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Abstract 

This paper assesses the concentrations of Heavy Metals (HMs) to evaluate their 

potential risk to soil pollution in a cultivation area in the Nile Valley (Minia 

Governorate) with decades of intensive farming. 159 soil profiles samples were 

analyzed for essential trace constituents (B, Fe, Cu, Zn and Mn) and toxic heavy 

elements (As, Cd, Cr, Co, Ni, Pb, and Se). The metal pollution index MPI was applied 

to assess the mobile forms and total content of HMs in all profiles’ layers. 

Geostatistical models were applied to identify the sources and hotspots of 

accumulated HMs in the studied soil. The results revealed that the contamination by 

accumulated HMs is due to anthropogenic activities from industry and sewage 

irrigation, which indicated that the high content of HMs in the soil is not from 

geogenic sources. HMs concentrations are higher in the southern part of the area 

compared to the middle portion, while the northern part’s soil had the lowest 

concentrations. Uncontrolled surface or flash irrigation is a likely cause of leaching of 

HMs to sublayers of soil. The compline GIS map of MPI indicated that highly effected 

portions are affected by El Moheet drainage water from the Abu Qurqas sugar factory. 

This work raises the need to develop strategies and policies to prevent widespread 

HMs soil contamination in the area. This study confirms the need to install filters and 

water purification systems on the openings of sugar factories in Minia and 

consequently, all the factories on the Nile River and all canals used for irrigation. 

Keywords: Egypt, Heavy metals, HMs pollution sources, Minia governorate, 

Statistical analysis. 
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1. Introduction 

Industrialization and rapid urbanization are key factors among many anthropogenic 

causes, which cause environmental degradation [1, 2]. All spheres whether biosphere, 

hydrosphere, atmosphere, lithosphere or pedosphere qualities are directly affected by 

environmental pollution [3, 4]. Weathering of parent rocks is the natural source of 

heavy metals, furthermore urban land use and industrial are point sources of heavy 

metals while economic and transportation set up are non-point sources of heavy 

metals [5]. The previous studies emphasized that urban soil, agricultural soil, and soil 

in mining areas are susceptible to contamination with HMs [6]. Assessment of HMs 

soil contamination has many different methods, and comparison of the results of these 

different methods were published [7-9].  

Soil pollution is a series problem for agricultural purposes affected on food 

quality, drinking water, and air quality which threaten human health [10-15]. 

Helena and Jiří [16] stated based on the previous reviews and articles that the 

comprehensive geochemical assessment of HMs is mainly based on suitable 

indicators and indices use for assessment of pollution/contamination status. This 

comprehensive way of use such indices help to estimate soil quality, environmental 

risk and soil degradation due to long-term accumulation of heavy metals. 

Moreover, those indices help to determine whether the accumulation of heavy 

metals was due to natural processes or is the result of anthropogenic activities, and 

therefore, the indices of pollution can contribute also to human activity monitoring. 

The concentration of HMs in agricultural soils is a major factor affecting human 

health, directly and indirectly, by affecting food chain quality [17-19]. In the 

terrestrial ecosystem, the most common sink of HMs pollutants is soils [10], which 

have caused problems worldwide [20]. Generally, HMs in soils mainly comes from 

two sources: natural and anthropogenic inputs. The latter includes agrochemicals 

and artificial fertilizers, mining activities, vehicle exhaust, sewage, and industrial 

sources [21]. The high concentrations of HMs in surface soils might negatively 

affect human health [22, 23]. Accumulation of HMs in deep soil can also cause 

groundwater contamination [24, 25]. The wastes produced by various industrial 

activities are major contributors of HMs into soils and the surrounding environment 

[26, 27], and consequently the pollution of groundwater by the percolated polluted 

soil water [28, 29]. This might highlight the needs of assessment of surface water 

and groundwater interaction using field measurements [30, 31], therefore indicating 

sources affecting groundwater quality [32, 33]. There is an interaction effect 

between surface and groundwater quality and soil quality [34], this interaction 

could be easily described using geostatistics, spatial model in Arc GIS, thus could 

figure out soil quality and land degradation indicators accurately [35-37].  

Minia Governorate, Egypt is cultivated with sugarcane and sugar beet for Abu 

Qurqas sugar factory as one of the economic pillars of Egypt. Minia is also the 

highest producing governorate of wheat and maize in Egypt. Due to the importance 

of these strategic crops to Minia Governorate, it is important to follow the heavy 

metals contamination characteristics of the soil and to avoid its possible adverse 

impacts upon local people. The identification and characterization of soil pollution 

with HMs and their risks in Minia governorate might be useful for the monitoring 

and assessment of soils contamination in the investigated area. Previous studies are 

restricted on a single aspect of this, especially HMs concentration in soils and water 

[18, 19, 38-46].  
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Interactions between chemical pollutants such as trace minerals and HM 

sources can be performed with the help of overlapping analysis of the spatial 

distribution of pollutants for geochemical mapping in different landscapes [47-51]. 

