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Studies Related to the Role of Colloids on the Transport of Some 

Radio contaminants in Ground water 

Abstract 

The safety of a radioactive waste repository is related to its 

capacity to confine radioactivity and isolate it from biosphere. The most 

likely process that can lead to the release of radionuclides from a 

repository to the geosphere is transport by groundwater. The transport 

and distribution of radionuclides in groundwater or through geologic 

media depend on the radioactive source, the physicochemical forms of 

radionuclides and interactions of radionuclides with other components 

present in the groundwater. Colloids naturally exist in groundwater 

aquifers and can significantly impact contaminant migration rate. The 

presence of colloids affects contaminant transport in aquifers either by 

facilitation or retardation. The effect of the presence of colloid (Al2O3) on 

the sorption characteristics of Co
2+
 and Cs

+
, as two of the most important 

radionuclides commonly encountered in the Egyptian waste streams, onto 

yellow sand and clay taken from Inshas site was studied. Based on the 

obtained results, the maximum sorption capacity of Cs
+
 and Co

2+
 in 

presence of colloid was higher than sorption in absence of colloid but the 

sorption capacity of clay was found to be greater than that of yellow sand 

for both ions in absence and presence of colloid. Sorption capacity (q) 

increased by increasing initial metal ion concentration. The increasing 

temperature from 25 to 65 
0
C leads to slight decrease in the sorption of Cs 

ions while lead to increase in sorption of Co ions. The kinetic data could 

be successfully interpreted by simplified second order kinetic expression. 

The rate constants and the theoretical equilibrium Sorption capacities 

were calculated for studied cases. It was demonstrated from column 

experiments that colloid presence influences radionuclids transport 

through fixed bed yellow sand column. Al2O3 and Fe2O3 colloids reduce 

the migration of Cs
+
 and Co

2+
 ions in all studied cases. From the results 

of desorption experiments it can be concluded that acid leaching process 

(by HCl) could possibly be applied to a remediation of soils contaminated 

with radionuclides such as 
137
Cs and 

60
Co. 
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             The major focus of this study is the role of the inorganic colloids 

to retarded or enhanced the transport of radionucliedes by the 

groundwater and may reach the biosphere. Transport of suspended 

colloidal particles in granular porous media of fundamental importance in 

a variety of applied fields, including water and wastewater treatment, 

industrial separation processes, and contaminant transport in natural 

subsurface environments. 
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Introduction 

1- Introduction 

1.1. General 

Water dissolves nutrients and distributes them to cell, 

regulates body temperature, supports structures, and removes 

waste products. Water cycles endlessly through the     

environment. Water evaporates from moist surfaces, falls as 

rain or snow, passes through living organisms, and returns to 

the ocean in a process known as the hydrologic cycle. Solar 

energy drives the hydrologic cycle by evaporating surface 

water, which became rain and snow [1].  

Despite the water supply from the Nile, groundwater 

plays an important role as additional resource for water. 

There are some territories in Egypt where people depend 

completely on ground water as the only source of water for 

agriculture and domestic use. 

Contaminated groundwater is a significant problem 

for the environment. Halogenated hydrocarbons, mineral 

oils, aromatic    hydrocarbons, and radioactive contaminants 

such as cesium and cobalt and a lot more can pollute 

groundwater. Groundwater contamination is the degradation 

of natural water quality as a result of human activities, and 
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Introduction 

pollution occurs when contaminant concentration levels 

restrict the potential use of groundwater. 

1.2. Groundwater  

Groundwater (GW) is one of our most important 

freshwater resources. Originating as precipitation that 

percolates into layers of soil and rock, groundwater makes 

up the largest compartment of liquid, fresh water. The 

groundwater within 1 Km of the surface is more than 100 

times the volume of all the freshwater lakes, rivers, and 

reservoirs combined. 

Geologic layers that contain water are known as 

(aquifers). Aquifers may consist of porous layers of sand or 

gravel, or of cracked or porous rock. Below an aquifer, 

relatively impermeable layers of rock or clay keep water 

from seeping out at the bottom. Instead water seep more or 

less horizontally through the porous layer. Depending on 

geology, it can take any where from a few hours to several 

years for water to move a few hundred meters through an 

aquifer. If impermeable layers lie above an aquifer, pressure 

can develop within the water-bearing layer. Areas where 

surface water filters into an aquifer are (recharge zones). 
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Most aquifers recharge extremely slowly and road and house 

construction or water use at the surface can slow recharge 

rates. Contaminants can also enter aquifers through recharge 

zones [1]. 

Plants get moisture from a relatively shallow layer of 

soil containing both air and water, known as the (zone of 

aeration). Depending on rainfall amount, soil type, and 

surface topography, the zone of aeration may be a few 

centimeters or many meters deep. Lower soil layers, where 

all soil pores are filled with water, make up the (saturated 

zone). Upper layer of the saturated zone if not confined by 

impermeable material, is called the (water table). The porous 

material just above the water table may contain water by 

capillarity in the smaller void spaces. The water table or 

artesian pressure surface slopes from areas of recharge to 

areas of discharge. The pressure differences cause the flow 

of groundwater within the aquifer [2]. 

  1.2.1. Source of groundwater 

    The main source of groundwater in Inshas area and 

its surroundings is the seepage from the Ismailia canal. 

Rainfall on the southern portion of the area feed the water 

bearing formation in the area and collect rainwater in some 
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seasons. The groundwater represented into two main 

aquifers: 1- The quaternary water bearing formation. It is 

composed mainly of loose sand, rounded to sub rounded. 

The thickness of this aquifer varies from 7 m to 46 m. 2- The 

Miocene water bearing formation. It is composed of dark 

gray silt. The sand fraction increases with depth [3]. 

1.2.2. Direction of groundwater flow 

              The general groundwater flow is due to the eastward 

direction to the northeast direction. The absolute level of 

GW is usually 12.5 to 13.0 m above sea level, which 

coincides with the level of the surface water at Inshas. The 

GW at Inshas site is connected with the Nile water. The 

water table contour map (Fig. 1) shows that, the water 

direction flow is towards the west and northwest i.e., 

Ismailia canal[4]. 

             The groundwater is directly connected with Ismailia 

canal by three aquifers: 1-The aquifer near Abu – zabal 

forms an independent reservoir fed from the south – east and 

discharging into Ismailia canal. Groundwater levels in this 

aquifer are about 2 meters higher than water levels in the 

canal.  2-The groundwater aquifer in the area along most of 
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Ismailia canal is believed to derive most of its fresh water by 

seepage from the canal. 3-The groundwater aquifer in the 

area of the southern portion of El tall El -Keber, El-Salhya 

plain in which seepage from Ismailia canal acts as a source 

of constant recharge for this aquifer. 

1.2.3. Hydro chemical of Inshas site 

           Hydro chemical of Inshas site was studied. Six 

groundwater samples were collected from both the 

Quaternary (4 samples) and the Miocene (2 samples) 

aquifers in the site area and its surroundings. The results of 

the chemical analysis of their samples are shown in Table 

(1). A water sample was collected from Ismailia Canal 

representing the surface water in the area.  It is clear from 

the study that the concentration of both Na
+
 and Cl

 -
 are high. 
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Table (1): Investigated Chemical Composition of the Wells in                        

Inshas site [5[. 

 

*Reference sample   

 

1.3. Water Pollution 

         Any physical, biological, or chemical changes in water 

quality that adversely affects living organisms or makes 

water unsuitable for desired uses can be considered 

pollution. There are natural sources of water contaminant, 

such as poison springs, oil seeps, and sedimentation from 

corrosion [1]. The different schemes describing   

environmental pollution depend, to a large extent, on the 

quality and quantities of released pollutants from various 
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human activities in the different environmental 

compartments as shown in Table (2). 
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1.3.1. Point and nonpoint source pollution 

  The source of water pollution due to different human 

activities can divided into two types: Point sources and 

nonpoint sources [6]. Pollution control standards and 

regulations usually distinguish between point and nonpoint 

pollution sources. Factories, power plants, sewage treatment 

plants, underground coal mines and oil wells are classified as 

(point sources) because they discharge pollution from 

specified locations, such as drain pipes, ditches, or sewer 

outfalls. These sources are discrete and identifiable, so they 

are relatively easy to monitor and regulate. It is generally 

possible to divert effluent from the waste streams of these 

sources and treat it before it enters the environment.  

In contrast, (nonpoint sources) of water pollution are 

scattered or diffuse, having no specific location where they 

discharge into a particular body of water. They are much 

harder to monitor and regulate than point sources because 

their sources are hard to identify. Nonpoint sources include 

runoff from fields and feedlots, lawns and gardens, 

construction sites, logging area, roads, streets, and parking 

lets. Perhaps the ultimate in diffuse, nonpoint pollution is 

atmospheric deposition of contaminants carried by air 
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currents and precipitated into watersheds or directly onto 

surface water as rain, snow, or dry particles [1].  

It is important to appreciate that all natural waters 

contain a variety of contaminants arising from erosion, 

leaching and weathering processes. To this natural 

contamination is added that arising from domestic and 

industrial waste water which may be disposed off in various 

ways, e.g. into the sea, into land, into underground strata or, 

most commonly, into surface water [7].  

1.3.2. Ground water pollution 

  About half the people in the United States including 

95 percent of those in rural areas depend on underground 

aquifers for their drinking water. Industrial, agricultural and 

domestic contaminants threaten this vital source. The most 

toxic contaminants come from waste disposal sites. The 

greatest volume and area of contamination come from 

agricultural chemicals and wastes. Because deep 

underground aquifers often have residence times of 

thousands of years, many contaminants are extremely stable 

underground. In farm country, fertilizers and pesticides 

commonly contaminate aquifers and wells. Nitrates from 
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fertilizers often exceed safety standards in rural drinking 

water. These high nitrate levels are dangerous to infants 

(nitrates combine with hemoglobin in the blood and result in 

"blue-baby" syndrome) [1]. 

1.3.3. Contaminant transport in porous media 

  Major pathways and mechanisms for transport of 

contaminants may differ in the vadose and saturated zone, 

due to different conditions. In general, the vadose zone is 

characterized by the presence of oxygen, the presence of a 

gas-water interface, and the presence of relatively high 

concentration of particulate organic matter and of relatively 

high microbial activity. Chemical conditions vary 

significantly with time and place, due to dilution with 

rainwater or concentration due to evaporation and due to 

large horizontal and vertical variations in the composition of 

the solid phase. Transport of contaminants in the vadose 

zone will be mainly vertical. The saturated zone on the other 

hand is in general characterized by much lower organic 

matter contents, much lower oxygen content and a lower 

sorption capacity of the solid phase. In comparison with the 

vadose zone, chemical conditions will be less variable in 
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time and space because in general, the influence of dilution 

and evaporation will be negligible and the composition of 

the solid phase in horizontal and vertical direction will be 

less variable. Transport of contaminants in the saturated 

zone will be mainly horizontal. The mobility of 

contaminants in saturated subsurface zone is dependent on 

their distribution between the immobile solid phase and the 

mobile aqueous phase. Many contaminants readily sorb to 

immobile aquifer media and therefore considered to be 

virtually immobile in the subsurface thus presenting little 

danger to groundwater supplies. Many metals and 

radionuclides bind strongly to mineral components 

particulate organic matter of the solid phase, while many 

non-polar organic contaminants have a high for binding to 

particulate organic matter [8]. 

1.4. Waste 

        Waste is everyone’s business. We all produce unwanted 

by products and residues in nearly everything we do. 

1.4.1. Hazardous and toxic waste 

  Hazardous Waste is any discarded material, liquid or 

solid, that contains substances known to be (1) fatal to 
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humans or laboratory animals in low dose, (2) toxic, 

carcinogenic, mutagenic to human or other life-forms, (3) 

ignitable with a flash point less than 60 
0
C, (4) corrosive, or 

(5) explosive or highly reactive [1]. The most dangerous 

aspect of the waste stream we have described is that it often 

contains highly toxic and hazardous materials that are 

injurious to both human health and environmental quality. 

We now produce and use a vast array of flammable, 

explosive, caustic, acidic, and highly toxic chemical 

substances for industrial, agricultural, and domestic 

purposes. According to the Environmental Protection 

Agency (EPA), United States industries generate about 26.5 

million metric tons of officially classified hazardous wastes 

each year. 

1.4.2. Radioactive waste 

            Radioactive Waste is any waste material; gas, liquid 

or solid, whose radioactivity exceeds certain limits. From the 

global point of view, pollution of the earth, air, water and 

soil is the threat to all life. During the last century man used 

the nuclear energy resources and created through nuclear 

explosions hazardous radioactive isotopes that were injected 

into air, water and soil. 
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    The total radioactive wastes in the environment are 

produced during the operational and decommissioning 

phases of facilities associated with the following activities 

[9]. 

• Radioisotopes production activities including the 

application in research, medicine, industry, and 

education. 

• Nuclear fuel cycle activities that include operation of 

nuclear reactors and other facilities within the nuclear 

fuel cycle. 

• Naturally Occurring Radioactive Materials (NORM) 

and Technically Enhanced (TE-NORM) that    

accompany the human activities associated natural 

resource exploitation, and this includes the mining and 

processing of ores, the combustion of fossil fuels, or 

the production of natural gas and oil [9].  

       Radioactive Waste generally consists of mixture of 

discarded materials or components arising from the 

production or use of radioactive material. These Wastes 

contain materials that emit ionizing radiation, which has 

been a potential hazard to human health since the beginning 

of the 20th Century.  
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         The nuclear radiations in nuclear facilities are neutron, 

gamma ray, beta particles and alpha particles. The 

adsorption of neutrons and gamma rays is a difficult matter 

because of their considerable penetrating power. 

          The most important pathway by which radionuclides 

from a repository can contaminate the biosphere is the 

transport or migration of radionuclides via the ground water. 

The treatment of radioactive waste is therefore essential for 

the protection of human health and the environment, in the 

present and future [10]. 

1.4.3. Types of radioactive waste 

  The types of the generated radioactive waste can be 

divided into: liquid, solid and gaseous wastes. Aqueous 

liquid radioactive waste is generated during research reactor 

operations and in other operations involving the application 

of radioisotopes (e.g. medicine, research and education). The 

type of liquid waste produced depends upon the particular 

operation being conducted and can vary extensively in both 

chemical and radio nuclides content [11]. Most operations, 

particularly the larger ones, also produce a variety of 

radioactive liquid wastes from locations such as: showers, 
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laundries and analytical laboratories, and from 

decontamination services. The specific activity of the waste 

generated depends upon which radioactive materials are 

used. Radioactive organic liquid waste from medical, 

industrial and research centers form a relatively small 

volume compared with other radioactive wastes. Typically, 

this waste includes oils, solvents, scintillation fluids and 

miscellaneous biological fluids. Radioactive oil waste 

consists of lubricating oils, hydraulic fluids and vacuum 

pump oils. This type of waste generally contains only 

relatively small quantities of beta/gamma emitting 

radionuclides, but may also contain trace quantities of alpha 

emitting radionuclides, depending on its origin. This waste 

generally arises from activities in nuclear research centers, 

tritium contaminated oils may also arise from various 

medical and industrial applications. 

Solid waste can be segregated into two main groups: 

compactable-combustible solid waste and non-compactable, 

non-combustible solid waste [12]. The largest volume of 

solid waste is general rubbish, which includes protective 

clothing, plastic sheets and bags, rubber gloves, mats, shoe 

covers, paper wipes, rags, towels, metal and glass. The 
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typical distribution of solid waste generated in research 

centers is: 

• 70% compressible or combustible material, such as 

plastic fragments, paper and cloth, small metallic or 

glass objects, and miscellaneous (animal carcasses, 

wood, etc); 

• 20% hard materials, such as metal components, 

coating or lining fragments and items whose size 

normally calls for fragments; 

• 10% debris resulting from plant conversion and 

operational incidents (concrete, soil, etc). 

     Nuclear power reactors are the main sources of 

radioactive gaseous wastes, gases quantities depend largely 

on the type of reactor. The range of activity is restricted and 

methods of treatment are few, but there still exist some 

differences in activity levels and composition of gaseous 

effluents [13]. 

1.4.4. Waste classification 

            Various classification systems can be used to 

categorize radioactive waste. Classification can be based on 

specific activities, dose-rate or radio toxicities. Other 
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classification criteria might be of waste, physicochemical 

nature or types of radiation and half-lives of the 

radionuclides. Each of these classifications may have its 

advantages and disadvantages depending on the purposes of 

the classification [14, 15]. 

   The International Atomic Energy Authority (IAEA) 

has suggested a classification system based upon specific 

activity. The specific activities defining high, intermediate 

and low-levels are often different in various countries and 

are even different in various establishments of the same 

country [12].  

1.4.4.1. Low and intermediate level waste (LILW) 

   Low–level waste has been defined to mean 

radioactive waste that does not require shielding during 

normal handling and transportation. Intermediate level waste 

was classified as radioactive waste, which required shielding 

but needed little or no provision for heat dissipation. 

   IAEA recommended a contact dose rate of 2.0 m 

Sv/h to distinguish between the two classes: Although low 

and intermediate level-short lived waste may contain high 

concentrations of short lived radio nuclides, significant 
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radioactive decay will occur during the period of 

institutional control and their possible hazard can often be 

significantly. The 4000 Bq/g long lived alpha emitter 

concentration is generally used to redistrict the long-lived 

radionuclide concentrations in these wastes [16]. 

1.4.4.2. High level waste (HLW) 

    This waste contains large concentration both of 

short and long-lived radionuclides, typical activity levels are 

in the range of 5×10
4
 to 5×10

5
 TBq /m

3
. Wastes of higher 

activity are generated by the reprocessing plants (ILW and 

HLW). In reprocessing, spent fuel is dissolved in acid; 

plutonium and uranium are separated for reuse. This 

generates acidic high-salt wastes that contain 
137

Cs, 
90

sr and 

traces uranium elements. 
241

Am and traces of 
239

Pu, as well 

as anionic nuclides 
99

Te and 
106

Ru the many purification and 

washing cycles also produce large volumes of ILW and 

LLW of lower salt concentration and higher pH. Through the 

recent years, a large number of liquid-liquid extraction 

processes have been proposed for metal waste recovery and 

recycling [17].  
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1.5. Some Aspects on Adsorption Phenomena 

An adsorption phenomenon is the concentrating of 

substance at the interface between phases (solid-liquid, 

solid-gas, liquid-liquid or liquid-gas). The substance on its 

surface adsorption occurs is known as adsorbent where the 

substance, which adsorbed from the bulk phase, is called 

adsorbate. The interactions between molecules of adsorbate 

and adsorbent may have different natures, and according to 

the types of bonding involved in these interactions, the 

adsorption process can be divided into three main types: 

Physical, Chemical and electrostatic adsorption [18]. 

