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ABSTRACT

In this paper, the sorption/desorption studies of the radionuclides Cs-134, Co-60

and Am-241 between geological formation andground water of a proposed shallow

land disposal site at Inshas was investigated. A column was constructed containing

different sediment and rock samples representing the stratigraphic successions taken

from exploration digging well in the proposed site. The sorption of the investigated

radionuclides through this column showed the sequence Am3+ > Cs+ >Co2+, whereby

desorption experiments showed the sequence Cs+ > Co2+ >Am3+. The experimental

results indicated that Cs+ is mainly sorbed by ion exchange process , Co2+ is sorbed by

formation of relatively less soluble compound and Am3+ is sorbed by ion exchange

and/or complex formation with the anions present in the system.

INTRODUCTION

A large mumber of data was reported for the distribution coefficient (K^) values for

radionuclides sorption on rocks, soils and other materials (1,2). So far, data are far

from being sufficient for site-specific assessments. Disposal site selection is one of the

most delicate issues in radioactive waste management. One of the criteria required for

safety assessement of certain site is to understand the migration of different

radionuclides with the different composition of the soil within this site. Many

investigations were reported to understand the migration behaviour of different
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radionuclides with specific geological formation. Both batch and column techniques

were reported for such investigations. Diffusion of Cs, Ni and Sm from distilled water

in granodiorite, basalt and mudstone was studied (3). The diffusion coefficient

sequence was granodiorite> mudstone> basalt, for all the elements used. Data on the

migration behaviour of both Co-60 and Cs-137 in the geosphere were evaluated by

Delakowitz et al. (4). Batch experiments using radiotracer techniques for the

determination of site-specific sorption coefficients showed significant retardation for

both Co and Cs after only 2 h of contact time between ground water and sediment.

Co-60 was more completely sorbed than Cs-137.

The radioactive waste management programme in Egypt includes a shallow land

disposal area for waste package disposal. The proposed site is located to the east of

the Hot Laboratories and Waste Management Centre at Inshas. The surface of the

studied area is covered by a thin layer of the Nile sediments which mainly composed of

sands, clays and gravel.

In a previous work (5), batch technique was used to investigate the sorption

behaviour of some radionuclides spiked in the ground water by the different soil

fractions of the proposed shallow land disposal area. In this work, a column was

constructed containing the soil fractions representing the stratigraphic successions

taken from this site. The efficiency of the different soil fractions in this area as barriers

against the release of some radioactive nuclides to the environment was investigated.

The sorption/desorption studies of the radionuclides l 3 4Cs, 60Co and 241Am with the

different soil fractions and ground water from the proposed site were carried out. This

is to understand the pathways of the interaction of the radionuclides with the site

environment in case of nuclear accident and seepage of the radionuclides to the

surrounding media or incase of leakage of the radionuclides from the disposed waste

facilities.

EXPERIMENTAL

Seven soil fractions were taken from the proposed disposal site by digging a well at

different depths till 27 meters. The lithologies of these soil fractions were found to

range from sandy clay, gravely sand, silt, interclation between clay and gravely sand,

course sand and basalt.
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To simulate the behaviour of the radionuclides in the environment of the disposal

area in case of their possible leakage from the disposal waste facilities, a column

technique was used. The column was of diameter 2,4 cm and length of 20 cm. All soil

fractions were placed in the column in sequential array similar to their stratigraphic

succession in the site under study. The thickness of each sample was in proportional to

the thickness of the natural bed.

Radionuclides and method of radioassay.

The radionuclides used were 134Cs, ^ C o and 24lAm. They were obtained from

Amersham, Radiochemical Centre, England. A well type Nal (Tl) scintillation counter

connected to a multichannel analyzer of the type Nucleus model 800 A, USA was used

for radioassay.

Sorption studies

One litre of the ground water of pH ~7 was passed though the loaded column for

conditioning the column bed with a rate of 1 ml/ 5 min. A stock solution of the ground

water, spiked with the three radionuclides was passed through the column with the

same rate. A sample of one ml was taken from each 20 ml of the effluent collected to

be radiometricaUy analyzed by y-spectrometry. The activity of each radionuclide was

represented by the sum of the counts found in the specific channels of each element

corresponding to respective radionuclides.

Desorption studies

After loading the column with the radioactivity, the ground water was passed

through it with a flow rate of 1 ml/ 5 min. using a pump of the type Prominent

Electronic CFG, B/O/3 V. The effluent was collected in 20 ml volume fractions. One ml

from each fraction was repeatedly counted and an average value was calculated.