The quantitative and qualitative degree of HMs content in the investigated area 

were assessed by calculating soil contamination indices; and finally, HMs contents 

were present using a geostatistical approach. 

This study aimed to assess soil pollutions through determining HMs 

concentration in surface soil and the distribution of HMs content in soil profiles. 

This was done to figure out the source of the pollution whether is from soil inherent 

and/or by anthropogenic activities.  

2. Materials and Methods 

2.1.  Study area 

The study area is a part of Nile Valley, old river sediments are clay and silts, located in 

Minia Governorate Fig. 1, with a total area of 3216.31 km2 and more than 3.7 million 

inhabitants. It is characterized by an arid climate (coordinates 30°40′- 31°00′E, 

27°30′- 28°50′N). AbdelRahman et al. [37] stated that evaporation rate in the 

area is 4897.91 mm/year, while the mean annual rainfall was ranged from 23.05 to 

33.15 mm/year for the last 15 years. Korany et al. [47] and Korany [48] mentioned that 

the mean monthly relative humidity during daytime ranged from 62% in May to 29% 

in December, while the average temperatures in winter ranges from 5° to 20°c with the 

maximum one about 42°c in summer. The governorate has 9 administrative centers 

comprising 9 cities, 57 local village units, 346 villages, and 1430 towns and villages 

including the Minia new city. It is a heavily industrialized governorate, with this 

industry including cement factories, black and white cement factories, iron and steel 

quarries, sand quarries, marble quarries, limestone quarries, natural gas filling stations, 

soda water plants in Samalut center, oil factories, cotton processors, natural gas filling 

stations and soda water plants in Minia center, sugar factories in Abu Qurqas center, 

and tile factories. Minia Governorate also contains an estimated area of agricultural 

land of about 452 thousand acres, representing about 6.5% of the total area of 

agricultural land in Egypt. Its main crops include cotton, wheat, maize, potatoes, sugar 

cane and bananas. The agricultural lands are mostly irrigated from canal carrying Nile 

water, reusing wastewater from industrial drainage (El Moheet drain). 

2.2.  Soil sampling  

A systematic sampling strategy was applied on January 2018, to collect soil 

samples in the old Nile valley of Minia Governorate; with sample locations 

recorded using a global positioning system (GPS) Fig. 1. 159 soil profiles were 

distributed based on semi detailed survey to well cover the study area, to investigate 

the impacts of anthropogenic activities on HMs concentrations in the soil. Soil 

samples were collected as disturbed mixed soil from different layers by systematic 

depth as follow (0-30, 30-60, 60-90, 90-120 cm). 
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Fig. 1. Location map of soil profiles and study area. 

2.3.  Soil analysis 

All samples were air-dried in shadow at room temperature and sieved to 2 mm; gravel-

sized material and plant roots were removed. The sieved soil samples were then ground 

with a pestle and mortar until all particles passed through a 0.149 mm mesh. 

The atomic absorption spectrophotometry method was used to determine the 

content of HMs in accordance with procedure Abu Zied [39] and Awad [40]. To 

determine contents of As, Se, Cr, Cd, Pb, Ni, Co, and, Cu soil samples underwent acid 

digestion with a mixture of HNO3-HF-HClO4 followed by Inductively Coupled Plasma 

Atomic Emission Spectrometry and analyzed according to Benton [51]. 

2.4.  Determining the hazard degree of HMs content in soil samples 

The metal pollution index (MPI) was used to determine the hazard degree of HMs 

content in the collected samples [42] by Eq. (1):  

MPI = (C1. C2 . C3 . …Cn)1/n                   (1) 

where C1 . C2 . C3 . …Cn is the metal concentration (As . Se . Cr . Cd. Pb . Ni . Co . 

Cu . B . Fe . Zn . Mn)1/12. 

The ordinary kriging geostatistical interpolation method [43] was used to create 

a map of HM contamination of the soil horizons. 

