Ali, M. E. et al.

J. Agric. Sci. Mansoura Univ., 34 (7): 9083 - 9099, 2009


EFFECT OF SOME ORGANIC MATERIALS ON  MOBILITYOF SOME HEAVY METALS IN SOIL
Ali, M.E.; Esmat H.A. Nofal and Wafaa M.Abd EI-Aziz
Fac. of Agric., Benha University
ABSTRACT
The main purposes of this investigation was to study the following: (1)The role of different organic materials i.e. straw of bean and the Nile compost applied at different rates on reducing the toxic risks of heavy metals through incubatation for different periods succeeded by leaching, (2) Effect of time of leaching on reducing or removal of the studied heavy metals out of soil within the different incubation periods.

To fulfill there purposes, two soil samples were investigated, the first one was a sandy soil collected from Meet Kenana and the second one was a clayey soil collected from Moshtohor, Qalubia Governorate.

An incupation experiment was conducted using soil columns where the columns were packed with 0.5 kg of each soil Bean straw or compost of El-Obour was added at a rate 0, 2 or 4 %.The soils were incubated with the added organic materials and the concerned heavy metals i.e. Co, Ni and Pb applied at three rates i.e. low, moderate and high at the laboratory temperature (25-30°C) for three periods 30, 60 and 90 days. Soil moisture was kept constant at field capacity through application of distilled water each other day After each incubation period, soil in each plastic pot was exposed to washing with distilled water. The filtrates were collected and analyzed for cobalt, nickel and lead. The obtained results could be summarized in the following:

1) The concentrations of the leached metal ions were, as expected, highest upon application of the highest rates of these metal ions, on the other hand, lowest upon application of the corresponding lowest rates. Application of the moderate concentrations of Co, Ni and Pb caused concentrations of these metals ions to be inbetween.

2) The used organic materials can be arranged according to their effect on leaching (moving) the studied metal ions in the following descending order: The compost of El-Obour at a rate of 4 %> bean straw at a rate of 4%>the compost of El-Obour at a rate of 2 %> bean straw at a rate of 2 %> control.

3) The concentration of heavy metals (Pb, Ni, and Co) in the third incubation period were lower than the corresponding values of concentrations of these metal ions in the leachate of the second period. Whose concentrations were lower than those of the first ieachate .

4) The concentrations of the leached metal ions from the sandy soil were higher than the corresponding ones leached from the clayey one.

INTRODUCTION
The pollution of soil by heavy metals especially Pb, Ni and Co is one of the most important problems that face plant growth and cause many hazardous effects on animals and humans health. Also, the productivity potential of the soil may be reduced especially in the heavily industrial area of the world due to disposal of the industrial wastes in water and hence might introduce the food chain through the plants grown on the soils irrigated with these polluted waters. Likewise, the emissions of industries contribute to enriching soil with such heavy metals. (Alloway, 1995 and Abbas et al., 2008a)
Heavy metals are difficult to remove from soils because they are strongly held on cation-exchange sites; their concentrations in soil solution are therefore low. However, they may be toxic at these low concentrations for plant. Incubation of soils with organic matter may facilitate removal of metal ions from soil as soluble metal complex or on the other hand, fix these metal ions in soil in forms non-available for plants (Wang and Xing, 2002 and Abbas et al., 2008b).
Mermut et al. (1996) found a significant positive relationship between the total content of trace element and percent of clay in the soil. They suggested that the major portion of the trace elements is adsorbed by silicate clay minerals in cationic from. In this concern, they attributed the enrichment of trace elements in the surface horizons, in part, to anthropogenic additions.

El-Rashidi et al (1997) found that total content of Pb in 71 soil samples from 14 saline sodic soil profiles in the Nile Delta ranged from 25 to 100 mg Pbkg-1.

Martinez and Motto (2000) reported that the total dissolved concentration of Pb increased with decreasing soil pH, On the other hand Martinez-Villegas, et al. (2004) showed that lead sorption increases when pH increases.

