
 

 

 

 Results and Discussion 

4. RESULTS AND DISCUSSION 

4.1. Adsorption of Cd and Pb on soils : 

The adsorbed Cd or Pb (mg kg
-1

 soil) plotted against the 

concentrations of the bulk equilibrium solution (mg L
-1

) to represent 

Cd or Pb adsorption isotherms for the Nile alluvial, calcareous and 

sandy soils are presented in Tables (2, 3 and 4) and graphically 

illustrated in Figs. (1, 2 and 3). Data revealed that the amount of Cd 

or Pb adsorbed on the Nile alluvial, calcareous and sandy soils 

increased gradually with increasing the initial concentrations of Cd 

or Pb up to 5 and 50 mg L
-1

 for Cd and Pb, respectively. However, 

the three soils varied appreciably in Cd or Pb adsorption, where 

adsorption values of Cd or Pb on the calcareous soil under different 

concentrations of Cd or Pb were generally higher than the 

corresponding ones adsorbed on the Nile alluvial and sandy soils. 

The sandy soil adsorbed 13% Cd from the highest applied Cd 

concentration (5 mg L
-1

), while it adsorbed 6% Pb from the highest 

applied Pb concentration (50 mg L
-1

). The corresponding values for 

the calcareous soil were 85 and 86% for Cd and Pb, respectively. 

For the Nile alluvial soil, these values were 69 and 76% for Cd and 

Pb from the highest applied Cd or Pb concentrations, respectively. 

The sharpest increase in sorption of Cd or Pb occurred in the 

calcareous soil, is probably due to its high content of CaCO3 which 

increases its affinity to adsorb Cd or Pb. These results are in 

agreement with those obtained by Mc Bride (1980) who found that 

the initial chemisorption of Cd on CaCO3 was very rapid and 

depended on CaCO3 particle size. Also, El-Khatib et al. (1991) 

indicated that the highest adsorption capacity of Pb was exhibited 

by CaCO3- rich soil. 

Data also revealed that adsorption of Cd or Pb did not seem 

to reach a maximum even at their highest concentrations (5 and 50 

mg L
-1

for Cd and Pb, respectively). This truth was observed for all 
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soils under study. Differences in the amounts of adsorbed Cd or Pb 

between the soils became wider as the concentrations of added Cd 

or Pb increased. For the Nile alluvial soil, values of both the 

adsorbed Cd or Pb were lower than the corresponding ones of the 

calcareous soils probably due to the higher affinity of CaCO3 to 

retain Cd or Pb than the clay minerals. This finding stands in well 

agreement with those of Mc Bride (1980) and El-Khatib et al. 

(1991). The higher pH of the calcareous soil (8.09) than the Nile 

alluvial one (7.75) may account also for the higher affinity of the 

calcareous soil for adsorption of Cd and Pb than the Nile alluvial 

one. This finding is confirmed by the results of Makler et al. 

(1980), Alloway (1990) who stated that soil pH is one of the major 

factors that affect availability of heavy elements in soil. Likewise, 

Abdel Aziz et al. (1993) found that the higher pH of a calcareous 

soil as compared with alluvial and sandy ones resulted in less 

content of soluble Cd. Moreover, high pH may precipitate Pb as 

hydroxide (Leshber and Davis, 1985). Similarly, Pb can be 

precipitated as hydroxides and carbonates at high pH levels. 

 

4.1.1. Application of Langmuir equation: 

According to Langmuir equation, data of Cd or Pb adsorption 

on the Nile alluvial, calcareous and sandy soils were fitted to the 

linear form: 

c/x/m = 1/kb + c/b 

where, x/m = amount of Cd or Pb adsorbed (mg kg
-1

 soil), k = a 

constant related to binding energy of the adsorbent for the 

adsorbate, b= maximum adsorption (mg kg
-1

 soil) and c = final 

equilibrium concentration (mg L
-1

). All values of c/x/m for the 

different concentrations of Cd or Pb of the studied soils were plotted 

against the corresponding c ones. Noteworthy to indicate that, the 

equilibrium concentration of either Cd or Pb did not exceed 10
-3

 M, 
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the limit claimed by Cavaliaro et al. (1978), for the linearity of 

Langmuir isotherm. The results are illustrated graphically in Figs. 