1.5.1. Types of adsorption 

1.5.1.1. Physical adsorption 

     In this type of adsorption the adsorbate molecules 

associate to the adsorbent by van der Waals forces. In 

addition, Adamson [19] mentioned that there are many 

forces that can exist in physical adsorption of colloidal 

particles. Physical adsorption is non specific in nature, this 

means, it does not depend on the chemical nature of 

adsorbent and adsorbate molecules. In this type of 

adsorption the adsorbate molecules penetrate into the bulk of 



 

 21 

 

Introduction 

adsorbent in several consecutive layers. Chemically, 

physical adsorption is a reversible process, which occurs at 

room temperature. 

1.5.1.2. Chemical adsorption 

               Adsorption, in chemistry, is a physical or chemical 

phenomenon or a process in which atoms, molecules, or ions 

enter some bulk phase –gas, liquid or solid material. This is 

a different process from adsorption, since the molecules are 

taken up by the volume, not by surface. A more general term 

is sorption, which covers adsorption, absorption, and ion 

exchange. Absorption is basically where something takes in 

another substance. 

             If absorption is a physical process not accompanied 

by any other physical or chemical process, it usually follows 

the Nernst partition law (the ratio of concentrations of some 

solute species in two bulk phases in contact is constant for a 

given solute and bulk phases) and are shown in Eq. (1):
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 The value of kN depends on temperature and is called 

partition coefficient, [x1] are the concentration of the species 

on the solid phase and [x2] are the concentration of the 

species in the solution. In many technologically important 

processes, the chemical absorption is used in place of 

physical process, e.g. Absorption of carbon dioxide by 

sodium hydroxide such processes does not follow Nernst 

partition law [20].  

  Chemical bonds, mainly of covalent type between 

adsorbate molecules and adsorbent surface are formed. 

Hence; this type is a specific one depending on the chemical 

nature of both phases. Energies associated with 

chemisorptions are usually larger than those associated with 

physical adsorption. Chemisorptions are an irreversible 

process and the adsorbent surface is generally saturated with 

a monolayer of adsorbate molecules. 

1.5.1.3. Electrostatic adsorption 

    Electrostatic adsorption has a high popularity as a 

common type of adsorption from solution. It depends on the 

electrostatic attractions forces between the electrically 

charged surface of the adsorbent and the oppositely charged 
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particles of the adsorbate. Electrostatic adsorption of ions 

could be considered as anion exchange adsorption. Ross and 

Olivier [21] mentioned that there are no border distinction 

between exchange adsorption and physical adsorption. 

Three distinct steps must be taken into account in 

order to explain the mechanism of adsorption:  

• The adsorbate molecule must be passed from the bulk 

phase of the solution to the surface of the adsorbent 

particle. In doing so, it must pass through a film of 

solvent that surrounds the adsorbent particle. This 

process is referred to as film diffusion. 

• The adsorbate molecule must be transferred to an 

adsorption site on the inside of the pore and this 

process is known as pore diffusion. 

• The particle must become attached to the surface of 

the solute [22]. 

1.5.2. Main factors affecting adsorption 

           To understand the factors that influence the sorption 

characteristics of the radionuclides, several sorption 

processes of various radionucldes on natural soils and clay 

minerals have been studied [23-31]. There are many factors 
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that can affect on the rate at which adsorption reactions 

occur and the extent to which a particular material can be 

adsorbed [32] such as, type of the adsorbent, nature of 

adsorbate, contact time, pH value and temperature. 

1.5.2.1. Type of the adsorbent 

              Adsorbents are usually in the form of spherical 

pellets, roods, monoliths with hydrodynamic diameter 

between 0.5 to10 mm. They much have abrasion resistance, 

high thermal stability and small micro pore diameter, which 

results in higher exposed surface area and hence high 

capacity of adsorption, some examples of adsorbents [33].  

1.5.2.1.1. Silica Gel 

       Silica gel is a chemically inert non-toxic polar and 

dimensionally stable (400 
0
C), it is amorphous form of SiO2.  

It prepared by the reaction between sodium silicate and 

sulphuric acid, which is followed by a series of after-

treatment process such as aging, picking. Silica gel used for 

drying process air (e.g. oxygen,  natural gas) and adsorption 

of higher (polar) hydrocarbons from natural gas. 
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1.5.2.1.2. Aluminum Oxide (AL2O3) 

       It may be prepared in the laboratory by heating 

powdered aluminum in air by heating hydroxide. It is white 

solid, insoluble in water and has a very high melting point. 

Alumina exists in several different crystalline forms. These 

forms have different capacities for adsorbing other 

substances on the surface, from solution. 

1.5.2.1.3. Ferric Oxide (Fe2O3) 

       It is basic in chemical properties, giving ferric 

salts when react with acids. It is higher oxygen content, so 

that it is weaker base. 

 

1.5.2.1.4. Kaolin and clay 

       They are chemically similar (they contain 

aluminum, silicon, oxygen and water) but with many 

different kinds of structures. When water is added to clay it 

enters between the layers and the clay swells and acquires 

plasticity, when clay ignition or firing they lose plasticity, 
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permanently and becomes fixed shape. Kaolin is rather less 

plastic than clay, but can be molded and then fired to give 

porcelain or china. 

1.5.2.1.5. Activated Carbon 

       In order to use an activated carbon as an 

adsorbent source, particle size, surface area, specific 

functional groups ...etc are important properties. The specific 

surface area is known as that portion of the total surface area 

available for adsorption. The surface area of adsorbents 

increases considerably with the decrease in the particle size. 

So the adsorption rate generally increases as the specific area 

of adsorbent increases and adsorbent particle size decreases 

[32].  

1.5.3. Adsorption equilibrium and adsorption isotherms 

           Positive adsorption in solid-liquid system results in 

the removed of solutes from solution and their concentration 

at the surface of the solid, at that time, the concentrations of 

the solute remaining in solution in a dynamic equilibrium 

with that at the surface. At this position of equilibrium, there 

is a defined distribution of solute between the liquid and 

solid phases. The distribution ratio is a measure of the 
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position of equilibrium in the adsorption process. The 

adsorption isotherm is a functional expression for the 

variation of adsorption with concentration of adsorbate in 

bulk solution at constant temperature. Several mathematical 

relation-ships have been developed to describe the 

equilibrium distribution between the solid and liquid phases. 

1.5.3.1. Langmuir adsorption isotherm 

              The Langmuir isotherm is probably the most 

known of all the isotherm equations. This is partly because 

of the simplicity of the mathematical equation itself and of 

the physical picture behind it, and partly because many 

experimental isotherms fulfill the theory reasonably well. 

For these and others reasons the Langmuir equation 

regarded as the parent of a large family of many laborite 

treatments. This isotherm works out under the following 

assumptions: [34] (i) Each solid surface contains a fixed 

number of adsorptions sites and each can hold only one 

molecule of the adsorbate, (ii) the molecules or atoms on 

different sites do not interact with each other, (iii) the heat of 

adsorption is the same for all the sites and is independent on 

the fraction of the adsorbent surface covered, (iv) there is an 

existence of a dynamic equilibrium between molecules 
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involved in the adsorption and desorption process. The 

Langmuir adsorption is expressed as: 

                                                                          

                                                                                 (3)                                                                       

                                                                            

Where: qe is the quantity of substance adsorbed per unit 

weight at equilibrium.  Ce = equilibrium concentration of the 

solute.  Q
0
 = amount of the solute adsorbed per unit weight 

of adsorbent required for monolayer of the surface, also 

called monolayer capacity and  b is a constant related to the 

free energy of adsorption ( b α e 
-∆G/RT

 ). For very small 

amount of adsorption, that is, when b Ce<<<1, the specific 

adsorption is proportional to the final concentration of 

adsorbate in solution.  

1.5.3.2. Freundlich isotherm 

   Freundlich [35] formulated an empirical equation 

describing the variation of the concentration of substance per 

unit mass of adsorbent, at constant temperature and this 

equation is a special case for heterogeneous surface energies 

in which the energy term, b, in the Langmuir equation 

varies as a function of qe, strictly due to the variation in heat 
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of adsorption. The Frerundlich equation has the general 

form, 

                                                                           (4)           

   Where: qe is the quantity of substance adsorbed per unit 

weight of adsorbent at equilibrium. Ce is the equilibrium 

concentration of substance in the sample. KF, n are constants 

which depend on the nature of the adsorbate, adsorbent and 

temperature, and n >1. 

1.6. Some aspects on studied elements:      

   1.6.1. Chemistry and applications of cesium      

     A radioactive isotope is one that breaks apart and 

gives off some form of radiation. Radioactive isotopes are 

produced when very small particles are fired at atoms. These 

particles stick in the atoms and make them radioactive. Only 

one naturally occurring isotope of cesium is known, cesium-

133, a number of artificial radioactive isotopes of Cs are 

known also.  

  One radioactive isotope of cesium is of special 

importance, cesium-137. It is produced in nuclear fission 

reactions. Nuclear fission is the process in which large atoms 

1/n

e F eq K C=
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break apart. Large amounts of energy and smaller atoms are 

produced during fission. The smaller atoms are called fission 

products; Cesium-137 is a very common fission product, 

nuclear fission is used in nuclear power plants. The heat 

produced by nuclear fission can be converted into electricity. 

While this process is going on, cesium-137 is being 

produced as a by-product. That cesium-137 can be collected 

and used for a number of applications. 

   As an example, cesium-137 can be used to monitor 

the flow of oil in a pipeline. In many cases, more than one 

oil company may use the same pipeline. How does a 

receiving station know whose oil is coming through the 

pipeline? One way to solve that problem is to add a little 

cesium-137 when a new batch of oil is being sent. Cesium-

137 gives off radiation, that radiation can be detected easily 

by holding a detector at the end of the pipeline. When the 

detector shows the presence of radiation, a new batch of oil 

has arrived [36].  

The source form generally used for cesium-137 is 

cesium chloride. This salt is very soluble in water and if a 

leak develops at the stainless steel capsule, a very serious 
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contamination can occur. The half life time of cesium-137 is 

30 years [37]. This isotope of cesium can also be used to 

treat some kinds of cancer. One procedure is to fill a hollow 

steel needle with cesium-137, the needle can then be 

implanted into a person's body and cesium-137 gives off 

radiation inside the body. That radiation kills cancer cells 

and may help cure the disease. 

 Cesium-137 is often used in scientific research. For 

example, cesium tends to stick to particles of sand and 

gravel. This fact can be used to measure the speed of erosion 

in an area. Cesium-137 is injected into the ground at some 

point. Some time later, a detector is used to see how far the 

isotope has moved. The distance moved tells a scientist how 

fast soil is being carried away. In other words, it tells how 

fast erosion is taking place. 

 Cesium-137 has also been approved for the 

irradiation of certain foods. The radiation given off by the 

isotope kills bacteria and other organisms that cause disease. 

Foods irradiated by this method last longer before beginning 

to spoil. Wheat, flour, and potatoes are some of the foods 

that can be preserved by cesium-137 irradiation. The 
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radionuclide cesium its greater yield in nuclear fission 

processes and relatively longer half life is among the most 

hazardous radio nuclides in nuclear waste effluents [38]. 

1.6.2. Chemistry of cobalt 

 Cobalt in small amounts is essential to many living 

organisms, including humans. Having 0.13 to 0.30 mg/kg of 

cobalt in soils markedly improves the health of grazing 

animals. Cobalt is a central component of the vitamin 

cobalamin, or vitamin B-12. Naturally occurring cobalt is 

composed of one stable isotope, (
59

Co). 22 radioisotopes 

have been characterized with the most stable being (
60

Co) 

with a half-life of 5.27 years, (
57

Co) with a half-life of 

271.79 days, (
56

Co) with a half-life of 77.27 days, and (
58

Co) 

with a half-life of 70.86 days. All of the remaining 

radioactive isotopes have half-lives that are less than 18 

hours and the majority of these have half-lives that are less 

than one second.  

Radioactive 
60

Co is an important gamma ray source 

and is used extensively as a tracer and radio therapeutic 

agent [38]. It is also one of the most important activation 
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products in nuclear reactors that is potentially hazardous to 

biosphere and can be present in wastewater effluents [39]. 

1.7. Colloids 

1.7.1. Definition of colloids: 

          Colloids represent the state of matter between 

dissolved material on the order of angstroms and particles 

above several microns that settle of solutions to gravitational 

forces. Colloids are particle with diameters ranging from 1 to 

1000 nm dispersed in liquid medium [40], colloids divided 

into two classes: 

• Lyophilic (solvent loving) can be dispersed by adding 

a suitable solvent to the dry colloid, which will first 

swell as it takes up the liquid and will finally form a 

homogeneous colloidal solution. 

• Liophobic (solvent-hating) can be only dispersed by 

vigorous mechanical agitation or by external source of 

energy [41].  

1.7.2. Nature of colloidal state  

The system will be colloidal if the particles are 

sufficiently small and that usually means less than about 
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1µm in at least one important dimension. There are some 

important natural and synthetic system in which solid or 

liquid particles are dispersed in a gas (these are called 

aerosols) and a few in which the continuous phase is solid 

(as in some mineral ores and alloys) but there are many more 

important system in which the dispersion (continuous) phase 

is a liquid, and it is on these latter system that we will 

concentrate attention, except for a few special situations. 

When one substance dissolves in another to form a 

true solution the ultimate particles of solute are molecular 

dimensions. The diameter of the solute molecules is in these 

cases at most a few nanometers and more usually a few 

hundred micrometers, which is comparable with the size of 

the solvent molecules. In colloidal systems, by contrast, the 

particles which correspond to the solute are very much larger 

than those of the solvent or continuous phase. Such system 

may arise in the following ways: 

• The size of a solute molecule may be very much 

larger than the size of the solvent molecules. This is 

the case, for example, with solutions of proteins or 
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polysaccharides (like starch) in water. Indeed the 

name “colloid” means gum-like. 

• A large number of solute molecules may associate 

together to form an aggregate which is much larger 

than the individual solvent molecules. 

• A substance which is quite insoluble in a particular 

solvent may be broken down into very small particles 

which can then be dispersed through out the solvent. 

The upper limit is set by the fact that almost all of the 

special features of colloidal systems may be traced to their 

having a very large surfaces area in contact with the 

dispersion medium [41]. 

  Most colloidal particles are electrically charged, as 

can be readily demonstrated by watching their motion in an 

electric field. The origin of the charge does not, however, 

always lie in the defect structure of their crystals. The 

surface of the solid develops an electrical charge from: 

Chemical reactions at the surface, Lattice imperfections at 

the solid surface, and adsorption of a hydrophobic species or 

surfactant ion.  

  Most metal oxides, which are an important class of 

colloids, have a surface layer of the metal hydroxide which 
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is amphoteric in nature. The most of hydrous oxides have 

function both a cation and anion exchangers depending on 

the pH of solution and under certain conditions [42]. 

Hydrous oxides are mostly amphoteric and their dissociation 

can be represented as follows:        

           In Eq. (5-a), the substance can function as an anion- 

exchanger and is favored by conditions. In Eq. (5-b), the 

substance can function as cation- exchanger and is favored 

by alkaline conditions [43].                                                                                                                         

   1.7.3. Colloids in the subsurface environment                                        

                   The presence and characterization of colloids in 

subsurface environment and their role in the transport of 

contaminants has been ever increasing body of literature 

during the last decades the scientific community has 

accepted the existence of colloids in ground water under 

specific geochemical condition [44]. 

   Contaminants or trace element are though to exist in 

GW as a dissolved phase (solute) or partitioned onto the 
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aquifer matrix in GW, contaminants are partitioned onto the 

colloid surface. Colloids are a mobile phase, which is 

entrained in groundwater as it flows through an aquifer. 

Therefore, the presence of colloids provides an additional 

transport mechanism allowing for greater movements of 

contaminants in GW. Colloids are important in the transport 

of contaminants in GW because these small particles have an 

exceptionally high surface area, high sorption capacity and 

they travel faster than the average velocity of groundwater 

[45].     

The migration of hydrophobic groundwater 

contaminants can be accelerated by colloids present in the 

aqueous phase. This is attributed to the local velocity of 

colloidal particles which is larger than that of groundwater. 

It was proved that the average velocity in the pore opening is 

half the maximum velocity at the center [46].  

The mobile of colloidal particles can be released 

within soil or aquifers and travel in the subsurface zone over 

large distances [47]. Field studies indicate that the colloids 

are mobile and could possibly facilitate the transport of 

contaminant in groundwater. Column studies have been 
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shown that contaminant transport could be depending on the 

sorption kinetics of colloids to the porous matrix [44]. 

1.7.4. Characterization of colloidal dispersion 

           The clay minerals are distributed widely in nature and 

have been used by man in a variety of ways since the Stone 

Age. The term clay is used in agriculture and soil science to 

refer to any soil particle of radius less than about 2 µm but 

the bulk of that material in a normal soil consists of particles 

of one of the aluminum silicates, which are called the clay 

minerals. They own their properties to the fact that the 

silicon atom can bind to oxygen atoms to form extensive thin 

flat sheets in each silicon is surrounded by four oxygen in a 

tetrahedral arrangement. These silica sheets are able to bond 

to other flat sheets of aluminum oxide [AlO (OH)] in which 

each aluminum atom is surrounded by an octahedral 

arrangement of oxygen and hydroxyls. The double sheet 

structure can be stacked in layers bound together by 

hydrogen bounds. This is the basic structure of the mineral 

kaolinite [Al (OH)2 ]2. O. (SiO2)2. 

  An important feature of many colloidal minerals is 

the fact that the mineral crystal carries a negative charge, 
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which is thought to be due to defects in the crystal lattice. 

Some of the silicon (Si
4+

) atoms are replaced aluminum 

(Al
3+

) and each such substitution produces one negative 

charge. Some of those charges are probably compensated by 

other defects in the lattice but many of them remain to 

produce a net negative charge on the outside of the crystal. 

The negative charge on the cleavage faces is balanced by the 

presence of counter ions from the solution. That negative 

charge is an important characteristic of the clay, called its 

Cation Exchange Capacity (CEC). The CEC of a clay 

mineral may be determined by taking a known mass of clay, 

rinsing it several time with a solution of an ammonium salt, 

until all the charges are balanced by ammonium ions, 

washing it with water to remove the excess salt, and then 

determining how many ammonium ions are present (usually 

by treating the sample with NaOH, distilling off the 

ammonia into an acid and titrating the remaining acid) [41]. 

 1.7.5. Microscopic colloidal behavior                                                 

           The scattering of light by colloidal particles is one of 

their characteristics. When a light beam is passed through a 

pure, dust-free molecular solution its path is not visible when 
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viewed from the side. A similar experiment conducted with a 

colloidal suspension, even if it looks perfectly homogeneous, 

will reveal the light path because light will be scattered in all 

directions by the particles. The scattering pattern (that is the 

intensity of scattered as a function of the direction between 

the incident and the scattered beam) depends very strongly 

on the particle size and on the wavelength of the light [41]. 

1.7.6. Source of colloid in groundwater 

 Colloids in groundwater originate from two sources: 

• Mobilization of existing colloid-sized minerals in the 

aquifer sediments. 

• In situ precipitation of supersaturated mineral phases. 

