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 The safety of radioactive wastes in the repository depends on its capacity to confine radioactivity from 

being released to the biosphere. The process that most likely process can lead to the release of 

radionuclides from a repository is the transport by groundwater. The release rate of radionuclides from 

the solidified blocks is controlled by the solubility limits and leaching rate of radionuclides. The present 

work aims at investigating the solubility and leaching processes and their effect on the safety assessment 

of a radioactive waste in the repository. This work studies both processes with different concentrations 

of elements. The experimental study focused on the elements; strontium (Sr), cobalt (Co) and iron (Fe). 

To simulate the effect of radiation emitted from the radionuclides of these elements, the cement blocks 

that confine the elements are irradiated by Gamma (ɣ) Rays of doses; 40, 120, and 240 kGy. The results 

of non-irradiated and irradiated blocks are compared. The results indicate that ɣ radiation has a 

significant effect on the pH of the leachate.  The relation between leaching rate and solubility is 

illustrated. 
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Introduction 

The safety barriers in the repository consist of the 

waste immobilization media, concrete packages, 

the vault structure, the backfill material and 

geological formation (Nirex, 1993d). These 

barriers intend to provide a level of containment 

for a period of time to allow the radionuclides to 

decay to negligible levels of activity (Atkinson et 

al., 1993) [1]. 
 

After some time, in some cases, the containers in 

the vaults can have partially degraded/corroded 

areas to the point that water flow through the 

containers will be possible [2]. The chemical 

processes are the main factor in the degradation of 

waste and engineering materials. Therefore, 

neglecting chemical reactions in the safety 

assessment calculations of a disposal site is not 

safe in all cases. The chemical processes that are 

significant to the release and transport of 

contaminants in the near filed have been identified 

through a previous research and assessments [3]. It 

has been considered that the important processes 

concerning the chemicals that act as an indicator of 

chemical reaction of the near filed are: pH, 

leachability, sorption, and solubility. Sorption of 

elements, however, has been studied in a previous 

study [4]. 
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Leaching is the washing process of soluble salts 

and removal of elements through a porous material 

by the percolation of water [5-7]. The process of 

leaching depends on several chemical and physical 

factors and occurs when a liquid phase percolates 

or is in contact with a solid material [8,9].  
 

The solubility of a material, on the other hand, 

depends on the physical and chemical properties of 

the solute and solvent as well as on temperature, 

pressure and presence of other chemicals 

(including changes in the pH) of the solution [10-

18]. 
 

On the other hand, the solubility of a solute is the 

maximum amount of solute that can be dissolved 

in a certain amount of solvent or solution at a 

certain temperature [19]. 
 

The solubility and leaching processes of 

radionuclides affect directly the source term 

analysis of radionuclide transport that leads to 

risks to the human environment. To license a 

repository, it is essential to have confidence in 

many aspects of license conditions and the 

associate safety assessment [20].   
 

The present work aims at investigating the effect 

of the leaching and solubility processes on the 

calculation of the source term of different 

elements' concentrations. Sr, Co and Fe are 

selected to be the elements investigated in this 

present study. Moreover, the cement blocks that 

confine the elements are irradiated by gamma rays 

to simulate the effect of radiation on the leaching 

and solubility processes.   
 

II-Materials and Methods 

Preparations of cement blocks  
The cement material is mixed with different 

elements to form blocks.  All experiments used 

cement blocks with water to cement ratio 0.6, the 

mixture (cement and solution (water+ salts)) is 

stirred for 1 minute and casted in cubic moulds of 

dimensions 0.8 cm× 0.8 cm× 0.8 cm. The blocks 

are removed after one day and left for a curing 

time of 28 days. 

Experiment:  

a- Leaching tests:  

The tests were carried out on cement blocks 

containing Sr, Fe, Co separately and a a 

mixture form. The used concentrations are 

0.01, 0.02, 0.1, and 0.15 M/L. The tests were 

carried out as follows: 

1. The cement blocks were immersed 

in 300 ml of distilled water.  