(4, 5 and 6). The data indicated a close fitting to Langmuir 

adsorption isotherm with values of correlation coefficient ranging in 

case of Cd between 0.827 and 0.980. The highest correlation 

coefficient characterized the calcareous soil while the lowest 

corresponding value characterized the sandy soil. Values of 

correlation coefficient in case of Pb ranged from 0.937 to 0.987 with 

that of the Nile alluvial soil being the highest while that of the 

calcareous soil being the lowest. These results are in agreement with 

those reported by Greeitse and Van Driel (1984) who found that 

Langmuir isotherm equation is most appropriate for Cd adsorption. 

Also, Helal et al. (1996) found that the Langmuir isotherms were 

appropriate for Cd adsorption by alluvial, calcareous and desertic 

sandy soils. Singh and Sekhon (1977) investigated adsorption and 

desorption of Pb and Cd in some alkaline soils of India and the 

results conformed to Langmuir equation.  

The major advantage of Langmuir equation is its possibility to 

calculate adsorption maximum and the relative binding energy of 

Cd or Pb. From the simple linear relationships between c/x/m vs. c 

of Cd or Pb, adsorption maxima (b values) were calculated as the 

inverse of the slope of the straight line (slope=1/b). These values 

express the quantity of Cd or Pb adsorbed when the adsorbing 

surfaces are saturated. In addition, the constant k related to the 

binding energy could be estimated from the intercept 

(intercept=1/kb). The data of adsorption maxima and the binding 

energies for the studied soils are given in Table (5). The values of 

the maximum adsorption for the Nile alluvial soil were 20.1 and 

75.8 mg kg
-1

 soil for Cd and Pb, respectively. The values of 

maximum adsorption for the calcareous soil were 97.0874 and 

1428.6 for Cd and Pb, respectively. For the sandy soil, the values of 
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the maximum adsorption were 11.4 and 33.2 mg kg
-1

 soil for Cd and 

Pb, respectively. The calculated values of the adsorption maxima 

reveal that the calcareous soil was characterized by the highest 

adsorption maximum values for both Cd and Pb. Such a finding 

imposes the importance of CaCO3 in retention of the heavy metals 

Cd and Pb and may confirm its superiority over the clay minerals 

found (in relatively higher amounts) in the Nile alluvial soil in this 

concern. On the other hand, values of the adsorption maximum 

revealed that those of Pb were far higher than the corresponding 

ones of Cd which is an indication to the higher ability of specific 

sites on soils to adsorb Pb to a higher extent than that they could 

adsorb Cd. Thus, it can be concluded that the studied soils have 

higher selectivity for Pb than for Cd i.e. the affinity of the studied 

soils for Pb are higher than that for Cd. The comparison among the 

k values (binding energy) of the different soils, reveals that these 

values for Cd and Pb were 0.344 and 0.075; 5.152 and 0.194, and 

0.331 and 0.059 for the Nile alluvial, calcareous and sandy soils, 

respectively. 

Values of the binding energy "k" reveal that the calcareous soil 

was of the highest binding energy whether for Cd or for Pb. 

Moreover, it seems that values of the binding energy of all the 

studied soils for Cd are higher than the corresponding ones for Pb.  

Data in Table (5) also show values of the maximum buffering 

capacity (MBC) which is considered a major soil characteristic 

controlling crop yield response. This parameter was calculated as 

the product of multiplying adsorption maximum by binding energy. 

The data of MBC's for different soils showed that the Nile alluvial 

soil has lower MBC value for Cd and Pb than the calcareous soil. 