          The majority of the colloids catalogued in Mecarthy          

and Degueldre [48] review may be attributed to 

mobilization of existing colloids by some perturbation of the 

ambient groundwater condition. Groundwater chemical 

perturbations may also conspire to generate colloidal mineral 

phases by precipitated [49-51]. The formation of colloids by 

in situ precipitation appears to be relatively uncommon with 

the possible exception of the near-field environment in high-

level radioactive waste repositories [52, 53]. 
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1.7.7. Colloid transport in groundwater 

 Transport of colloid over hundred of meters to 

kilometers may be inferred from facilitated transport 

observations: These studies however, do not prove colloid 

transport - they only demonstrate that contaminants are 

associated with colloids at the monitoring locations. The 

interaction of colloids and dissolved contaminants in 

groundwater systems are commonly treated as a two- phase.  

As shown in Fig. (2), two phases include the mobile phase 

(aqueous phase, dissolved contaminant and mobile colloids) 

and the immobile phase (solid matrix, colloids captured on 

the solid matrix). As seen in Fig. (2), the contaminant can 

either be in the mobile or the immobile phase. The chemical 

properties of the system control the forward and backward 

transition from the mobile to the immobile phase [54]. 

Future studies of colloid-facilitated transport must include 

verification of colloid transport from waste source to 

monitoring points to prove that colloid-facilitated transport 

is responsible for enhanced contaminant migration.  

The release of radioactivity from the Chernobyl 

accident [55] demonstrate that meeting the first two criteria 
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for colloids facilitated transport, (1) the presence of colloids 

and (2) the association of the contaminant Cs with the 

colloids dose not guarantee colloid facilitated transport.  In 

recent years, the idea that colloids enhanced the GW 

transport of low-solubility contaminants has gained 

widespread acceptance [56, 57]. In field studies at hazardous 

waste sites the unexpectedly rapid transport of cationic radio 

nuclides (Pu, Am) and metals has been attributed to colloid-

facilitated transport [58-61]. Colloids have been implicated 

in the transport of U, Ra and Th from natural uranium 

deposit [62-65]. 

        Laboratory experiments have confirmed that colloids 

can accelerate the transport of cationic and anionic metals 

through porous and fractured media [66-68]. Some field 

studies showed that the inorganic colloids thought to be 

responsible for enhanced contaminant transport are 

composed of clay mineral, oxides and carbonates in the 

10nm to a few micrometer size ranges. 

1.7.8. Mobilization and migration of colloidal particles 

The most common source of mobile colloids in soils 

and groundwater aquifer is in situ particle release as a result 
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of change in solution chemistry [69-71]. The major factors 

including mobilization and subsequent transport are a 

change in solution ionic strength and pH; however pH is 

often not that important for permanently charged clay 

minerals [72].  
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1.8. Literature Survey 

          Singha B.K et al  studies the sorption of 
137

Cs, 
133

Ba 

and 
154

Eu on synthesized sodium aluminosilicate. Sorption 

has been carried out at varying pH (3–10). Sorption of all the 

metal ions was found to increase with pH of suspension with 

the saturation value increasing with the oxidation state of 

metal ion. Effect of humic acid (2 mg/l) on sorption was also 

investigated. In case of 
137

Cs, the sorption was not affected 

by the presence of humic acid,while in case of 
133

Ba and 

154
Eu, sorption was enhanced at lower pH and decreased at 

higher pH in presence of HA. It was found that the sorption 

of 
137

Cs, 
133

Ba and 
154

Eu by sodium aluminosilicate is pH 

dependent, with the percentage sorption increasing with pH. 

In the case of monovalent (Cs
+
) and divalent (Ba

2+
) ions, 

sorption appears to be governed mainly by the electrostatic 

interaction between the metal ions and the charged surface 

of colloids, while in the case of trivalent (Eu
3+

) metal ions, 

complex formation between the metal ions and the surface 

sites. Humic acid was found to have negligible effect on the 

sorption of 
137

Cs by sodium aluminosilicate, while it affected 

the sorption of 
133

Ba and 
154

Eu. At lower pH the sorption was 
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increased in presence of HA, but at higher pH it was found 

to be decreased [73]. 

        Jiaojiao Wu a et al studied the adsorption of Cs by 

montmorillonite and the effects of experimental conditions 

on adsorption were investigated by using 
134

Cs as a 

radioactive tracer. The results showed that the adsorption of 

Cesium by montmorillonite was efficient in the initial 

concentration (Co) of 30 µg/L Cesium nitrate solution with 

20 g/L montmorillonite at room temperature. In this 

condition, more than 98% Cs
+
 ions could be adsorbed at pH 

~ 8. The adsorption equilibrium was achieved within 5 min 

and the relationship between the concentration of Cs
+
 in 

aqueous solutions and adsorption capacities of Cs
+
 can be 

described by the Langmuir adsorption isotherm. The 

adsorption rate would decrease when temperature increase 

from 0 
0
C to 50 

0
C or in presence of coexistent K

+
, Na

+
 and 

Ca
2+

, while modification by (NH4)2 SO4, [Ag(NH3)2]
+
,  

[Cu(NH3)4]
2+

 or 450 
0
C could improve the adsorption 

abilities of montmorillonite for Cs
+
. However, more than 

89% of adsorbed Cs
+
 on montmorillonite could be desorbed 

by 2 mol/L HNO3 solutions [74].   
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            Tiziana et al studied migration of Uranium from 

geochemical conditions favorable for the colloid – mediated 

in a granite fracture by Colloids. Colloids were shown to be 

stable over months in low mineralized and alkaline waters 

(pH=9.7 and ionic strength 1.10
-3

). The transport of uranium 

in a granite fracture was studied, using a natural groundwater 

from the Grimesl Test Site (Switzerland) location in a 

granitic massive, in absence and presence of bentonite 

colloids. Results showed that when 150 ppm of bentonite 

colloids are used with a flow rate of 5.5 mL /h, only 

approximately a 5 % is mobile in the system and uranium 

migration was significantly affected by the presence of 

colloid in the medium [75]. 

             Nilsson. AC et al were carrying the studies on the 

granitic groundwater colloids sampling and characterization, 

natural groundwater colloids were sampled by micro-filtration 

of water samples collected from a granitic groundwater and 

maintained at thermodynamic conditions. In these studies 

avoids the changes of pH due to CO2 exchange, yielding 

potential carbonate precipitation, or by O2 contaminations 

yielding oxidized insoluble phases. Chemical and physical 

parameters in the unbroken sample water bath at the ground 
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surface and at depth down-hole. The colloid concentration 

was determined (Ccoll. ~ 1µg.L
-1

) for sizes ranging from 50 to 

500 nm or (Ncoll. ~ 10
8
 µg L

-1
) where Ccoll.–Ncoll are colloid 

mass and colloid number concentration respectively for sizes 

larger than 100 nm. These colloids are clay with an average 

size smaller than 200 nm. The colloid concentration values 

are detected for the Na- Ca-Cl groundwater which having pH 

7.53, ionic strength ~10
-1 

M. It must be noted that the colloid 

number n on the membrane (0.05 µ m) is low because these 

colloids attach on the membrane and do not clog pore [76].   

   Alonso U. et al studied the role of inorganic colloids 

generated in a high-level deep geological repository in the 

migration of radionuclide. The mechanisms of radionuclides 

(RN) sorption onto bentonite colloids and rock surfaces at 

enhanced contact time are not yet clear. The colloid    

interactions with the rock surface are expected to be 

influenced by the charge of colloids and the heterogeneous 

charge distribution of the rock due to the presence of different 

minerals. Under unfavorable conditions colloid repulsion 

from rock surface is predicted by classical mode [77].  
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          Thomas Baumann et al. studied the transport of 

colloid and heavy metal at landfill sites in direct contact with 

groundwater. Three landfill sites with different historical 

background and hydrological conditions were examined. 

These three sites are: Augsburg disposal sites, Munich and 

Gallenbach disposal sites. The colloids upstream, downstream 

and inside the waste disposal sites were characterized with 

respect to their size distribution and chemical composition. 

The particle concentrations up gradient and down gradient of 

sites were 2-23 and 8-80 mg/L, respectively. Inside the waste 

disposal sites the particle concentration was 160-870 mg/L. 

The low of metal ion concentrations were associated with the 

colloid size class between 10 nm and 1 µm, which is 

considered most mobile in porous systems. The associated of 

Fe and Mn to colloids was dominated by the redox conditions 

inside the disposal sites, where there was a reducing 

environment, Fe and Mn were dissolved. There was an 

oxidizing environment, in the outside of the disposal site, to 

these metals formed colloids and particles < 1 µm. Metal ions 

(Cd, Co, Cu, Ni, Pb and Zn) which are association to colloids 

roughly with the colloids size distribution. The result from 

these field study, indicate that there's no direct transfer of 
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colloids from the disposal sites into the aquifer. Mobile 

colloids in the size classes between 1 µm and 10 nm where 

found to have very .low heavy .metals .concentration [78]. 

……    Tushar Kanti et al were carrying the…review of 

subsurface colloids and colloid- associated contaminant 

transport in saturated porous media. The studies included on a 

complex phenomenon in porous media involving several basic 

processes such as colloidal fines release, dispersion 

stabilization, migration and fines entrapment/plugging at the 

pore constrictions and adsorption at solid/liquid interface. 

These processes depend on physical and chemical conditions 

of subsurface environment. The conclusions indicate that:  

● two types of forces are responsible for the release of 

colloids, ● the decrease in ionic strength, increase in pH, and 

increase in velocity enhance the particle release, ● the 

retention of particles is much greater in presence of divalent 

ion with respect to monovalent ion and ● the mobile colloidal 

particles if present in large concentrations act as strongly 

sorbing and highly mobile contaminant carrier and enhance 

the spreading of sorbing pollutants in groundwater flows [79].      
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        Beckhit et al studied the transport of strontium by using 

saturated sand columns in the presence and absence of silica 

colloids. Mobility of colloids was found to increase with 

decreasing ionic strength (I) and increasing pH. The reverse 

effect was obtained for strontium. Authors found that when 

both colloids and strontium were injected at the column inlet, 

at pH = 4-5.4 and I= 3.0 X 10
-2 

M colloid retarded the 

movement of strontium [80]. 

 Natalia Solovitch et al studied the influence of two 

types of colloids (natural organic matter, (NOM), a colloid 

with high affinity for radionuclides (RN(s)), and hydrophilic 

synthetic latex (HSL), a colloid with low affinity for RN(s) on 

the transfer of 
60

Co and 
85

Sr in a silica sand column. This 

study was carried out under physicochemical condition: pH 

(4.9), ionic strength (10
-3

 M and 10
-2

 M), concentration of 

colloid (100 mg L
-1

 and 10 mg L
-1

), flow velocity (12.4 cm h
-1

 

and 3.7 cm h
-1

), and water saturation of the column (100% 

and70%). Authors found that in the absence of colloids the 

transfer of 
60

Co and 
85

Sr was retarded, but in the presence of 

colloids the transfer of radionuclide was influenced differs 

according to the type of colloids, the NOM exhibiting higher 

impact than HSL [81].  
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  Missana T. et al. studied the kinetics and 

irreversibility of Cesium and Uranium sorption onto bentonite 

colloids in a deep granitic environment. This study carried out 

by batch experiments, in anoxic conditions. The water used in 

all experiments was an alkaline (PH=9.5), low ionic strength 

(I=1×10
-3

M) granitic groundwater from Grimsel Test Site 

(GTS). Desorption Kinetics experiments showed that the 

sorption of both Cesium and Uranium onto bentonite colloids 

in Grimsel water conditions is not completely reversible.  The 

rate of desorption much slower than the sorption one, so that 

the radionuclides would be able to migrate large distances, 

and this provided that colloids are stable and mobile [82]. 

   Frederique Eyrolle et al. studied the significance of 

colloid fractions regarding the transport of artificial      

radionuclides in natural water system, by using ultrafiltration 

in Rhone River as freshwater and the marine area. The study 

carried out on 
137

Cs, 
106

Ru, 
60

Co, 
238

Pu and 
239+240

Pu. The 

results showed that Fe, Al and organic carbon (OC) are the 

main components of colloidal matter. Colloid represent about 

15% of dissolved (< 450 nm) OC and 25% of dissolved Fe 

and Al exported towards the sea. Within the dissolved 

(<450nm) phase, these colloidal compounds are shown to 
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account for the transport of 40% for both Co and Ru, 60% for 

238
Pu and 

239+240
Pu and have no significance on 

137
Cs flux [83].  

   Zanker H. et al. studied Scavenging and 

immobilization of trace contaminants by colloids in the 

waters of abandoned ore mines. In acid rock drainage 

solutions As and Pb are strongly associated with the colloids. 

Trace elements such as As, Pb, Cu and the rare earth 

elements are sorbed in the near-neutral bulk water of mines, 

as for instance in adit water. These trace contaminants can 

be scavenged by the colloids in the near- neutral mine waters 

and can be immobilized due to colloid coagulation and 

aggregate precipitation. Colloids and colloid aggregates in 

oxic mine water primarily produced by the formation of oxy 

hydroxides and hydroxysulfates of iron (III) and aluminum 

due to the oxidation of iron (II) and the hydrolysis of 

Fe
3+

and Al
3+

. U (VI) also adsorbed to the colloids and can be 

temporarily immobilized by precipitating colloids [84]. 

  Zhuang J et al. studied the colloid- facilitated Cs 

transport through water saturated Hanford Sediment and 

Ottawa sand, a series of saturated column experiments were 

conducted. The colloids used were obtained by reacting 
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Hanford sediment with simulated tank waste solutions. 

Because of the highly nonlinear nature of Cs sorption found 

in batch experiments, there are two different concentrations 

of Cs (7.5 x 10
-5

 M and 1.4x 10
-8

 M) were used. The 

presences of colloids facilitate the transport of Cs through 

both Hanford sediment and Ottawa sand via association of 

Cs with mobile colloidal particles. The colloid-facilitated Cs 

transport the low Cs concentration (1.4 x 10
-8

M) than at the 

high concentration (7.5 x 10
-5

 M). In the absence of colloids, 

no Cs moved through the 10 cm long columns. At high Cs 

concentration in the Ottawa sand a complete Cs breaks 

through was obtained [85]. 

  Warwick P. et al. used water samples from the Drigg 

low-level radioactive waste disposal site. Water samples have 

been extracted from inside (from stand pipes) in the trenches 

(near – field) and from outside (from bore holes) of the 

trenches (far – field). The extracted water was monitored for 

Eh, pH, conductivity, temperature, iron content and dissolved 

oxygen concentrations. After delivery of the samples to the 

laboratory the Eh, pH, conductivity and iron content were re- 

measured. The result of the radioactivity analysis indicated 

that: ● Samples which are taken from outside the trenches did 
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not contain measurable levels of alpha activity but contained 

very low levels of non- tritium beta activity. ● Samples taken 

from the standpipe location contained measurable alpha 

activities, for example 
137

Cs and 
60

Co were detected in these 

samples. These samples contained measurable non- tritium 

beta activities. Filtration showed neither that 
137

Cs nor 
60

Co 

was associated with colloids [86].  

   Tushar Kanti et al. studied the colloid-associated 

transport of contaminants as an important mechanism of 

contaminant migration through groundwater. It is a complex 

phenomenon in porous media involving several basic 

processes such as adsorption of contaminants, release and 

migration of colloidal fines, and entrapment of fines at the 

pore constrictions. The effects of this basic process on the 

contaminant transport are studied. Column experiments are 

conducted to study the effects of the mobilization and 

migration of colloidal fines, kaolin on the transport of 

contaminant, and Ni
2+

 metal ion through the sand beds 

containing kaolin particles under both non-plugging and 

plugging conditions. The results of this report are; Colloidal 

fines can facilitate the contaminant transport when they 

migrate with the flow. In the absence of migration, Kaolin-
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Sand beads retard Ni
2+

 transport in comparison to sand beads 

due to their higher adsorption capacity, but the sand-kaolin 

composite bed acts like an inefficient adsorption column. It 

is note that under plugging conditions, which can be induced 

by using a lower bead size to particle size ratio, the 

breakthrough curves are more flattened and delayed at a 

higher kaolin content of the bed [87].        

    Degueldre C. et al. studied the sorption behavior of 

americium (Am) on marl groundwater colloids. In Na-HCO3 

GW conditions Am in the concentration range 3x10
-11

 to 

3x10
-10

 M sorbs onto groundwater colloids. The colloid         

concentration is rather high, i.e. Ccoll 1.7 ± 1.3 mg L
-1

 for 

sizes 50-500 nm. These colloids are mainly chlorite, 

semectite and illite with an average size smaller than 500 nm. 

For the groundwater (pH = 8.6), kd values in the range from 

1to 3x10
6
 mLg

-1
 are measured. The distribution of 

241
Am 

between water and colloids was studied using a filtration 

technique. In the case of the Am
3+

 concentration of 3x10
-10

 

M, adsorption was very fast and equilibrium was attained in 

less than 1 h. At very low Am (III) concentration, 3x10
-11

M, 

the kinetics of adsorption decrease and the steady state was 

attained after 3 h.  At very low concentration of colloids the 
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slower sorption kinetics due to the decreased frequency of 

effective colloids between Am species [88]. 

Shich- Hai Li et al. studied the migration of 

radionuclide in porous rock in the presence of colloids: effects 

of kinetic interactions. The sorption processes for radionuclide 

with both the solid matrix and colloids are treated as 

equilibrium or non-equilibrium. The adsorption processes for 

radionuclide with colloids and porous rock can assume as non 

equilibrium and model by the linear kinetic adsorption. By 

studied the reaction rates of the adsorption processes, the 

authors found that: The fast reaction rate of radionuclides with 

colloids causes a higher concentration of radionuclide 

adsorbed on colloids in a dispersed phase and enlarges 

acceleration by colloids. But the fast reaction rate for 

radionuclides with solid matrix increase the retardation effect 

caused by the solid matrix [89].  

Peter Vilks et al. studied the effect of natural colloids 

and bentonite colloids on facilitate radionuclide (
85

Sr and 

241
Am) transport. The natural colloids used in this study were 

isolated from granite groundwater from Atomic Energy of 

Canada (AECL) underground Research Laboratory (URL). 
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The result indicate that organic-rich natural colloids isolated 

from URL groundwater sorbed 
241

Am much more strongly 

than
85

Sr. The kd values for 
85

Sr and 
241

Am sorption on colloid 

were 1-3 order of magnitude higher than for sorption on 

rocks. The bentonite colloids sorbed 
85

Sr more strongly than 

the natural colloid, because Sr has a stronger affinity for clay 

than organic material so that migration of
 85

Sr are reduced 

.The natural colloids produced a measurable migration of 

241
Am and facilitate to transport [90].  

Kay Birdsell. H et al. used the Predictions of 

subsurface radionuclide transport to support the groundwater 

pathway analysis for the performance assessment of the low –

level, solid radioactive waste site at Los Alamos National 

laboratory. The fundamental processes affecting migration 

rates of the solutes, which contain radionuclides in the 

unsaturated environment, are advection, adsorption, diffusion, 

dispersion and radioactive decay. A linear – adsorption 

isotherm (Kd model) is expected in the unsaturated zone. The 

mobility of the radionuclides through the unsaturated zone is 

controlled by the nuclide's kd and half–life. The radionuclides 

which have half– lifes less than 20 years, such as 
3
H and 

60
Co 

are expected to decay to insignificant levels before reaching 
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the aquifer. Nuclide's which having nonsorbing or weakly 

sorbing, e.g.: 
14

C and 
129

I are expected to travel most rapidly, 

while the strongly sorbing nuclides are expected to have very 

long travel times. The basalt is assumed to be nonsorbing and 

so rapid transport through this unit [91].  