2.5.  Accuracy assessment and validation 

The Nemerow Pollution Index (𝑃𝐼𝑁𝑒𝑚𝑒𝑟𝑜𝑤), stated by Awad et al. [44] to be the most 

stringent of the pollution indices, and recommended for safety considerations. It was 

used as a validation index for the obtained results. According to Cheng et al. [52] a 

Nemerow Pollution Index (PINemerow) has been widely applied to assess the quality of 

soil using the equation Eq. (2) of Zhang et al. [53]: 
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PINemerow = √(
1

𝑚
∑ 𝑃𝑖)2𝑚

𝑖=1 +𝑃𝑖2𝑚𝑎𝑥

2
                (2) 

where 𝑃𝑖 is the single pollution index of HM “i”; 𝑃𝑖𝑚𝑎𝑥  is the maximum value of 

the single pollution indices of all the HMs and “m” is the count of the heavy metal 

species. The quality of the soil environment was classified into 5 grades from 

Nemerow Pollution Index: 

𝑃𝐼𝑁𝑒𝑚𝑒𝑟𝑜𝑤 < 0.7 - safety domain 

0.7 ≤ 𝑃𝐼𝑁𝑒𝑚𝑒𝑟𝑜𝑤  < 1.0 - precaution domain 

1.0 ≤ 𝑃𝐼𝑁𝑒𝑚𝑒𝑟𝑜𝑤  < 2.0 − slightly polluted domain 

2.0 ≤ 𝑃𝐼𝑁𝑒𝑚𝑒𝑟𝑜𝑤  < 3.0 − moderately polluted domain 

𝑃𝐼𝑁𝑒𝑚𝑒𝑟𝑜𝑤 > 3.0 − seriously polluted domain 

The implemented methodology of this study is well shown as follow in Fig. 2. 

 

Fig. 2. Flow chart of study. 
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3.  Results and Discussion 

From Table 1, the soils’ physiochemical characteristics could be summarized as: the 

soil textures are clay, clay loam, and silty clay loam. The soil pH (1:2.5) ranged from 

6.9 to 8.2, while EC (electrical conductivity) ranged between 198 and 704 µS/cm. 

CaCO3 ranged between 0.25 and 6.50 %. The SAR (sodium absorption ratio) ranged 

between 0.20 and 128.00. The soils were fertile with moderate values of macro 

nutrients (Nitrogen N, Phosphorous P and Potassium K). The area is characterized by 

fertile alluvial fluvial soils with fine texture and high content of organic matter and 

minerals. The soil texture types were silt clay loam, clay loam and clay. 

Table 1. Weighted average of Physico -chemical properties of soil. 

 
Particle-Size Distribution 

(%) pH 

(1:2.5) 

Ec 

µS/cm 

CaCo3 

(%) 

Soluble cations 

mg/L 

Sand Silt Clay 
Ca2

+ 
Mg2+ Na+ K+ 

Max 29.40 60.10 71.34 8.30 731.00 9.60 
102.

0 
35.70 51.00 

19.1

0 

Min 3.13 14.30 29.60 6.70 177.90 0.43 
39.9

0 
14.30 3.90 0.99 

Mean 16.2 3 3. 5 51.2 7.53 400.30 3.77 
67.9

0 
21.30 15.13 3.11 

 
SAR 

epm 
Na% 

Soluble anions mg/l 
Nutrients concentration 

mg/L 

HCO3
- SO42- Cl- N P K 

Max 197.30 129.00 323.11 125.11 55.91 128.11 40.11 1731.00 

Min 0.53 7.33 9.99 0.19 6.32 9.57 0.13 75.99 

Mean 29.11 25.17 179.18 60.78 22.18 60.25 10.12 470.45 

HM soil contamination degree is mainly measured by the translocation hazard 

index. The metal pollution index (MPI) was used to assess the soil contamination 

depending on HMs mobile forms’ content and their total content. Contamination 

hazard index degree was assessed using the total content and content of mobile 

forms of HMs. The results indicated that the maximum content of elements is 

concentrated in the upper soil layer as shown in Fig. 3. Their value decreases with 

depth through the profile layers by 2-3 times. On the whole, the total content of 

investigated elements was considerably higher than the maximum allowable 

concentration (MAC), with the exception of as Fig. 3. 

The iron content was greatest in the clay soil, and high in the clay loam, with 

lower values of iron found in silty clay loam Fig. 3. These still exceeded its content 

in alluvial soil by 1.1-1.9 times and in alluvial Soddy soil by 2.3-3.9 times. On the 

whole, the iron content didn’t exceed 23 g/kg, and its toxic effect on cultivated 

plants only manifests itself at a content exceeding 30 g/kg (Fig. 3). 

The high concentrations of HMs contented in the surface layers rather than the 

subsurface layers of all soil profiles Fig. 3 could be due to high content of fine soil 

particles; clay and silts as shown in Table 1. Also this could be due to the high 

content of soil organic carbon in surface layers, which may be absent or disappear 

in the lower layers of all soil profiles. 
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Fig. 3. Weighted average of mobile forms  

of heavy metals content in layers of soil profiles. 

