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ABSTRACT 

Soil is the basic natural resource needed for more than 95 % of the 

global food and fiber production; thus it represents a basic requisite for 

life on earth. So, soil pollution attracts the attention of the researchers to 

reduce soil pollution. As a result of the irrigation by wastewaters and the 

use of chemical fertilizers and pesticides, the amount of heavy metals in 

the soil exceeds the maximum permissible limits. In the current 

investigation, the removal of heavy metals from soil layers (0-15, 15-30 

and 30-45 cm) in soil columns, by iron nanoparticles (Fe NPs) and iron 

nanoparticles deposit on the surface of silica nanoparticles (SiO2/Fe 

NPs), has been studied. Fe NPs were prepared by borohydride reduction 

method and irradiated with 308 nm excimer laser pulses. The results 

indicated that the following points: 1) The maximum absorption of Fe 

NPs irradiated with 308 nm excimer laser pulses (50, 75 and 100 

thousand pulses [tp]); found to be increased as the number of pulses 

increased, due to increasing of the number of particles and size 

reduction. The TEM photography gives good criteria about the size 

reduction process; 2) All sizes of Fe NPs and SiO2/Fe NPs proved to be a 

good technique for soil remediation in the case of Pb, Cd and Cu; 3) 

Removal efficiency of heavy metals was found to vary between soil layers 

(0-15 , 15-30 and 30-45 cm); by 84.62, 69.80 and 61.04%, for Pb, 98.05, 

83.76 and 62.14% for Cd and 67.58, 63.76 and 59.33% for Cu, 

respectively, with treated 50 tp.  This found to be decrease as increase of 

clay and organic matter content; and 4) The removal process was 

observed to much less efficient in the case of Ni found in the soil layers 

(0-15 , 15-30 and 30-45 cm) were 32.81, 39.83 and 8.53% respectively, 

with treated 50 tp.   
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INTRODUCTION 

nputs of trace elements through human activities have been increased 

since the last century. Both industrial and agricultural operations 

contribute to the elevation of trace metals in soil. The smelter-related 

industries often act as point sources of metals, which enter agro-

ecosystems by dry and wet deposit or use of industrial byproducts. Use of 

metal-containing substances in agriculture has significantly increased to 

sustain crop production. Application of trace elements such as Cu, Zn, 

Fe, Mn, and B that are essential to plant growth is now common practice 

for correcting deficiencies in these elements (Fageria et al., 2002).  

Rabie and Abd El-Sabour (1999) reported that the total Pb in the 

surface layer (0-15 cm) of soil irrigated with wastewater of Shebin El-

Qanater collector, El-Shaboura canal and Mostorod collector drain was 

233, 184 and 180 ppm, respectively. While, for the soil depth of (15-30 

cm) was 169, 164 and 169.7 ppm, respectively. 

Rabie et al. (1999) reported that the highest values of total Cd are 

observed in the surface layers (0-15 cm) of soil irrigated with polluted 

water of Shebin El-Qanater collector drain, E-Shaboura canal and 

Mostorod collector drains, reached 8.5, 13.0 and 7.9 mg/kg, respectively. 

While, the total Cd in deepest layers (15-30 cm) of these soils was 2.6, 

4.0 and 7.1 mg/kg, respectively. Moreover, they reported that the total 

amounts of Cu in the surface layers (0-15 cm) of these soils were 197.3, 

106.8, 112.4 and 135.5 mg/kg, respectively. While, in the soil layers (15-

30 cm) were 142, 105, 104 and 103 mg/kg, respectively.  

Rashad et al. (1995) found that the normal level of total Ni in alluvial 

soils of Nile delta ranged between 21.0- 44.0 ppm (average 32.0 ppm). 

Concerning contaminated alluvial soils of Egypt, El-Sayed and Hegazy 

(1993) reported that the total content of Ni in contaminated alluvial soils 

of El-Fayoum Governorate ranged between 33.5 and 77.0 with an 

average of 55.3 ppm.  

Makino et al. (2006) reported that Calcium chloride and FeCl3 were 

selected as soil-washing chemicals for use in Cd-contaminated paddy 

soils on the basis of their Cd-extraction efficiency, cost-effectiveness, 

and relatively low environmental impacts. 

I 
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Virkutyte et al. (2002), applied a low-level direct current (DC) across 

electrodes, inserted in the treated soil, to generate an electric field for 

removal of the contaminants. These electric fields induce the transport of 

heavy metals ions in soil pore water due to electromigration, as well as 

electroosmosis and electrophoresis (Hamed et al., 1991).  

Gardea-Torresdey et al. (2004) reported that the remediation of heavy 

metal-contaminated sites using plants presents a promising alternative to 

current methodologies. The potential accumulation of Convolvulus 

arvensis L. for Cd(II), Cr(VI), and Cu(II) was determined using an agar-

based medium. The shoots of C. arvensis plants exposed to 20 mg L
-1

 of 

these heavy metals, demonstrated capability to accumulate more than 

3800 mg of Cr, 1500 mg of Cd, and 560 mg of Cu per kg of dry tissue.  