James M. Ross et al. studied dissolved and colloidal 

concentrations of Al, Fe, Mn, Cu, Zn, Cd and Pb in the 

Mullica River, New Jersey. For the whole data set, mean 

colloidal fractions of 0.45-µm filtrates were 65% for Al, 82% 

for Fe, 29% for Mn, 66% for Cu, 31% for Zn, 46% for Cd, 

and 88% for Pb. The magnitude of the colloidal fraction 

followed an elemental order that was largely consistent from 

site to site and among different sampling dates. Water samples 

were collected at four stream sites in Mullica River. The 

results from several experiments as the consistent elemental 

differences in colloidal fraction may affect the behavior of the 

metals in the two ways. In the river, the colloidal fraction may 

enhance transport by limiting the free ions available for 

biological uptake or for adsorption to solid phase, either on 

the riverbed or suspended in the water. On the other hand, 

metal removal in the low salinity region [92]. 
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Kuno Y, Yui. M et al. used the experiments to 

estimate radionuclide transport behavior. The studies were 

carried out in Japan Nuclear Cycle Development Institute 

(JNCDI). Bentonite colloids assumed as source, because 

natural colloids characteristics are known. Colloid sorption 

onto the fracture surface (kd1) is neglected according as 

hydrodynamic chromatography (HDC) theory. Radionuclide 

ion distribution coefficient on the rock (kd2) was cited from 

JNC data. Radionuclide ion distribution coefficient on 

colloids (kd3) was selected from batch experiment of 

bentonite. Radionuclide ions (Am, Pu, and U) breakthrough 

curves in fractured rock system as the typical calculated 

results of radionuclide transport with colloids. As a result 

transport of radionuclide, which have low (kd3), on the 

colloids are almost not enhanced by the colloid presence. On 

the other hand, the transports of radionuclide, which have 

high kd3, are accelerated by pseudo colloid formation [93]. 

Alan Noell. L et al. studied the influence of silica 

colloids on the migration of radionuclide (Cesium-137) 

through porous media. This was done using synthetic 

groundwater and saturated glass bead columns by using two 

different sized glass beads (150-210 µm glass beads and 355-
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420 µm glass beads). The surface charges of the silica colloids 

and the glass beads were similar; the colloids were repelled 

from the surface of the media and were able to migrate easily 

through the glass bead columns. The slight retardation of the 

colloids was mainly due to physical interactions between the 

silica colloids and the glass beads. Through the columns silica 

colloids significantly enhanced the migration of Cesium. The 

silica colloids reduced the retardation of Cs by larger degree 

in case of smaller glass beads columns, than in case of larger 

glass bead columns. The authors used also batch technique 

and found that the partitioning between Cs and silica colloids 

is higher than in the larger bead columns, this result to the 

higher ratio of the surface areas of silica colloids and glass 

beads [94]. 

 Van de Weerd et al. developed coupled colloid and 

contaminant transport (COLTRAP) model, to show the 

effect of variation in the ratios of the colloid and 

contamination velocities and dispersion coefficients. Authors 

using model simulation to indicate the effect of kinetics and 

nonlinearity on the shape of breakthrough and desorption 

curves (BTC). Model results indicate that with slow reaction 

kinetics, unretarded breakthrough of contaminants facilitated 
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by colloids may occur. It is shown that in case of linear 

sorption the BTC's have the same shape during 

contamination [95]. 

  Leijnse. A et al. Assessment of the effect of kinetics 

on colloid facilitated radionuclide transport in porous media 

studied by the authors using a model (COLTRAP). In this 

model, column experiments have been simulated and 

modeling results are compared with experimental data. Two 

types of simulations have been carried out: ● assuming no 

interaction between humic colloids and the solid matrix and 

different rates of interaction between free radionuclide and 

humic colloids; ● assuming constant rates of interaction 

between free radionuclides and humic colloids and different 

rates of reversible interaction between humic colloids and the 

solid matrix. Groundwater flow is assumed to be steady state. 

Comparison of simulation results with experimental data 

indicates that the model COLTRAP can successfully describe 

some of the important characteristics of colloid facilitated 

transport of radionuclides, under certain conditions. It has 

been shown that desorption of Am from humic colloids is a 

slow process [96].   
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   Joseph N. Ryan et al. used an important mechanism of 

colloid- facilitated transport of contaminants through 

groundwater. At laboratory experiments, colloid facilitated 

transport to be important three criteria must be met:  

● Colloids must be generated. ● Contaminants must be 

transport through the groundwater. ● Colloids must be 

transport through the groundwater. The chemical parameters 

like decreasing ionic strength, increasing pH, and increasing 

concentration of surfactants and dissolved organic matter can 

mobilize colloids [97].    

James E. Saiers et al. studied the role of kaolinite 

colloids in the subsurface transport of radionuclides. The 

authors examined the influence of kaolinite particles on 
137

Cs 

movement through sand column. The concentration of 

kaolinite in the column increased from 0 to 200 mg/L. Very 

early breakthrough of small amount of 
137

Cs was observed. 

Comparison of experimental observations with calculations 

from a transport model demonstrates that kaolinite deposition 

onto the sand was described best by an irreversible, first- 

order kinetics process. Uptake of 
137

Cs by the sand was 

represented by the Langmuir version of the two- site 

equations [98].    
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Faure M. H. et al studied the transport of clay particles 

and radio elements in a salinity gradient. A salinity gradient of 

NaCl is flowed a chromatographic column filled with a 

mixture of sand and bentonite clay (5 % by weight). The clay 

migration is first detected when NaCl concentration is < 0.16 

M and it is then controlled by varying NaCl concentration. 

The column is saturated with a 0.05 M NaCl solution. A 0.5 

mL from 5x10
-5

 M CsCl and 0.05 M NaCl solution is injected. 

The NaCl concentration of the feed solution decreases from 

0.05 to 0.025 M during 10to 9 porous volumes (Vp). Cesium 

concentration starts to increase immediately at the first Vp 

after the injection because of the presence of preferential 

pathway in the porous medium. When the NaCl concentration 

decreases, the cesium concentration in the effluent decreases 

because it is more retained on the porous medium. The second 

increase of cesium concentration is due to the migration of 

clay particles on which cesium is fixed [99]. 

Assem Abdel –Salam studied the impact of the 

presence of colloids on contaminant transport through 

parametric investigation. The liquid-phase contaminant 

concentration is found to be sensitive to the partition 

coefficient (kd) for contaminant sorption on to suspended 
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colloids. The results indicate that the high values of kd and 

adsorption isotherm (d) greatly effect the mobility of the 

liquid-phase contaminant and can lead to contaminant 

retardation rather than enhancement [100].   

       Joseph N. Ryan et al. studied effect of solution 

chemistry on clay colloid release from an Iron oxide – Coated 

Aquifer Sand. Samples are taking from an Atlantic Coastal 

plain aquifer; the authors compared the influences of the 

dissolution of iron oxide and electrostatic interactions on the 

mobilization of colloids in the soil, which are taking. In this 

region the colloids have been found suspended only in anoxic 

groundwater. Ionic strength, pH, reductant and surfactant 

concentration, and the steady – state rates of clay colloid 

release and iron oxyhydroxide dissolution were measured. 

They found that the clay release rates were directly related to 

electrostatic interactions and unrelated to rates of iron (III) 

oxide dissolution. Mobilization of colloids by iron (III) oxide 

dissolution was limited by high ionic strength [101].   

 Kim et al. found that when organic substances are 

present with inorganic colloids they act as to enhance the 

ability of colloid to transport radionuclides [102]. 
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Joseph N. Ryan et al. found that the geochemical 

mechanism leading to the mobilization of colloids in 

groundwater (GW) was investigated in New Jersey and in 

Central Deaware. Samples were carefully taken at very low 

flow rates (~ 100 mL min
-1

) to avoid suspending          

immobilized particles. The colloidal matter was     

characterized by light- scattering photometry, Scanning 

electron microscopy, X ray analysis micro electrophoresis 

and Fe, Al, Si and organic carbon analysis. The colloids 

were observed at high concentrations (up to 60 mg colloids / 

L) in the anoxic GW, while the oxic groundwater exhibited 

≤ 1 mg/L colloids. The field evidence indicates that under 

anoxic conditions the colloidal organic carbon was presence 

in all groundwater. Under the same conditions the 

mobilization of the soil colloids by dissolving the ferric 

oxyhydroxide coating cementing the clay particles to the 

aquifer solids. From the last evidence the colloidal 

suspension in the anoxic groundwater [103].  

Penrose et al. studied the mobility of Plutonium and 

Americium through a shallow aquifer in a semiarid region. At 

Oak Ridge National Laboratory there are observations where 

colloids had been associated with organic material. 
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Radionuclides Cobalt and Uranium have been associated with 

high molecular weight organic material in groundwater near a 

disposal trench [104].  

        Nyhan et al. studied the distribution of Plutonium (Pu) 

and Americium (Am) at liquid waste disposal site. At Los 

Almos National Laboratory (LANL), Pu and Am disposed of 

at a liquid see page site had migrated up to 30 meters.  

Although laboratory studies had predicated that the movement 

of these actinides in the subsurface environment will be 

limited to less than a few meters, both Pu and Am were 

detected in monitoring well as far as several meters down 

gradient from the discharge site. At another site in LANL, the 

transported RN(s) were shown by ultra-filtration to be present 

as colloids adding to Pu and Am. The initial tests on the 

transport of Pu and Am were not field tests but column tests 

and models. The initial tests could not have predicted the 

distance contaminants migrated in the field [105]. 
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2.  Experimental      

 2.1. Chemicals and Reagents: 

          All chemicals and reagents were of annular purity 

grade. The main chemicals used in this work are listed in 

Table (3). Bidistilled water was used for solution preparation 

and distilled water was used for washing all glassware. The 

yellow sand and clay used were obtained from Inshas 

disposal site, Cairo, Egypt. 

  Table (3):  Chemicals and reagents used.     

Product of Formula weight Formula Name 

Merck 40.0 NaOH Sodium hydroxide 

porlabo 58.5 NaCl Sodium chloride 

porlabo 36.5 HCl Hydrochloric acid 

Merck 168.5 CsCl Cesium chloride 

Merck 237.93 CoCl2.6H2O Cobalt chloride hexa 

hydrate 

Sigma-

Aldrich-USA 

101.96 Al2O3 Aluminium oxide 

Merck 270.27 FeCl3.6H2O Ferric chloride hexa 

hydrate 

fischer 304.5 C18H33NaO2 Sodium oleate 

fluka 46.07 C2H5OH ethanol 

fluka 17.03 NH4OH Ammonium solution 

porlabo 92.0 C6H5-CH3 toluene 
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2.2.    Instrumentation: 

2.2.1.   General: 

             The hydrogen ion concentration (pH values) of 

different solutions was measured using CG-820 Schott 

Gerate pH meter, Germany, connected to a combined single 

electrode. The scale of the pH meter was calibrated before 

use by suitable buffer solutions. During the experiments of 

this work a balance of the BOCH type was used with 

maximum sensitivity of 10-5g and accuracy of ± 0.1 mg. Hot 

Plate / Stirrer a Fisher auto mixture was used in the 

preparation of iron oxide nanoparticles (colloid).  Oven  type 

WS 50 lab. , Fisher was used in the preparation of colloidal 

particles (iron oxide) and other needs during the work in this 

research. It is a temperature-controlled system from 40 0C to 

250 0C. It is produced by Precision Scientific, USA. For 

batch investigations a good shaking for aqueous and solid 

phases was achieved using a thermostatic mechanical shaker, 

GFL, 3015, Germany. Centrifuge of the type MLW 

(Germany) 5500 rpm was used in the batch technique and 

also in the preparation of colloid. Pump type, 

Gamma/4W0408N made in Germany was used. A shimadzu/ 

X–ray diffractometer, model XRD–DI, using a nickel filter 
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and a Cu Ka X – radiation tube, and Infrared Spectra (IR) 

were used.  

2.2.2.   Atomic Absorption Spectrophotometer (AAS): 

             Atomic Absorption Spectrophotometer, Boch 

Scientific model 210 VGP, USA, using air acetylene flame 

to analyze the studied cations, Cs+ and Co2+, in the solution. 

Generally, the calibration curve relating the concentration of 

the determined elements versus its absorbance by AAS was 

constructed.    

2.3. Procedure for determining water contents  

        of Inshas soils: 

In order to determine the water contents at initial 

conditions for numerical modeling, three samples from each 

of the seven layers are collected from a borehole in the 

unsaturated zone of the Inshas disposal facility site and the 

water contents were determined according the following 

procedure. An empty crucible was weighed and recorded 

with a sensitive balance. A thin layer of soil was poured into 

the bottom of the crucible. Then, the crucible was placed on 

the balance and the weight was recorded. So, the weight of 

the soil is the difference between the two weights of empty 
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and occupied crucible. The known weight soil was heated 

with the crucible in a WS 50 lab oven at 120o C for 12 hours. 

The sample and crucible were allowed to cool completely at 

room temperature and weighed. The weight difference is the 

weight of water contained in the soil sample. The percent of 

water in the soil sample (θ) is calculated from the formula: 

weightof water
x100

weightof water+weightof soil
θ =                   (6) 

The above procedure was repeated for the three sample of 

each layer and arithmetically averaged. 

2.4. Yellow Sand and Clay mineral 

        The yellow sand and clay mineral used were obtained 

from Inshas disposal site, Cairo, Egypt. Raw clay samples 

were dried, crushed and sieved through the 75µm sieve. 

Many studies had been dealt with the hydrogeological 

situation of Inshas site [106-110].   

2.4.1. Treatment of local yellow sand  

           The sand was thoroughly cleaned prior to use through 

a procedure which was carried out by Johnson et al [97]. 

Before conducting batch and column experiments, yellow 

sand was washed using 0.01M NaOH for 20 minutes then 



 

 72 

 

Experimental     

rinsed with deionized doubly distilled water (DW) and dried. 

The washing step by DW was repeating several times till the 

sand solution became neutral. Yellow sand was treated by 

using 1.0M HCl for 20 minutes then it was thoroughly rinsed 

with DW till the pH of solution became neutral. Finally 

yellow sand was dried in an oven at 60 0C.  

2.4.2. Characteristics of sand and clay 

    Figure (3), shows the resulting diffractograms of X-

ray diffraction for the bulk soil powder of Inshas disposal 

site. One clay and seven sand samples are analyzed the clay 

sample is the sample number 4 in Fig. (4). Normalization 

factors were established for the integrated areas of the 

following peaks: quartz (101) at 26.5o 2θ (d-value equals 

3.34 Å) and kaolinite at 50.0 2θ (d-value equals 4.49 Å). A 

detailed examination of the patterns for minor peaks reveals 

several small peaks attributable to both quartz and kaolinite. 

It is clear from the diffract grams that quartz is the dominant 

component in all the samples except the clay sample. The 

quartz peaks appear at 20.5o 2θ, 26.5o 2θ, 31o 2θ, 55o 2θ and 

at 59.5o 2θ and kaolinite peaks appear at 36o 2θ, 41o 2θ, and 

50o 2θ. 
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  The grain sizes (diameter, D) range from 200 µm to 

650 µm; log D ranges from 2.3 to 2.8. They are one clay 

layer one red sand layer and five yellow sand layers as 

shown in the lithology profile (Fig.4). The importance of 

grain size is that the fine grain size sand (log D from 2.3 to 

2.4) keeps more water than the bigger (log D from 2.6 to 

2.8) due to capillary surface tension and affects the flow of 

water from layer to layer or keeps it. Fig.4 shows the 

arrangement of the soil layers (lithology) of Inshas disposal 

facility (IDF). The distance to the groundwater is 18 m and 

the main layer is the compacted yellow sand.   

 Table (4) shows the water contents of Inshas different 

soils. It is clear from the data that the clay soil contains the 

biggest quantity of water this can be attributed to the low 

hydraulic conductivity. On the other hand the yellow sand-1 

keeps the smallest water content as a result of the high 

hydraulic conductivity of the sand and due the evaporation; 

it is the ground surface layer (Fig.4).  
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Table (4): Water contents of Inshas different soils. 
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Fig. (3): XRD diffract grams for the bulk soils of Inshas   

              disposal site.                                                          
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Fig. (4): Lithology of Inshas geological formations. 
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2. 5.  Preparation and Characterization of Nanoparticles 

          Iron Oxide:                                                        

          Iron oxide nanoparticles (6nm) were prepared by 

using iron chloride hexahydrate (Fe Cl3 .6 H2O), sodium 

oleate, ethanol, aqueous ammonia solution and toluene. A 

mixture of iron oleate and toluene was prepared similar to 

that described by Park et al. [111].  For synthesis of iron 

oleate in toluene, 20 mmol of Fe Cl3 6 H2O and 60 mmol of 

sodium oleate were dissolved in a mixture of 30 ml distilled 

water, 40 ml ethanol, and 70 ml toluene. The solution was 

slowly titrated by aqueous ammonia solution and heated at 

343 k (70 0C) for 4 h with mild mixing. The solution 

maintained at that temperature for 24 h with stirring. After 

mixing procedure, the dark upper organic layer was washed 

three times with 15 ml distilled water and was subsequently 

collected by using a separating funnel. The prepared 

nanoparticles were precipitated by adding an excess amount 

of ethanol and separated by centrifugation [112]. 

            Characterization of the prepared materials was 

carried out using the different analytical techniques such as: 

X Ray Diffraction (XRD) and Infra Red (IR) spectra.   
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           XRD-spectra of the materials were measured by 

using A Shimadzu x-ray diffractometer, model XD-DI, using 

a nikel filter and a CuKa X-radiation tube. 

 IR- Spectra of the materials were measured by the 

KBr disc method, in the range of 400-4000 cm-1. The spectra 

were recorded on BOMEM FTIR, MB- Series. 

2. 6. Preparation of Metal Ion and Colloid Solutions: 

         Stock chemical solution from cations of cesium and 

cobalt are prepared by using suitable weight: 1.26 g from 

CsCl and 4.04 g from CoCl2. The last weights dissolving in 

0.1M NaCl to obtain the concentration of cations in the 

solution equal to one gram per litter (1000 ppm). Suitable 

weight from Al2O3 or Fe2O3 were taken and added to the 

solution of CsCl and CoCl2 to give concentration which are 

required. 