2. The pH values are measured 

before and after immersion of 

cement block in distilled water. 

3. The leachate is collected and the 

key elements are determined after 

90 days, 

4. Calculate the leaching rate for the 

radionuclides after 90 days using 

the equation: 

 

              
                      

               
 g/m

2
.hr     

[21] 

Where:  

Ci: is the concentration of radionuclide in water, T: 

is time of experiment. 

5. The other cement blocks are 

placed in 300 ml for 14 days, 

6. The cement blocks were exposed 

to gamma rays at different doses as 

(40, 120, and 240 KGy), 

7.  All the steps were repeated with 

the irradiated cement blocks.  

8. The solubility values were 

calculated for the radionuclides 

after 90 days for non irradiated and 

irradiated cement blocks. 

 

III- Results and Discussions 

A- Chemical analysis 
 

Figure (1) shows the leaching results of Ca ions in 

cases of cold and irradiated cement blocks in the 

pure state and with additives (Sr, Fe, Co, and 

mixture salts). 
 

The results indicate that calcium release increases 

when the cement blocks are irradiated. This may 

be due to the carbonation in the cement blocks. 

Bouniol & Bjergbakke show that the calcium 

hydroxide equilibrium can be affected by the 

radiolysis products releasing calcium ions to react. 

In the presence of hydrogen peroxide, calcium 

peroxide octahydrate is formed [22]. However, the 

released calcium ions can react with a wide range 

of chemical elements which can be leached from 

the cement matrix by the groundwater. 

In irradiated cement blocks including Sr, Co and 

mixture of salts, there is a possible depletion of 

Portlandite and an increase of Calcite quantity on 

the surface of the blocks. This process, called 

carbonation, can be explained by the reaction of 

https://en.wikipedia.org/wiki/PH
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Portlandite with the carbon dioxide present in the 

atmosphere, as shown in the equation below [22]:   
 

Ca (OH)2+ CO2                 CaCO3 + H2O (Eq. 01) 

  

Figure (2) shows the leaching results of Na ions in 

all cases of cold and radiation experiments with the 

different cement blocks (pure cement, cement with 

Sr, cement with Fe, cement with Co, and cement 

with a mixture of salts).  

In all cases of cement with the different additives 

(pure cement, Sr, Fe, Co, and Mixture salts) the 

results show that in case of cold experiment, there 

is a high release of Na ions, but in case of 

radiation, Na exhibits a low release as appeared in 

the results of the chemical analysis. It may be due 

to the formation of calcite which can block the 

cement pores and prevent the carbon dioxide 

penetration to the inner part of the cement blocks. 

a                                                                     b 

 
                           c                                                                              d 

   e  

 

Fig. (1) Chemical analysis of Ca leachate after 90 days for cold and irradiated cement blocks at different doses 
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a                                                                                      b 

 
c                                                              d 

 
e 

 

Fig. (2): Chemical analysis of Na leachate after 90 days for cold and irradiated cement blocks at different doses 

 

Figure (3) shows the leaching  results of Al ions in 

all cases; cold and radiation experiments with the 

different cement blocks (pure cement, cement with 

Sr, cement with Fe, cement with Co, and cement 

with mixture of salts).  
 

In all cases of cement with the different additives, 

the results show that in case of cold experiments, 

Al has a high release. In cases of radiation, Al has 

a low release as appeared in the chemical analysis. 

It may be attributed to the reaction of Al with 

alkaline metals in the cement at a low pH value. 

This reaction takes place at the pH values in the 

range of 4.5-8.5 resulting in formation of a 

protective, highly adherent oxide film on the 

surface [23].  

 

2Al+ 6 MOH---M [ Aluminates] + 3H2(Eq. 02) 

 

Where M is Na, K, or Ca 
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a                                                                     b 

 
c                                                                                d 

 
e 

Fig. (3): Chemical analysis of Al leachate after 90 days for cold and irradiated cement blocks at different doses 

 

 

B- Leaching tests 

Figure (4) illustrates the change in pH values 

of non-irradiated cement and irradiated 

cement; first, pure cement blocks, second 

cement blocks and cement of the different 

concentrations of the elements are used, third 

cement blocks containing mixture salts. 