Surface irrigation is the common irrigation system in the investigated 

agriculture soils. This could explain the capacity of water for transporting mobile 

forms of HMs from surface layer to subsurface layer of the soil profiles as shown 

in Fig. 3. The deep soils contained small amounts of HM confirming that lethogetic 

factors did not cause any high concentration of accumulated HM, and that HMs in 

the area did not derive from parent rock materials. 

Increasing the cation exchange capacity of clay granules increases the rate of 

adsorbed elements on the surface of the granules, which may lead to less movement 

of heavy elements to sub-surface layers in the soil profiles. Also the lack of 

movement of the element in the soil solution may be another reason for the lack of 

movement of elements from the surface layers to the subsurface layers through the 

soil profiles. 
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Comparisons to the maximum allowable concentration MAC were calculated 

for both essential trace constituents (B, Fe, Cu, Zn, Mn) and toxic heavy elements 

(Co, Ni, Pb, Cd, Cr, Se, As) in different soil layers. The obtained values were 

between 0.2 and 0.3 MAC for most of the soil profiles. All soil profiles within the 

southern part of the area were above 0.8-0.9 MAC. Soil profiles located in the north 

of the area recorded low values of MAC. The soil’s pollution is mainly limited to 

southern parts of the old valley of Minia Governorate. 

The mean contents of B, Cu, Zn, and Mn in the soils exceed the critical limits of 

the Egyptian soils guideline limits, while Fe was below the critical limit. The mean 

content of toxic heavy elements (Pb, Cd, and Se) were above 0.8-0.9 MAC. The 

elements Co, Ni, Cr and As were below 0.3-0.4 MAC, reflecting non-inherent soil 

pollution source and irrigation source might be behind it. 

Statistical analysis results Table 2, revealed that the mean contents of Co, Pb, 

Cd and Se exceed the MAC while for Ni, Cr and As were below the MAC according 

to World Soils [54]. 

Table 2. Weighted average of heavy metals content of soil. 

 
Essential trace constituents Toxic heavy elements (mg/l) 

 

 B Fe Cu Zn Mn Co Ni Pb Cd Cr Se As 

 mg/L * I mg/Kg soil 2 

Limits 2 6 1 2 5 - 25 15 0.4 50 0.4 11.3 

Max 10.11 27.31 7.11 7.87 15.22 8.10 6.12 144.00 6.02 142.00 13.01 0.91 

Min 0.61 0.81 0.01 0.39 0.41 0.03 0.23 2.39 0.02 0.02 0.02 0.02 

Mean 2.45 5.90 2.10 2.87 7.11 1.49 1.17 29.91 1.08 27.16 3.43 0.21 

The obtained results confirm contamination of the topsoil layer (0-30 cm) in all 

contaminated soil sectors, where contamination in the subsurface (30-60cm) layer 

is reduced gradually, and here are no pollutant elements in the lower layers of all 

profiles. This could be due to the high cation exchange capacity which absorbs the 

metal on the clay minerals’ surface. This action could led to impede the movements 

of HMs to subsurface through the soil profiles 

3.1.  Assessment of topsoil pollution in the study area 

The spatial distribution of the HMs content in the topsoil Figs. 4 and 5 showed, the 

southern parts of the area have the highest level of contamination while, the northern 

parts are clear of toxic levels of both essential trace constituents and toxic heavy 

elements. A spatial model-builder was built up to determine the highly affected areas 

as well as the pollution source. The model was built based on the concept of 

geostatistical techniques which work with the idea that two nearby points are highly 

affected and correlated to one other more than two faraway points [37]. 

Based on the critical values limits for each HM and its toxic effect, the results 

shown in Figs. 6 and 7 indicated that the most affected parts are soils in southern 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0127736#pone.0127736.s002
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part of the old Nile valley. Moreover, soils near of El Moheet drain in the middle 

of the south part of the valley have high HMs content. 

Descriptive statistics of HMs contents and selected topsoil properties Table 2 

showed, the ascending order using the cluster analysis is As < Cd < Ni < Co < Cu 

< Zn < B < Se < Mn < Fe < Pb < Cr. The elements which exceeded their background 

values are as follows: B = 8.874 > 2 mg/kg, Fe = 23.13 > 6 mg/kg, Cu = 6.40 > 1 

mg/kg, Zn = 8.10 > 2 mg/kg, Mn = 13.53 > 5 mg/kg, Cd = 4.68 > 0.4 mg/kg, Cr 

= 139  > 50mg/kg and Se = 13.22 > 0.4 mg/kg. Those elements that did not exceed 

their background values were as follows: Co = 6.384 < 25 mg/kg, Ni = 4.75 < 25 

mg/kg, Pb = 137 < 15 mg/kg and As = 9.8 >11.3 mg/kg. This result may indicated 

that further monitoring of these HMs is required; according to Chen et al. [55], the 

prevention of additional enrichment of HMs in soils requires regular protection 

measures.  