2. 7. Sorption Investigations: 

2. 7. 1. Batch technique 

            Batch experiments were carried out to investigate the 

distribution coefficient (kd) of cesium and cobalt under 

different experimental conditions with and without of Al2 O3 
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or Fe2O3 (15ppm) as colloidal substances. Using weight 

from yellow sand and clay equal to 0.5 g. Known volume of 

solution containing Cs+ or Co2+ (5 ml from 50 ppm of cation 

in 0.1 M NaCl) was added to sorbent in 20 ml stoppered 

bottle. Thermostatic mechanical shaker was used at a room 

temperature. The suspension obtained was centrifuged to 

separate the solid from the liquid phase. The clear liquid 

phases obtained were diluted to an appropriate concentration 

range for the elemental analysis using AAS. The quantity 

sorbed (mg/g) of metal ions (qe), was calculated from the 

following equation [113]:  

        qe =  ( C◦ - Ce) . V\m                                               (7)                        

                                                            
Where:  Co and Ce are the initial and equilibrium metal ions 

concentration (ppm), V is the volume sample (mL) and m is 

the mass of sorbent (g).                                                                                                                                                                                                                              

              From batch experiments the distribution coefficient 

(Kd mL/g), of metal ions between the aqueous phase and the 

solid phase was calculated from Eq. (8) [114]. 

           

         Kd = [(C◦ - Ce) / Ce]. V\m                                     (8) 
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2. 7. 1. 1.  Equilibrium time and capacity measurement: 

                 The sorption capacities of Cs+ and Co2+ ions on 

yellow sand and clay mineral were determined by shaking 5 

ml from 50 ppm for each metal ions solution with and 

without colloid with 0.5 g of sorbent at room temperature. 

Values of pH were adjusted by adding HNO3 or KOH in 

minimum amounts to 6. 8 ± 0.2. The suspension was shaken 

for time intervals ranging from 5 min to 3 h till it reached the 

equilibrium. The solid and liquid phases were separated by 

using centrifuge (4500rpm) and then the ions concentrations 

were measured in the liquid phase by using AAS. At 

equilibrium the sorption capacity of ions are calculated by 

using Eq. (7). 

2. 7. 1. 2.  Effect of batch factor volume/weight (V/m): 

                 The (V/m) factor was optimized by shaking 

different weights of sand or clay with different volume of 

Cs+ or Co2+ ion solutions (50 ppm) in the absence and 

presence of colloid (15 ppm Al2O3) to obtain varying V/m 

ratios. After equilibrium, the solutions were separated and 

the filtrate was taken to be analyzed for the determination of 
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the concentration for metal ions by AAS. The Kd values can 

be calculated by using Eq. (8). 

2. 7. 1. 3.  Effect of pH of the medium: 

                  Sorption behavior of Cs+ and Co2+ ions on sand 

or clay were done by shaking of 0.5 g from sorbing material 

with 5 ml of metal cation solution (50 ppm) with and 

without colloid (Al2O3) at different pH in range 2 – 8. After 

2 h (time sufficient to attain equilibrium), the solutions were 

separated at once from the solid and pH values of the 

solution were determined and the filtrate were taken to 

analyzed for the determination of the concentration of metal 

ions by AAS. The Kd can be calculated by using Eq. (8). 

2. 7. 1. 4.  Effect of ionic strength: 

                  The effect of ionic strength (NaCl concentration) 

on the sorption behavior of Cs+ and Co2+ on yellow sand or 

clay with and without Al2O3 by using the same steeps 

mention before at different concentration from NaCl (0.01, 

0.02, 0.05, 0.1, 0.15 and 0.2 M) and at pH = 6.8 ± 0.2.  
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2.7.1.5. Effect of initial metal concentrations:                                                        

             The sorption capacity (qe) of metal ions (5 ml) in 

0.1M NaCl solution onto yellow sand or clay  (0.5g) with 

and without colloid (15 ppm Al2O3 ) are carried out at 

different concentrations of metal ions ranged from 25 to 500 

ppm. The values of qe are calculated by using Eq. (7).               

2.7.1.6. Effect of temperature: 

             The effect of temperature from 25 to 65 ºC on the 

sorption capacity of the cation ions of Cs+ and Co2+ (50 

ppm) from 0.1M NaCl with and without colloid (15 ppm 

Al2O3) at V/m =10 and shaking time 2h was studied. The 

values of enthalpy variation (NHo), entropy variation, (NSo) 

and free energy variation (NGo) were calculated. 

2.7.1.7. Sorption isotherms: 

              An adsorption isotherm describes the relationship 

between the amount of adsorbate on the adsorbent and 

concentration of the dissolved adsorbate in the liquid at 

equilibrium. In this concern the sorption isotherm for 

sorption of Cs+ and Co2+ (50 ppm) from 0.1M NaCl with and 

without colloid (15 ppm Al2O3) at V/m = 10 and shaking 
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ime 2h was studied onto yellow sand and clay. The 

isothermal parameters were evaluated using two isotherm 

models namely; Freundlich and Langmuir isotherm.  

2.7.1.8. Sorption kinetics: 

              It is well known that sorption kinetics is controlled 

by different kind of mechanisms like mass transfer, diffusion 

control, chemical reactions and particle diffusion. In order to 

clarify the kinetic characteristics of sorption of metals 

studied with time, an appropriate kinetic model is required. 

For this purpose two kinetic models were studied; pseudo 

first - order and pseudo second- order.  

2. 7. 2.  Column technique: 

               Batch experimental data are often difficult to apply 

directly to the fixed bed sorption column because isotherms 

are unable to give accurate data for scale up since a flow in 

the column is not at equilibrium. Therefore, batch 

experiments may have only limited applicability to solute 

transport in porous media [115].                    

              The column used has diameter equal to 2 cm and 10 

cm long. After Column packing with a known weight of 
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adsorbent (yellow sand 46.5 g), the conditioning solution is 

passed through the column. In order to minimize entrapment 

of air bubbles, the column was felled from the bottom up. 

Figure (5) shows the experimental set–up for saturated 

breakthrough curve (BTC) experiments. The flow rate is 

1ml/min and ionic strength is10-4M. The cations 

concentration (cesium and cobalt) with and without colloid 

(Al2O3 and Fe2O3) was tested at different metals and colloid 

concentrations. The quantities of metal ions which are 

sorped on the sand column are calculated and the 

concentration is measured by using AAS.   

              The column assembly is shown in Fig. (5). It 

consists of a feed solution, connected to a pump to adjust the 

flow rate. The pump is connected to the working column 

packed with the matrix (down to up flow). The effluent 

passed thought the column is collected in known fraction 

volumes for spectrometric measurements. 
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Fig.(5). Experimental setup of cesium/cobalt transport in 

              yellow sand column                                                
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2.7.2.1. Effect of initial ion concentration on                       

              breakthrough curve                                           

              The sorption performance of yellow sand column 

was investigated at different initial Cs+ and Co2+   

concentrations. The effect of varying the initial Cs + and /or 

Co2+ concentrations from 50, 100 and 250 ppm at a flow rate 

1ml/ min and bed depth of 10.0 cm are tested. 

2.7.2.2. Effect of colloids on the performance of                 

              breakthrough curves                                          

             The sorption performance  of yellow sand  column 

was investigated at concentration 15 ppm from colloid 

materials (Al2O3 and  Fe2O3 ) were present with the feed 

solution of 50,100 and 250 ppm from Cs+ and Co2+ in 10-4 M  

NaCl. 

2.7.2.3. Effect of colloids concentration on the                    

              performance of (BTC)                                       

             The effect of colloid materials concentration (15, 25 

and 35 ppm) with 50 ppm Cs+ or Co2+ sorption by yellow 

sand column at a flow rate 1ml/min of bed depth of 10.0 cm, 

and 2.0 cm diameter are carried out. 
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2.7.2.4. Desorption of metal ions from sand column 

              1 M HCl was used for desorption experiments of 

sand column loaded by 250ppm of sorbed ions (Cs+ or Co2+) 

ions in absence and presence of 15ppm colloidal materials 

(Al2O3 or Fe2O3). The displacement curves of Cs+ and Co2+ 

were obtained. 

2.7.2.5. Ground water application 

             The sorption performance of yellow sand column 

was investigated at 50 ppm Cs+ and Co2+ without and with 

colloidal materials (15ppm) at a flow rate 1ml/ min and bed 

depth of 10.0 cm by using groundwater taken from a well 

near Inshas disposal site. Breakthrough curve and also 

displacement curves of Cs+ and Co2+ were obtained; column 

performance and displacement percent were calculated. 
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3. Results and discussion 

The results and discussion of this thesis are divided 

into two main parts. The first part is concerned with the 

sorption of cesium and cobalt from aqueous sodium chloride 

solution by using yellow sand and clay soils with and 

without colloidal Alumina (Al2O3). The second part is 

divided into two sections: 1- studied the transportation or 

retardation of the Cs
+ 

and Co
2+ 

ions from/onto sand column 

in absence and presence of two types of colloids (Al2O3-

Fe2O3). 2- Studied the application of the retardation or 

transportation of Cs
+
 and Co

2+ 
ions onto/from sand column 

with and without colloids by using Inshas groundwater.   

In a radioactive waste repository, the main protective 

function is to be provided by natural geological barrier itself, 

selected in such a way that its impermeability and stability 

characteristics should prevent contamination to reach to 

biosphere. In this regard, a primary concern is the 

contamination of groundwater which is considered a very 

important vector of pollution. 

Cesium radioisotopes such as 
134

Cs and 
137

Cs are 

frequently found in aqueous radioactive wastes originating 

in nuclear reactors and research institutes, mostly at levels 
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exceeding the standards. Cesium-137 is potentially 

hazardous because its high water solubility, has long half- 

life may enable it to migrate long distances and it can be 

easily incorporated into terrestrial and aquatic organisms 

because of its chemical similarity to potassium [116]. The 

radionuclide 
60

Co is one of the most important activation 

products in nuclear reactors that are potentially hazardous to 

the biosphere and can also be present in the waste water 

effluents. 

A reasonable prediction of the transport of these      

contaminants of concern in groundwater or geological 

environments depends deeply on reliable and valid transport 

related parameters. To reach this end, both batch and column 

methods are conducted in the laboratory to estimate 

transport-related parameter such as distribution coefficient.  

3.1. Characterization of the prepared material 

3.1.1. X-ray diffraction patterns (XRD) 

            Figure (6): shows X-Ray powder diffraction (XRD) 

pattern of the prepared sample. The reflection pattern, which 

is attributed to Fe2O3 can be observed in this figure. The 

reflection peaks become small and broad as the synthesized 
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particle size decreases. These characteristics peaks of Fe2O3 

are in close agreement with the reported data [112].                                      

3.1.2 Infra red spectroscopy (IR) 

          Figure (7): represents the IR spectra for Fe2O3 

nanoparticles. Metal oleate and Fe2O3 are included in the 

bands at around 1400- 1600 cm
-1

. The peaks of 2850 and 

2919 peaks are in the range of C-H stretching modes of 

olefin group. The peaks at 1071-1723 are in the range of 

carboxylic group. From these results it is believed that the 

COO group of oleate is forming a complex between the Fe 

atoms on the surface of the prepared particles [112].   

 

 

 

 

 

 

 



 

 90 

 

Results and discussion 

 

 

 

 

 

                                                                                            

Fig. (6) XRD spectrum for synthetic material                     

           (Fe2O3).                                                                

 

 

 

 

 

 

Fig. (7) IR spectrum for synthetic material (Fe2O3). 
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3. 2. Batch Investigations 

         The sorption of Cs
+
 and Co

2+
 ions from aqueous 

sodium chloride solution was tested experimentally to 

investigate the sorption capacities of yellow sand and clay 

soils.  Also, study the role of colloidal material    (Al2O3) on 

the sorption of these ions. The factors affecting on the 

sorption of the studied ions are; time of equilibration, 

hydrogen ion concentration, the effect of V/m, sodium 

chloride concentration, metal ion concentrations, and 

temperature. 

3.2.1. Effect of time of equilibration 

The effect of the contact time on sorption of Cs
+
 from 

0.1M aqueous sodium chloride solution onto yellow sand with 

and without colloidal (Al2O3) is shown in Fig.(8 a). The 

amount sorbed of Cs
+
 ion is increased with increasing the 

shaking time until a steady state is attained after 60 min. for 

sand and about 100 min for sand in presence of colloid. The 

steep sloped initial parts of the curves indicate prompt, 

dynamic sorption on the large uncovered surface area, the 

following stage with slower sorption rate is probably 

controlled by diffusion [117]. It is clear from the figure that 

the sorption of Cs
+
 in presence of colloid is higher than the 
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sorption in absence of colloid. This could be attributed to the 

sorption of colloid which has positive charge onto yellow 

sand which having negatively charging on the surfaces.        

         The same trend was observed in the case of clay as 

shown in Fig. (8 b), but the sorption capacity of cesium ions 

by clay is higher than that of yellow sand, this is because 

clay having high specific surface and high cation exchange 

capacity [118]. 

Figure (9 a) illustrate kinetic sorption of Co
2+

 from 0.1M 

aqueous NaCl solution onto yellow sand with and without 

Al2O3. As shown in this Figure the sorption capacity of Co
2+

 

is increased with increasing the shaking time until a steady 

state is attained after 60-120 min.  

The effect of contact time on the sorption capacity of Co 

ions from 0.1M aqueous NaCl solution and by using clay with 

and without Al2O3 is shown in Fig. (9 b). The figure indicate 

that the Co
2+

 having the same trend, to yellow sand but the 

amount sorbet by clay is about 10 times that of yellow sand.    
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Fig.( 8).  Effect of contact time on sorption of Cs+ by (a)      

               sand (b) clay with and without colloidal Al2O3. 
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Fig. (9). Effect of time on sorption of Co2+ by (a) Sand (b) 

                               clay with and without colloidal Al2O3. 
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3.2.2. Effect of hydrogen ion concentration 

To determine the chemical condition at which Cs
+
 

ions are effectively sorbed onto yellow sand and colloidial 

(Al2O3), the sorption was studied at different pH values 

ranging from 1.0 to 8.0 at 0.1M aqueous sodium chloride 

solution. It was observed that the acidic medium has less 

effect on the sorption process. This may be due to the 

competition behavior between hydrogen ions and studied 

ions for sorption onto the sorbents. The kd of Cs
+
 sorbed by 

yellow sand without and with colloid was continuously 

increased from 1.4 to 5.14 mL/g and from 1.53 to 5.36 mL/g 

respectively by increase in pH range from 5.0 to 8.0, as 

shown in Fig. (10a). From the figure it was observed that the 

kd of Cs
+
 is slightly increased by adding 5ppm Al2O3 than in 

case of using yellow sand only. At low pH, the lesser 

sorption may be attributed to the relatively small number of 

available sites, which is due to solubility of constituents of 

yellow sand in acidic solutions. The experiments were 

carried out at room temperature and using liquid/solid ratio 

equal to 10 and contact time equal 120 min. The enhanced 

sorption of Cs
+
 ion on clay with increasing pH may be 

explained by a mechanism involving direct exchange of the 
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unhydrolyzed ion Eq. (9), with a specific group on the 

adsorbing surface in relatively low pH values.  

                                                                             (9)                            

Effect of pH on the kd of Cs
+
 by using clay in the absence and 

presence of Al2O3 are shown in Fig. (10 b) which indicate the 

same trend that was observed in case of yellow sand. The 

values of kd was increased from 13.2 to 180.7 mL/g and from 

19.5 to 183.5 mL/g when using clay mineral in absence and 

presence of colloid respectively. 
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Fig: (10). Effect of pH values on the sorption of Cesium      

                  ions by (a) Sand (b) Clay with and without         

                   colloidal Al2O3.                                        
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        The sorption of Co
2+

 ions from 0.1M aqueous sodium 

chloride solution onto yellow sand in absences and presence 

of aluminum oxide (15ppm) was studied in the pH range from 

(3-8) and the results obtained are shown in Fig.(11 a). From 

the figure it was observed that the Kd of Co
2+

 is slightly 

increased at low pH but increased markedly with increasing 

pH. The experiments were carried out at room temperature 

and using liquid/solid ratio equal to 10 and contact time equal 

120 min.  

          The pH dependence of cobalt sorption on clay with and 

without colloid at ionic strength 0.1M NaCl and at room 

temperature and using liquid/solid ratio equal to 10 and 

contact time equal 120 min is shown in Fig. (11 b). The 

enhanced sorption of Co
2+

 on clay with increasing pH may be 

explained either by a mechanism involving prior hydrolysis of 

the metal ions in the solution to give hydrolysis product 

Eq.(10), which is more strongly adsorbed Eq.(11), or by a 

mechanism involving direct exchange of the unhydrolyzed 

ions Eq. (12) with a specific  group on the adsorbing surface 

in relatively low pH values [119].  
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Cobalt is present in the solution mainly in the form of Co
2+

 up 

to pH 8. The positively charged CoOH
+ 

and Co4 (OH)4
4+  

hydrolytic products
 
appear

 
in the range of pH 7-12, while 

neutral Co(OH)2 species start to precipitate at pH 8 and 

become predominate at pH 11.  Present sorption studies were 

carried out at pH 6.8, so it can be concluded that in the pH 

range 3-8 cobalt is sorbed from the solution in the form of 

Co
2+

 through ion exchange process with the reactive surface 

hydroxyl group (S-OH) bound to the clay minerals [120]. 
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Fig: (11). Effect of pH values on the sorption of Cobalt                          

ions by (a) Sand (b) Clay with and without 

colloidal Al2O3.                                                  
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3.2.3. Effect of volume/weight (V/m) 

 The effect of V/m on sorption of Cs
+
 from 0.1M 

sodium chloride solution by yellow sand in absence and 

presence of colloidal Al2O3 was studied in the range from 10 

to 200 mL/g to evaluate the optimum resin weight to achieve 

a sorption capability. As shown in Fig. (12 a), the kd of Cs
+
 

increases as V/m increases from 10 to 200 mL/g. The V/m 

ratio was kept at 10 (5mL/0.5g) during all experiments 

whereas there is no increase in the amount of sorption less 

than this ratio.  

        The same trend was observed in the case of clay as 

shown in Fig. (12 b), but the sorption amount of Cs
+
 by clay is 

higher than that of yellow sand.   

        The effect of V/m on the sorption amount of Co
2+

 from 

0.1M sodium chloride solution by yellow sand in absence and 

presence of 15ppm Al2O3 was studied in the range from 10 to 

200 mL/g to evaluate the optimum resin weight to achieve a 

sorption capacity. As shown in Fig. (13 a), kd of Co
2+

 

increases as V/m increases from 10 to 200 mL/g.  
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          The same trend was observed in case of clay as shown 

in Fig. (13 b), but the amount of sorption of Co
2+

 by clay is 

higher than that of yellow sand. 
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Fig: (12). Effect of V/m values on the distribution              

                  coefficient of Cs+ by (a) Sand (b) Clay with       

                   and without Al2O3 colloid.                              
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Fig: (13). Effect of V/m values on the distribution              

                      coefficient of Co2+ by (a) Sand (b) Clay with 

and without Al2O3 colloid.                                
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3.2.4. Effect of ionic strength 

 The effect of sodium chloride concentration on the 

sorption amount of 50 mg/L Cs
+
 by yellow sand without and 

with 15ppm Al2O3 was studied in the range from 0.01 to 0.25 

M to evaluate the optimum concentration to achieve the kd 

values (mL/g). As shown in Fig. (14 a), these values increases 

as sodium chloride concentration decreases from 0.25 to 0.01 

M. The concentration of sodium chloride was kept at 0.1 M 

during all batch experiments.  