Figure (4 a), shows that the change in the pH 

values of non-irradiated cement (pure cement 

and cement containing different salts) at 

different concentration of elements. Zero is the 

pure cement without additives, in the pure 

cement, the pH values reach to 12, it is fact 

about the cement when, it contacts with water 

the Ca (OH)2 is released to the leachate, and 

some cations. It is may be the reason for the 
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increase in the pH value. Strontium results in 

the highest pH value 14.0 and Cobalt gives the 

lowest pH values 12.5. The increase in the pH 

values for Sr
+2

 can be explained by the release 

of Sr
+2

, Ca
+2

, Na
+1

, Si
+4

, Al
+3

, Cl
-1

, and Fe
+2

 

ions into the solution. The high concentration 

of Ca (OH)2 in the solutions may be due to the 

replacement of Ca
+2

 by Sr
+2

, which offers more 

pores filled by water. The presence of these 

ions Sr
+2

, Ca
+2

, Na
+1

, Si
+4

, Al
+3

, Cl
-1

, and Fe
+2

 

in the solution increases its alkalinity [24-27] 

 
Ca-C-S-H+ Sr

+2
(aq) ↔Sr-C-S-H(s)+Ca

+2
(aq)(Eq. 03) 

 

Figures (4 b-d), illustrate the effect of gamma 

radiation on the leachability of cement blocks, 

either pure cement or cement containing chlorides 

of elements separately or a mixture. It is clear that 

the leachate pH values are generally lower than 

these for the non-irradiated blocks. The results also 

indicate the studied values of different doses (40, 

120, and 240KGy). The differences between the 

pH values are very small. It can be seen that the 

effect of the concentration on the pH values for 

irradiated cement is negligible. However, for the 

dose 120 KGy, an increase in the pH values occurs 

for Sr at a concentration of 0.01 M/L. This can be 

attributed to the appearance of Sr due to radiolysis.  

The decrease of the pH values may be due to the 

radiolysis of water present in cement paste when 

interacts with gamma rays. The radiolysis leads to 

some products which can be highly reactive such 

as electrons, hydroxyl radicals and hydrogen 

peroxide. These radiolysis products will interact 

with cement paste components and its hydration 

products forming a wide range of compounds [16-

18]. Bouniolet.al. stated that when the alkaline 

medium in concrete pores undergoes radiolysis, H2 

gas is produced as a primary product [22]. 

 Interaction of gamma radiation with water results 

in radical ions and free sub-excitation electron as 

expressed by the equation [28]. 

 

H2O H2O.
+
 + e

-         
(Eq. 04) 

 

C- Calculation of leaching rate 
 

Table (1) lists the calculated leaching rates for 

non-irradiated and irradiated cement for the 

different cement blocks (cement with Sr, cement 

with Co, and cement with a mixture of salts).  

The results indicate that, in case of Sr and Co, 

there is an increase in the values of the leaching 

rate for non-irradiated Sr cement blocks at the 

single state then the mixture of salts. It can also be 

seen that the leaching rate decreases when the 

cement blocks are irradiated. However, increasing 

the dose did not result in more effects. The 

decrease in the leaching rate by radiation may be 

attributed to the blockage of the pores of the 

cement leading to a decrease in the release of 

radionuclides.  

Figure (5) shows the leaching rate of Sr in the 

separate salts and mixture of salts for both cold 

and irradiated cement blocks at different doses and 

different concentrations. 

The results show that there is a decrease in the 

leaching rate with the different doses for the 

separate salts and the mixture of salts, except for 

the single salt at concentration of 0.1M/L where 

the leaching rate increases with increasing the dose 

by an equal value. This can be explained by the 

radiolysis of the water in the pores of cement 

blocks. As a result, many reactions take place with 

the free radicals. 