El-Sayad and Hegazy (1993) found that the total contents of Ni in contaminated alluvial soils of EI-Fayoum governorate ranged between 33.5 and 77.0 with an average of 55.3 mg kg-1.

Rashed et al., (1995) stated that DTPA extractable Ni contents ranged from 0.38 to 1.04 mg Ni kg"'soils with an average of 0.66 mg Ni kg"1in recent Nile alluvial soils, while in costal barrier plain soils (sandy soils) it ranged from 0.2 to 0.4 with an average of 0.31 mg Ni kg-1 soils .

Nikolov and Zlatareva (2000) reported that the bioavailability of Ni, and especially its phytotoxicity, increased very strongly with decreasing soil pH and the maximum acceptable concentrations at pH 5 and pH 4 were 35 and 25 mg Ni kg"' soil, respectively. The increase of the bioavailability of Ni with decreasing pH was explained by their transformation into ionic form by the soil acidity related to the permanent charges of the soil.

EI-Leithei (1986) found that Co is relatively higher around industrial areas than in vicinity to the highway. Average total Co contents were 11.2-36.1 and 9.7-29.0 mg kg"1 in the former and latter soil, respectively. This reflects the importance of industrial wastes as a source of soil contamination. Also, he reported that no regular trend was observed with distance from the road or with soil depth, and Co content differed largely from one site to another in the industrial area.

Christensen and Anderson (2009) showed that Co would generally exhibit the highest mobility in soils with decreasing pH.

Gondar et al. (2006) showed that the amount of cation bound to the humic acid was greater than the amount bound to the fulvic acid.
Hizal and Apak (2006) showed that the metal adsorption onto clay at low pH increased in the presence of humic acid, and the metals adsorption vs pH curves of metals-kaolinite-humid acid suspensions were much steeper (and   distinctly   S   shaped)   compared   to   the   wider   pH   gradient  curves observed in binary clay-metals systems.

Therefore, the main purpose of this investigation was to study the following:

1) The role of different organic materials i.e. straw of bean and the Nile compost applied at different rates on reducing the toxic risks of heavy metals through incubating them for different periods succeeded by leaching.

2) Effect of time of leaching on reducing or removal of the studied heavy metals out of soil within the different incubation periods.

MATERIALS AND METHODS
Two soil samples were collected for conducting the current study, the first was sandy from Meet Kenana while the second was clayey from Moshtohor, Qalubia Governorate. Table (1) shows some physical and chemical properties of the used soils.

Table (1): Physical and chemical properties of the used soils.

	Soil property
	Soil 1 (Meet Kenana)
	Soil 2 (Moshtohor)

	pH
	7.17
	747

	EC dS m-1              
	3.47
	3.07

	Organic matter %                                     
	0.14
	1.98

	CaCO3 %                              
	0.36
	1.43

	CEC cmolc/kg soil
	12.01
	47.68

	Exc. Na cmolc/kg soil
	0.58
	342

	Exc. K cmolc/kg soil
	0.94
	2.63

	Exc. Ca cmolc/kg soil
	6.48
	31 44

	Exc. Mg cmolc/Kg soil
	5.04
	10.08

	Soluble cations mmolc/ L( in soil paste extract )

	Ca 2+                                                      
	11.64
	14.04

	Mg2+
	7.8
	4.48

	Na+                                                         
	17.69
	17.61

	K+
	3.93
	3.68

	Soluble anions mmolc / L (in soil paste extract)

	HCO1
	7.70
	8.58

	
	0.00
	0.00

	
	8.43
	16.86

	SO42-
	24.93
	14.37

	Soluble anions mmolc / L (in soil paste extract)

	Saturation percentage                             
	21
	72

	Particle size distribution

	Fine sand %                                            10.35
	24.81

	Coarse sand %
	82.59
	2.27

	Silt %
	2.27
	22.27

	Clay %
	4.79
	50.65

	Textural class
	Sand
	Clay

	Available nutrients (mg Kg-1soil)*

	N(mg Kg-1)
	22.40
	89.23

	P(mg Kg-1)
	4.65
	24.33

	K(mg Kg-1)
	89.00
	825.35


Experimental work: 
Incubation experiment:
An incupation experiment was conducted to study the effect of some organic materials on the mobility of some heavy metals in the studied soils.