The sandy soil, on the other hand, exhibited the lowest MBC 

values.. These data reveal that MBC's for the different soils 

followed a trend coincides to some extent with that of soil binding 
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energy. So, the effect of Cd or Pb, as source of pollution, on the 

soil-plant system is a function not only of intensity or capacity 

factor but also the buffering capacity of the soil itself. Thus, under 

condition of this study, the deleterious effect of Cd and Pb on plant 

growth was is expected to be more obvious in the calcareous soil 

than in the Nile alluvial one and is least in the sandy soil.  

The aforementioned results though claimed that constants 

calculated from the Langmuir isotherm permit a sound theoretical 

approach to some of the problems of Cd and Pb sorption by soils, 

yet this fitness does not mean that the supposed mono layer 

adsorption is the solely mechanism that takes place during the 

course of experiment. 

  

4.1.2. Application of Freundlich equation: 

Data of Cd or Pb adsorption experiments conducted on the 

studied soils were tested for fitting to the linear form of Freundlich 

equation i.e. the logarithmic linear form (log x/m = log a + 1/n log 

c), where, a and n are constants, x/m is the amount of Cd or Pb 

adsorbed (mg kg
-1

 soil) and c is the final equilibrium concentration 

(mg L
-1

). Values of log c and log x/m were given in Tables (6, 7 and 

8) and plotted in Figs. (7, 8 and 9). Values of correlation coefficient 

presented in Table (9) assure the suitability of Freundlich equation 

to describe Cd or Pb adsorption isotherms for the Nile alluvial, 

calcareous and sandy soils since the values of the correlation 

coefficient ( r) for Cd adsorption were 0.965, 0.991 and 0.998 for 

the Nile alluvial, calcareous and sandy soils, respectively while for 

Pb they were 0.998, 0.996 and 0.982 at the same respective order. 

These results are in accordance with that obtained by Rana and 

Kansal (1983) who reported that the Cd sorption data followed 

Freundlich adsorption isotherms. Also, El-Khatib et al. (1991) 

indicated that Pb sorption conformed Freundlich isotherms. 
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Data presented in Table (9) show values of the affinity 

parameter (n) which was calculated as the inverse of the slope of the 

logarithmic regression lines. The values of n were 1.761, 1.867 and 

1.584 for Cd in the Nile alluvial, calcareous and sandy soils, 

respectively while, they were 1.912, 1.368 and 1.860 for Pb in the 

Nile alluvial, calcareous and sandy soils, respectively. The 

comparison among values of the affinity parameters of the different 

soils reveals that the affinity parameter for Cd was highest in the 

calcareous soil, while it was lowest in the sandy soil. The Nile 

alluvial soil took an intermediate value between them. For Pb, the 

affinity parameter was highest in the Nile alluvial soil, while it was 

lowest in the calcareous soil. The sandy soil took an intermediate 

value between them. The results obtained herein which illustrate 

that the affinity constant of the alluvial soil for adsorption of Pb is 

higher than that for Cd might be attributed to more than one type of 

reaction between Pb and the different soil components i.e. clay 

minerals, humic substance and CaCO3 thus rendering it less mobile 

and more restricted through adsorption, precipitation or even metal-

organic nonsoluble complexes. This finding agrees with that of 

Elliott (1986) and Chen (1988 a). On the other hand, the higher 

affinity of the calcareous soil for Pb is confirmed by the results of 

El-Khatib et al. (1991) whop found that the highest adsorption 

capacity was exhibited by CaCO3- rich soil.  Also, data presented in 

Table (9) show values of the capacity factor (log a) which was 

calculated from the logarithmic Freundlich equation as the intercept. 

The intercept values were 0.470, 1.994 and 0.701 for Cd in the Nile 

alluvial, calcareous and sandy soils, respectively, while, for Pb they 

were 0.532, 2.322 and 0.896 at the same respective order. In this 

connection, O' connor et al. (1984) found that retention of Cd in all 

soil solution systems was best characterized by a two-part 

Freundlich relationship: part I- of the isotherm was interpreted to 
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represent Cd retention by highly Cd specific adsorption sites; while 

part II- of the isotherm represented a mixtured Cd specific and non 

specific adsorption sites. 