Figure (6) shows the leaching rate of Sr in the 

separate salts and mixture of salts for both cold 

and irradiated cement blocks at different doses and 

different concentrations. 
 

The results show that in case of Co single salt there 

is an increase in the leaching rate when the 

radiation doses increase. However, in the mixture 

of salts, the behavior of Co is different; the 

leaching rate decreases at high radiation doses and 

increases for the doses of 40, and 120 KGy.  

 

D- Calculation of solubility values    

Table (2) lists the values of the Solubility values 

for cold and irradiated Cement blocks for different 

elements (Sr, Co, Fe, and mixture of salts). 

The results show that there is a decrease in the 

values of solubility for Sr and Co as the effect of 

radiation in the single state and mixture of salts. 

Figure (7) shows the calculated solubility values 

for both Sr single and mixture of salts in cold and 

irradiated cement blocks at different doses and 

different concentrations. 

The results illustrate that the solubility decreases 

with the radiation for both single and mixture of 

salts, except for the concentrations 0.01, and at 

0.02 M/L, it increases. 
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(a) Cement block under 0 KGy.                                                           (b) Cement blocks under 40 KGy. 

 
(c) Cement block under 120KGy.                                                      (d)  Cement block under 240KGy. 

Fig. (4): The change in leachate pH of cold and irradiated cement blocks 

 

 
Table (1) The calculate of the leaching rate for cold and irradiated cement blocks 

 

Radionuclides 0.01 M/L 0.02 M/L 0.1 M/L 0.15 M/L 

Sr of  None Irradiated 1.73 E-1 5.63 E-1 3.61E-3 6.29 E-1 

Sr under  40 KGy 7.23 E-2 1.044E-1 2.17 E-1 3.25 E-1 

Sr under 120 KGy 7.2 E-2 1.44 E-1 2.17 E-1 3.25 E-1 

Sr under 240 KGy 7.2 E-2 1.44 E-1 2.17 E-1 3.25 E-1 

Co of Non Irradiated 0000 7.23 E-3 2.17 E-3 1.085 E-3 

Co under 40 KGy 1.085 E-3 1.085 E-3 1.44 E-3 1.44 E-3 

Co under 120 KGy 1.058E-3 1.37 E-2 1.44 E-2 1.51 E-2 

Co under 240 KGy 1.0 E-2 1.144 E-2 1.144 E-2 1.148 E-2 

Sr in Mixture of Non Irradiated 2.51 E-1 2.89 E-1 7.95 E-1 7.81 E-1
 

Sr in Mixture under 40 KGy 7.23 E-2 7.23 E-2 3.6 E-2 1.37E-1
 

Sr in Mixture under 120 KGy 3.61 E-2 7.23 E-2 7.23 E-2 1.37E-1 

Sr in Mixture under 240 KGy 3.61 E-2 7.23 E-2 7.23 E-2 1.37 E-2 

Co in Mixture of Non Irradiated 5.7 E-2 5.6E-2 9.7 E-3 3.61 E-3 

Co in Mixture under 40 KGy 7.23 E-4 1.0 E-2 1.0 E-2 1.44 E-2 

Co in Mixtureunder120 KGy 7.23 E-4 8.31E-3 1.19 E-2 1.44 E-2 

Co in Mixtureunder240 KGy 7.23E-4 1.0 E-2 1.44 E-2 1.44 E-2 
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a                                                                         b 

 

Fig. (5): Leaching rate for Sr single and mixture salts at different doses 

 
a-                                                           b- 

 

