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ABSTRACT 
 

        Fifteen soil samples were chosen from different locations to represent different 
soils irrigated with different sources of contaminated wastewater (sewage and 
industrial effluent). Sequential extraction experiment was carried out to determine 
different forms of Cs in soils. Moreover, Soil samples were analyzed for total Cs 
using two analytical methods i.e. destructive wet digestion technique (Atomic 
Absorption Spectrometry, AAS or by summation of all sequential extracted 
fractions, SUM) and non-destructive technique (Neutron Activation Analysis, 
NAA). The aim of this study was to evaluate soil total Cs-forms (especially, bio-
available fraction) as affected by soil pollution. 

         Cesium was mostly concentrated in the residual fraction, and its values ranged 
from 57.4% to 82.9 % of total Cs in sandy soils and from 31.5% to 64.5 % of total 
Cs in tested clayey soil. Then organically bound Cs- fraction followed by Cs-
occluded in Fe-Mn fraction, carbonate, exchangeable and water soluble fractions. 
Results suggested that, Cs level is affected by soil organic matter content, Fe-Mn 
oxides and clay content. The mobile Cs fraction (the sum of soluble and 
exchangeable fractions) ranged from 2% up to 9.9 % of total Cs in sandy soils. 
However, a higher value (9.82% to 15.31 %) could be observed in case of the 
tested clayey soils. Soils D and E were more contaminated than other tested soils. 
Data show obviously, that soil contaminated due to the irrigation with either 
sewage effluent or industrial wastewater has resulted in a drastic increase in both 
metal-organic and occluded in Fe and Mn oxide fractions followed by the 
carbonate fraction. 

        The sequential extraction used in this study is useful to indirectly assess the 
potential mobility and bio-availability of heavy metal in the soils. In general, Cs in 
the tested soils was in the decreasing order ofResidual>Organic>Fe-Mn-
Oxides>Carbonate >Exchangeable >Water Soluble. Moreover, soil pollution has 
its impact on the distribution of metals fractions because it alters several factors of 
the soil properties. 

 
INTRODUCTION 

 
      Cesium, an alkali metal, occurs in lepidolite, pollcite (a hydrated silicate of aluminum and Cesium) 
and in other sources .One of the world's richest source of Cesium is located at Bernic Lake,Monitoba. 
The deposits are estimated to contain 300,000 tons of pollcite, averaging 20% Cesium. Because of its 
great affinity for oxygen, the metal is used as "getter" in electron tubes. It is also used in photoelectric 
cells, as well as a catalyst in the hydrogenation of certain organic compounds (1) . 

 
Cesium enters the environment as a result of both natural and anthropogenic activities. 

Anthropogenic sources comprise all contribution made by mankind including industrial processes, that 
contribute to both atmospheric land depositions mining and metallurgy, urban and industrial wastes, 
sewage and fertilizer applications, uncontrolled manufacturing and disposal of metals containing 
materials inevitably cause soil pollution.  
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Natural Cs consists of a single stable isotope, 133Cs other radioactive isotopes are known, filling 

the range from 114Cs to 145Cs, with half lives ranging from 0.57 s (114Cs), through 3x 106 y (135Cs). 
Cesium-137 (half-life time 30.17y) is an important fission product, and one of the most biologically 
hazardous components of radioactive waste and nuclear fallout. Cesium-137 is also important as a 
source of high –energy γ-rays in radiotherapy. The 660 Kev γ -rays are actually emitted by a two-step 
process, where Cesium-137 decays by beta emission to meta-stable 137Ba, which then emits the γ -ray ( 

1). 
Recently, it is well realized that, anthropogenic sources are the greater environmental threat as a 

results of surface inputs to soil system making the metal accessible for plant and animal uptake. 
Moreover, metal forms from anthropogenic sources are environmentally unstable and more soluble 
and bioavailable than natural forms. The fate of heavy metals in soils depends essentially on its 
retention and mobility in the soil.  

 
Soils are considered as sinks for heavy metals; therefore, they play an important role in 

environmental cycling of these elements. They have a great ability to fix many species of trace ions. 
The ecological path of Cesium is very important since it accumulates in human muscles. Cesium salts 
are quite soluble in water and insoluble in organic liquids (2). The sorption of Cs by soil and river 
sediments may be regarded as an ion exchange reaction complicated by exchange sites that have 
affinity for Cs, which may affect Cs levels in the groundwater or the aquifer under the contaminated 
soil.  Every soil component is active and affects soil solution ion concentration either by precipitation 
–dissolution reactions or by ionic interaction with phase surfaces. Soil components involved in 
sorption of trace elements are :1) Oxides (hydrous, amorphic)  mainly of iron and silicon.,2)Organic 
matter and Biota.,(Carbonates ,phosphate, sulfides and basic salts) and Clays . 

