org/ 

10.1016/S01 60-4120(03)00060-6 
Lindemann MD, Cromwell GL, Monegue HJ, and Purser 

KW  2008. Effect of chromium source on tissue 
concentration of chromium in pigs. J. Anim. Sci. 
86: 2971-2978. 

Liu, C, Cui, J, Jiang, G, Chen, X, Wang, L and Fang, C. 
2013. Soil heavy metal pollution assessment near 
the largest landfill of China. Soil. Sediment 
Contam.: Int. J. 22: 390-403. 

Lu, Y., Zhu, F., Chen, J., Gan, H., & Guo, Y. 2007. 
Chemical fractionation of heavy metals in urban 
soils of Guangzhou, China. Environmental 
Monitoring and Assessment, 134, 429–439.  

Lua, Y., Gonga, Z., Zhanga, G., & Burghardtc, W. 2003. 
Concentrations and chemical speciations of Cu, Zn, 
Pb and Cr of urban soils in Nanjing, China. 
Geoderma, 115, 101–111. 

Mateo-Sagasta, J., Zadeh, S.M., Turral, H. and Burke, J., 
2017. Water pollution from agriculture: A global 
review. Executive summary. Rome, Italy: FAO 
Colombo, Sri Lanka: International Water 
Management Institute (IWMI). CGIAR Research 
Program on Water, Land and Ecosystems (WLE) 

Minitab Inc. 1992. Minitab Handbook, Second Edition 
Mohamed, ES, Goma, BS and Shuravilin, AV  2014. 

Assessment of heavy metal contamination in soils of 

Eastern Nile Delta. Russian Agric. Sci. 40: 454-458. 

Muller, G. 1969. Index of geoaccumulation in sediments of 

the Rhine River. Geojournal, 2, 108-118.  

Muller, G. 1979. Heavy-metals in sediment of the Rhine-

changes since 1971. Umschau in Wissenschaft und 

Technik, 79(24), 778-783. 

Mwamburi, J., 2003. Variations in trace elements in 

bottom sediments of major rivers in Lake Victoria's 

basin, Kenya. Lakes & Reservoirs: Research & 

Management, 8(1), pp.5-13. 

Nannoni, F, Protano, G and Riccobono, F (2011). 

Fractionation and geochemical mobility of heavy 

elements in soils of a mining area in northern 

Kosovo. Geoderma, 161: 63-73. 

Norvell, WA 1984. Comparison of chelating agents as 

extractants for metals in diverse soil materials. Soil 

Sci. Soc. Am. J., 48: 1285 –1292. 
Narwal, R. P., Singh, B. R., & Salbu, B. 1999. Association of 

cadmium, zinc, copper, nickel with components in 

naturally heavy metal-rich soils studied by parallel and 

sequential extractions. Communications in Soil 

Science and Plant Analysis, 30, 1209–1230. 

O‟Connell, DW, Birkinshaw, C and O‟Dwyer, TF 2008. 
Heavy metal adsorbents prepared from the 
modification of cellulose: A review. Bioresource 
Technol., 99: 6709-6724. 

Olajire, A. A., Ayodele, E. T., Oyedirdar, G. O., & 
Oluyemi, E. A. 2003. Levels and speciation of 
heavy metals in soils of industrial southern Nigeria. 
Environmental Monitoring and Assessment, 85, 
135–155 

Page, A.L., Miller, R.H. and Keeney, D.R., 1982. Methods 

of soil analysis, part 2. Chemical and 

microbiological properties, 2. 
Pepper, I.L. and Brusseau, M.L., 2019. Chapter 2 - 

Physical-Chemical Characteristics of Soils and the 
Subsurface, In:   Brusseau, M.L., Pepper, I.L., 
Gerba, C.P. (eds.) ,Environmental and Pollution 
Science (Third Edition), Academic Press,pp. 9-22. 

Praveena, S. M., Radojevic, M., Abdullah, M. H. and Avis, 
A. Z. 2007. Factor-cluster analysis and enrichment 
study of mangrove sediments – An example from 
Mengkabong Sabah. The Malysian Journal of 
Analytical Sciences 2(2): 421 - 430 

 
Qui XX, Huang DF, Cai SX, Chen F, Ren ZG, Cai YC. 

2000. Investigations on vegetables pollution and 

http://dx.doi.org/


Sherine Sh. Mourid 

648 

pollution sources and its control in Fuzhou, Fujian 
Province. Fujian J. Agric. Sci. 15: 16-21. 

Reglero MM, Taggart MA, Monsalve-González L, and 
Mateo R.  2009. Heavy metal exposure in large 
game from a lead mining area: effects on oxidative 
stress and fatty acid composition in liver. Environ 
Pollut 157: 1388-1395.  