Fig. (6): Leaching rate for Co single and mixture salts at different doses 
 

Table (2) The calculated solubility values for cold and irradiated cement blocks 

Radionuclides 0.01 M/L 0.02 M/L 0.1 M/L 0.15 M/L 

Sr None Irradiated 5.45E-6
 

1.13 E-5
 

1.77 E-5
 

1.98 E-5
 

Sr under 40 KGy 6.69 E-6 7.04 E-6 1.05 E-5 1.27 E-5 

Sr under 120 KG 9.03 E-6 1.09 E-5 1.31 E-5 1.52 E-5 

Sr under 240 KGy 8.35 E-6 9.57 E-6 9.78E-6 1.64E-5 

Co None Irradiated 0000
 

3.39 E-7
 

1.018 E-7
 

5.09 E-8
 

Co under 40 KGy 5.09 E-8 5.09 E-8 6.78 E-8 6.78 E-8 

Co under  120 KGy 5.09 E-8 6.44 E-7 6.78 E-7 7.12 E-7 

Co under  240 KGy 5.09 E-8 5.59 E-7 6.95 E-7 5.09 E-8 

Sr  in Mixture None Irradiated 8.08 E-6
 

9.09 E-6
 

2.50 E-5
 

2.45 E-5
 

Sr in Mixture under  40 KGy 7.04 E-6 8.74 E-6 1.02 E-5 1.04 E-5
 

Sr in Mixtureunder  120 KGy 6.92 E-6 8.31 E-6 1.29 E-5 1.84 E-5 

Sr in Mixture under 240 KGy 8.28 E-6 9.67 E-6 1.05 E-5 1.49 E-5 

Co in Mixture None Irradiated 2.68 E-6
 

2.63 E-6
 

4.58 E-7
 

1.69 E-8
 

Co in Mixture under 40 KGy 3.39 E-8 4.92 E-7 5.09 E-7 6.78 E-7 

Co  in Mixture under 120 KGy 3.39 E-8 3.90 E-7 5.59 E-7 6.78 E-7 

Co in Mixture under 240 KGy 3.39 E-8 5.09 E-8 6.78 E-8 6.78 E-8 
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a-                                                                                                b- 

 

Fig. (7): Calculated solubility values for Sr single and mixture of salts with different doses 

 

 

Figure (8) shows the calculated solubility values 

for both Co single and mixture of salts in cold and 

irradiated cement blocks with different doses at 

different concentrations. 

Figure (8 a) shows that the solubility of Co at the 

single salt increases with the radiation at the 

concentrations of 0.02, and 0.1 M/L. For the 

concentration of 0.01M/L, it undergoes no change, 

and decreases for the concentration of 0.15 M/L. 
 

Figure (8 b) illustrates the case of Co in a mixture 

of salts. It shows that the solubility decreases with 

the increase in radiation doses for the 

concentrations 0.01, and 0.02 M/L. The behavior is 

different for the concentrations 0.1 and 0.15 where 

the solubility increases with the radiation doses 40, 

and 120 KGy then it decreases at the radiation dose 

of 240 KGy.    

From the values of the leaching rate and the 

solubility values, a relation can be developed 

between the leaching rate and the solubility values 

by plotting the solubility as a leaching rate at the 

Y- axis and on the X- axis.  

Figure (9) shows the relation between the leaching 

rate and solubility calculated values for Sr in the 

single salt at the different doses. From the figures, 

it can be seen that the relation is nearly linear for 

all doses. 

Figure (10) shows the relation between the 

leaching rate and solubility calculated values for Sr 

in the mixture of salts with the different doses. The 

results of Sr in the mixture of salts also show that 

the relation between the leaching rate and 

solubility calculated values is linear.  

Figure (11) shows the relation between the 

leaching rate and solubility calculated values for 

Co single salts at different doses. The results 

illustrate that the relation is linear for all doses and 

there is no effect of the radiation on the relation 

between the leaching rate and solubility calculated 

values.  

Figure (12) shows the relation between the 

leaching rate and the solubility calculated values 

for Co in a mixture of salts. 

In case of Co in a mixture of salts, the figures 

indicate that the relation between the leaching rate 

and solubility is linear also. 