 

4.1.3. Application of Temkin's equation: 

According to Temkin's equation (x= a + b ln c), data of Cd or 

Pb adsorption on the studied soils were tested for fitting to the linear 

form where, a and b are constants, x = the amount of adsorbed + 

native adsorbed Cd or Pb, and c is the final Cd or Pb equilibrium 

concentration. Plotting x against ln c was performed for the studied 

soils from the values presented in Tables (10, 11 and 12) and 

illustrated in Figs. (10, 11 and 12).  

The model of adsorption form which Temkin's equation was 

derived is one in which the bonding energy (affinity parameter) 

varied from soil to another. The correlation coefficients of the 

studied soils were 0.958**, 0.973** and 0.971** for Cd, while they 

were 0.967**, 0.945** and 0.981** for Pb in the Nile alluvial, 

calcareous and sandy soils, respectively. These values proved that 

Temkin's isotherm model is quite suitable to be used for describing 

Cd or Pb adsorption on the studied soils. The results illustrate also 

that the calcareous soil was of highest ability to retain both Cd and 

Pb whereas the sandy soil was of the lowest retentivity power. 

Retentivity of both Cd and Pb by the Nile alluvial soil seemed 

inbetween. 

 

4.2. Adsorption of Cd or Pb on some materials 

representing the active soil constituents: 

Materials used in this study were montmorillonite, humic acid 

and CaCO3. Adsorption isotherms data of Cd or Pb on these 

materials are presented in Tables (14, 15 and 16) and graphically 

illustrated in Figs. (13, 14 and 15). Cd or Pb adsorbed on these 
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materials increased gradually with increasing the initial Cd or Pb 

concentrations up to 5.0 and 50.0 mg L
-1

 for Cd and Pb, 

respectively. However, this increase was more pronounced on 

CaCO3 than on the other materials. This trend was observed for Cd 

and Pb. The highest adsorption values of Cd and Pb were 840 and 

8480 mg kg
-1

 on CaCO3 when the initial Cd and Pb concentrations 

were 5.0 and 50.0 mg L
=1

, respectively. The corresponding values 

for humic acid were 260 and 2400 mg kg
-1

 for Cd and Pb, 

respectively. For montmorillonite, these values were 596 and 6000 

mg kg
-1

 at the same respective order. Data also showed that Cd or 

Pb adsorption on these materials did not reach a maximum even at 

their highest concentrations. 

 

4.2.1. Application of Langmuir equation: 

The values of c/x/m for the different concentrations of Cd and 

Pb adsorbed on humic acid, montmorillonite and CaCO3 were 

plotted against the corresponding C ones. The obtained data are 

presented in Tables (14, 15 and 16) and illustrated graphically in 

Figs. (16, 17 and 18). Regression equations, and the correlation 

coefficients representing the relationship between the studied 

variables are presented in Table (17). The results of humic acid, 

montmorillonite and CaCO3 fitted the conventional Langmuir 

isotherms where, the correlation coefficients obtained by the 

regression analysis for Cd were 0.977**, 0.979** and 0.960** for 

humic acid, montmorillonite and CaCO3, respectively. The 

corresponding values for Pb were 0.987**, 0.930** and 0.934** at 

the same respective order. At Cd concentration of 5 mg L
-1

, about 

26, 60 and 84% of the initial applied Cd concentration were 

adsorbed by humic acid, montmorillonite and CaCO3, respectively. 

The corresponding values at Pb concentration 50 mg L
-1

 were 24, 60 

and 85% for humic acid, montmorillonite and CaCO3, respectively. 
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This means that the studied materials exhibited similar affinities for 

adsorbing Cd and Pb regardless of their concentrations in the 

equilibrium solutions. However, CaCO3 seemed to be of higher 

affinity for sorbing Cd and Pb than both the humic acid and 

montmorillonite. On other words, the sorbed amounts of both Cd 

and Pb by CaCO3 were comparatively higher than the corresponding 

ones sorbed by montmorillonite whereas these sorbed by the humic 

acid were the least. Contradictive results, however, were reported by 

Campbell et al. (1987) who stated that compared with 

montmorillonite, Cd adsorption by humic acid was much greater. 