PVC columns of 15 cm in diameter and 30 cm height were packed with 0.5 kg of each soil. Bean straw or compost of El- Obour was added at rates of 0, 2 and 4%. Table (2) shows some nutrient contents of the used organic materials.
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Table (2) Total nutrient contents of the used organic materials
	Organic material

 Content  
	Bean straw


	El - Obour Compost



	N%
	1.96
	1.61

	P%
	0.7
	0.22

	K%
	4.55
	2.6

	Cu mg kg-1
	0.5
	0.5

	Zn mg kg-1
	10.0
	2.0

	Mn mg kg-1
	1.0
	4.0

	Fe mg kg-1
	8.0
	37.0

	EC dS m-1
	12.8
	7.33

	pH
	7.3
	7.65

	OM%
	19.75
	28.23

	C%
	11.46
	16.38

	C:N ratio
	1:6
	1:10

	Co mg kg-1
	0.44
	0.55

	Ni mg kg-1
	0.62
	0.59

	Pb mg kg-1
	0.86
	1.04


ec and pH were determined in 1:5 organic material-water extract.
3.1.2- Rates of applied heavy metals:
1-Cobalt (Co) in the sulfate form (CoSO4.7H2O) was added at a rate of low concentration (50 mg Co/kg), moderate concentration (100 mg Co/kg) or high concentration (200 mg Co/kg)

2- Nickel (Ni) in the sulphate form (NiSO4) was added at a rate of low concentration (65.88 mg Ni/kg), moderate concentration (131.76 mg Ni/kg) or high concentration (263.52 mg Ni /kg)

3-Lead (Pb) in the sulphate form (PbSO4) was added at a rate of low concentration (51.3 mg Pb/kg), moderate concentration (102.6 mg Pb/kg) or high concentration (205.2 mg Pb/kg)

The soils were incubated with the added organic materials which were applied at rates of 0, 2 and 4 % and the applied heavy metals at laboratory temperature (25-30°C) for three incubation periods namely 30, 60 and 90 days. Soil moisture was kept constant at field capacity through application of distilled H20 each other day.

After each  incubation   period,   soil  in   each   plastic  column  was exposed to washing three times with quantity of distilled water equivalent to two times that of the saturation percentage . The filtrates were collected and analyzed for cobalt,   nickel  and  lead  using  Atomic  Absorption  Spectro-photometer, Perkin Elmer, 2380.
Laboratory analyses: Soil analyses:
The soil samples were air-dried, crushed and sieved through a 2 mm sieve. Some physical and chemical properties of the used soils were determined using the following methods:

* Particle size distribution, by the pipette method using sodium hexametaphosphate as a dispersing agent (Piper, 1950)

* Calcium carbonate, volumetrically using Collin's calcimeter (Wright, 1939).

* Organic matter content according to Walkley and Black as described by Jackson (1967).

* Soil reaction (pH) in soil water suspension (1:2.5), using a pH meter according to U.S. Salinity Lab. Staff (1969).

* Electric conductivity (EC), using a conductivity bridge in the saturation soil paste extract as described by U.S. Salinity Lab. Staff (1969)

* Soluble ions in the saturation soil paste extract according to Black et al. (1965) as follow:

* Soluble carbonates and bicarbonates by titration against a standard solution of HCI acid in the presence of phenolphthalein and methyl orange indicators, respectively.

* Chloride by Mohr's method.

* Calcium and magnesium by titration against disodium versinate (0.01 M N32-EDTA) using ammonium purpurate as an indicator for calcium and EBT as an indicator for calcium plus magnesium.

* Sodium and potassium by flame photometer.