From these Figures, it can be seen that most of the 

relations between the solubility and leaching rate 

are linear. Thus, the linear equation could be used 

to find the relation between them from this 

equation: 

 

      y = a+ bx 

 

Where, 

y: is the solubility, a: intercept, b: is the slope, x: is 

the leaching rate 

Table (3) lists the conditions and the percentages 

of solubility to the leaching rate. The results 

illustrate that the solubility of Sr and Co in the 

single and mixture of salts at both cases; the cold 

and irradiated cement blocks are nearly equal. 
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a- Sr Non Irradiated                                         b- Sr under 40 KGy 

 
c- Sr under 120 KGy d- Sr under 240 KGy 

Fig. (9): The relation between the leaching rate and solubility calculated values for Sr single salt at different doses 

 

 
a- Sr Non irradiated b- Sr under 40 KGy 
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c- Sr under 120 KGy                                   d- Sr under 240 KGy 

Fig. (10) The relation between the leaching rate and solubility calculated values for Sr mixture of salts at different doses 

 

 

 

 

a- Co Non irradiated                                         b- Co under 40 KGy 

 
c- Co under 120 KGy                                      d- Co under 240 KGy 

 

Fig. (11) The relation between the leaching rate and solubility calculated values for Co single salt at different doses 
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a- Co Non irradiated                                                b- Co under 40 KGy 

 
c- Co under 120 KGy                                                               d- Co under 240 KGy 

Fig. (12) The relation between the leaching rate and solubility calculated values for Co mixture of salts at different doses 

 

Table (3): The conditions and the percentages of solubility to the leaching rate 

Conditions 
Trend of solubility and 

leaching rate 

Cement +Sr None Irradiated y= 2.13E-5x+ 4.033E-6 

Cement +Sr under 40 KGy y= 2.49 E-5 x- 4.75 E-6 

Cement +Sr under 120 KGy y= 2.46 E-5x+ 7.38 E-6 

Cement +Sr under 240 KGy y= 3.07 E-6x+ 5.20 E-6 

Cement +Co None Irradiated y= 4.688 E-5x+ 2.54 E-11 

Cement +Co under 40 KGy y= 4.76 E-5 x -7.52 E-10 

Cement +Co under 120 KGy y= 4.70 E-8 x- 1.04E-9 

Cement +Co under  240 KGy y= 3.67 E-4 x- 3.61 E-6 

Cement +Sr  in Mixture None Irradiated y= 3.11E-5 x1.67E-7 

Cement +Sr in Mixture under  40 KGy y= 8.35 E-6x- 8.43 E-6 

Cement +Sr in Mixture under 120 KGy y= 1.14 E-4 x- 2.50 E-6 

Cement +Sr in Mixture under 240 KGy y= -5.82 E-5x+1.36E-5 

Cement +Co in Mixture None Irradiated y= 3.11E-5 x1.67E-7 

Cement +Co in Mixture  under 40 KGy y= 4.78 E-5x-4.78 E-9 

Cement +Co  in Mixture under 120 KGy y=4.70 E-5 x- 4.95 E-10 

Cement +Co in Mixture under 240 KGy y= 2.47 E-6x+3.06 E-8 
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Conclusions 

The present work investigates the effect of gamma 

rays on the leachate pH values and the relation 

between the leaching rate and the solubility 

calculated value. 
 

The chemical analysis of the most important 

elements that may be released from the cement 

blocks in both cases (non-irradiated and irradiated) 

illustrates that Ca release increases with radiation, 

but Al and Na release decreases under radiation. 
 

The effect of gamma radiation on leachate pH 

from cement blocks simulated was performed 

under 40, 120, and 240 KGy, and without 

radiation. All the cement blocks resulted in a 

significant decrease in the pH values due to the 

radiolysis-produced H2. The non-irradiated cement 

blocks resulted in an increase in the pH, with a 

value that can reach 14. This may be due to the 

release of Ca(OH)2. 
 

The Leaching rate calculation of the elements 

under radiation and without radiation in both cases 

of single and mixture of salts showed a decrease 

under radiation in all cases except for Co single 

salt.  
 