 
MATERIAL AND METHODS 

 
 Soil sampling: 

 Fifteen soil samples were chosen from different locations at the north of greater Cairo, Egypt 
to represent different texture soils as well as environments with different sources of wastewater 
i.e. sewage and industrial effluent as follows: 
1- Soil A: Non –polluted soil from El-Gabal El-Asfer farm (non-cultivated). 
2- Soil B: Polluted soil from El-Gabal El-Asfer farm (subjected to sewage effluent 

irrigation for more than 75 years). 
3- Soil C: Non-polluted soil from Bahtem area (irrigated with regular Nile water) 
4- Soil D: Polluted soil from Bahtem area (subjected to sewage effluent irrigation for 

more than 30 years). 
5- Soil E: Polluted soil from Mostorud area due to direct discharge of industrial 

wastewater to irrigation water canals. The non-polluted soil of this group is soil C. 
   Soil samples were collected at three depths from ground surface (i.e. from 0 to 20 cm, 20 to 40 cm 
and 40 to 60 cm).The samples were air-dried crushed to pass a 2.0 mm sieve then subjected to 
different physical and chemical analysis .Particle size distribution was carried out according to the 
following analyses were carried and described by Jackson(3). :- CaCO3 content using the calcimeter 
,organic matter using Walkley and Black methods(4), soluble ions in the extract of the saturation soil 
paste , cation exchange capacity (5). Available Cs was determined by DTPA method according to 
Lindsay and Norvell (6) using atomic absorption spectrophotometer technique (AAS).Table (1) 
shows some physical and chemical properties of the tested soil samples. 
 

Cesium fractionation experiment: 
 

      The method for trace elements fractionation proposed by Tessier et al.(7)  was used for the 
determination of Cs forms in the soil. The method consists of sequential extraction of the soil with 
different solutions and it is designed to separate heavy metals into six operationally defined fractions: 
water soluble, exchangeable, carbonate bound, Fe-Mn oxides bound, organic bound and residual 
fractions. All soil extractions were analyzed for Cs using AAS technique. 
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NAA Technique: 

Irradiation 
About 0.l g of homogenous soil samples was packed in pure aluminum foil and prepared for 

irradiation, while an empty aluminum foil of known weight was included in the irradiation can for 
identifying and subtracting the background γ - ray peaks due to the aluminum envelopes. A gold foil 
(0.004) was included as well and rolled in separate aluminum sheet for flux monitoring. Also 0.1 g of 
standard reference material soil-7 (8) was included to certify the accuracy of analysis. The irradiation 
time was 48 hour at the Nuclear Research Center First Reactor 2MW (ET-RR-I). The neutron flux was 
4.4x1012 n/s/cm2. 

Instrumentation 
After 72 hours (cooling time) samples were radio- assayed for gamma-ray spectra using high 

resolution Hyper Pure Ge detector connected to Multi- channel analyzer through a suitable electronic 
system including the PCA computer program.  

 
The samples were positioned individually at about 10 cm in front the detector and the 

accumulating time were 2 hours for good statistics. The HP-Ge detector has 25% efficiency and 
energy resolution of 1.9 KeV at 1332.5 KeV. The detector is connected to a low noise preamplifier, a 
spectroscopy linear amplifier and a multi-channel analyzer with personal computer system with 8192 
channel spectrum memory. The multi gamma-ray standard source MGS-4 is used to perform the 
energy and efficiency calibration of the detection system (9). The two prominent gamma ray liens at 
604.7 and 795.8 kev are efficiently used for 134Cs determination using the following equation (Relative 
Method): 

 
  

RESULTS AND DISCUSSIONS 
 
      Cesium is mostly concentrated in the residual fraction, although it was also presented in other 
fraction (Table 1) .The percentage of total Cs in the residual fraction ranged from 57.4 % to 82.9 % in 
tested sandy soil and form 31.5 % to 64.5 % in tested clayey soil.  
 
      The greater percentage of residual Cs fraction probably reflects the greater tendency for Cs to 
become unavailable once in soil .A comparison between contaminated soil sample and its relevant 
control indicated that, the percentage of residual Cs tends to decline in case of clay soil at any layer, 
however in the studied soil only the surface layer exhibited the lowest residual Cs percentage. Among 
the non- residual fraction, the organically bound –Cs fraction contain the greatest amount of Cs in all 
soils.  
 