The superiority of CaCO3 for sorbing Cd and Pb is confirmed by the 

results of Mc Bride (1980) and Papadopoulos and Rowell (1988) 

who pointed out that calcite had a high affinity for Cd. Likewise, 

Alloway (1995) reported that CaCO3 can sorb Cd and reduce its 

availability. The build up of hydroxyl ions from the hydrolysis of 

CaCO3 may enhance precipitation of Cd and Pb. 

From the simple linear relationships between c vs. c/x/m (Figs. 

16, 17 and 18), Cd or Pb adsorption maxima (b) were calculated as 

the inverse of the slope of the straight line. They expressed the 

maximum quantities of adsorbed Cd or Pb when the surfaces of 

these materials are saturated. Also, the constant k related to the 

binding energy could be estimated from the intercept. Values for Cd 

and Pb are given in Table (17). From this Table, it was obvious that 

the maximum adsorption values of Cd for all the materials greatly 

differed, where they were 312.5, 714.3 and 1000 mg Cd kg
-1

 for 

humic acid, montmorillonite and CaCO3, respectively. However, for 

Pb the maximum adsorption values by montmorillonite and CaCO3 

were almost the same (10000 mg kg
-1

 material) whereas lower Pb 

maximum adsorption value was recorded by the humic acid. 

The differences in the constant k (binding energy) among the 

different studied materials were very obvious. The k values of 
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humic acid were 0.842 and 0.086 for Cd and Pb, respectively. The 

corresponding values for montmorillonite were 1.555 and 0.083 at 

the same order while, they were 5.0 and 0.333 for CaCO3. 

Data reveal that values of the binding energy of Cd on the 

different used adsorbents were higher than the corresponding ones 

of Pb. Also, k values of both Cd and Pb by the considered 

adsorbents followed the descending order: 

 CaCO3 > montmorillonite > humic acid 

These results might explain values of the adsorption maxima 

which were highest in case of the CaCO3, lowest in case of the 

humic acid and came in between in case of the montmorillonite clay 

mineral. Thus, it can be concluded that the higher the binding 

energy (k), the higher the adsorption maxima. 

 

4.2.2. Application of Freundlich equation: 

Data of log c and log x/m for the studied adsorbents are shown 

in Tables (18, 19 and 20) and plotted in Figs. (19, 20 and 21). Data 

revealed that Freundlich equation is suitable to describe Cd or Pb 

adsorption isotherms by humic acid, montmorillonite and CaCO3 up 

to 5.0 and 50.0 g/ml for Cd and Pb, respectively. The (r) values for 

Cd were 0.953**, 0.932** and 0.983** for humic acid, 

montmorillonite and CaCO3, respectively. The corresponding values 

for Pb were 0.989**, 0.991** and 0.983** at the same respective 

order. Table (21) shows also that the values of the affinity parameter 

(n) were 1.853, 1.614 and 1.986 for Cd and 1.781, 1.518 and 1.744 

for Pb for humic acid, montmorillonite and CaCO3, respectively.  

According to the "n" values, it can be concluded that the used 

adsorbents can be arranged in the following descending order: 

For Cd: CaCO3 > montmorillonite > humic acid 

For Pb: Humic acid > CaCO3 > montmorillonite 

The variations among values of the metal element- adsorbent 
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affinity parameter might indicate to one or more mechanisms for 

sorption. Cd is sorbed by one or more mechanisms differing from 

those by which Pb is adsorbed. The higher Pb-humic acid sorptivity 

imposes the importance of the humic acid in keeping Pb in sorbed 

form on the humic acid surface. 