The solubility values were calculated for elements 

under radiation and without irradiation in cases of 

single and mixture of salts. The solubility 

calculated values decrease under radiation for most 

of concentrations in single and mixture of salts, 

except for Co single salt. This may be due to the 

effect of radiation induced-blocking of the pours of 

cement materials.    
 

The relation between the leaching rate and 

solubility calculated value is developed in the form 

of an equation represented by a linear line. 
 

References 
1. Cheistopher  McKeown (1997). A model 

approach to radioactive waste disposal at 

sellafield, a thesis of degree doctor philosophy.   

2. The 2011 environmental safety case near filed 

LLW repository Ltd, (May 2011) 

LLW/ESE/R(11)10021. 

3. BNF (2002), Drigg post closure safety case: 

near- filed Biogeochemistry. 

4. R.S.Zaky (2013), Effect of the Medium on the 

Migration Rate of Radionuclides in Soil, 

Thesis of M. Sc. Dep. Chemistry, Faculty of 

Science, Benha University. 

5. Jesper Larsson (2010), Methods for 

measurement of solubility and dissolution rate 

of sparingly soluble drugs, 2010.  

6. Fauziah Ahmed, MdAzlin, Md Said, and 

LamyaaNajah,( Septermber 2012) Effect of 

leaching and Gypsum Contaent on Properties 

Of Gypseous Soil. School of Civil 

Engineering, Engineering Campus, 

UniversitiSains Malaysia, 14300 NibongTebal, 

Pulau Pinang, Malaysia. International Journal 

of Scientific and Research Publication, 

Volume 2, Issue 9. 

7.  Al-Zgry, and E.A., (1993): The Effect of 

Leaching on Lime Stabilized Gypseous Soil. 

MSc. Thesis, Dep. Of Civil Engineering, 

University of Mousl.  

8. J. Quina, João C.M. Bordado  , Rosa M. 

Quinta-Ferreira  , and GERSE – Group on 

Environment (2018), Reaction and Separation 

Engineering, Department of Chemical 

Engineering, FCTUC, University of Coimbra, 

Polo II – RuaSílvio Lima, 3030-790 Coimbra, 

Portugal Department of Chemical and 

Biological Engineering, Instituto Superior 

Técnico, Av. RoviscoPais, 1049-001 Lisboa, 

Portugal.  The influence of pH on the leaching 

behaviour of inorganic components from 

municipal solid waste APC residues 

Margarida. 

9. Van der Sloot, H.A., Heasman, L., and 

Quevauviller, (1997). Harmonization of 

leaching extraction tests. Studies in 

Environmental Science, vol. 70. Elsevier 

Science, Amsterdam, Ph. 

10. Cancerweb.ncl.ac.uk". (2009). Online Medical 

Dictionary. Newcastle University. Archived 

from the original on January 25, 2009.  

11. Eighmy, T.T., Eusden, J., Krzanowski, J., 

Domingo, D., Stampfli, D., Martin, J., and 

Erickson, P., (1995). Comprehensive approach 

toward understanding element speciation and 

leaching behavior in municipal solid waste 

incineration electrostatic precipitator ash. 

Environ. Sci. Technol. 29, 629–646. ,  

12. Mizutani, S., Yoshida, T., Sakai, S., and 

Takatsuki, H., (1996). Release of metals from 

MSW I fly ash and availability in alkali 

condition. Waste Manage. 16, 537–544.,  

13. Kida, A., Noma, Y., and Imada, T., (1996). 

Chemical speciation and leaching properties of 

elements in municipal incinerator ashes. Waste 

Manage. 16, 527–536.,  

14. Chandler, A.J., Eighmy, T.T., Hartlén, O., 

Kosson, D., Sawell, S.E., van der Sloot, H., 

and  Vehlow, J., IAWG (International Ash 

Working Group). (1997). Municipal solid 

waste incinerator residues. Studies in 

Environmental Science, vol. 67. Elsevier 

Science, Amsterdam. 