Zhang (2003) showed that the nanoscale iron particles represent a new 

generation of environmental remediation technologies that could provide 

cost-effective solutions to some of the most challenging environmental 

cleanup problems. Nanoscale iron particles have large surface areas and 

high surface reactivity. Modified iron nanoparticles, such as catalyzed 

and supported nanoparticles have been synthesized to further enhance the 

speed and efficiency of remediation.  

Montas and Shirmohammadi (2004) reported that a mathematical 

model of nanoparticle transport and pollutant interaction in soil is 

developed and evaluated. The model includes parameters that are 

commonly measured independently in non-flowing systems, or with 

tracers, and 3 “new” parameters emanating from size exclusion and 

dynamic filtration of nanoparticles. Accurate simulations of nanoparticle 

transport and pollutant removal were produced with values of the 

common parameters that compared well to independent experimental 

measurements.  

Badr and Mahmoud (2007) showed that the Ag NPs exposed to 193 nm 

pulsed excimer laser undergo photofragmentation into small particles. 

The TEM photographs of the Ag NPs taken before and after the 

irradiation with 10 thousand pulses; 3.5 mJ/pulse, 6 ns duration Excimer 

laser showed that the particle size was decreased from (11±2 to 5±1 

nm).  
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The objectives of the present investigation are: 

1) Preparation of Fe NPs via borohydride reduction method, then 

different sizes were obtained by irradiation with Excimer laser pulses 

(50, 75 and 100,000 pulse); 2) Preparation of Fe NPs deposits on the 

surface of Silica NPs (SiO2/Fe NPs); 3) Removal of heavy metals from 

soil layers (0-15, 15-30 and 30-45 cm); and 4) Study the effects of 

particles size of Fe NPs on the removal process of heavy metals. 

MATERIAL AND METHODS 

Soil samples: The samples were collected by using barrel auger from 

agricultural land; which irrigated by sewer and agricultural drain water in 

Khalf Allah village, Abu Keber district, El Sharkia governorate. The soil 

samples were taken from soil layers; surface layer (0-15 cm), middle 

layer (15-30 cm) and lower layer (30-45 cm), which containing 

adventitious roots of plants.  

Soil columns: The columns were designed and fabricated in Laboratory 

of Laser Applications in Agricultural Engineering at National Institute of 

Laser Enhanced Sciences (NILES), Cairo University. It fabricated from 

poly vinyl chloride (PVC) cuboids with dimensions of (4 x 4 x 50 

cm).The elevation of the column made from transparent plastic to insure 

the height of each layer equal to 15 cm inside the column, as shown in 

Fig. (1). After treatment, the transparent side was removed to collect 

samples for analysis. The base of the column was closed using square 

rubber end. The treatment solution was drained from the column by small 

plastic hose sealed in the center of the rubber end to conical flask to 

maintain vertical movement of iron nanoparticles. 

Digestion chemicals: Metals extractions were performed by digestion of 

soil samples with Hydrochloric Acid (HCl   37%, Sigma) and Nitric Acid 

(HNO3 70%, Sigma).  

Chemicals used for nanoparticles preparation: Iron and silica coated 

with iron nanoparticles were prepared using the following chemicals: 

Sodium borohydride (NaBH4, powder 98%, ALDRICH), Ferric chloride 

(FeCl3.6H2O, granulated 99%, Riedel-de Haёn), Tetraethyl orthosilicate 

(TEOS, C8H20O4Si, ≥98%, Fluka), HNO3 70% and Ethyl Alcohol 

(Ethanol, C2H6O, 96%, Sigma).  
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Chemicals required for calibration curves: Standards solutions of 

(1000 µg/mL, Merck-Aldrich Grade) were used to generate a calibration 

curve for each Cd, Cu and Pb. 

Digestion system: Metals extraction was performed using digestion 

system which consists of Hotplate (BIBBY, 0-450°C), Boiling flask (250 

mL) and Glass condenser (50 cm). 

Atomic Absorption Spectrophotometer (AAS): It’s an analytical 

equipment (Varian, SpectrAA 55), used to measure the concentration of 

the metal ions in the sample solution, (Fig 2). The basic components of 

AAS are Atomization system (spray chamber), Thermal environment 

(flame), Light Source (hollow cathode lamp), Monochromomater, 

Detector (photomultiplier) and Acquisition and recording unit. 

Laser photofragmentation system: it is a system used for controlling 

the size of iron nanoparticles and consists of 1) Excimer laser XeCl 

(LAMBDA PHYSIK, LASERTECHIK, 3 mj/pulse, 6 ns pulse width) 

operating at 308 nm, 2) Quartz lens for focusing the laser beam on the 

nanoparticles solution, 3) Quartz cell (4x4x4 cm) filled with the iron 

nanoparticles solution, 4) Magnetic stirrer (200 rpm) for rotation the 

solution of the nanoparticles and 5) Small magnet, as shown in Fig. (3). 

Uv-Vis. spectrophotometer: The absorption spectra of Fe NPs after 

exposed to the Excimer laser pulses were measured by using Uv-Vis. 