* Sulphates were calculated by subtracting the determined concentrations of soluble anions from the total soluble cations.

- Available  nitrogen was determined  using  microkjeldahl  method as outlined by Chapman and Pratt (1961).

- Available   phosphorus  was   determined   using   ascorbic   acid   and ammonium molybdate according to Hollman and Elliot (1983). 
3.3.2. Organic material analyses 
- A sub sample of each organic material was wet digested with percholoric + sulphuric acid mixture and the digestion solution was analyzed for N, P, K, Cu, Zn, Mn and Fe Total  N was determined  using  microkjeldahl  method  as  outlined  by Chapman and Pratt (1961).

- Total P was determined using ascorbic acids and ammonium molybdate according to Hollman and Elliot (1983).

- Total  K by flame photometer.

- Cu, Zn, Mn, Fe, Co, Ni and Pb in leachate were determined using Atomic Absorption Spectro-photometer, Perkin Elmer, 2380.

RESULTS AND DISCUSSION
Movement of Co,  Ni and Pb through the sandy and clayey soil as influenced   by   type   of  the   applied   organic   matter   and   period   of incubation.
Contents of Co, Ni and Pb in the leachate after 30 days of incubation:
Data presented in Tables (3 and 4) reveal effect of the different applied organic materials, after a month period of their incubation, with soils contaminated with Co, Ni and Pb.

It is obvious from results that the concentrations of the leached metal ions were, as expected, highest upon application of the highest rates of these metal ions, and lowest upon application of the corresponding lowest rates. Application of the moderate concentrations of Co, Ni and Pb caused concentrations of these metals ions to be in between.

Such a finding was true regardless of type of the applied organic material, time of leaching or even kind of the studied metal ion.

However, it is worthy to indicate that concentrations of these metal ions differed according to type of the applied organic matter where the used organic materials can be arranged according to their effect to leach (move) the studied metal ions in the following descending order: the compost of El-Obour at a rate of 4 %> bean straw at a rate of 4 %> the compost Ei-Obour at a rate of 2 %> bean straw at a rate of 2 %> control. This means that concentration of the studied metal ions were not only affected by type of the applied organic material but also by its rate of application. This finding stands in well agreement with that of Me Bride (1994) who reported that high organic matter levels in Ni-riched soils can solubilize Ni2+ as organic complexes, at least at higher pH values. On the other hand Willaert and Verloo (1988) mentioned that the mobility of Ni in soil increases as the pH and CEC decrease and a marked increase in soluble Ni has been recorded in sewage amended soil as pH was decreased, especially below about pH 6.

Moreover, it seemed that increasing time of leaching process on the soils in the same columns was associated with decreases in the corresponding concentrations of Co, Ni and Pb.
Table (3): Concentration of Co, Ni and Pb (mg kg-1) in the leachates of sandy soil as influenced by organic matter and 30 day period of incubation.
	Leaching intervals
	First leachate (7 days)
	Second leach (14 days)
	Third leachate (21 days)
	Average

	Organic material
	Elements
Applied level
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb

	Control
	Low
	0.17
	1.783
	0.61
	0.104
	1.546
	0.29
	0.046
	0.7
	0.135
	0.106
	1.343
	0.345

	
	Moderate
	0.175
	2.017
	0.639
	0.138
	1.803
	0.301
	0.085
	1.328
	0.16
	0.132
	1.716
	0.366

	
	High
	0.183
	2.239
	0.71
	0.143
	1.964
	0.372
	0.124
	1.494
	0.17
	0.15
	1.899
	0.417

	
	Average
	0.176
	2.013
	0.653
	0.128
	1.771
	0.321
	0.085
	1.174
	0.155
	
	
	

	Bean straw at a rate of 2%
	Low
	0.193
	2.392
	0.72
	0.192
	2.101
	0.56
	0.135
	0.849
	0.24
	0.173
	1.78
	0.506

	
	Moderate
	0.205
	3.163
	0.813
	0.195
	2.847
	0.64
	0.177
	2.206
	0.37
	0.192
	2.738
	0.607