RESULTS AND DISCUSSION

Chemical analysis of the gound water collected from the Inshas site showed that it

contains the following major ions: Cl" (3602 ppm), SO4" (1433 ppm), HCO3" (156

ppm), Na+ (2075 ppm), Ca++(605 ppm), Mg2+( 137 ppm) and K+( 14 ppm) together

with minor ions of Fe3"1" and Mn2+ .
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Identification of the seven soil samples taken from the proposed site is given in

Table 1.

Table 1. Identification of the soil samples

Sample
no.

1

2

3

4

5

6

7

Thickness
(m)

0.3

1.62

2.00

1.32

5.85

4.85

1.00

Description

Sandy clay

Gravely sand

Silt

Interclation bet.

clay and gravely

sand

Int. bet. clay and

gravely sand

Course sand

Basalt

Major Mineralogical
analysis (by x-ray diffraction)

Kaolinite

Calcite

Kaolinite

Kaolinite

Calcite, Kaolinite

Calcite, Quartz

Anorthite

Sorption Studies

The ground water spiked with the radionuclides under investigation was passed

through the conditioning column. Fig. 1 represents the relation between the volume of

the spiked ground water passed through the column and the activity of each

radionuclide found in the effluent. It is clear from this figure that, at the beginning, the

activity of each element increased slightly by increasing the volume of the ground

water. After passing 30 ml, the activity increases with increasing the water volume till

100 ml after that it reached a plateau. This behaviour is obvious for all the three

radionuclides. The activity of Co2+found in the effluent was higher than that of Cs+

and Am3+. This means that Co was less retained on the column compared with Cs and

Am.

Desorption Studies

After loading the column with one liter of the spiked ground water, the loaded

335



00

u

c
3
O

O 10'

o Am _ 241
• Cs-134
oCo-60

20 40 60 80
mL Of Eluent Solution

100

Fig.1. Amount of Cs-134, Co-60 and Am-241 in the effluent after
loading the column.



column was washed out with different volumes of ground water. The amount of the

desorbed radionuclides was measured in terms of different ground water volume

fractions and represented in Fig.2. From this figure it is clear that the desorption of Cs+

increases linearly by increasing the volume fractions, while that of Am3+increases

slightly at the beginning followed by sharp linear increase. In case of Co2+, its

desorption is more or less constant.

In general, the desorption of different elements from soil matrix is a result of; i-

solubility of the cation forming soluble compounds, ii- cation exchange between the

major cationic species in the eluent and the sorbed elements and iii- desorption by

complex formation between the sorbed cations and the anions in solution. Therefore,

the desorption figure obtained could be a result of one, two or/and all of these inter-

actions. If solubility is the main parameter affecting the desorption process, one should

expect that the amount desorbed remains constant with increasing the ground water

volume fraction. This was found in the case of Co2+desorption as indicated by Fig.2.

Thus it can be assumed that the sorption of Co2 + is mainly related to the formation of

slightly soluble compound within the soil matrix.

The increase in the desorption observed in case of Cs+ and Am34" can be related

either to ion-exchange with the increased amount of the cations present in the ground

water with increasing effluent volume and/or complex formation between the sorbed

cations and the anions present in solution. Since Cs+ is an alkali metal of a negligable

tendency to be complexed by Cl", SO4" or HCO3" anions present in the ground

water, it is more convenient to assume that desorption of Cs+ is mainly related to ion

exchange with the different monovalent cations present in the ground water used. In

case of Am3+ with its tendency to be complexed with Cl" and SO4" present in the

ground water, it can be suggested that the desorption behaviour is mainly related to

such interaction. However, ion-exchange and solubility of sorbed Am3+ cannot be

totaly excluded and can play a minor role in such a case.
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CONCLUSIONS

From the aforementioned results and discussions, the following are concluded; .

1- Sorption of Am3+ is high on the column loaded with the samples representing the

stratigraphic succession of the Inshas disposal site. Sorption of Cs+ is less than that of

Am3+ whereby, Co2+ is slightly sorbed.

2- Desorption of the radionuclides studied indicated that the sequence of washing is

Cs+> Co2+> Am3+

3- Cs+ is mainly sorbed by ion exchange process, Co2+ is sorbed by formation of

relatively less soluble compound and Am3+ is sorbed by ion exchange and/or formation

of complexes with the main anions present in the ground water (Cl~, SO4",.)
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