Spectrophotometer (Varian, Biocary 50). The exciting source is xenon 

lamp; in the range of 190-1100 nm; while the quartz cell was used for 

solutions measurement. 

Transmission electron microscopy (TEM): The TEM images of Fe 

NPs before and after irradiated by Excimer laser pulses were taken by 

electron microscopy (Zeiss, 120 kV).   

Samples treatment and preparation: 1) Soil samples of each layer 

were air dried and mixed thoroughly, 2)Transfer samples into the soil 

columns according to its depth, Fig (1), 3) Saturate the soil columns by 

nanoparticles (50 mL NPs mixed with 450 mL distilled water), 4) Collect 

several treated soil samples along each layer from the columns after 

removing the transparent side, 5)Dry the samples in oven (BINDER,        

5 °C above ambient up to 300°C) at ...110 °C for 12 h, then ground to 
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pass through a 2 mm sieve and 6) Store in sealed plastic bags at >20 °C 

prior to analysis.  

Aqua regia extraction procedure: Total metals content in the soil 

sample were estimated using aqua regia extraction method, following the 

procedure recommended by the International Organization for 

Standardization (ISO 11466, 1995.). Aqua regia extraction leads to the 

maximum soluble acid amount of metals (Kalbitz and Wennrich, 1998), 

with recoveries from 89 to 110% for some metals in soils and sediments 

(Bettinelli et al., 2000.) 

Metals analysis: The extracted solution of soil samples were analyzed 

by flame atomic absorption spectrophotometer (AAS), where the sample 

solution converts into a fine mist or aerosol to be feed to the flame (air-

acetylene gas an oxidant/fuel combination). In the flame, a complicated 

process involving desolvation of the solution droplets and dissociation of 

the chemical compounds results in the production of gaseous atoms of 

the constituent elements, which could be determine by standard or 

calibration curve. 

Construction of calibration curve: Three dilutions of standard solution 

were used to generate a calibration curve for each analysis, from stock 

standard solutions (1000 µg/mL Merck-Aldrich Grade) of the analytes 

elements. The calibration curve was obtained by measuring the 

absorbance of each stander solution, and then plotting the curve of 

absorbance versus the corresponding concentration.  

Preparation of iron nanoparticles (Fe NPs): Fe NPs were prepared 

chemically by reduction method of ferric ions via sodium borohydride; 

(0.2 M) NaBH4 was added drop-wise under vigorously stirring into (0.05 

M) ferric chloride solution (FeCl3.6H2O),   till the mixture be colorless 

just before the aggregation of the iron particles. The high concentration 

difference between the two solutions leads to the formation of iron 

nanoparticles (Wang and Zhang, 1997), according to the following 

reaction: 
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Preparation of silica nanoparticles (SiO2 NPs): Silica nanoparticles 

(SiO2 NPs) were prepared, using tetraethyl orthosilicate (TEOS) and 

HNO3 as an acid catalyst (Jiang et al., 2004). TEOS and ethanol with 

volumes of 10 mL were mixed together; the resulting mixture was 

dropped in 60 mL 0.1 N HNO3 solution, the final mixture was stirred for 

8 h at 60 
o
C for complete hydrolysis of TEOS to SiO2 NPs. The 

concentration of SiO2 NPs solution was found to be (30 g/L) after it was 

completed to 100 mL by distilled water.  

Preparation of Fe NPs adsorbed on the surface of SiO2 N Ps: Fe NPs 

deposited on the surface of SiO2 NPs was prepared by mixing 0.676g of 

FeCl3 with 50 mL SiO2 NPs under vigorously stirring for 5 min. Then, 

0.2 M NaBH4 was added drop-wise to the solution (Kamat et al., 2002).  

Photofragmentation of Fe NPs: Although, the chemical methods are the 

simplest methods used for preparation of nanoparticles (e.g. metallic), the 

optimum method used here for preparation of controllable size is the 

simple chemical method, where particle size is reduced and particle size 

distribution is decreased (Badr et al., 2006). Fe NPs solution exposed to 

308 nm excimer laser pulses; the particles undergo photofragmentation 

into small nanofragments. The quartz cell filled with the solution of Fe 

NPs and the small magnet is placed inside, then the magnetic stirrer is 

operated at (200 rpm). Finally, the cell is exposed to the Excimer laser, 

and the cell is bombarded by certain number of pulses (50, 75 and 100 

thousand pulse [tp]) at repetition rate (200 Hz).         

Uv-Vis. spectra of Fe NPs: The absorption spectra of Fe NPs samples 

un-irradiated and after exposed to the Excimer laser (50, 100 thousand 

pulses), were obtained to study the effect of Excimer laser on the particle 

size of iron nanoparticles. 

Determine the size of Fe NPs: The average diameters and size 

distributions of Fe NPs samples after irradiated by Excimer laser were 

calculated by counting over 150 particles from the enlarged TEM (Zeiss, 

120 kV) photography. The samples were prepared by putting a drop of 

solution on a cupper carbon grid and setting the drop dry completely in a 

desicrator (Badr and Mahmoud, 2005).  
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RESULTS AND DISCUSSION  

1. Photofragmentation of iron nanoparticles (Fe NPs) 

Accordingly in the present work, the iron nanoparticles (Fe NPs) were 

similarly subjected to 50, 75 and 100 thousand pulses of (XeCl) Excimer 

laser (3 mJ/pulse, 6 ns pulse width, 200 Hz) operating at 308 nm. The 

same results were obtained, Fe NPs has an absorption peak 

corresponding to the surface Plasmon oscillation; the position of this 

peak was found to depend on their particle size (Badr et al., 2006). Fig. 