            The same effect was observed in case of clay as shown 

in Fig. (14 b) but the kd values for Cs
+
 by clay is higher than 

that of yellow sand. 

   The effect of NaCl concentration on the sorption 

amount of 50 mg/L Co
2+

 by yellow sand in absences and 

presence of Al2O3 (15ppm) was studied in the range from 0.01 

to 0.2 M to evaluate the optimum concentration to achieve a 

distribution ratio. As shown in Fig. (15a), the kd values for 

Co
2+

 increases as sodium chloride concentration decreases 

from 0.2 to 0.01 M. The concentration of sodium chloride was 

kept at 0.1 M during all batch experiments. 
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 The same effect was observed in case of clay as shown 

in Fig. (15b), but the kd values for Co
2+

 by clay is higher than 

that of yellow sand. 
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Fig: (14).  Effect of ionic strength on kd values of Cs+ by   

                   (a) Sand (b) Clay with and without                   

                    colloidal Al2O3.  
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         Fig: (15). Effect of ionic strength on the kd values     
                          Co2+ by (a) Sand (b) Clay with and            
                           without colloidal Al2O3.                              
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  3.2.5. Effect of metal ions concentration 

    The effect of the initial ion concentration was 

performed at initial concentrations of 10, 25, 50, 75, 100, 200 

and 500 mg/L at 298 K for the sorption of Cs
+
 and Co

2+
  ions 

onto yellow sand and clay with and without Al2O3 colloid and 

the results were shown in Figs. (16 a and b) for Cs
+
 ions and 

Figs.  (17 a and b) for Co
2+

 ions.  It is clear that the sorption 

amount of Cs
+
 and Co

2+
 ions increases with increasing the 

initial ions concentration, and the amount of Cs
+
 and Co

2+
 

ions sorbed by clay in absences and presence of colloid is 

greater than that of Cs
+
 and Co

2+
 ions sorbed  by yellow sand 

in absences and presence of colloid. The maximum sorption 

capacity of Cs
+
 and Co

2+
 ions are obtained at concentration of 

500 mg/L in case of all sorbent used. 

 The increase in the sorption capacity of the material 

with increasing of initial ion concentration in case of Cs
+
 and 

Co
2+

 may be due to higher probability of collision between 

each investigated ions and the particles of sorbent. The 

variation in the extent of sorption may also be due to the fact 

that initially all sites on the surface of yellow sand or clay was 

vacant and the metal ions concentration gradient was 

relatively high. 
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Fig: (16). Effect of metal ions concentration on the              

                  sorption capacity of Cs + sorbed by (a) Sand (b)  

                  Clay with and without colloidal Al2O3.             
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Fig: (17). Effect of metal ions concentration on the     

sorption capacity                    of Co2+ sorbed by (a) Sand 

(b) Clay with and without colloidal Al2O3.      
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3.2.6. Effect of temperature 

   Temperature has two major effects on adsorption 

processes. Increasing temperature is known to increase the 

rate of diffusion of adsorbate molecules across the external 

boundary layer and in the internal pores of the adsorbent 

particle, owing to the decrease in velocity of the solution. In 

addition, changing the temperature will change the 

equilibrium capacity of the adsorbent for a particular 

adsorbate [121]. 

    The effect of temperature on the adsorption of cesium 

from chloride solution by yellow sand and clay in the absence 

and presence of colloid at pH 6.8, V/m ratio 10.0 mL/g and 

concentration of metal ions 50 mg/L is studied.  

            In order to gain insight into the thermodynamic nature 

of the sorption process, several thermodynamic parameters for 

the present systems were calculated. The Gibbs free energy 

change (∆G
o
), 

 
is the fundamental criterion of spontaneity and 

calculated according to Eq. (13):  
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          Where: R is the universal gas constant (8.314 kJ/mol 

K), Kc is the sorption equilibrium constant and T is the 

absolute temperature (K). The sorption equilibrium constant 

(Kc) can be calculated from: 

                                                                       (14) 

  Where: Fe is the fraction attainment of metal ions 

sorbed at equilibrium and equal to (Co- Ce) /Co. The variation 

of Kc for Cs
+
 and Co

2+
 ions with temperature, is summarized 

in Tables (5,6) respectively, which illustrate that Kc values 

decrease with increase in sorption temperature for cesium ions 

and increase with increase in temperature for cobalt ions, 

(thus implying a strengthening of adsorbate - adsorbent 

interactions at higher temperature). Reactions occur 

spontaneously at a given temperature if ∆G
o
 is a negative 

quantity and non spontaneous when the value is positive. The 

enthalpy changes (EH
o
) and entropy change (∆So) can be 

deduced from the slope and intercept respectively of both 

metal ions according to the following equation:                                                    

  

                                                                       (15)                                                                                            
RT

H

R

S
K c

∆
−

∆
=ln

( )/ 1-c e eK F F=
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      Straight lines were observed as shown in Fig. (18) of 

Cs
+
 sorbed on (a) yellow sand and (b) clay, respectively.  

      The thermodynamic parameters (∆H
o
, EG

o
 and ∆S

o
), 

for Cs
+
 sorbed by yellow sand and clay with and without 

colloid are given in Table (5). The change in ∆H
o
 for Cs

+
 was 

found to be negative for the all adsorbents used, confirming 

the exothermic nature of the sorption processes in case of both 

yellow sand and clay in absence and presence of colloid. The 

reason of this behavior could originate from thermal 

destabilization which cause an increase in the mobility of Cs
+
 

on the surface of the solid with increasing temperature, thus 

enhancing the desorption steps. The positive and negative 

values of EG
o
 indicate the non spontaneous and spontaneous 

nature (feasibility of the process) of Cs
+
 onto yellow sand and 

clay with and without Al2O3, respectively. Values of the ∆S
o 

are negative for Cs
+
 with yellow sand with and without Al2O3 

as a result of a random reaction, since such reaction leads to 

transferring the sorbate ions from a disorder state in the 

solution to a more order state. This decrease in the disorder 

state in the solution to a more order state because the 

probability the dehydration steps would increase the mobility 

of the Cs
+
 and that of the surrounding water molecules with in 
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the body of the solution.  The ∆S
o 

are positive for Cs
+
 by clay 

with and without Al2O3, this indicate that more mobility is 

generated in the system as a result of the sorption process. 

From the results it is clear that the increasing temperature 

from 25 to 65
o
C leads to slight decrease in the sorption of Cs

+
 

ions. 

     In case of Co
2+

 the values of ∆H
o and ∆So were 

calculated from the slope and intercept of the straight lines 

by using Eq. (15) and as shown in Fig. (19), for Co
2+

 ions 

sorbed on (a) yellow sand and (b) clay, respectively and the 

EG
o
 values are calculated as the same of Cs

+
 ions. The 

values of ∆H
o
, EG

o
 and ∆S

o
, for Co

2+
 ions sorbed by yellow 

sand and clay are given in Table (6). The change in ∆H
o
 for 

Co
2+

 is positive for the all adsorbents used, confirming the 

endothermic nature of the sorption processes. The values of 

∆G
 o

 were found to be positive in case of Co ions sorption by 

yellow sand with and without Al2O3 which indicate that the 

reaction is non spontaneous. The values of ∆G
 o

 were found 

to be negative in case of Co ions sorption by clay with and 

without Al2O3 which indicate that the reaction is 

spontaneous nature of Co
2+

. The values of ∆S
o
 were found to 
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be positive in case of yellow sand and the values were more 

positive in case of clay. 

 

Table (5): Values of the thermodynamic parameters for sorption of 

                  Cs ions from chloride solution onto yellow sand and        

                  clay with and without colloid. 
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Fig: (18). Plot of ln Kc Vs. 1/T for Cs ions sorbed by          

                  (a) Sand (b) Clay with and without                    

                    colloidal Al2O3.                                                   
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Fig: (19).  Plot of ln Kc Vs. 1/T for Co ions sorbed by 

                   (a) Sand (b) Clay with and without                   

                    colloidal  Al2O3.    
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Table (6): Values of the thermodynamic parameters for sorption of 

                 Co ions from chloride solution onto yellow sand and clay 

                  with and without colloid. 

 

 

S is Yellow Sand, C is clay 
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3.3. Sorption isotherms 

Sorption equilibrium is usually described by an isotherm 

equation whose parameters express the surface properties and 

affinity of the sorbent, at a fixed temperature and pH. An 

adsorption isotherm describes the relationship between the 

amount of adsorbate on the adsorbent and the concentration of 

dissolved adsorbate in solution at equilibrium [122]. 

        The isothermal parameters were evaluated using 

Langmuir and Freundlich isotherm models equations (3 and 

4) in non linear form found in sections 1.5.3.1 and 1.5.3.2. 

For fitting the experimental data, the Langmuir model was 

linearized as:  

                                                                                    (16)                                                                                             

Where, qe is the amount of metal ion sorbed per unit weight of 

the sorbent (mg/g), Ce is the equilibrium concentration of the 

metal ion in the equilibrium solution (mg/l), Q
0
 is the monolayer 

sorption capacity (mg/g) and b is the constant related to the free 

energy of adsorption (b α e
-∆G/RT

).  

 The Freundlich model is linearized as follows: 

                                                                          (17)                   
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Where, Kf is a constant indicative of the relative sorption 

capacity of the sorbent (mg/g) and 1/n is the constant 

indicative of the intensity of sorption process.   

   The Freundlich and Langmuir isotherms for the 

sorption of Cs
+
 on (a) yellow sand and (b) clay in the absence 

and presence of colloid at room temperature are presented 

respectively in Figs. (20 a, b) and (21 a, b), the plots yield 

straight lines indicating that the sorption isotherms of Cs
+
 

obey both isotherms. The corresponding Langmuir parameters 

along with the correlation coefficient values for Cs ions (R
2
) 

are given in Table (7). The monolayer sorption capacity (Q
0
) 

for cesium ions on clay was found to be more than that of 

yellow sand. 

    Also, the fitting of the data to the Freundlich isotherm 

suggests that the sorption process is not restricted to one 

specific class of sites and assumes surface heterogeneity 

[123]. From the slope and intercept of the plots, the 

Freundlich parameters (1/n and Kf) for Cs
+
 are listed also in 

Table (7). The slope of Freundlich isotherm for all cases is 

less than unity, indicating a concentration dependant sorption 

for Cs ions onto the all sorbent used. 
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Fig. (20). Freundlich isotherm plot for Cs+ by (a) Sand     

                   (b) Clay with and without colloidal Al2O3.        
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Fig.(21). Langmuir isotherm for Cs+ by (a) Sand (b) Clay 

with and without colloidal Al2O3.                        
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      The Freundlich and Langmuir isotherms for the 

sorption of Co
2+

 on (a) yellow sand and (b) clay with and 

without of Al2O3 at room temperature are presented 

respectively in Figs. (22 a, b) and (23a, b), also the fitting of 

the data to the Freundlich isotherm suggests that the sorption 

process is not restricted to one specific class of sites and 

assumes surface heterogeneity. From the slope and intercept 

of the plots, the Freundlich parameters (Kf and 1/n) for Co
2+

 

are also listed in Table (8). The slope of Freundlich isotherm 

for all cases is less than unity, indicating a concentration 

dependant sorption for Co
2+

 onto the all sorbent used.   
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Table (7): Parameters of Freundlich and Langmiur isotherms for 

                 the sorption of Cs+ from chloride solution by yellow sand 

and clay with and without  colloidal Al2O3.                          

 

Table (8): Parameters of Freundlich and Langmiur isotherms for  

                  the sorption of Co2+ from chloride solution by yellow      

                  sand and clay with and without colloidal Al2O3. 

 

* S: sand       C: clay     coll. : colloid  

 

          Langmuir model  
                parameters 

     Freundlich model   
           parameters 

       

  R2 b (L/g) Q0(mg/kg)   R2 1/n     Kf 

 
        
        Metal ion 
 

 
0.999 

 
0.0146 

 
   163.66 

 
0.997 

 
0.474 

   
  7.97 

Cs+ with  S only   
 

 
0.997 

 
0.0233 

 
   181.159 

 
1.00 

 
0.358 

 
 17.68 

  Cs+ with S and    
   coll. 

0.961 0.0207    4133.93 0.998 0.821  129.6   Cs+ with C only 

  
0.964 

 
0.0242 

      
4610.42 

 
0.997 

   
0.801 

   
152.72 

  Cs+ with C and    
  coll.                                      

          Langmuir model 
              Parameters 
 

       Freundlich model     
             parameters 

 

  R2 b (L/g) Q0(mg/kg)   R2    1/n    Kf 

             
 

 Metal ion 

 
0.993 

 
0.0231 

 
160.256 

 
0.983 

 
  0.234 

 
 34.19 

 Co2+with  S only 
 

  
0.997 

   
0.0394 

         
175.43 

  
0.980 

      
0.202 

    
49.27 

 Co2+with S and                                            
coll. 

0.965 0.0368 3711.95 0.998   0.511  299.9  Co2+ with C only 

  
0.986 

   
0.0581 

      
4118.61 

  
0.998 

     
0.513 

   
307.6 

 Co2+with C and                  
coll. 
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Fig. (22). Freundlich isotherm plot for Co2+ ions by (a)     

                  Sand (b) Clay with and without colloidal Al2O3 
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Fig.( 23).  Langmuir isotherm for Co2+ by (a) Sand (b)      

   Clay with and without colloidal Al2O3.           
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3.4. Kinetic studies 

It is well known that sorption kinetics is controlled by 

different kind of mechanisms like mass transfer, diffusion 

control, chemical reactions and particle diffusion. In order to 

clarify the kinetic characteristics of sorption of Cs and Co 

ions onto yellow sand and clay with and without of Al2O3 

with time, an appropriate kinetic model is required. For this 

purpose pseudo first-order and pseudo second - order rate 

models were studied. The Lagergreen pseudo first - order 

expression is written as [124]. 

                       t
k

qqq ete
303.2

log)log( 1
−=−                                   (18) 

        Where qe and qt (mg/kg) are the amount of metal ions 

sorbed at equilibrium and at time t, respectively and k1 is the 

over all rate constant. Diagramed of log (qe – qt) versus (t) for 

Cs
+
 sorption by (a) yellow sand and (b) clay with and without 

colloidal Al2O3 are shown in Fig. (24) was used to determine 

the first order rate constant (k1) and the theoretical 

equilibrium sorption capacities (qe), from the slopes and 

intercept respectively. The calculated values k1 and qe with the 

values of the linear correlation coefficients (R
2
) of each plot 

are presented in Table (9). As can be seen from this table, 
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although R
2
 of each plot are so good, the qe (calculated) values 

for Cs
+
 by sand and clay with and without of colloidal Al2O3 

are not in agreement with qe (experimental). So, it could 

suggest that the sorption of Cs
+
 is not a first- order reaction.  
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Fig. (24). Pseudo first -order kinetic plots for sorption of  

                 Cs+ by (a) Sand (b) Clay with and without         

                  colloidal Al2O3.                                                  

         

0 10 20 30 40 50 60 70 80 90 100

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

 C s
+
 by sand only

 C s
+
 by sand and colloid

(a)

lo
g

(q
e- 

q
t) 

(m
g
/k

g
)

Time, m in.

0 10 20 30 40 50 60 70 80 90

0.2

0.4

0.6

0.8

1.0

1.2

1.4

 C s
+
 by clay on ly

 C s
+
 by clay and colloid

(b )

lo
g
(q

e- 
q

t) 
(m

g
/k

g
)

Time, m in .



 

 131 

 

Results and discussion 

 It was observed that the sorption of Co
2+

 followed the pseudo 

first - order equation by (a) yellow sand and (b) clay with and 

without colloidal Al2O3 as shown in Fig. (25). These Figures 

were used to determine the first order rate constant (k1) and 

the theoretical equilibrium sorption capacities (qe), from the 

slopes and intercept respectively. The calculated values k1 and 

qe with the values of the linear correlation coefficients (R
2
) of 

each plot are presented in Table (10). As can be seen from this 

table, although R
2
 of each plot are so good (> 0.98), the qe 

(calculated) values for Co
2+

 ions are not in agreement with qe 

(experimental) for all studied sorption processes.  So, it could 

suggest that the sorption of Co
2+

 is not a first- order reaction.  
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Fig. ( 25).  Pseudo First- order kinetic plots for sorption   

                   of Co2+ by (a) Sand (b) Clay with and without 

                   colloidal Al2O3.                                                    
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        A pseudo second-order rate model [125-127] is also used 

to describe the kinetics of the sorption of ions sorbed onto 

adsorbent materials. This model is expressed as:         

                                                                        (19)  

Where k2 is the rate constant of pseudo second- order equation 

(kg/mg min). The kinetic plots of t/qt versus t for Cs ions 

sorption onto both (a) yellow sand and (b) clay in presence 

and absence of colloidal (Al2O3) are represented in Fig. (26). 

Relations are linear and the values of the correlation 

coefficients (R
2
), suggest strong relationships between the 

parameters and also explain that the process of sorption of 

ions follows the pseudo second-order kinetic model. The 

products k2qe
2
 is the initial sorption rate represented as h = 

k2qe
2
. The kinetic parameters of this model are calculated 

from the slopes and intercept of the linear plots which are 

given in Table (9). The correlation coefficients are high and 

the theoretical and experimental qe are closed to each other. 

So, it is possible to suggest that the sorption of Cs
+
 followed 

the pseudo-second order kinetic model for all studied sorption 

processes. 

2

2

1 1

t e e

t
t

q K q q
= +
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        The kinetic plots of t/qt versus t for Co ions sorption onto 

both (a) yellow sand and (b) clay with and without colloidal 

Al2O3 are represented in Fig. (27). The relations are linear and 

the values of the correlation coefficients (R
2
) suggest strong 

relationships between the parameters and also explain that the 

process of sorption of ions follows the pseudo second-order 

kinetic model. The products k2qe
2
 is the initial sorption rate 

represented as h = k2qe
2
. The kinetic parameters of this model 

are calculated from the slope and intercept of the linear plots 

and are given in Table (10). The correlation coefficients are 

high and the theoretical and experimental qe are closed to each 

other. So, it is possible to suggest that the sorption of Co
2+

 

was followed the pseudo-second order kinetic model for all 

studied sorption processes.   
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Table (9): The calculated parameters of the pseudo first and           

                   second order kinetic of Cs+ from chloride solution onto 

yellow sand and clay with and without (Al2O3).             