 

Fig. 4. Essential traces constituents  

(B, Fe, Cu, Zn and Mn) content in upper soil layer. 
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Fig. 5. Toxic heavy elements (As, Cd, Co,  

Cr, Ni, Pb, Se) content in upper soil layer. 

 

Fig. 6. Map of the toxic heavy metal pollution indices. 



Integrated Use of Pollution Indices and Geomatics to Assess Soil . . . . 2233 

 
 
Journal of Engineering Science and Technology           August 2020, Vol. 15(4) 

 

 

Fig. 7. Map of heavy metal pollution index indicating  

expected pollution source areas for toxic heavy metal pollution. 

The result indicated that concentration of average HMs in the northern farmland 

were below the background values, which is in agreements with Mohamed et al. 

[56] and Zaki et al. [57]. All previous studies [56, 57] indicated that mean HMs 

contents were almost all above the background value. The MPI calculation 

indicates that the pollutions in the area is not inherent and comes mainly from an 

outside source, especially flash irrigation and industrial activities. Because of that 

the high concentrations of HMs content were observed only in the surface soil in 

all soil profiles. 

4.  Conclusions 

The studied HM spatial distributions were determined with an assessed risk order as 

follows: Cr > Pb > Fe > Mn > Se > B > Zn > Cu > Co > Ni > Cd > As. This finding 

are important to whom are concerning with soil treatment of pollutants, in which 

method should be selected for the treatments processes. Hotspots of contamination 

were found along the El Moheet drain and in the southern portions of the area. Results 

of the 𝑃𝐼𝑁𝑒𝑚𝑒𝑟𝑜𝑤  equation emphasized the outputs of the MPI equation with a 

significant correlation, reflecting the impacts of anthropogenic especially farming 

practices and industrial activities. The obtained model confirms that high 

concentrations HMs are not derived from parent rock materials (geogenic sources). 

The identified HMs pollution characteristics through the soil profiles showed a 

significant decrease in HMs contents with depth confirming the anthropogenic 

activities in the area. The most affected soils are near the El Moheet drain, therefore 

more attention and scientific precautions should be taken regarding the flow of the 

drainage water from Abu Qurqas sugar factory. The results emphasize that 

investigation of HMs surface soils might be better used for establishing 

environmental quality to identify the pollution source and to minimize or reduce soil 

contamination in the study area. This study confirms the need to install filters and 
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water purification systems on the openings of sugar factories in Minia and 

consequently all the factories on the Nile River and all canals used for irrigation. 

Nomenclatures 
 

As Arsenic  

B Boron 

Cd Cadmium 

Co Cobalt  

Cr Chromium 

Cu Cuprum 

EC Electric conductivity, ppm 

Fe Iron 

HMs Heavy metals  

K Potassium 

MAC Maximum allowable concentration 

Mn Magnesium 

MPI Metal pollution index 

N Nitrogen  

Ni Nickel  

P  Phosphorous  

Pb Lead 

PINemerow Nemerow pollution index 

SAR Sodium adsorption ratio, meq/l 

Se Selenium 

Zn Zinc 
 

Abbreviations 

GIS Geographic Information System  

GPS Global Positioning System 

WHO World Health Organization 

References 

1. Tume, P.; Bech, J.; Sepulveda, B.; and Tume, L. (2008). Concentrations of 

heavy metals in urban soils of Talcahuano (Chile): a preliminary study. 

Environmental Monitoring and Assessment, 140, 91-98.  

2. Yang, Z.; Lu, W.; Long, Y.; Bao, X.; and Yang, Q. (2011). Assessment of 

heavy metals contamination in urban topsoil from Changchun City, China. 

Journal of Geochemical Xploration, 108, 27-38. 

3. Lourenço, R.W.; Landim, P.M.B.; Rosa, A.H.; Roveda, J.A.F.; Martins 

A.C.G.; and Fraceto, L.F. (2010). Mapping soil pollution by spatial analysis 

and fuzzy classification. Environmental Earth Sciences, 60, 495-504.  

4. Xia, X.; Chen, X.; Liu, R.; and Liu, H. (2011). Heavy metals in urban soils 

with various types of land use in Beijing, China. Journal of Hazard Mater, 

186, 2043-2050. 

5. Fong, F.T.; Chee, P.S.; Mahmood, A.A.; and Tahir, N.M. (2008). Possible 

source and pattern distribution of heavy metals content in urban soil at Kuala 



Integrated Use of Pollution Indices and Geomatics to Assess Soil . . . . 2235 

 
 
Journal of Engineering Science and Technology           August 2020, Vol. 15(4) 

 

Terengganu town Center. The Malaysian Journal of Analytical Sciences,12(2), 

458-467. 