(4) shows the absorption spectra of Fe NPs before and after irradiation 

with 50, 100 thousand pulses of 3mj/pulse excimer laser. A blue shift 

was observed by increasing the number of pulses which are in the order 

(350, 345 and 341 nm). Moreover, the peaks intensities were found to be 

increased; due to increasing of the number of particles, resulting from the 

photofragmentation. The FeCl3 has no characteristic peak in the 

measurement area. 

2. Effect of the number of laser pulses on the size of Fe NPs: 

The samples of Fe NPs were exposed to laser pulses; 3 mJ/pulse, 308 nm 

and 6 ns duration excimer laser. Absorption spectra after irradiation were 

compared with the corresponding untreated samples. In addition, the 

TEM photography supports the optical measurements. The blue shift and 

the increasing of the peek intensities were observed due to the increasing 

of the laser pulses. The TEM images were found to support the size 

reduction idea as shown in Figs. (5). The particle size distribution as well 

as the particle size of un-irradiated Fe NPs was 50±5 nm. While, the 

particles size was decreased due to irradiation by 50, 75 and 100,000 

pulses to 40±2, 35±2 and 30±1 nm, respectively. To summarize, the 

particles size of Fe NPs were decreased as the number of the laser pulses 

increased.  

On the other hand, the SiO2 NPs showed a spherical shape with large 

distribution (15±8 nm) Badr et al., 2008. While in case of Fe NPs 

deposited on the surface of SiO2 NPs the particles size was 

approximately (25±5 nm) due to the appearance of Fe NPs on the 

surface of SiO2 NPs (Fig. 5(E)).  
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Fig. (1): Soil columns containing samples treated with nanoparticles (a) surface 

layer(0-15 cm), (b) middle layer (15-30 cm) and (c) lower layer (30-45 cm). 

 

 

 

 

 

 

Fig. (2): Atomic Absorption Spectrophotometer (Varian, SpectrAA 55) 

 

 

 

 

 

 

 

Fig. (3): The setup used in photo fragmentation of Fe NPs 
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3. Characterization of soil sample: 

The surface layer (0-15 cm) is the most important layer; because most of 

the top plant roots (70%) supply 57-65% of plant water requirements 

from it; such as wheat, barley and maze. furthermore, it receives all 

precipitates from the atmosphere, fertilizers and pesticide. In comparison 

of the controlled values and the maximum permissible limits (MPL) for 

each metal, the concentrations of the metals ions present in this layer are 

exceed than that MPL except for Fe and Mn ions as shown in Fig. (7). 

Therefore, Fe nanoparticles can be used for soil remediation if the 

concentration of Fe ions is not exceeds MPL. To characterize soil 

sample, physical and chemical properties were obtained to different soil 

layers of the control, as well as heavy metals content. The soil texture of 

the surface layer (0-15) was sandy, while the other two layers were sandy 

clay. The percentage of organic matter (O.M.) in the surface layer was 

lower than middle and lower layers, as shown in Table (1). 

Table (1): Some physical and chemical properties and heavy metals content 

of different soil layers. 
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Fig. (4): The absorption spectra of Fe NPs samples after exposed to 50 and 

100 thousand  pluses of Excimer laser, un-irradiated and ferric 

chloride solution (FeCl3). 

Figs.(5): The TEM images of Fe NPs; (A) Un-irradiated,  (B) irradiated  by 

50,000 pulses, (C) irradiated  by75,000 pulses, (D) irradiated  by 

100,000 pulses  of excimer laser and (E) Fe NPs deposit on the 

surface of SiO2 NPs. 

 

 

 

 

 

Fig. (7): The concentration of metal ions in the surface layer (0-15 cm) 

compared with maximum permissible limits (MPL). 
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4. The concentration of heavy metals in different soil layers after 

treatments: 

The total metals content in soil layers (0-15, 15-30 and 30-45 cm) was 

determined before and after treatment by iron nanoparticles (Fe NPs) 

prepared by the chemical method, Fe NPs after irradiation with (50, 75, 

100 thousands pluses [tp]); 308 nm 2.5 mj/pulse excimer laser. Also, 

another treatment was carried out by Fe NPs deposit on the surface of 

silica nanoparticles SiO2 /Fe NPs.  