      In sandy soil, the organic Cs fraction ranges between 6.4 % to 13.3 % of total Cs, however, greater 
Cs values are noticed in case of the tested clayey soil (13.1 % up to 23.8 % of total Cs in tested soils). 
The Cs occluded in Fe – Mn oxide fraction follows the organic Cs fraction in tested soils (Table 2) .In 
sandy soils, the latter Cs fraction ranged from 3.2% to 13.3 % of total Cs ,however , greater percentage 
values were noticed in tested clayey soil (6.9 % to 14.8 % of total Cs) .Sherpard and Thibault(10) 
investigated the adsorption and extraction of Cs in different soils. They indicated that, Cs was 
associated with the organic and residual fractions and less with exchangeable and carbonate fractions. 

 



    VII Radiation Physics & Protection Conference, 27-30 November 2004,Ismailia-Egypt 
 

 548

The mobile Cs fraction (the sum of soluble and exchangeable fractions) ranged from 2 % up to 
9.9 % of total Cs in sandy soils. However, a higher value (9.8 % to 15.3 %) could be observed in case 
of the tested clayey soils. Soils (D) and (E) were more contaminated than other tested soils. Although 
a large percentage of the total Cs was present in the residual fraction in those soils, the amount of Cs 
present in the non-residual fraction was also appreciable from standpoint of potential Cs mobility and 
bioavilability .The mobile-Cs fraction in the tested clayey soil showed always greater values compared 
with those of the sandy soil at any soil layer (Fig.1). 

 
Table (3) shows the drastic increase (enrichment ratio) in total and Cs forms in different 

contaminated soil layers compared to its relevant controlled soil. In case of sandy soils, total Cs 
increases by 2.6, 2.2 and 2.2 for the tested soil layers (0-20 cm, 20-40cm and 40-60 cm soil layer, 
respectively). Similar trend is noticed for the contaminated clayey soil (ranges from 1.4 to 2.1). In 
general, the association of Cs in the tested soils is in the decreasing order of: Residual > organic ≥ Fe-
Mn oxides >carbonate >exchangeable >water-soluble. 

 
Simple correlation values between Cs fraction in soil and some selected soil properties .A 

negative significant relation between any tested Cs fraction and either soil pH or CaCO3 content is 
noticed. However, a positive relation was obtained with soil organic matter content, soil CEC and clay 
content except in the clayey soil. A non -significant correlation with the soil clay content was noticed. 
The results of statistical simple correlation among different tested heavy metals fractions and soil 
factors showed that soil pH and CaCO3 % had a significant negative effects on metal fractions i.e. 
soluble, exchangeable and organically bound fractions. However a significant positive relation were 
observed with soil O.M.% and soil CEC.  

 
The relation between metal fractions and soil clay content was not consistent in the tested clayey 

soil due to the non-significant variation in soil clay content. In case of sandy soil, positive relation 
with clay % was observed due to the relative increase in soil clay content as a result of sewage effluent 
irrigation. The highly significant relations clearly indicate the importance of soil organic matter 
content as it could seen that the main source of pollution in the tested soils is due to the suspended and 
soluble organic particulates found in the used wastewater for irrigation. These results confirm the 
finding of Malue and Dudas (11). They suggested that, Cs behaves as a cation in soil and should be 
affected by soil organic matter, Fe-Mn oxides and clay content.  

 
It could be concluded that soil properties obviously play a major role in influencing the 

distribution of metals among various chemical forms. Moreover, soil composition has been changed 
with depth (from surface to subsurface layers), especially under such conditions whereas, metal 
soluble organic compounds found in wastewater may precipitate and percolates through soil and may 
transport soluble heavy metals with the soil solution.  

 
The major amounts of Cs in the tested soils were associated with the structurally bound in 

silicates (residual fraction). They represented from 31.5 to 82.9% of total Cs. Cs occluded in iron and 
manganese oxides fraction constituted from 3.2 up to 14.8% of total Cs in the tested soil. The mobile 
fraction (soluble plus exchangeable) of the tested metals varied among soils. The absolute values of Cs 
mobile fraction increased remarkably in the contaminated soils. A significant increase in this fraction 
was noticed in contaminated soil especially in surface soil layer due to the pollution effect on the 
organic matter content. 