Saad, M.A., Ezzat, A.A., El-Rayis, O.A. and Hafez, H., 
1981. Occurrence and distribution of chemical 
pollutants in Lake Mariut, Egypt. II. Heavy 
metals. Water, Air, and Soil Pollution, 16(4), 
pp.401-407. 

Saber, M, Hobballa, E, El-Ashery, S. and Zaghloul, AM 
2012. Decontamination of potential toxic elements 
in sewaged soils by inorganic amendments. J. 
Agric. Sci. Technol., 2: 1232-1244. 

Sadik NA 2008. Effects of diallyl-sulfide and zinc on 

testicular steroidogenesis in cadmium-treated male 

rats. J. Biochem. Mol. Toxicol. 22: 345-353.  
Salbu, B. and Krekling, T., 1998. Characterisation of radioactive 

particles in the environment.  Analyst, 123(5),  pp.843-

850. 

Salvatore, M, Carrati, G and Carafa, AM 2009. 
Assessment of heavy metals transfer from a 
moderately polluted soil into the edible parts of 
vegetables. J. Food, Agric. and Environ. 7: 683-
688. 

Selim HM . 2013. Transport and retention of heavy metal 

in soils: competitive sorption. Adv. Agron. 119: 

275–308. 
Seshan, B.R.R., Natesan, U. and Deepthi, K. 2010. 

Geochemical and Statistical Approach for  
Evaluation of Heavy Metal Pollution in Core Sediments in 

Southeast Coast of India. International Journal of 
Environmental Science and Zahran et al. 122 
Technology, 7, 291-306. http:// dx.doi.org/ 10. 
1007/ BF03326139 

Sprynskyy, M, Kowalkowski, T, Tutu, H, Cozmuta, LM, 

Cukrowska, EM and Buszewski, B 2011. The 

adsorption properties of agricultural and forest soils 

towards heavy metal ions (Ni, Cu, Zn, and Cd). Soil 

Sediment Contam.: Int. J.. 20: 12-29. 

Sutherland, R.A. 2000. Bed Sediment Associated Trace 

Metals in an Urban Stream, Oahu, Hawaii, 

Environmental Geology, 39(6), 611-627. 

Tchounwou PB, Yedjou CG, Patlolla AK, and Sutton DJ 

.2012. Heavy metal toxicity and the environment. 

EXS 101: 133-164.  

Tessier, A, Campbell, PGC and Bisson, M. 1979. 

Sequential extraction procedure for the speciation 

of particulate heavy metals". Anal. chem., 51: 844-

851. 

TokalioÈlu, S and Kartal, S. 2003. Relationship between 

vegetable metal and soil-extractable metal contents 

by the BCR sequential extraction procedure: 

chemometrical interpretation of the data. Int. J. 

Environ. Anal. Chem., 83: 935-952. 

Tomilson, D.C., Wilson, D.J., Harris, C.R. and Jeffrey, 

D.W. 1980. Problem in  

Assessment of Heavy Metals in Estuaries and the 

Formation of Pollution Index. Helgoländer 

Meeresuntersuchungen, 33, 566-575. 

http://dx.doi.org/10.1007/BF02414780 

Turabelidze G, Schootman M, Zhu BP, Malone JL, 

Horowitz S, et al. 2008. Multiple sclerosis 

prevalence and possible lead exposure. J. Neurol. 

Sci. 269: 158-162. 

Wedepohl, K. H. 1995. The composition of the continental 

crust, Geochimica et Cosmochimica Acta, 59(7), 

1217-1232 

Wijayawardena, M.A.A., Megharaj, M and Naidu, R. 

2016. Exposure, Toxicity, Health Impacts, and 

Bioavailability of Heavy Metal Mixtures. Adv. 

Agron., 138: 175- 234. 

Zhou, J., Ma, D., Pan, J., Nie, W., & Wu, K. 2008. 

Application of multivariate statistical approach to 

identify heavy metal sources in sediment and 

waters: a case study in Yangzhong, China. 

Environmental Geology, 54, 373–380. 

 

 

 

 

 

 قر وتأثيرها على النباتاث الناميتوحركت  بعض المعادن الثقيلت فى التربت المرويت بمياه مصرف بحر الب  صور
 شيريه شحاتت مريد
 المطريت. القاهرة -مركز بحوث الصحراء

 
في هزا اٌؼًّ ، ذُ ذعّيغ ػيٕاخ ِٓ الاساػً ذرّصً أهّيح هزج اٌذساسح فً ػشوسج ذمييُ الأساػً ِٓ ٔاحيح اٌرٍىز ٌؼّاْ اٌحظىي ػًٍ غزاء آِ ٌلأٔساْ اٌّظشي.