4.1. Lead:   

The surface layer: 

Because of the toxic effects of lead and to indicate the efficiency of the 

proposed technique in the present work for soil remediation; a pilot study 

was carried out by enriching the surface layer of the soil with Pb and by 

measuring the concentration before and after treatment with Fe NPs, an 

astonishing result was obtained. The concentration of Pb drop from 2975 

ppm to 28.45 ppm after treatment by Fe NPs. i.e, the proposed technique 

for soil remediation reduced the amount of Pb to less 1% of its value 

before remediation. This might give an idea about the efficiency of this 

mechanism. The total content of lead (Pb) in the surface layer (0-15cm) 

before the treatment by nanoparticles (control) was found to be 129.1 

ppm. While the total content of lead was decreased to 16.78, 19.86, 51.80 

and 15.53 ppm, after treatment by Fe NPs un-irradiated and irradiated 

with (50, 75 and 100 thousands pluses [tp]), respectively. Also, the 

treatment by silicon oxide nanoparticles (SiO2 NPs) coated with Fe NPs 

(SiO2/Fe NPs) decreased the untreated value to 21.36 ppm as shown in 

the Fig. (8).  

The middle layer: 

Fig. (8) Showed that the total Pb content present in soil depth (15-30 cm). 

It was noticed that, the highest concentration of Pb was found to be 261.9 

ppm before treatment (control). After the treatment by Fe NPs un-

irradiated and irradiated with (50, 75 and 100 tp) this amount was 

decreased to 91.8, 79.1, 86.5 and 86.6 ppm, respectively. Also, the 

treatment by silicon oxide nanoparticles (SiO2 NPs) coated with Fe NPs 

(SiO2/Fe NPs) decreased the untreated value to 70.1ppm.  
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The lower layer: 

Fig. (8) Represents the total Pb content found in soil depth (30-45 cm). It 

was noticed that, the highest concentration of Pb was found to be 217.9 

ppm before treatment (control). After the treatment by Fe NPs un-

irradiated and irradiated with (50, 75 and 100 tp) this amount decreased 

to 71.6, 84.9, 82.3 and 93.4 ppm, respectively. Also, the treatment by 

(SiO2/Fe NPs) decreased the untreated value to 102.3 ppm.  

The effect of treatment on lead concentration:  

According to the obtained results, it is clearly seen that all sizes of 

nanoparticles used succeeded in removing high percentage of Pb from 

soil layers to meet the maximum permissible limit of Pb. Moreover, as 

indicated in Fig. (9), the effect of treatments on Pb concentration in the 

surface layer is more than other layers except with the treatment by Fe 

NPs irradiated with 75 tp, however, the removal percentage in middle 

and lower layers was increased with this treatment. By comparing the 

treatments effect in the surface layer, the highest removal % was 87.97 

with the treatment by Fe NPs irradiated with 100 tp. While, among all 

treatments the best effect of the Pb removal with the treatment by the 

small size of Fe NPs (100 tp) and SiO2/Fe NPs.  

4.2. Cadmium: 

The surface layer: 

Fig.(10) showed that total Cadmium (Cd) content present in the surface 

layer (0-15 cm) was 52.74 ppm as a control value. Moreover the 

treatment by Fe NPs un-irradiated and irradiated with (50, 75 and 100 tp) 

decreased this amount to 0.25, 1.03, 0.15 and 2.39 ppm, respectively. 

While, the treatment by (SiO2/Fe NPs) decreased the control value by 

large amount to 0.09 ppm. 

The middle layer: 

The concentration of total Cd present in the middle layer (15-30 cm) was 

97.9 ppm as a control value. Moreover, this amount decreased to 32.8, 

15.9, 
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Fig. (8): The total content of Pb in soil layers (0-15, 15-30 and 30-45 cm) 

before and after treatment by nanoparticles. 

 

 

 

 

 

 

 

 

Fig. (9): The removal percent of Pb from different soil layers after 

treatment by Fe NPs and SiO2/Fe NPs. 
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20.6 and 28.1 ppm, after the treatment by Fe NPs un-irradiated and 

irradiated with (50, 75 and 100 tp), respectively. While, the treatment by 

(SiO2/Fe NPs) decreased the control value to 39.5 ppm as shown in Fig. 

(10). 

The lower   layer: 

As shown in Fig. (10) the concentration of total Cd present in the lower 

layer (30-45 cm) was 86.1ppm as a control value. While, this amount 

decreased to 36.1, 32.6, 37.5 and 39.4 ppm, after the treatment by Fe NPs 

un-irradiated and irradiated with (50, 75, 100 tp), respectively. Also, the 

treatment by (SiO2/Fe NPs) decreased the control value to 33.7 ppm.  

The effect of treatment on cadmium concentration:  

The obtained results showed that, all size of iron nanoparticles succeeded 

in removing high percentage of Cd from different soil layers. Fig. (11) 

indicated that the removal % of Cd form surface layer was over 95 % for 

all treatments; however the highest removal % with SiO2/Fe NPs was 

99.83 %. By comparing the treatment effects in the middle layer; the 

highest removal % was 83.76 with Fe NPs irradiated by 50 tp. also, in the 

lower layer the highest percent of Cd removal was 62.14%. The 

treatment by Fe NPs irradiated by 50 tp have greater effect on Cd 

removal from soil layers although the high concentration of the control.  