 
Evaluation of Tested Techniques to Determine total CS in Soil: 
      
      High quality measurements of total element concentrations are often more difficult to determine 
for soils than for most geo-chemical samples (12). This may be partially the result of the wide range of 
soil composition encountered and because the mineral and organic materials coexistent in soil often 
resist simple, single-step procedures of sample dissolution. Analytical uncertainties are frequently 
underestimated and their causes poorly understood when analytical procedures originally developed 
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for other types of samples are applied to soil samples without a careful evaluation of the procedure’s 
precision of measurement.  
 
     Cesium totals content was determined using the sensitive NAA method by calculating the γ-activity 
induced by 133Cs(n, γ) 134Cs reaction. As shown in Table (4) total Cs content in soils ranged from 8.8 to 
14.5 ppm which indicate a relative enrichment of total Cs in these tested soils if compared with the 
normal-Cs soil background as reported in previous initial data of non-contaminated soils spots in the 
same tested locations, whereas the range of Cs background in these soils ranged between 2.3 to 4.6 
ppm. (Unpublished data). 
 
      Comparing the calculated values (The summation of extracted metal fractions) with the total metal 
determined by Atomic Absorption Spectroscopy (AAS) technique showed a non-significant 
difference. However, T-test analysis showed significant differences between NAA and either AAS or 
sequential extraction methods.  
 
      Although T-test analysis showed that there were a significant differences between total content in 
soils as determined by destructive (AAS or SUM) and non-destructive (NAA) analytical techniques a 
significant liner relation between NAA and other tested methods was obtained (fig. 2). According to 
information available from the literature, elements may be conveniently divided into the following two 
groups (13).  
 
      Elements which are difficult or impossible to determine by AAS or ICP but can be determined 
adequately by NAA at ambient levels (Cr, Co and Cs). 2) Elements determined by NAA which can be 
assayed as well or better by AAS or better by AAS or ICP (Na , K , Ca , Fe, and Zn). In NAA method 
which deal with the nuclei of the elements to be determined, the interference caused by the similarity 
of the electrons in the outer shell of the atom (as in case of other analytical methods) could by avoided 
during the analytical process.  
 

 
Table (1):  Some physical and chemical properties of the tested soil samples. 

 
Particle size distribution % 

 

Soil Depth 
cm. 

Coarse 
Sand 

(2-
0.2mm) 

Fine 
sand 
(0.2-
0.02mm) 

Silt 
(0.02-

0.002mm) 

Clay 
(<0.002 

mm) 

Soil 
texture pH* E.C. 

mmhos/cm. 
CaCO3 

(%) 
O.M 
(%) 

CEC 
meq/100g 

soil 

 0-20 64.94 25.57 0.80 8.69 Sandy 7.27 2.29 1.85 0.38 2.81 
20-40 63.58 24.75 3.16 8.51 Sandy 7.68 2.67 2.10 0.27 2.61 

El-Gabal  
El-Asfar 
Non-
polluted(A)  

 
40-60 

 
65.43 

 
24.30 

 
2.61 

 
7.66 

 
Sandy 

 
8.05 

 
2.64 

 
2.26 

 
0.11 

 
2.16 

 0-20 58.02 21.81 0.84 19.33 Sandy 
loam 

6.91 1.23 0.70 6.17 13.26 

20-40 55.03 26.48 2.76 15.73 Sandy 
loam 

7.01 0.91 1.07 4.81 10.48 

El-Gabal 
El-Asfar 
Polluted( 
B) 

40-60 66.42 21.92 3.28 8.38 Sandy 7.70 0.70 1.56 1.72 7.70 
 0-20 5.45 23.23 22.41 48.91 Clayey 7.50 4.49 2.37 1.73 27.20 
20-40 3.98 20.55 27.25 48.22 Clayey 7.95 2.33 2.73 1.36 25.20 

Bahtem 
Non- 
polluted ( 
c) 

40-60 4.37 25.23 25.60 44.80 Clayey 7.96 2.26 2.8 0.73 25.20 

 0-20 5.67 21.53 20.80 52.00 Clayey 7.73 4.05 2.19 4.80 32.16 
20-40 4.44 18.36 27.56 49.64 Clayey 7.89 1.65 2.41 2.81 30.20 

Bahtem 
Polluted( 
D) 40-60 1.73 25.88 27.30 45.09 Clayey 7.94 1.77 2.47 2.04 30.20 

 0-20 17.62 13.87 24.31 44.20 Clayey 6.74 8.43 1.60 7.99 37.44 

20-40 11.14 19.73 25.05 44.08 Clayey 6.94 6.01 1.68 6.99 31.20 

Mostorud 
polluted 
(E) 

40-60 11.95 15.73 28.93 43.39 Clayey 6.99 5.72 1.70 6.10 29.74 
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Table (2): Cesium (mg/kg) associated with extractable forms in tested soils. 
 