The constant log a given in Table (21) was calculated as the 

intercept of the regression equation representing the logarithmic 

form of the obtained data. The log a values for Cd were 2.129, 2.673 

and 2.969 for humic acid, montmorillonite and CaCO3, respectively. 

The corresponding values for Pb were 2.549, 2.948 and 3.383 at the 

same respective order. 

 

4.2.3. Application of Temkin's equation: 

Tables (22, 23 and 24) show values of Cd or Pb adsorbed per 

unit weight of the studied adsorbents besides the corresponding Ln c 

values. x values were plotted against ln c of the different studied 

materials and graphically illustrated in Figs. (22, 23 and 24). Data 

proved that increasing Cd or Pb concentration was associated with 

corresponding increase in Cd or Pb adsorption on the surfaces of 

humic acid, montmorillonite and CaCO3. The correlation 

coefficients were 0.979**, 0.979** and 0.956** for Cd, while they 

were 0.974**, 0.937** and 0.934** for Pb for humic acid, 

montmorillonite and CaCO3, respectively. These results indicated 

that Temkin isotherm model is suitable to be applied for the studied 

materials as shown in the cases of Langmuir and Freundlich 

equations. 

From the aforementioned results, it is quite clear that 

adsorption of Cd and Pb, which are potentially toxic to human life 

and the environment, can be enhanced by the additives of the clay 

mineral montmorillonite, CaCO3 besides the organic matter. In this 

concern, Ghayad (2004) and Ghayad et al. (2004) reported that the 
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most important chemical form influencing the uptake of Cd and Pb 

by red radish plants in sandy soil was the exchangeable form, while 

carbonate form in the calcareous soil was the most important form 

that restricted Cd and Pb uptake by red radish plants. Also, Xian 

and Shokohifared (1989) confirmed that potential bioavailability 

of heavy metals (Cd and Pb) is strongly controlled by their chemical 

forms related to solubility and carbonate forms are restricted for 

metal uptake by plants.  

 

4.3. Desorption of Cd and Pb from soils: 

Data obtained for Cd or Pb desorption from the soils 

previously exposed to sorption of Cd and Pb i.e. the Nile alluvial, 

calcareous and sandy soils are presented in Tables (26, 27 and 28). 

The amounts of Cd and Pb desorbed, generally, increased with 

increasing the amounts of sorbed Cd or Pb as a result of increasing 

their initial added concentration. These results agree, to a great 

extent with those of Hegazy et al. (1996) and Dahdoh et al. (1996) 

who pointed out that extractable Pb from both cultivated and 

uncultivated soils increased by increasing concentration of the 

added Pb. The amounts of Cd and Pb varied widely between the 

different soils according to the variations in their maximum 

adsorption values, maximum buffering capacity values and other 

soil properties such as clay content and type, percentage of organic 

matter and content and particle size of CaCO3.  

Moreover, the amounts of Cd or Pb desorbed from the 

calcareous soil exhibited higher values compared to the Nile alluvial 

or sandy soil. However, the values of desorbed Cd as percentages of 

their corresponding adsorbed ones ranged between 67.65 and 

90.91% for the sandy soil; 4.12 and 53.7% for the calcareous soil 

and 0.17 to 28.0% for the Nile alluvial one. The values of desorbed 

Pb as percentages of their corresponding adsorbed ones ranged 
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between 65.00 and 92.31%; 13.14 and 29.79% and 13.33 and 