 4.3. Copper: 

The surface layer: 

As shown in Fig. (12) the total content of copper (Cu) at the soil depth 

(0-15 cm) was 90.44 ppm as control value. This value was decreased to 

36.02, 29.32, 29.99 and 33.28 ppm, by the treatment of Fe NPs un-

irradiated and irradiated with (50, 75 and 100 tp), respectively. Also, the 

treatment by (SiO2/Fe NPs) was decreased the control value to be 33.73 

ppm. 

The middle layer: 

The total Cu content at the soil depth (15-30 cm) was 170 ppm as control 

value. This value was decreased by the treatment of Fe NPs un-irradiated 

and irradiated with (50, 75 and 100 tp) to 70.5, 61.6, 71.4 and 72.4 ppm,  
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Fig. (10): The total content of Cd in soil layers (0-15, 15-30 and 30-45 

cm)      before and after treatment by nanoparticles. 

 

 

 

 

 

 

 

 

Fig. (11): The removal percent of Cd from different soil layers after 

treatment by Fe NPs and SiO2/Fe NPs. 
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respectively, while the treatment by (SiO2/Fe NPs) was decreased to be 

63.5 ppm as shown in Fig. (12). 

The lower   layer: 

Fig. (12) represents the total Cu content found in soil layer (30-45 cm). 

The control value of Cu was 149 ppm. This value was decreased by the 

treatment of Fe NPs un-irradiated and irradiated with (50, 75 and 100 tp) 

to 62.4, 60.6, 60.5 and 69.5 ppm, respectively. Also, the treatment by 

(SiO2/Fe NPs) was decreased the control value to be 69.8 ppm. 

The effect of treatment on copper concentration:  

According to the results of treatment by nanoparticles, all size of iron 

nanoparticles succeeded in removing over 53 % of Cu concentration 

from soil layers. As shown in Fig. (13) the removal percentage of Cu 

from the soil layers was almost the same for all treatments. The highest 

ones was 67.58, 63.76 and 59.33 % for surface, middle and lower layers, 

respectively, by the treatment of  Fe NPs irradiated by 50 tp .   

 

4.4. Nickel: 

The surface layer: 

The total nickel (Ni) content present in the surface layer (0-15 cm) was 

found to be 101.8 ppm before treatment by nanoparticles. Moreover the 

treatment by Fe NPs un-irradiated and irradiated with (50, 75, 100 tp) 

decreased this amount to 59.5, 68.4, 76.2 and 88.7 ppm, respectively. 

Also, the treatment by (SiO2 / Fe NPs) decreased the untreated value to 

71.2 ppm as shown in Fig. (14). 

The middle layer: 

The total Ni content present in the middle layer (15-30 cm) was found to 

be 236 ppm before the treatment by nanoparticles. Moreover, the 

treatment by Fe NPs un-irradiated and irradiated with (50, 75 and 100 tp) 

decreased this amount to 220, 142, 122 and 141 ppm, respectively. Also, 

the treatment by (SiO2 / Fe NPs) decreased the untreated value to 128 

ppm as shown in Fig. (14). 
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Fig. (12): The total content of Cu in soil layers (0-15, 15-30 and 30-45 

cm) before and after treatment by nanoparticles. 

 

 

 

 

 

 

 

 

Fig. (13): The removal percent of Cu from different soil layers after 

treatment by Fe NPs and SiO2/Fe NPs. 
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The lower layer: 

The total Ni content present in the lower layer (30-45 cm) was found to 

be 211 ppm before treatment. After the treatment by Fe NPs un-irradiated 

and irradiated with (50, 75 and 100 tp), this amount decreased to 97, 193, 

155 and 138 ppm, respectively. Also, the treatment by (SiO2 / Fe NPs) 

decreased the untreated value to 155 ppm, as shown in Fig. (14). 

The effect of treatment on nickel concentration:  

According to the given here data, it is clearly seen that all size of Fe NPs 

and SiO2/Fe NPs could produce slight removal of Ni from soil first 

layers, then the removal efficiency increased in the lower layer by 82.61 

% in the case of un-irradiated Fe NPs. While, the highest removal 

percentage in the middle layer was 48.31 % in the case of Fe NPs 

irradiated by 100 tp. It is also indicated that the smallest size of Fe NPs 

(irradiated with 100tp) removed Ni from the middle and lower layers 

more than the surface layer, because the small size will move faster 

through the surface layer, where the % of Ni removal was 12.87, 40.25 

and 47.10 %, respectively. The removal % of Ni with the treatment by 

SiO2/Fe NPs was increased with soil depth by 30.06, 45.76 and 57.73 %, 

respectively, as shown in Fig. (15).  

 

5. The Reduction Adsorption Mechanism of Nanoparticles: 

The suggested mechanism for the soil remediation by Fe NPs involves 

concerted adsorption of metal ions on the surface of nanoparticles and 

oxidation-reduction reaction between the iron atoms and the adsorbed 

ions, as shown in Fig. (16). Each iron atom supplies the metal ion by two 

electrons and reduced it to the corresponding metal and the ferrous ion 

will produced, the formed metal adsorbed on the surface of Fe NPs as 

given in equations (2) and (3). Moreover, the adsorbed ions could have a 

stander reduction potential higher than the stander reduction potential of 

iron (-0.44 V, 298 k) Li and Zhang, 2006. Table (2) represents the 

stander reduction potentials of the target metal ions.  
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Fig. (14): The total content of Ni in soil layers (0-15, 15-30 and 30-45 

cm) before and after treatment by nanoparticles. 