15. Van der Bruggen, B., Vogels, G., Van Herck, 

P., and Vandecasteele, C., (1998). Simulation 

https://web.archive.org/web/20090125125007/http:/cancerweb.ncl.ac.uk/cgi-bin/omd?metastable
http://cancerweb.ncl.ac.uk/cgi-bin/omd?metastable


Arab J. Nucl. Sci. & Applic. Vol. 53, No. 1 (2020) 

R.S. ZAKY
 
et.al 

 

 

   32 

 

of acid washing of municipal solid waste 

incineration fly ashes in order to remove heavy 

metals. J. Hazard. Mater. 57, 127–144.,  

16. Kosson, D.S., van der Sloot, H.A., Sanchez, F., 

and Garrabrants, A.C., (2002). An integrated 

framework for evaluating leaching in waste 

management and utilization of secondary 

materials. Environ. Eng. Sci. 19, 159–204. ,  

17. Van Herck, P., Van der Bruggen, B., Vogels, 

G., and Vandecasteele, C., (2000). Application 

of computer modelling to predict the leaching 

behaviour of heavy metals from 2492 M.J. 

Quina et al. / Waste Management 29 (2009) 

2483–2493 MSWI fly ash and comparison 

with a sequential extraction method. Waste 

Manage. 20, 203–210.,  

18. Sabbas, T., Polettini, A., Pomi, R., Astrup, T., 

Hjelmar, O., Mostbauer, P., Cappai, G., Magel, 

G., Salhofer, S., Speiser, C., Heuss-Assbichler, 

S., Klein, R., and  Lechber, P.,( 2003) . 

Management of municipal solid waste 

incineration residues. Waste Manage. 23, 61–

88. 

19. Petrucci, Harwood, and Herring. (200). 

General Chemistry: Principles & Modern 

Applications. 8th ed. Upper Saddle River, New 

Jersey: Pearson/Prentice Hall. 

20. David G Bennett, (2014). radionuclide 

solubility limits in SKB'S safety case, 

Technical Note.  

21. A.R.Felmy, V.L.LeGore, and S.A.Hartley, 

(June 2003).Solubility and leaching of 

radionuclides in site decommissioning 

management plan (SDMP) soil and ponded 

wastes, office of nuclear regulatory research, 

U.S.Nuclear regulatory commission, 

washinggton, DC 2055-0001, NRC job code 

W6409.  

22. Edurado Ferreira, Roberto Vicente, 

XabierTurrillas, FabianoYakaaichiya, 

Margareth Franco, Luis GallegoMartinze, 

Alexander Carvalho, and Julio 

TakehiroMarumo,( March 6-10, 2016). Effect 

of gamma radiation on the cementitious 

materials in repository environment- 16300, 

WM2016 conference, Phoenix, Arizona, USA. 

23. D.J.Leaa, and C.R.Walding, (1989). Cement 

waste form properties , INIS- international 

atomic energy agency.  

24. Gashier, W., Miura, T., Hashimoto, K.eta. and 

(2 more authors) (2014). leaching behavior of 

cementitious nuclear waste from containing 

cesium and strontium.Advances in Applied 

Ceramic, 113(8).pp.447-452.ISSN 1743-6753. 

25. J.Tits, E.Wieland, Cj.Muller, C, Landesman, 

and M.H.Bradbury, (2006)  Strontium Binding 

by Calcium Silicate Hydrate, Journal of 

Colloid and Interface Science 300 (2006) 78-

87 

26. Wieland, and Dormink Kunz Rainer Dahn, 

(2008). Strontium Uptake by Cementitious 

Materials, Environ.Sci.Technol. 42, 403-409. 

27. H. Saito, and A.Deguchi, (2000). Leaching 

Tests on Difference Mortars Using Accelerated 

Electrochemical Method, Cement and Concrete 

Research, 30, 2000, pp 1815- 1825 E] . 

28. Michael l.Ojovan, (2015).  Cement and 

bitumen: radiolysis eFfects, IAE, Vienna.  