16.85% for the sandy, calcareous and the Nile alluvial soils, 

respectively. These data mean that most of the Cd or Pb sorbed by 

the sandy or the Nile alluvial soil was desorbed again, while the 

calcareous soil was able to maintain an appreciable quantity of the 

added Cd or Pb in one form or more than one form unavailable to be 

desorbed again. This is probably due to precipitation of some of the 

added Cd or Pb through reaction with the carbonates present in the 

calcareous soil in a high percentage. This conclusion stands in well 

agreement with those of Mc Bride (1980) and Papadopoulos and 

Rowell (1988) who declared that calcite has a high affinity for Cd at 

low Cd concentrations but at the higher concentration CdCO3 

precipitation dominates. Moreover, the high pH of the calcareous 

soil may enhance precipitation of both Cd and Pb in the form of 

hydroxides. Singh and Sekhon (1977) went almost to similar 

results upon their work on some alkaline soils of India. The partial 

irreversibility may also be attributed to the higher bonding energy 

constant for Cd and Pb in the calcareous soil as compared with 

corresponding ones of the sandy and Nile alluvial soils. In this 

concern, Papadopoulos and Rowell (1988) showed that the CaCO3 

surface has a high affinity for Cd. Also, Renella et al. (2004) 

showed that Cd mobility was reduced mainly by adsorption on 

carbonates. Helal et al. (1996) concluded that Cd adsorbed on 

calcareous soil was partially irreversible. Singh and Sekhon (1977) 

suggested that Pb can be precipitated as hydroxides and carbonates.  

Data presented in Tables (26, 27 and 28) and illustrated in Fig. 

25 reveal that the amounts of desorbed Cd and Pb from the sandy 

soil were, generally, higher than the retained ones, while the 

opposite was true for the calcareous and Nile alluvial soils, where 

the amounts of desorbed Cd and Pb were generally lower than the 

retained ones. This might be attributed to the relatively higher 
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affinity of the latter soils to adsorb Cd or Pb on their sites as a result 

of their higher bonding energy. Moreover, reactions between CaCO3 

and Cd or Pb may render them in forms unavailable for re-

extraction by DTPA. CO3
2-

 ions, as mentioned before, can undergo 

reactions with Cd and Pb causing them to precipitate. On the other 

hand, the higher alkalinity of the calcareous soil provides more OH
-
 

ions for precipitating Cd and Pb as hydroxides. Lindsay (1979) 

stated that at pH values above 7.5, Cd activity is limited by CdCO3. 

He added that activate (CdCO3) with a CO2 of 0.003 atm. depressed 

Cd
2+

 100- fold for each unit increase in pH. Street et al. (1978) in 

their studies on solubility of Cd found that when Cd was added at 

10
-5

 to 10
-4

M levels, it rapidly precipitated giving 10
-7

 M Cd
2+

 in 

solution. The negative relationship between availability of Cd and 

the soil pH has been proved by Del Castilho and Charden (1995), 

Abdel-Aziz et al. (1993), Obron et al. (1995) and Lehoczky et al. 

(1998). Likewise, Matrinez and Motto (2000) reported a negative 

relationship between total dissolved concentrations of Pb and soil 

pH. 

Cadmium and lead desorption curves obtained upon plotting 

the amount of desorbed Cd or Pb against the adsorbed amounts 

exhibited straight lines for the studied soils (Figs. 26-28). The 

calculated correlation coefficients for Cd were 0.996, 0.990 and 

0.986 for the sandy, calcareous and Nile alluvial soils, respectively. 

The corresponding values for Pb were 0.997, 0.989 and 0.969 at the 

same respective order. Different slopes and intercepts were 

observed, indicating existence of different desorption capacities for 

the studied soils. Generally, the sandy soil showed the highest 

desorption capacity due to its low contents of the clay sized 

particles, organic matter as well as CaCO3. 

Thus, it can be concluded that the sandy soil ability to adsorb 

Cd or Pb was the least and most of the adsorbed cations (Cd or Pb) 
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could be easily desorbed by DTPA. On the contrary, the calcareous 

soil could sorb highest amounts of Cd or Pb as compared with the 

other two studied soils i.e. the sandy and the alluvial. However, 

most of the sorbed Cd or Pb by the calcareous soil exhibited higher 

retentivity and only small portions of the sorbed Cd or Pb could 

released due to application of the DTPA. Such a finding may 

indicate to more than one mechanism other than adsorption 

responsible for retention of Cd and Pb on the calcareous soil. The 

Nile alluvial soil through exhibited higher amounts of released Cd 

and Pb than the calcareous soil, yet the released amounts of Cd and 

Pb from this soil were obviously lower than the corresponding ones 

released from the sandy soil. 