6. Teng, Y.G.; Wu. J.; Lu, S.J.; Wang, Y.Y.; Jiao, X.D. et al. (2014). Soil and soil 

environmental quality monitoring in China: A review. Environmental 

International, 69, 177-199. 

7. Li, Z.Y.; Ma, Z.W.; Der Tsering, J.V.K.; Yuan, Z.W.; and Huang, L. (2014). 

A review of soil heavy metal pollution from mines in China: Pollution and 

health risk assessment. Science of the Total Environment, 468-469, 843-853. 

8. Khalil, A.; Hanich, L.; Bannari, A.; Zouhri, L.; Pourret, O. et al. (2014). 

Assessment of soil contamination around an abandoned mine in a semi-arid 

environment using geochemistry and geostatistics: Pre-work of geochemical 

process modeling with numerical models. Journal of Geochemical 

Exploration, 125, 117-129. 

9. Ikem, A.; Campbell, M.; Nyirakabibi, I.; and Garth, J. (2008). Baseline 

concentrations of trace elements in residential soils from Sourtheastern 

Missouri. Environmental Monitoring and Assessment, 140, 69-81. 

10. Chen, T.B.; Wong, J.W.C.; Zhou, H.Y.; and Wong M.H. (1997). 

Contamination in surface soil of Hong Kong. Environmental Pollution, 96(1), 

61-68. 

11. Lacatusu, R. (1998). Appraising levels of soil contamination and pollution with 

heavy metals. In: Land Information System for Planning the Sustainable Use 

of Land Resources. Heinike HJ, Eckelman W, Thomasson AJ, Jones RJA, 

Montanarella L, Buckley B(Eds). Eur. Communities. Luxembourg, 393-402. 

12. Tam, N.F.Y; and Wong, Y.S. (2000). Spatial variation of heavy metals in 

surface sediments of Hong Kong mangrove swamps. Environmental Pollution, 

100(2), 195 - 205. 

13. Sobolev, D.; and Begonia, M.F.T. (2008). Effects of heavy metal 

contamination upon soil microbes: lead-induced changes in general and 

denitrifying microbial communities as evidenced by molecular markers. 

International Journal of Environmental Research and Public Health, 5(5), 

450-456. 

14. Begum, A.; Ramaiah, M.; Harikrishna, K.I.; and Veena, K. (2009). Analysis 

of heavy metals concentration in soil and lichens from various localities of 

Hosur Road, Bangalore, India. European Journal of Chmistry, 6(1), 13-22.  

15. Aina, M. (2010). Characterization of stabilized waste: evaluation of pollution 

risk. International Journal of Environmental Science and Technology, 6(1), 

159-165. 

16. Helena, D.W.; and Jiří, P. (2017). Indices of soil contamination by heavy 

metals-methodology of calculation for pollution assessment (minireview). 

Environmental Monitoring and Assessment,189(12):616.  

17. Mohamed, E. S.; Goma, B. S.; and Shuravilin, A. V. (2014). Assessment of 

heavy metal contamination in soils of eastern Nile Delta. Russian Agricultural 

Sciences, 40(6), 454-458. 

18. Mohamed, E.S.; Ali, A.M.; El Shirbeny, M.A.; Afaf, A.Abd El Razek; and Savin, 

I.Yu. (2016). Near infrared spectroscopy techniques for soil contamination 

assessment in the Nile Delta. Eurasian Soil Science, 49(6), 632-639.  



2236       M. El-Rawy et al. 

 
 
Journal of Engineering Science and Technology           August 2020, Vol. 15(4) 

 

19. Jiao, X.; Teng, Y.; Zhan, Y.; Wu, J.; and Lin, X. (2015). Soil Heavy Metal 

Pollution and Risk Assessment in Shenyang Industrial District, Northeast 

China. Plos One, 10(5): e0127736.  

20. Li, X.Y.; Liu, L.J.; Wang, Y.G.; Luo, G.P.; Chen, X.; Yang, X.L.; et al. (2013). 

Heavy metal contamination of urban soil in an old industrial city (Shenyang) 

in Northeast China. Geoderma, 192, 50-58.  

21. Liu, X.M.; Wu, J.J.; and Xu, J.M. (2006). Characterizing the risk assessment 

of heavy metals and sampling uncertainty analysis in paddy field by 

geostatistics and GIS. Environmental Pollution, 141, 257-264. 

22. Zhang, C.S. (2006). Using multivariate analyses and GIS to identify pollutants 

and their spatial patterns in urban soils in Galway, Ireland. Environmental 

Pollution, 142, 501-511.  

23. Sun, Y.; Zhou, Q.; Xie, X.; and Liu, R. (2010). Spatial sources and risk 

assessment of heavy metal contamination of urban soils in typical regions of 

Shenyang,China. Jornal of Hazard Material, 174, 455-462.  