 

 

 

 

 

 

 

Fig. (15): The removal percent of Ni from different soil layers after 

treatment by Fe NPs and SiO2/Fe NPs.
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Fig. (16): Mechanism of remediation of metal ions by Fe NPs. 

 

 

Table (2): The stander reduction potentials of the target metal ions.  

 

 

    

 

 

6. The Effect of Particle Size on Heavy Metals Removal: 

It was noticed that from the obtained results, iron nanoparticles (i.e. 20-

50 nm), have the ability to remove some heavy metals from soil layers, as 

well as iron deposit on the surface of silica nanoparticles. But on the 

other hand, the effect of particles size of iron nanoparticles showed a 

different removal effects. This observation might refer to the percent of 

organic matter, calcium carbonate and pH of the soil.  

CONCULSION 

The main conclusion of the present work can be summarized as follows: 

1. The maximum absorption of Fe NPs irradiated with 308 nm excimer 

laser pulses (50, 75 and 100 thousand pulses [tp]); found to be 

increased as the number of pulses increased, due to increasing of the 

number of particles and size reduction. The TEM photography gives 

good criteria about the size reduction process. 

2.  All sizes of Fe NPs and SiO2/Fe NPs proved to be a good technique 

for soil remediation in the case of Pb, Cd and Cu. 
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3. Removal efficiency of heavy metals was found to vary between soil 

layers (0-15 , 15-30 and 30-45 cm); by 84.62, 69.80 and 61.04%, for 

Pb, 98.05, 83.76 and 62.14% for Cd and 67.58, 63.76 and 59.33% for 

Cu, respectively, with treated 50 tp.  This found to be decrease as 

increase of clay and organic matter content. 

4. The removal process was observed to much less efficient in the case 

of Ni found in the soil layers (0-15 , 15-30 and 30-45 cm) were 32.81, 

39.83 and 8.53% respectively, with treated 50 tp.  
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 الممخص العربي

 تطبيقات تكنولوجيا الميزر وجسيمات النانو في علاج 
 ةبإزالة المعادن الثقيم التربة الزراعية

سليمان.د. أحمد الراعي إمام أ
1

العزيزد. مني عبد      
2

د. حلمي السيد حسه     
3

عصام عبد السلام     
4

    

% ٍِ اىغزاء اىعبىَٜ ٗمزا 55ٍِ   أمضش لإّزبط اىلاصً الأسبسٜاىَ٘سد اىطجٞعٜ  اىزشثخرعزجش 

 اىَي٘صخ. ٗقذ أدٛ اىشٛ ثبىَٞبٓ الأسعىيؾٞبح عيٜ  أسبسٜ. ٗىٖزا فٖٜ رعذ ٍطيت الأىٞبف إّزبط

صٝبدح مَٞخ اىَعبدُ  إىٜ اىؾششٝخَٞبئٞٔ ٗ اىَجٞذاد ٞىَخظجبد اىنىيَخيفبد ٗاسزخذاً ا ٗاىؾبٗٝخ

ث٘اسطخ اىْجبربد  ىلإّسبُ اّزقبىٖب إىٜ أدٛ  ىٞزغبٗص اىؾذٗد اىقظ٘ٙ اىَسَ٘ػ ثٖب. ٍَب اىضقٞيخ

 فٜ رشثٔ ٍي٘صٔ. اىَضسٗعخ
 

 عبٍعخ اىقبٕشح.  -ميٞخ اىضساعخ  –أسزبر اىْٖذسخ اىضساعٞخ  -1

 اىقبٕشح  ط. -ىَعٖذ اىقٍٜ٘ ىعيً٘ اىيٞضسا -اىيٞضس فٜ اىزنْ٘ى٘عٞب اىؾٞ٘ٝخ اىضساعٞخ أسزبر ٍسبعذ رطجٞقبد -2

 عبٍعخ اىقبٕشح -اىَعٖذ اىقٍٜ٘ ىعيً٘ اىيٞضس -أسزبر ٍسبعذ رطجٞقبد اىيٞضس فٜ اىْٖذسخ اىضساعٞخ  -3

 ٍعخ اىقبٕشح. عب -اىَعٖذ اىقٍٜ٘ ىعيً٘ اىيٞضس -رطجٞقبد اىيٞضس فٜ اىْٖذسخ اىضساعٞخ -ٍذسط ٍسبعذ -4
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 ىيزشٝٔ اىْجبرٞخ ٗاىزْقٞخ ٍضو اىغسٞو اىزشثخٍِ  اىضقٞيخاىَعبدُ  لإصاىخٗىزىل أعشٝذ رقْٞبد عذٓ 

عسَٞبد اىؾذٝذ اىْبّ٘ٝٔ ٗمزا رؾضٞش . ىزا فقذ مبُ اىٖذف ٍِ ٕزا اىجؾش اىنٖشثٞخ ٗاىؾشمخ