  

 

Table (10): The calculated parameters of the pseudo first and         

                      second order kinetic of Co2+ from chloride solution 

onto yellow sand and clay with and without (Al2O3).  

           pseudo first order            pseudo second order  
  Metal ion 
 

     K1 

    min-1 
  qe( cal) 

 mg/kg 
qe (exp) 

mg/k g   
    
   R2 

         K2 

kg/mg min 
qe (cal) 

mg/kg 
    h 
mg/kg 
min 

   
  R2 

  
Co2+ with S 

   
0.0198 

 
53.46   

  
 48.0 

  
0.99 

 
1.107x10-3 

 
50.00 

 
8.032 

 
0.98 

 Co2+ with S                                              
and coll. 

   
0.0205 

     
17.18 

  
 69.0 

  
0.99 

 
1.338x10-3 

 
69.40 

 
10.98 

 
0.99 

 Co2+ with C    
0.0166 

 
43.49 

  
  477 

 
 0.96 

 
9.59x10-4 

 
487.80 

 
228.31 

 
0.99 

 Co2+ with C                                        
and coll. 

   
0.0297 

 
18.08 

   
  480 

  
 0.97 

 
9.59x10-4 

 
487.80 

 
228.31 

 
1.00 

* S: sand       C: clay     coll.: colloid  

 

              pseudo first order               pseudo second order  
Metal ion    K1 

  min-1 
 qe (cal)                
mg/kg 

qe (exp) 

mg/kg 
  
    R2 

         K2 

kg/mg min 
qe (cal) 

mg/kg 
    h 
mg/kg          
min 

 
   R2 

     
 Cs+ with S     
 

 
0.0147 

   
62.25 

 
70.4 

  
0.96 

 
3.257x10-3 

   
72.6 

   
17.178 

 
0.99 

 Cs+ with S  
   and coll. 

 
0.0251 

   
 22.51 

 
  77.0 

 
0.82 

 
2.815x10-3 

 
78.8  

 
17.485 

 
0.99   

Cs+ with C  
0.0827 

  
 35.98 

 
   449 

  
0.93 

 
6.723x10-3 

 
450.4 

 
1364.3 

 
0.99 

Cs+ with C   
 and coll. 

 
0.0156 

   
  35.48 

 
   457 

  
0.97 

 
1.18x10-3 

 
456.6 

 
2457.6 

 
1.00 
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     Fig.(26). Pseudo Second–order kinetic plots for            

                        sorption of Cs+ by (a) Sand (b) Clay with 

and without colloidal Al2O3.                           
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Fig. (27).  Pseudo Second order kinetic plots for sorption 

                  of Co2+ by  (a) Sand (b) Clay with and without 

colloidal Al2O3.                                                       
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3.5. Column Investigation 

   Fixed bed column sorption experiments were carried 

out to study the sorption dynamics. The fixed bed column 

operation allows more efficient utilization of the sorptive 

capacity than the batch process. The predominant factors 

determine the operation and the dynamic response of the 

column are: the shape of the breakthrough curve (BTC) and 

the time for breakthrough appearance. The general position 

of the (BTC) along volume/time axis depends on the 

capacity of the column with respect to bed height, feed 

concentration and flow rate [128-133]. 

     The parameters affect on yellow sand of Inshas site 

column performance include; initial concentration of metal 

ions, with and without of colloidal materials and different 

concentrations of colloid. In this concern, the loading 

behavior of Cs
+
 and Co

2+
 ions sorbed onto yellow sand from 

aqueous sodium chloride solution(10
-4

 M) in a fixed bed are 

shown by BTCs. These BTCs are expressed in terms of 

normalized concentration. They defined as the ratio of 

effluent ions concentration to its inlet concentration (C /Co), 

as a function of effluent volume for a given bed height. The 
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total sorbed ions quantity (qtot, mg), in the column, for a 

given feed concentration (C0., mg/L) and flow rate (Q, 

mL/min), could be calculated from the area under the BTCs 

obtained by integrating the sorbed ions concent. (Cads.,  

mg/L) versus time plot Equation (20): 

                                                                            (20) 

 

          The total amount of ions feed to the column (X, mg) is 

calculated from the following equation, where Veff are the 

volume of effluent (ml): 

                                                                                                          (21)                                             

The total percent of ion sorbed by the column i.e. the column 

performance by yellow sand in absence and presence of 

colloid can be calculated from the equation (22):  

                                         (22) 

 

 

 

( ) 100% removalion  ×=
X

q
total tot
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3.5.1. Effect of initial ion concentration on breakthrough 

           curve 

   The adsorption performance of yellow sand with and 

without colloid (15ppm Al2O3-Fe2O3) was tested at various 

inlet Cs and Co ions concentrations varying from (50 to 250 

mg/L) at flow rate 1.0 mL/min. and bed height (10cm).  

     The BTCs at different initial concentrations of the 

sorbate (a) for Cs and (b) for Co ions without colloids onto 

yellow sand column were shown, respectively in Figs. (28 a 

and b). From these Figures it was observed that the total 

sorbed ions quantities increase with respect to the initial 

metal ions concentration and the data which calculated from 

these Figs. were represented in Tables (11,12). The (BTCs) 

for Cs and Co ions with two types of colloids (Al2O3-Fe2O3) 

sorption into sand column were shown in Figs. (29, 30).  As 

it is evident from these figures, the increase in the initial Cs
+
 

and Co
2+

 concentrations, decrease the volume of solution 

treated and BTC are not delayed but the sorption capacity 

are increase. The column bed easily saturates when metal 

ions concentration are high, thereby decreasing the 

breakthrough time. The main driving force for the sorption 
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process is the concentration difference between the metal 

ions in the solution and in the sorbent [131]. The data were 

calculated from these Figs. and listed also in Tables (11, 12). 
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Fig. (28): Effect of feed concentration on breakthrough    

                capacity for sorption of (a) Cs+ and (b) Co2+ in   

                absence of colloidal Al2O3 or Fe2O3.                  
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Fig.(29): Effect of feed concentration on breakthrough     

          capacity for sorption of (a) Cs+ and (b) Co2+     

 in presence of colloidal Al2O3.                              
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Fig. (30): Effect of feed concentration on breakthrough    

                capacity for sorption of (a) Cs+ and (b) Co2+     

 in presence of colloidal Fe2O3.                             
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Table (11):  Effect of feed concentration on breakthrough capacity 

                      for sorption of Cs+ ions with and without colloids. 

 

     Co           
   (mg/L) 

 
  Collide 

 
  X (mg) 

 
  qtot(mg) 

 
   Column 
performance  
       (%) 

 
     Bed         
 Capacity    
    (mg/g) 

  without 10.25     5.96   58.15   0.128 

   Al2O3 17.00    10.35     60.88   0.223 

 
     50 

   Fe2O3 15.00     8.72     58.13   0.187 

  without 17.00     9.25     54.41   0.199 

   Al2O3 19.5٠    10.92     56.10   0.235 

 
    100 

   Fe2O3 19.5٠    10.8٠     55.60   0.232 

   without 38.75    20.85     53.81   0.448 

   Al2O3 45.0٠    24.25     54.00   0.521 

 
     250 

   Fe2O3 43.٧٥    23.68     54.10   0.509 
 

Table (12):  Effect of feed concentration on breakthrough capacity 

                     for sorption of Co2 ions with and without colloids. 

 

     Co          
  (mg/L) 

 
  Collide 

 
  X (mg) 

 
  qtot(mg) 

 
   Column 
performance  
       (%) 

 
     Bed 
Capacity    
    (mg/g) 

  without    3.00     1.46       48.7     0.031 

   Al2O3    7.25     3.20       44.0     0.067 

 
      50 

   Fe2O3    5.90     2.57       43.5     0.055 

  without    7.00     2.00       28.43     0.043 

   Al2O3    13.0     4.55       35.0     0.098 

 
     100 

   Fe2O3    12.5     4.06       32.5     0.087 

  without    12.5     3.10       24.8     0.067 

   Al2O3    18.8     5.86       31.2     0.126 

 
     250 

   Fe2O3    16.3     7.27       44.6     0.156 
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3.5.2. Effect of colloid material on the performance of      

           breakthrough curves                                                   

                                              

    Investigations were made by using two types of 

colloid materials; aluminum oxide and iron oxide for initial 

metal ion concentration 50, 100 and 250 mg/L.       

Breakthrough plots between Ct/Co versus throughput volume 

with and without of 15ppm Al2O3 and Fe2O3 were given 

respectively in Figs. (31 -33), (a - b) for Cs
+
 and Co

2+
.  As is 

evident from these figures, the absence of colloid reduces 

the volume treated efficiently until breakthrough and 

thereby decreases the service time of the bed. Sorption of 

Cs
+
 and Co

2+
 ions onto sand column in presence of colloids 

enhanced and the BTCs were delayed and take more volume 

to reach the maximum surface coverage. The last result is 

due to electrostatic attractive between the positive charge on 

the colloid surfaces and the negative charge on the matrix 

surfaces (sand). The sorption of positively charged Co
2+

 

onto the positively charged colloid surface at pH less than 

7.5 is the direct evidence of formation of chemical bonds 

between the surface and the Co ions. The data calculated 

from these Figs. were listed in Table (11,12) which are 

mentioned before.                                                                     
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Fig.(31): Breakthrough curves for sorption of (a) Cs+ and 

                (b) Co2+ (50ppm) by sand with and without        

                 colloids (Al2O3 or Fe2O3).          
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    Fig.  (32): Breakthrough curves for sorption of (a) Cs+  

                                    and (b) Co2+ (100ppm) by sand with and      

                        without colloids.   
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Fig. (33): Breakthrough curves for sorption of (a) Cs+      

                 and (b) Co2+ (250ppm) by sand with                   

                   and without colloids.                                           
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3.5.3. Effect of colloid concentration on the performance  

           of breakthrough curves.                                             

                         

    Varying colloid material concentrations affect the 

volume of solution treated or throughput volume. Effect of 

different concentration (15, 25 and 35ppm) of collide on 

adsorption of cesium and cobalt ions were shown in Figs, 

(34-a, a
-
) and (35-b, b

-
) respectively.  In the presence of 

attractive electrostatic forces, the deposition rate can be 

slightly enhanced at very low ionic strengths [134].  As it is 

evident from these figures, an increase in colloid 

concentration increased the treated volume, this may be due 

to a transition takes place from monolayer adsorption to 

multilayer adsorption when metal cations (Cs
+
 or Co

2+
) were 

deposited onto colloids surface [135]. The total sorbed ions 

quantity and the column performance of the studied ions are 

shown in Table (13,14).  
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     Fig. (34): Effect of colloids concentration on breakthrough         

                     curves for sorption of 50ppm Cs+ by sand (a) with        

                     Al2O3 and (a-) with Fe2O3.             
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      Fig. (35): Effect of colloids concentration on breakthrough        

                      curves for sorption of 50ppm Co2+ by sand (b) with     

                      Al2O3 and (b-) with Fe2O3.                                                
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Table (13): Cs ions in different concentration of Al2O3 –Fe2O3. 

 

 

Table (14): Co ions in different concentration of Al2O3 –Fe2O3. 

 

 

 

 

 
Bed 

Capacity 
(mg/g) 

 
Column 

performance 
(%) 

 

qtot.(mg) 

 

X 
(mg) 

 
Collide  

concentration 
mg/L 

 
Colloid 

material 

0.223 60.9 10.4 17.0 15 

0.264 63.1 12.3 19.5 25 

0.295 63.2 13.7 21.7 35 

Al2O3 

0.187 58.1 8.72 15.0 15 

0.197 66.6 9.16 13.7 25 

0.220 68.1 10.2 15.0 35 

Fe2O3 

 
Bed 

Capacity 
(mg/g) 

 
Column 

performance 
(%) 

 

qtot.(mg) 

 

X 
(mg) 

 
Collide  

concentration 
mg/L 

 
Colloid 

material 

0.067 44.0 3.20 7.25 15 

0.085 49.3 3.90 8.00 25 

0.103 53.4 4.80 9.00 35 

Al2O3 

0.043 31.3 1.85 5.90 15 

0.081 60.6 3.78 6.23 25 

0.107 59.4 5.00 8.42 35 

Fe2O3 
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3.5.4. Sorption and desorption of Cs+ and Co2+ 

                  onto/from sand: Effect of colloids.   

The sorption and desorption characteristics of Cs
+
 and 

Co
2+

 ions in soil and /or groundwater systems are very 

important with respect   to environmental pollution, these 

processes are influenced by presence     of colloids. Because 

of their high reactivity the colloids are able to bind 

contaminants and thus to move them in aqueous phase.  

  Although such a colloid- facilitated radionuclides 

transfer was often noted, opposite effect, the retardation of 

radionuclides in the presence of colloids was sparsely 

observed. Because of the limited storage capacity of 

temporary storage sites and high cost for final disposal at 

radioactive waste disposal sites, it might be necessary to 

remediate a soil contaminated with radionuclides to the level 

of a self – disposal. Therefore the sorption of the concerned 

radionuclides was reconsidered together with desorption 

studies when column tests carried out in order to check the 

sorption and desorption characteristics of Cs
+
 and Co

2+
 

onto/from  sand in presence of Al2O3 and Fe2O3 as colloidal 

materials.  
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The sorption - desorption of Cs
+
 and Co

2+
 ions       

onto/from yellow sand column were carried out in absence 

and presence of the two types of colloid. The concentration 

of both ions were 250 mg/L, and concentration of both 

colloids were 15mg/L. 1 M HCl at flow rate of 1ml/min. was 

used for desorption of Cs
+
 and Co

2+
 sorped onto yellow sand 

column.  

           Amount sorbed (QS) and amount desorbed (Qd) of Cs
+
 

and Co
2+

 ions onto column sand without and with colloidal 

materials (Al2O3 and Fe2O3) from aqueous sodium chloride 

solution (10
-4

M), were calculated by integrating the area 

above the breakthrough curves (BTCs) and the area beneath 

the displacement curves (DPCs), respectively as shown in 

Figs. (36-a and a 
-
) for Cs ions and in Figs. (37-b and b

-
) for 

Co ions. The values of Qs , Qd and Desorption % (Qd/ Qs) 

were listed in Table (15).                                              

 

 

 

 



 

 156 

 

Results and discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

         Fig. (36):  BTC and DPC of Cs ions onto/from the sand           

                           column without and with colloids (Al2O3 or Fe2O3). 
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      Fig. (37): BTC and DPC of Co ions onto/from the sand               

                      column with and without colloids (Al2O3 or Fe2O3).     
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Table (15): Amount sorbed (Qs) and amount desorbed (Qd) of         

                    Cs+and Co2+ ions onto/from yellow sand columns           

                     without and with colloids.                                               

 

 

 

 

 

 
      Metal/colloid              
                                               QS (mg)                       Qd (mg)                Desorption % 
 

             Cs+
                                                                                                     

      Without colloid  20.58                       13.74                  66.8    
       Al2O3  colloid                24.25                       12.80                  52.8                                                            
       Fe2O3 colloid                 23.68                       11.58                  48.9 
 
             
            Co2+ 
    Without colloid             3.10                         2.50                   80.6   
      Al2O3  colloid                5.86                         4.62                   78.8                 
      Fe2O3 colloid                7.27                         4.46                    61.3    
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3.5.5. Groundwater application in sand column 

           Contaminated groundwater is a significant problem 

for the environment. Halogenated hydrocarbons, mineral 

oils, aromatic hydrocarbons, and contaminants such as 

cesium and cobalt can pollute groundwater. Groundwater 

contamination is a degradation of natural water quality as a 

result of a human activities, and pollution occurs when 

contaminant concentrations level restrict the potential use of 

groundwater. 

            Groundwater pollution, often due to contaminant 

seepage from the disposal site, is a big problem in many 

countries. Industries such as plating, ceramics, glass, mining 

and battery manufacturing are considered the main sources 

of contaminants in local water streams, which will cause the 

contamination of groundwater. 

           The real groundwater can be significantly different 

from the liquid phase used in the experiment (pH and ionic 

strength) and these parameters have significant influence on 

stability of the stationary phase and on sorption properties of 

the sorbents as a whole [116].  The effect of Al2O3 and 

Fe2O3 colloids on the transport of Cs
+
 and Co

2+
 in yellow 
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sand column filled with Inshas groundwater at room 

temperature is shown Figs. (38and39). It is clear from 

Fig.(38 a-a
-
) of Cs

+
 that in the presence of colloids the 

sorption of Cs ions is higher on the yellow sand than in the 

absence of two colloids. This reflects the higher affinity of 

sand to the colloids which deposited on the surfaces of sand 

and the retardation effect is increase because the efficiency 

of colloids to binding Cs
+
 which also deposited on the 

surfaces of sand, the same trend was observed in case of 

Co
2+

. In these studied the metal ions concentration are 

(50ppm) and the colloids concentration (15ppm).  

            The displacement curve in Figs.(38-a, a
-
 ) for Cs ions 

and Figs.(39 b, b
-
) for Co ions shows elution of sorbed 

metals from yellow sand column using 1 M HCL solution at 

the same flow rate ( 1ml /min) the elution data shows that 

yellow sand can be effectively eluted with this reagent  in 

most studied cases. Cesium ions elution was completed after 

about 420 ml eluted volume in absence of colloids. While 

completed after about 370 and 360 ml in presence of Al2O3 

and Fe2O3, respectively.  
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         Cobalt ions elution was completed after about 225 ml 

eluted volume in absence of colloids. While completed after 

about 225 and 230 ml in presence of Al2O3 and Fe2O3 

colloid, respectively. The values of Qs , Qd and desorption % 

for Cs and Co ions onto/from yellow sand without and with 

colloids by using groundwater were listed in Table (16 ). 
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     Fig. (38): The BTC and DPC for Cs+ onto/from sand column      

                     without and with colloids (Al2O3 of a, Fe2O3 of a-)         

                        by using groundwater.                                                   
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Fig. (39): The BTC and DPC for Co2+ onto/from sand column         

                 without and with colloids (Al2O3 of b, Fe2O3 of b-) by       

                  using groundwater.                                                              
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Table (16): Amount sorbed (QS) and amount desorbed (Qd) of Cs+   

                              and Co2+ onto sand column with and without Al2O3       

                     and Fe2O3 colloids in groundwater.        

                                     

   

 

 

 

 

 

 

 
     Metal/colloid              
                                               QS (mg)                    Qd (mg)                 Desorption   % 
 

           Cs+
                                                                                                     

      Without colloid    3.59                       2.63                      73.0      
       Al2O3  colloid                  4.43                       2.88                      65.0                                                            
       Fe2O3 colloid                   5.37                       2.52                      47.0 
 
           
            Co2+ 
    Without colloid              1.55                       1.20                      77.4   
     Al2O3  colloid                  1.87                       1.30                      69.5                 
     Fe2O3 colloid                   1.43                       0.87                      60.8    
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Summary 

Summary 

             The major focus of this study is the role of the 

inorganic colloids to retarded or enhanced the transport of 

radionucliedes by the groundwater and may reach the 

biosphere. 