24. Xie, Y.; Chen, T.B.; Lei, M.; Yang, J.; Guo, Q.J.; and Song, B. (2011). Spatial 

distribution of soil heavy metal pollution estimated by different interpolation 

methods: accuracy and uncertainty analysis. Chemosphere, 82(3), 468-476.  

25. Camobreco, V.J.; Richards, B.K.; Steenhuis, T.S.; Peverly, J.H.; and McBride, 

M.B. (1996). Movement of heavy metals through undisturbed and 

homogenized soil columns. Soil Science, 161, 740-750.  

26. Richards, B.K.; Steenhuis, T.S.; Peverly, J.H.; and McBride, M.B. (1998). 

Metal mobility at an old, heavily loaded sludge application site. Environmental 

Pollution, 99(3), 365-377.  

27. Li, F.Y.; Fan, Z.P.; Xiao, P.F.; Oh, K.; Ma, X.P.; and Hou, W. (2009). 

Contamination, chemical speciation and vertical distribution of heavy metals 

in soils of an old and large industrial zone in Northeast China. Environmental 

Geology, 57, 1815-1823.  

28. Li, J.L.; He, M.; Han, W.; and Gu, Y.F. (2009). Analysis and assessment on 

heavy metal sources in the coastal soils developed from alluvial deposits using 

multivariate statistical methods. Journal of Hazardous Materials, 164, 976-981.  

29. Steinmann, M.; and Stille, P. (1997). Rare earth element behaviour and Pb, Sr, 

Nd isotope systematic in a heavy metal contaminated soil. Applied 

Geochemistry, 12, 607-623.  

30. Wilcke, W.; Muller, S.; Kanchanakool, N.; and Zech, W. (1998). Urban soil 

contamination in Bangkok: heavy metal and aluminium partitioning in 

topsoils. Geoderma, 86, 211-228.  

31. El-Rawy, M.; Ismail, E.; and Osman, A. (2019). Assessment of groundwater 

quality using GIS, Hydrogeochemsitry, and factor statistical analysis in Qena 

governorate, Egypt. Desalination and Water Treatment, 162, 14-29.  

32. Awad, A.; Eldeeb, H.; and El-Rawy, M. (2020). Assessment of surface water 

and groundwater interaction using field measurements: A case study of Dairut 

City, Assuit, Egypt. Journal of Engineering Science and Technology, 15(1), 

406-425.  

33. Fathi, H.; and El-Rawy, M. (2018). GIS-Based evaluation of water quality 

index for groundwater resources nearby wastewater treatment plants, Egypt. 

Pollution Research, 37(1), 105-116. 



Integrated Use of Pollution Indices and Geomatics to Assess Soil . . . . 2237 

 
 
Journal of Engineering Science and Technology           August 2020, Vol. 15(4) 

 

34. Ismail, E.; and El-Rawy, M. (2018). Assessment of groundwater quality in 

West Sohag, Egypt. Desalination and Water Treatment, 123, 101-108.  

35. AbdelRahman, M.A.E.; Metwaly, M.M.; and Shalaby, A. (2019). Quantitative 

assessment of soil saline degradation using remote sensing indices in Siwa 

Oasis. Remote Sensing Applications: Society and Environment, 13, 53-60.  

36. AbdelRahman, M.A.E.; and Tahoun, S.  (2018). GIS model-builder based on 

comprehensive geostatistical approach to assess soil quality. Remote Sensing 

Applications: Society and Environment, 13, 2004-2014.  

37. AbdelRahman, M.A.E.; Natarajan, A.; Rajendra, H.; and Prakash, S.S.  (2019). 

Assessment of land degradation using comprehensive geostatistical approach 

and remote sensing data in GIS-model builder. Egyptian Journal of Remote 

Sensing and Space Science, 22(3), 323-334.   

38. AbdelRahman, Mohamed AE, A. Shalaby, and E. S. Mohamed (2019). 

Comparison of two soil quality indices using two methods based on geographic 

information system. Egyptian Journal of Remote Sensing and Space Science, 

22(2), 127-136.  

39. Abu Zied, M.M.A. (1999). Fractionation of some heavy metals in soil profiles 

affected by different sources of pollution. Zagazig Journal of Agricultural 

Research, 26(3B), 887-894. 

40. Awad, M.Y.M. (2007). Mobility of heavy metals in some contaminated 

Egyptian soils treated with certain organic materials. Ph.D. Thesis, Fac of 

Agric, Assiut Univ, Egypt. 

41. El Mamoney, M. H., and Ashraf, E.M. Khater (2004). Environmental 

characterization and radio-ecological impacts of non-nuclear industries on the 

Red Sea Coast. Journal of Environmental Radioactivity, 73, 151-168. 