ٝقخ مَٞٞبئٞخ ٗرشعٞعٖب عيٚ سطؼ عسَٞبد اىسيٞنب اىْبّ٘ٝٔ ثطش اىَزشسجخعسَٞبد اىؾذٝذ اىْبّ٘ٝٔ 

 .اىزشثخٍِ  اىضقٞيخاىَعبدُ  لإصاىخٗرىل  اىْجضٜثيٞضس الأمسَٞش 

( ثغبٍعخ اىقبٕشح. رٌ عَع عْٞبد NILESىعيً٘ اىيٞضس) اىقٍٜ٘سخ فٜ اىَعٖذ إزٓ اىذس إعشاءرٌ 

اىششقٞخ( راد ٍؾز٘ٛ ري٘س عبىٜ ؽٞش  ٍؾبفظخ -أث٘ مجٞش -ٍِ رشثٔ صساعٞخ )قشٝخ خيف الله

 15-0اىسطؾٞخ ) اىطجقخ :ٍخزيقٔٗصساعٜ. رٌ أخز اىعْٞبد ٍِ طجقبد  طؾٜثَٞبٓ طشف رشٗٛ 

عْٞبد اىزشثخ  إعذادسٌ(. ٗقذ رٌ  45-30سٌ(، ٗاىطجقخ اىسفيٜ ) 30-15سٌ(، اىطجقخ اى٘سطٜ )

ٗقذ رٌ   قجو اىَعبىغخ ثزغفٞفٖب ٕ٘ائٞب ٗخيطٖب عٞذا صٌ ٗضعٖب فٜ أعَذح اىزشثخ طجقب ىعَقٖب. 

ٞض اىعْبطش اىضقٞيخ )اىشطبص، اىنبدًٍٞ٘، اىْؾبط ٗاىْٞنو( فٜ اىعْٞبد اىغٞش ٍعبىغخ رقذٝش رشم

 450ٍو عسَٞبد ّبّ٘ٝخ ٍخي٘طخ ٍع 50 ٗمزىل ثعذ رشجع أعَذح اىزشثخ ثبىغسَٞبد اىْبّ٘ٝخ ) 

ىزقذٝش سشٝع ٗدقٞق ىيعْبطش      (AASاىزسٛ ) الاٍزظبصرٌ اسزخذاً رقْٞخ  .ٍقطشح( ٍٓو ٍٞب

ثٖٞئخ  ىَزؾظو عيٖٞب فٜ اىَعَو اىَشمضٛ ىزؾيٞو اىعْبطش ٗاىْظبئشرٌ رأمٞذ اىْزبئظ ا مَٞبً. مَب

 .اىطبقخ اىزسٝخ

 َٗٝنِ ريخٞض اىْزبئظ اىَزؾظو عيٖٞب فٜ ٕزٓ اىذساسخ مَبٝيٜ:

ّبٍّ٘ٞزش ى٘ؽظ  303 اىْجضٜعْذ رشعٞع عسَٞبد اىؾذٝذ اىْبّ٘ٝٔ ث٘اسطخ أمسَٞش اىيٞضس  .1

أىف  100 -55 -50فٜ عذد اىْجضبد ) ىيضٝبدحرجعب  فٜ الاٍزظبص صٝبدحأُ ْٕبك 

رٌ  اىزٜاىظ٘س   إىّٜجضٔ( ٗرىل ثسجت صٝبدح عذد اىغسَٞبد ٗ طغش ؽغَٖب، ٗثبىْظش 

 رظف عَيٞخ رظغٞش اىؾغٌ. أّٖبرجِٞ  الاىنزشّٜٗاىؾظ٘ه عيٖٞب ٍِ اىَٞنشٗسن٘ة 

عيٚ سطؼ  اىَزشسجخعسَٞبد  اىؾذٝذ اىْبّ٘ٝٔ ٗ مزىل عسَٞبد اىؾذٝذ اىْبّ٘ٝٔ  أؽغبًمو  .2

عسَٞبد اىسيٞنب اىْبّ٘ٝٔ رعزجش رقْٞٔ عٞذٓ فٚ رْقٞخ اىزشثٔ ٍِ اىشطبص ٗ اىنبدًٍٞ٘ ٗ 

 اىْؾبط.

 ٗمبّذ ىيشطبص ضلاصخاى اىزشثخرخزيف ثِٞ طجقبد  اىضقٞيخٗعذ أُ مفبءح إصاىخ اىَعبدُ  .3

% ٗىيْؾبط 62414  ،  33456  ، 53405% ٗىينبدًٍٞ٘   ،61404 65430  ، 34462

ثبسزخذاً عسَٞبد اىؾذٝذ  ثبىَعبىغخعيٜ اىزشرٞت ٗرىل    55433  ، 63456  ، 65453

 ّجضخ ىٞضس. أىف 50اىْبّ٘ٝٔ اىَشعع ثـ 

 % 3453 ،  35433 ، 31,32مبّذٗ  اىْٞنو خؽبى فٜأقو  مفبءحى٘ؽظ أُ الإصاىخ راد  .4

 .اىضلاصخ اىزشثخىطجقبد 

 