 و Cu و Zn و Ni و Cd وPb :إٌّاؽك اٌّعاوسج ٌّظشف تحش اٌثمش اٌشئيسي )ِحافظح اٌششليح( ٌذساسح ِظيش وِخاؽش اٌّؼادْ اٌصميٍح اٌّّصٍح في ِؼادْوإٌثاذاخ اٌري ذّٕى في 

Co … واٌرً ِٓ اٌّّىٓ أْ ذسثة خطش داهُ  تغشع ذمييُ ذٍٍه الأساػً ِٓ ٔاحيح ِذي اٌرٍىز وزٌه ِذي اٌؼشس إٌاشئ ػٓ أِرظاص إٌثاذاخ اٌّأوىٌح إٌاِيح فً هزج إٌّطمح

ذُ إظشاء اٌرحاٌيً اٌىيّيائيح ٌهزٖ الأساػً واٌؼيٕاخ إٌثاذيح ٌرمييُ اٌرٍىز أػرّادا ػًٍ ليُ اٌحذود اٌذوٌيح. أيؼا ؽثمد  ٓ اٌّّىٓ أْ يأوً ذٍه اٌّحاطيً.ػًٍ طحح الأساْ اٌرً ِ

( ، دسظح DC( ، دسظح اٌرٍىز )CF( ، ػاًِ اٌرٍىز )Igeo( ، ِؤشش اٌرشاوُ اٌعغشافي )EFػاًِ اٌرخظية ) تؼغ إٌّارض اٌشياػيح ٌحساب تؼغ ِؤششاخ اٌرٍىز ذرّصً فً

(  ٌرمييُ ِذي اٌؼشس وِظيش وِخاؽش ذٍه اٌٍّىشاخ اٌغيش ػؼىيح في الاساػً اٌرً ذُ ذمييّها. أيؼا ، ذُ ذحذيذ PLIِؤشش حًّ اٌرٍىز ) وزٌه( ،m Cdاٌرٍىز اٌّؼذٌح )

اٌّخرٍفح اٌرً ذُ ظّؼها واٌرً ذرّصً فً اٌثشسيُ واٌثظً واٌمّح واٌخس واٌصىَ. تالإػافح إًٌ  أىاع إٌثاخ(اٌّرىلغ ٌرٍه اٌٍّىشاخ اٌّخراسج في MFً واٌرشاوُ الأحيائي )ِؤششاخ إٌم

س ذأشيش ذٍه اٌخىاص ػًٍ أٔرماي اٌّؼادْ اٌصميٍح اًٌ اٌّحاطيً رٌه ذُ حساب الاسذثاؽ تيٓ خظائض اٌرشتح اٌّذسوسح وذشويضاخ اٌّؼادْ اٌصميٍح في اٌّحاطيً اٌّضسوػح لأظها

تٕاءا ػًٍ اٌّؼاييش اٌذوٌيح فئْ ذٍىز ذٍه الأساػً فاق ذٍه اٌحذود وأْ الأساػً اٌّذسوسح ذؼأً ِٓ ِشىٍح اٌرٍىز تاٌؼٕاطش اٌصميٍح. إٌّضسػح.وأظهشخ اٌذساسح إٌرائط الأذيح:

 سوسح أشثرد هزا اٌرٍىز وأْ هٕان أخرلافاخ ِؼٕىيح ذىلفد ػًٍ ٔىع اٌٍّىز )حيس واْ اٌىادِيىَ أخطش هزج اٌؼٕاطش( ، ٔىع إٌثاخ إٌّضسعوزٌه فئْ ذٍه اٌّؤششاخ اٌذوٌيح اٌّذ

ميٍح وأْ هزج إٌثاذاخ غيش طاٌحح ش اٌصوزٌه ذىصيغ هزج اٌؼٕاطش اٌصميٍح داخً الأساػً اٌّذسوسح.ِحرىي إٌثاذاخ اٌّذسوسح ِٓ اٌؼٕاطش اٌصميٍح فاق اٌحذود اٌذوٌيح ٌره اٌؼٕاط

ٌسؼح اٌرثادٌيح أظهشخ إٌرائط أْ هٕان أسذثاؽ واػح تيٓ ِحرىي إٌثاذاخ ِٓ اٌؼٕاطش اٌصميٍح وتؼغ اٌخىاص الأسػيح ِصً اٌّادج اٌؼؼىيح فً الأساػً ، ا. ٌلأسرهلان الآدًِ

 . اٌىاذيىٔيح وِحرىي الأسع ِٓ اٌطيٓ