42. Ibrahim, M.S.; Atta, E.R.; and Zakaria, K.M. (2013). Assessment of natural 

radioactivity of some quarries raw materials in El-Minya Governorate, Egypt. 

Arab Journal of Nuclear Science and Applications, 47, 208-216. 

43. Atta, E.R.; Zakaria, Kh.M.; and Ibrahim, M.S. (2016). Assessment of the heavy 

metals and natural radioactivity in phosphate mines and occupational health 

effects at some Egyptian regions. Journal of Environmental Protection, 7(11), 

1657-1669.  

44. Awad, M.Y.; M.A. El-Desoky; A. Ghallab and Abdel-Mawly, S.E. (2017). 

Changes in soil Zn and Mn forms of some contaminated Egyptian soils 

treated with organic materials. Assiut journal of Agricultural Sciences, 48(1-

1), 269-285. 

45. Bassioni, G.; Kirollos, A.; and Abd Elhameed, A. (2015). Risk assessment 

using ICP-MS of heavy metals in ground water in upper Egypt. Journal of 

Natural Resources and Development, 5, 65-70. 

46. Mohammad, F.S.; Al Zubaidy, E.A.H.; and Bassioni, G. (2014). A comparison 

of aluminum leaching processes in tap and drinking water. International 

Journal of Electrochemical Science, 9, 3118-3129. 

47. Korany, E.; Sakr, S.; Darwish, M.; and Morsy, S. (2006). Hydrogeologic 

modeling for the assessment of continuous rise of groundwater levels in the 

Quaternary aquifer, Nile valley, Egypt. Case study International Conference. 

https://www.sciencedirect.com/science/article/pii/S235293851830168X#!
https://www.sciencedirect.com/science/journal/23529385
https://www.sciencedirect.com/science/journal/23529385/13/supp/C
https://www.sciencedirect.com/science/article/pii/S2352938518300223#!
https://www.sciencedirect.com/science/journal/23529385
https://www.sciencedirect.com/science/journal/23529385
file:///E:/Research%20work/Soil%20pollution%20paper%20for%20El-Minia%20area/manuscript/13
https://www.sciencedirect.com/science/article/pii/S1110982317303617?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1110982317303617?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1110982317303617?via%3Dihub#!


2238       M. El-Rawy et al. 

 
 
Journal of Engineering Science and Technology           August 2020, Vol. 15(4) 

 

48. Korany, E. (1984). Statistical approach in the assessment of the geohydrologic 

profiles. 9th International Congress Statist Compu Sci Social and Demogr Res 

, Cairo, Ain Shams University Press, 161-176. 

49. Lindsay, W.L.; and Norvell, W.H. (1978). Development of DTPA soil test for 

Zn, Fe, Mn, and Cu. Soil Science Society of America Journal, 42, 421-428. 

50. Hesse, P.R. (1972). A textbook of soil chemical analysis. London: William Clowe. 

51. Benton J.J. (1999). Soil analysis handbook of reference methods. Soil and plant 

analysis council. inc. soil sci (2nd ed). CRC Press. 

52. Cheng, J.L.; Zhou, S.H.I.; and Zhu, Y.W. (2007). Assessment and mapping of 

environmental quality in agricultural soils of Zhejiang Province, 

China. Journal of Environmental Sciences, 19(1), 50-54.  

53. Zhang, L.; Ye, X.; Feng, H.; Jing, Y.; Ouyang, T.; Yu, X.; Liang, R.; Gao, C.; 

and Chen, W. (2007). Heavy metal contamination in western Xiamen Bay 

sediments and its vicinity, China. Marine pollution bulletin, 54(7), 974-982. 

54. World Soils (2004). Concentration of trace elements in surface soils (mg kg-i 

with comparison data from different sources, Florida, USA. 

55. Chen, T.; Liu, X.M.; Li, X.; Zhao, K.L.; Zhang, J.B.; Xu, J.M.; et al. (2009). 

Heavy metal sources identification and sampling uncertainty analysis in a 

field-scale vegetable soil of Hangzhou, China. Environmental Pollution, 157, 

1003-1010. 

56. Mohamed, W.S.; Ismail, E.A., Zaki R.; and Kamel A. (2015). Regional 

assessment of heavy metals pollution in irrigated soils, West El Minia District, 

Egypt. Egyptian Journal of Geology,  59, 101-112. 

57. Zaki, R.; Ismail, E.A.; Mohamed, W.S.; and Ali, A.K. (2015). Impact of surface 

water and groundwater pollutions on irrigated soil, El Minia Province, Northern 

Upper Egypt. Journal of Water Resource and Protection, 7, 1467-1472.  