Soil Depth 
Cm 

WS EXCH CAR OX ORG RES Total 
(SUM) 

Sandy and sandy loam soil 
 -20 0.03 0.05 0.18 0.16 0.24 2.07 2.73 
A -40 0.03 0.04 0.16 0.16 0.20 2.07 2.66 
 -60 0.02 0.03 0.14 0.08 0.16 2.07 2.50 
 -20 0.3 0.42 0.44 0.96 0.96 4.14 7.21 
B -40 0.15 0.21 0.25 0.40 0.64 4.14 5.79 
 -60 0.12 0.16 0.21 0.32 0.52 4.14 5.46 
Clayey soil  
 -20 0.3 0.52 0.41 0.48 1.00 4.14 6.85 
C -40 0.24 0.39 0.37 0.44 0.84 4.14 6.42 
 -60 0.21 0.26 0.30 0.32 0.76 2.07 3.92 
 -20 0.72 0.94 1.04 1.12 1.76 4.14 9.71 
D -40 0.60 0.65 0.92 1.00 1.68 4.14 8.99 
 -60 0.54 0.55 0.81 0.64 1.48 4.14 8.15 
 -20 0.72 0.94 1.10  1.60 2.32 4.14 10.82 
E -40 0.66 0.73 0.97 1.24 1.80 4.14 9.53 
 -60 0.57 0.62 0.78 0.96 1.56 2.07 6.56 

 
Table (3): Enrichment ratio of Cs fractions due to irrigation with waste- 

water in contaminated tested soils (% relative to its control). 
 

Soil Depth 
Cm 

WS EXCH CAR OX ORG RES Total 
(SUM) 

 -20 10.0 8.32 2.38 6.0 4.0 2.0 2.64 
B -40  5.0 5.2 1.57 2.5 3.2 2.0 2.18 
 -60  6.0 5.2 1.5 4.0 3.25 2.0 2.19 
 -20  2.4 1.8 2.5 2.33 1.76 1.0 1.42 
D -40  2.50 1.67 2.5 2.27 2.0 1.0 1.40 
 -60  2.57 2.10 2.69 2.0 1.95 2.0 2.08 
 -20  2.4 1.8 2.67 3.33 2.32 1.0 1.58 
E -40  2.75 1.87 2.63 2.82 2.14 1.0 1.49 
 -60  2.71 2.4 2.62 3.0 2.05 1.0 1.68 
 

 

Fig. (1) M obile- Cs fraction (mg/kg)
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Table (4) total Cs content (mg/kg) in tested ssoils as determined by 

 different analytical  techniques. 
 
 

 
Total Cs Soils Depth 

cm SUM AAS NAA 
A 
 
 
 
B 
 
 
 
C 
 
 
 
D 
 
 
 
E 

-20 
-40 
-60 
 
-20 
-40 
-60 
 
-20 
-40 
-60 
 
-20 
-40 
-60 
 
-20 
-40 
-60 

2.73 
2.66 
2.50 

 
7.21 
5.79 
5.46 

 
6.85 
6.42 
3.92 

 
9.71 
8.99 
8.15 

 
10.82 
9.53 
6.57 

2.30 
2.30 
2.30 

 
6.90 
4.60 
4.60 

 
6.90 
6.90 
4.60 

 
9.20 
9.20 
6.90 

 
11.50 
9.20 
6.90 

3.94 
3.52 
2.92 

 
8.82 
6.73 
5.52 

 
8.12 
7.54 
5.12 

 
12.20 
10.52 
8.92 

 
14.51 
11.20 
8.12 

Fig.( 2 ):Linear regression equations for the relationship between 
total Cs content, as determined by NAA, and AAS or SUM.

y = 0.7893x + 0.2942

R 2 = 0.9658
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CONCLUSION 
 

      The sequential extraction used in this study is useful to indirectly assess the potential mobility 
and bioavailability of heavy metal in the soils. The six chemical fractions are rotationally defined by 
an extraction sequence that follows the order or decreasing solubility. Assuming that bioavailability 
is related to solubility, then metal bioavailability decreasing in the order: Water-soluble > 
exchangeable > carbonate > Fe-Mn oxides >organic >residual. 
  
     It could be concluded that, soil properties obviously play a major role in influencing the 
distribution of metals among various chemical forms. Moreover, soil pollution has its impact on the 
distribution of metals fractions because it alters several factors of the soil properties.    
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