 

4.4. Desorption of Cd and Pb from the studied adsorbent 

materials: 

Values of Cd and Pb desorbed from the studied adsorbent 

materials representing the active soil separates which were exposed 

previously for Cd and Pb adsorption are shown in Tables (29, 30 

and 31) and illustrated graphically in Figs. (30, 31 and 32). Values 

of the desorbed Cd and Pb from humic acid, montmorillonite and 

CaCO3 seemed to be increased as the initial concentrations of the 

applied Cd and Pb and consequently their adsorbed values 

increased. However, such increases varied widely between different 

materials. The highest desorbed Cd values were observed for 

montmorillonite whereas humic acid exhibited the highest desorbed 

Pb values. Similar results were also observed by Lothenbach et al. 

(1998) who reported that Cd desorbed more easily from 

montmorillonite. Tu et al. (1994), on the other hand, reported that 

humic acid showed the highest binding affinity for Pb.  

Cadmium desorbed increased from 10.40 to 244.00 mg kg
-1

; 

from 18.00 to 240.00 mg kg
-1

 and from 0.20 to 1.88 mg kg
-1

 for 
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montmorillonite, humic acid and CaCO3, respectively. In other 

words, the used materials could be arranged according to values of 

the desorbed Cd in the following descending order: Montmorillonite 

> humic > CaCO3. Such an order assures the previously mentioned 

higher binding energy of CaCO3 for Cd or probably its precipitation 

in forms hard to be extracted again by DTPA. On the other hand, the 

values of Cd released from the humic acid were lower than the 

corresponding ones released from montmorillonite. This finding 

counteracts the results which showed the higher affinity of 

montmorillonite for Cd than that of humic acid. Such a 

contradiction might be attributed to the hystresis phenomenon on 

one hand and formation of nonavailable Cd- humic acid complexes 

on the other hand. This conclusion stands in well agreement with 

that of Bohn et al. (1985) who stated that Cd
2+

 may be complexed 

by high molecular weight humic acids. They added that even 

strongly adsorbed cations can normally be replaced through proper 

manipulation of solution conditions. An exception to this 

generalization of reversibility is the preferential retention of many 

poly valent cations (especially trace metals) by organic matter. Pb 

desorbed increased from 40.00 to 1170.00 mg kg
-1

; from 130.0 to 

900.0 mg kg
-1

 and from 0.55 to 8.59 mg kg
-1

 for humic acid, 

montmorillonite and CaCO3, respectively. Thus, the used materials 

can be arranged according to values of the desorbed Pb in the 

following descending order: CaCO3 < montmorillonite < humic 

acid.   

The amounts of desorbed Cd expressed as percentages from 

the Cd adsorbed on the humic acid did not take a certain pattern, 

while the corresponding desorbed ones from montmorillonite and 

CaCO3 were lower than the retained values. For Pb, the amounts of 

desorbed Pb expressed as percentage from the adsorbed Pb values 

on the different materials were almost lower than the retained ones. 



 

 

 

 Results and Discussion 

Cadmium and lead adsorption-desorption curves obtained by 

plotting the amount of desorbed Cd or Pb against the amounts of 

adsorbed ones shown in Figs. (26 and 30-32) reveal that the 

calculated correlation coefficients for Cd and Pb were 0.960 and 

0.974 for humic acid, 0.958 and 0.885 for montmorillonite and 

0.990 and 0.998 for CaCO3. 

These findings illustrate that the humic acid, montmorillonite 

and CaCO3 could keep both Cd and Pb in sorbed forms unavailable 

for extraction with DTPA. Thus, these results confirm the suitability 

of the studied materials as additives for reducing availability of the 

potentially toxic materials in soil. Such additives do not allow 

presence of toxic metals in soil solutions in concentrations causing 

damage for plant or humans. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