               Transport of suspended colloidal particles in 

granular porous media of fundamental importance in a 

variety of applied fields, including water and wastewater 

treatment, industrial separation processes, and contaminant 

transport in natural subsurface environments. Reactive 

transport of solutes in porous media is affected by advection, 

dispersion, and adsorption. The migration of radionucliedes 

and transition metals in subsurface environments is strongly 

influenced by their adsorption/ desorption reactions at the 

solid/ solution interface. Sorption is an important process for 

the transport of radionuclieds through backfill materials in a 

radioactive waste underground repository. Sorption of 

radionucliedes onto mineral surfaces will reduce the 

transport rate. 

 



 

 
��� 

 

Summary 

            The work carried out in this thesis is presented in 

three main chapters.       

The first chapter, an introduction described the importance 

of groundwater, sources of groundwater, direction of 

groundwater in Inshas area at Egypt, chemical composition of 

the investigated wells in Inshas site, groundwater pollution, 

contaminant transport in porous media, classification of 

waste, and some aspects on adsorption phenomena, types of 

adsorption, types of adsorbent, adsorption equilibrium and 

adsorption isotherm, some aspects on studied elements, 

definition of colloids, nature of colloidal state, colloids in 

subsurface environment, characterization of colloidal 

dispersion, source of colloid in groundwater, mobilization and 

migration of colloidal particles and finally literature survey. 

The second chapter, experimental; this chapter contains 

detailed outline concerning the chemicals and reagent. It 

contains also description of the instrumentation and 

experimental technique used during this work. It represented 

the experimental procedure used in the preparation of 

nanoparticles iron oxide. Preparation of working solutions 
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and methods of determination to the concentration of metal 

ions.     

The third chapter, results and discussion; this chapter 

divided into three main parts as follow: 

1- Sorption experimental investigation of cesium and  

    cobalt ions in aqueous NaCl solution with and          

     without colloid by yellow sand and clay as local soil 

from Inshas site.                                                        

Sorption was studied by using batch experiments at different 

shaking times to calculate the maximum amount sorbed of 

cesium and cobalt ions in aqueous NaCl solution with and 

without colloid (15ppm Al2O3) at equilibrium. The 

experiments are carried out at initial metals ions      

concentration of 50ppm and at room temperature (25 ± 1 
0
c). 

It was conclude that the presence of colloids slightly 

influenced the sorption of cesium and cobalt ions and 

equilibrium time is less in case of Cs
+ 

(60 min.) than in case 

of Co
2+

 (120 min.) in absences and presence of colloid). The 

sorption capacity of cesium and cobalt ions by clay is higher 

than that of yellow sand, this is because clay having large 

surface area.  In this study pH values ranging from 2 to 8 to 
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determine the chemical condition at which Cs
+
 and Co

2+
 are 

effectively sorbed onto yellow sand and clay with and 

without colloid.  It was observed that, each metal ion 

sorption process is dependent on the initial pH of the 

solution and the amount of metal ion sorbed increased with 

increase in the pH value. This is because acidic medium can 

be attributed to the presence of H
+
 ions competing with the 

Cs
+
 and/or Co

2+
 ions for the sorption sites. Highest of the 

distribution coefficient (kd) was observed at pH range from 

6.0 to 8.0 in case of Cs
+
 and from 6.0 to 7.0 in case of Co

2+
.  

Different weights from adsorbent are used to gives different 

ratio of solute to adsorbent weight (V/m 10 - 200 mL/g. It 

was conclude that the sorption capacity for both metal ions 

are increased when V/m values are increased by used yellow 

sand or clay with or without colloid. The effect of ionic 

strength on the kd (mL/g) values of both metal ions was 

studied and adjusted by using different values from sodium 

chloride solution (0.01 to 0.25M).  It was observed that, the 

kd values of both metal ions was decreased when the 

concentration of NaCl increased. The amount sorbed (mg/g) 

of both Cs
+
 and Co

2+ 
are calculated also by using different 

values from initial metal ions concentration (10-500ppm) 
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and all other parameters were kept constant. It was 

concluded that these amounts are increased with increasing 

initial metal ions concentration may be due to higher 

probability of collision between each investigated ion and 

the sorbent surface which are used. The effect of 

temperature and the thermodynamic parameters (∆H
o
, >G

o
 

and ∆S
o
), are studied. The sorption of Cesium ion is an 

exothermic process (negative sorption enthalpies), but 

sorption of Cobalt ion is an endothermic (positive sorption 

enthalpies), the sorption of each ion is spontaneous in 

nature. Values of the ∆S
o 

are negative for Cs
+
 with yellow 

sand with and without Al2O3 as a result of a random 

reaction, since this decrease in the disorder because the 

probability the dehydration steps would increase the 

mobility of the Cs
+
 and that of the surrounding water 

molecules with in the body of the solution.  The ∆S
o 

are 

positive for Cs
+
 and Co

2+
 by using clay and yellow sand (in 

case of Co
2+

 only) in absences and presence of colloid due to 

the exchange of the metal ions with more mobile ions 

present on the sorbent, which would cause increase in the 

entropy during the sorption process. Equilibrium isotherms 

have been determined and tested for different isotherm 
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expression and the sorption data were successfully modeled 

using Langmuir and Freundlich. Based on the last models 

the maximum sorption capacity and the mean free energy of 

the studied ions have been determined in kJ/ mol. The 

kinetics of both metal ions was experimentally studied and 

the obtained rate data were analyzed using pseudo first-order 

and pseudo second-order kinetic models. Results suggest 

that the sorption of both metal ions in absence and presence 

of colloids onto yellow sand and clay followed the pseudo 

second-order rate model.                                                                               

  2-Experemental investigated of the transport of Cs
+
     

     and Co
2+
 in aqueous NaCl solution through sand       

     column with and without colloids (Al2O3-Fe2O3).       

                            

- Fixed bed column sorption studies have shown that 

removal was a strong function of initial metal ion 

concentration and the concentration of colloids. The 

effluent volume (V, ml) are decreased when initial metal 

ion concentration increase in absence and presence of 

colloid. The sorption of both ions on sand column in the 

presence of colloids did not enhance to transport, and 

may actually have reduced Cs
+
 and Co

2+
 migration.      

The desorption process are carried out on the column 
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experiments by using HCl (1M).  From the results it can 

be concluded that: acid leaching process could possibly 

be applied to a remediation of soils contaminated with 

radionuclides such as 
137

Cs and 
6o

Co.                                  

3-Sorption or desorption of Cs
+
 and Co

2+
 with and       

     without colloids (Al2O3-Fe2O3) through sand            

     column by using groundwater.                                   

                 

  -The experiment was studied and column performance 

and displacement percent are calculated. It was observed 

that Cs and Co ions were retarded in absence and 

presence of colloidal Al2O3 and Fe2O3 but retardation 

effect is slightly increased in the presence of colloids.  In 

these studies the colloids enhanced retarded the metal 

ions than transport when passing through the column. It 

was conclude also the displacement of Cs
+
 from sand 

column can be easily than in case of Co
2+

.                         
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 AQ�]#3  �رة ا�1=���ت ا��(أآ-�# ا�/#�#�( �و���Fا��� 
آ��د7 ) أ[" �
Aو��' ، A��6�3 ه*7 ا�� A�#J�-ا�� A���3 ا�����Qت ا���K "@آ�� �+�" ه*ا ا��


 FL" ا����د ا��-�J#موأ?��S ا)��اء ه*ا ا�1=ء ��� k-�� 3/�_�� T63 ر�K 
A��K Q��� )�*وآ. 

��� : ا����� ��ا���� و ا���� � ا�

 أ$=اء رA�-�8ا��@"�+��" ه*ا YOY 3�K   : 

�3  :ا�$#ء ا!ولK ى ه*ا ا�1=ء��/�b� �� 3  �رة�أآ-�# ا�/#�#�(  
 AQ�]#ا�1=���ت ا�)
 . ا�*ى ��I/� T�7 �3 ا����" )ا���F�و��� أ[" �

�3 د:ا�$#ء ا�����K "��+� 3  ه*ا ا�1=ء�K 7�Ylا�� A���Jا���ا�" ا��   را6

��ل آ��ر�# ا�@�د��م ا�E����F  أ��=از�K@�ى ا�-�=��م و/� 
�) 
وا)# �
�A �3 '��ب وو$�د ) K+�7 ��ل�� ا���" ا! �� و ا��ا���38 وذ�( ��ا6

 . ا���اد ا�f�و� �/" ا�#راA6 وا��-�A�#J ���آ�=?�- K+�ة $=ء �3 ا�����ن

�3 دراJ�6�� A6#ام ��Kد ا���" �����  ه*ا :ا�$#ء ا�����K ا�1=ء �/��ى
��A ا�A�6E����F اد�@� A !��&�ت ا�-�=��م و�J� آ�=ات��� )
�-�? ، A8��


K+�7 أس (�3 �/��ل آ��ر�# ا�@�د��م  ) $=ء �3 ا�����ن و ����8
 و ?�-�
أآ-�# ا!���&��م ( ا���اد ا�f�و�  ا���38 �3 '��ب وو$�د) n��6 أر��A ��ل

��A  )وا�/#�#�(�J� آ�=ات�7(���+K -�? ،
�YOY و 
 و ?�-��+Kو -�? 

�3 ز��دة) $=ء �3 ا�����ن K ا!��=از  و [#رة ه*7 ا���اد �-& "��Q� او
A6ت �/" ا�#را�&��h� . AQ��-ا� A6ا�#را ����� 3�K �Iو�+�" ه*ا ا�1=ء أ�

��� 
� n��] ن�F� 
 أ&+�ص �#ل �
 ��J�6#ام ا����7 ا��1��A ا���?�ذ7 �Q
�3 ا��=از أو ا&��Qل K "��د ا���K رة#] ��ل آ��ر�# ا�@�د��م و ����/�
 "/� 
 ?A�O �3 '��ب وو$�د ا���اد ا�f�و�� A6ا!��&�ت �/" ا�#را

A6ا�#را . 
 ��Kد ا���" ��Q�� ���K �3 درا6K �Iه*ا ا�1=ء �/��ى أ�



 ا��
	� ا�����

 ٣

��A وذ�( ��J�6#ام )�e ا�:K 7ا!��&�ت ا���$�د b�Jر�( ا����وا)# (#روآ
 ).��ل

� ا� � %, ا�+*ل (
)'� آ��%��� � :و/�.- %
	)� ا�

T� A��fارة ا��( )�g و$# )  در$l� Aو�٢٥A( درا6 )�آ� ا!��=از�3 در$
�A أآ�� �
 ا�E����Fأن ا�A��F ا����=7 �
 أ��&�ت ا�-�=��م و�� ��J�6#ام ا�

�( �3 '��ب أو و$�د أآ-�# ا�A��F ا����=J�6�� 7#ام ا���" ا! �� وذ
Aو��ا!������م آ��د7 ' .A��Fا��� " ا�3 أن ا� T� �Iأ� A6ه*7 ا�#را 
� 


ا!��&�ت �/" ا�#راA6 �=داد �#ر$A���� A �3 و$�د ا���د7 ا�f�و�A   ا����=7 �

 أن و[E ا��q�O �@" ا�3 )�� ا���Mت .�3 ا��/��ل���� Q��-ا� A6ا�#را 
�

 120 و  �60=��م �3 '��ب أو و$�د أآ-�# ا!������م ه� �3 )�� أ��&�ت ا�-
AQ�]3 ا���ا�3 د�K ، أ��&�ت ��( 3� �����E����Fا�  �:*ا ا��[E �@" ا�3 )��

 . د[�AQ �3 '��ب وو$�د أآ-�# ا!������م120ا���Mت ��#  

 
)�g و$# أن ����"    8 ا�T�23 درا6 ��Yv� ا!س ا�:�#رو$��3 �3 ا��#ى �
ا�:�#رو$��3 )�3 �@" ا�3  ا���ز�� ���h&�ت �/" ا�#راA6 �=داد �=��دة ا!س 

 
 . وذ�( �3 '��ب أو و$�د ا���د7 ا�f�و�8A ا�3 6أ[@A��] 3 �:� �3 ا��#ى �

�T�)A درا6 ��Yv� وزن ا���د7 ا����=7 ��وذ�J�6�� )#ام ( ا���" ا! �� و ا�
��Y �� �:�� A���J� ا!��&�ت أوزان "���/� 
�3 ���5( ت ا�/T1 ا��-�J#م ��  ( 

و�
 ا����I�� [8^ أن ����" ا���ز�� ���h&�ت ا��#روA6 �=داد �=��دة وزن 
 .وذ�( �3 '��ب أو و$�د ا���د7 ا�f�و�A  ا���د7 ا����=7

3�K ل������"   �T درا6 ��Yv� ��آ�= أ��&�ت آ��ر�# ا�@�د��م �3 ا��/
، أآ-�# ا!������م /" ا�#راA6 وذ�( �3 '��ب أو و$�د� ا���ز�� ���h&�ت

�3 ����" ا���ز�� ����3 أنK 3-FK��Yv� أن ه��ك A6ا�#را 
� 
����"  و���
وذ�( �3 '��ب أو و$�د  ا���ز�� �Q" �=��دة ��آ�= أ��&�ت آ��ر�# ا�@�د��م

 Aو��fا���د7 ا� .T�  A6ت ا��#رو�&��h� 38آ�=ا!��#ا�ا����Yv� �3 ٥٠٠(درا6�  



 ا��
	� ا�����

 ٤


 ا���" ) ١٠،٢٥،٥٠،٧٥،١٠٠،٢٠٠،���   /$�ام � "F� ا!��=از �6 3�K
A��� و�3 در$ )�ارة ا�f��A  �3 '��ب وو$�د أآ-�# ا!������م ا! �� و ا�

�3 أن �6 ا!د�@�ص �=داد �=��دة ا���آ�=ا!��#ا38 K [8ت ا�����وأ|:
����A أآ�� �
 ا���" !��&�ت ا�-�=��م و ا�E����F وأن �6 ا!د�@�ص �


 ا����I�� [8^ أن أآ�� [��A . '��ب أو و$�د ا���د7 ا�f�و�A ا! �� وذ�( �3�
��F� Aن �K# ا���آ�= ���3 $�ام �3 �٥٠٠-� ا!د�@�ص ����" ا! �� وا�� 


 أ��&�ت ا�-�=��م و ا�E����F �� و�#ون أآ-�# ا!������م آ��د7 � "F����ا�
Aو��'. 

ج ا����_�A ا�A �J �#را6 ��/���ت ا���آ�= T� #�K أJ�6#ام ��e ا����ذ
 و��:� ���Y 7ار�در$�ت )Freundlich, Langmuir  وذ�( ��/#�# �6

�A ا!د�@�ص��3 ����" ا! �� وا�� E����Fب أو  !��&�ت ا�-�=��م و ا���'
 أ��=از A���K وأن و$�د أآ-�# �-� =���� A���و$�د ا���د7 ا�f�و�A وو$# أن ا�

�3 ز��دة �6 ا!��=ازا!����K A���� A$ر#� �Yv� م��. 


 ا���[A ا�/�7 و ا��/��ى ���� 
� ^Iوا� Aار��ا�/ �F�����#ب دوال ا��-( T�
�A�8�Q وأن ا����OKت � A���� ت ذاتOKأن ه*7  ا���� AYت ا�/�دOK����ا�/�ارى �

ن �3 )�� ا�-�=��م ��Fن ��رد7 ��/�ار7 ����� �3 )�� ا�E����F و$# أ
�/�ار7� A �� تOKا���� . A$ا�#ر 
� A�F�����Fا����ذج ا� e�� ام#J�6أ T�

 A�&�Mا� A$ا�#ر 

 ��#jت ا!د�@�ص وو$# أن ا����ذج ������ A�&�Mا!و�3 وا�
 .ه� ا!آM� ��ا�j#�� b �� �Qت ا!د�@�ص 

 �I/أآ-�# ا!������م  و ا�/#�#�( ا�� ��Yv� �T أJ�6#ام ��Kد ا���" �#را6
 او ا&��Qل أ��&�ت ا�-�=��م أو ا�E����F ا���$�د7 �3 �/��ل �]�K3 ا�K �����

�3 أو �
 ��Kد ) K+�7 اس n��6 أر��A ��ل(آ��ر�# ا�@�د��م ا���38 K

 ا!��&�ت �/" ا�#راA6 ا���" و��E ا�#راJ�6�� A6#ام ��آ�=ات �� A���J

)��� "F� ام�3 $�
 ا) �٥٠،١٠٠،٢٥٠� A���J� آ�=ات�وآ*�( � Aو��fاد ا����
 A�#J�-١٥،٢٥،٣٥(ا�� ��� "F� ام�3 $�� .(��Y�� �T�  3 درا6K "��د ا���K

�( ا!��&�ت �
 ا�Q�&jل � �]�K أو A�O? 
� A6ل ا!��&�ت �/" ا�#را�Q�&ا
��Y�� 3� و$�د أم K#م و$�د ����د7 ا�f�و�A �3 ا��/��ل K A&ر�Q� "�K ض�f�



 ا��
	� ا�����

 ٥

�). وا)# ��3 �3 ا�#[�AQ(�ل ?Oل ا����د ا��-�J#م �� ��Yت ��#ل 6���ن ا��/
  أ��&�ت �]�K دى ا�3 ز��دةl� Aو��fا����8] أن و$�د ا���د7 ا� E/_أو
 3� E&أذا ��[�ر A���� A$ل ا����د �#رO? ور�ا�� 
� E����Fا�-�=��م أو ا�
A� K#م و$�ده� و�=��دة ��آ�= ا���د7 ا�f�و�l� Aدى ا�3 ��=�= ه*7 ا���[��( .

�3 أن  ز��دة ��آ�= ا!��&�ت �/" ا�#راY�� A6� ��Yv� ا$��3أ|:�ت ا��K [8��  
 Q��6 [8وه*ا ���� �� ا���� A3 آ��ء��K 3��6 ��Yv� �Yv� ����� ا����د  �6 3�K

 أو ا&��Qل ا��j&�ت �/" ا�#راA6 .ا�*آ�]�Kأ �3 آ���K A�Q���� A6درا "�K T�
ا�f�و� �/" ا�#را6 وذ�( �
 ?Oل ��Kد ا���" �3 '��ب او و$�د ا���اد 


 �#��A ا������ت ا��+� ��J�6��7#ام ا��� n��] ��� 
 ا��1�� ا���?�ذة �
�3 آ��� ,��&+�صK زا�� ا�����ت ��� ا��را�� ا��� � إ وآ*�( أ$��E درا6

 �ا��/ازه� -
� ا����د �+�ض �()!�' وذ�� ����	�ام $�# ا�"!�روآ
�ر�

� أن و�8د ا���د6 ا�+�و�' �7 ا��!�6 أ��1ت ا�. )وا$� ��ل(ا��	01- :;��)


� ز��دة �?<� أ-�=� ا�����ت ا���رو�� �> - '1!1A �8ر�� �BC� '!7�Dا�
 �()!� ا����د وهHا ��ل -
� ا���G!� , ��وره� EFل -��د ا����� ��Hوآ

��I�ت ا��B�

!� �()!� ا����� �> ا���- �7 � .ا��	�ام $�# ا�"!�روآ
�ر�
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