	
	High
	0.308
	3.563
	1.03
	0.219
	3.525
	0.79
	0182
	2.892
	0.47
	0.236
	3.326
	0.763

	
	Average
	0.235
	3.039
	0.737
	0.202
	2.827
	0.663
	0.164  
	1.982
	0.36
	
	
	

	Compost El-Obour at a rate of 2%


	Low
	0.235
	3.155
	0.76
	0.197
	2.112
	0.71
	0.142
	1.145
	0.33
	0.191
	2.137
	0.6

	
	Moderate
	0.27
	3.328
	1.01
	0.200
	3.024
	0.76
	0.18
	1.784
	0.45
	0.216
	2.712
	0.74

	
	High
	0.318
	3~81
	1.09
	0.248
	3.619
	0.85
	0.219
	2.741
	0.55
	0.261
	3.39
	0.83

	
	Average
	0.2741
	3.431
	0.851
	0.215
	2.918
	0.773
	0.18
	1.89
	0.443
	
	
	

	Bean straw at a rate of

4%
	Low
	0.255
	3.442
	0.761
	0.199
	2.113
	0.73
	0.143
	1.269
	0.34
	0.199
	20274
	0.61

	
	Moderate
	0.283
	3795
	1.02
	0.204
	3.32
	0.78
	0185
	2.633
	0.531
	0.224
	3.249
	0.777

	
	High
	0.373
	4.085
	1.23
	0.278
	3.828
	0.87
	0.236
	3.369
	0.693
	0.295
	3.76
	0.931

	
	Average
	0.303
	3.774
	0.906
	0.227
	3.087
	0.793
	0.188
	2.423
	0.521
	
	
	

	Compost El-Obour at a rate of 4%
	Low
	0.302
	3.622
	0.78
	0.216
	3.559
	0.76
	0.184
	1.77
	0.4
	0.234
	2.983
	0.646

	
	Moderate
	0.378
	4.27
	1.06
	0.323
	4.255
	0.79
	0.24
	3.434
	0.7
	0.313
	3.986
	0.85

	
	High
	0.476
	4.573
	1.96
	0.35
	4 293
	0.97
	0.295
	3.712
	0.79
	0.373
	4.192
	1.24

	
	Average
	0.385
	4.155
	1.266
	0.291
	4.035
	0.72
	0.239
	2.972
	0.63
	
	
	


Concentrations of metal ions: 
	
	Low
	Moderate
	High

	1- Comgkg1
2- Ni mg kg-1
3- Pb mg kg-1
	10.5
25

35
	21
50

70
	42
100

140


Table (4): Concentration of Co, Ni and Pb (mg kg-1) in the leachates of clayey soil as influenced by organic matter and 30 day period of incubation.
	Leaching intervals
	First leachate (7 days)
	Second leach (14 days)
	Third leachate (21 days)
	Average

	Organic material
	Elements
Applied level
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb

	Control
	Low
	0.077
	1.092
	,0.28
	0.041
	0.769
	Jim
	0.031
	0.443
	0.091
	0.049
	0.768
	0.182

	
	Moderate
	0.0791
	1.114
	0.288 
	0.063 
	0.969
	0.26
	0.056
	0.916
	0.14
	0.066
	0.999
	0.229

	
	High
	0.12
	1.633
	0.372
	0.093
	1.244
	0.295
	0.082
	1.124
	0.17
	0.098
	1.333
	0.279

	
	Average
	0.092
	1.279
	0.313
	0.065
	0994
	0.244
	0.056
	0.827
	0.133
	
	
	

	Bean straw at a rate of 2%
	Low
	0.14
	2.214
	0.59
	0.107
	1.156
	0.31
	0.077 
	0.613
	0.211
	0.108
	1.327
	0.37

	
	Moderate
	0.162
	2.422
	0.65
	0.116
	1.908
	0.42
	0.093
	1.528
	0.029
	0.123
	1.952
	0.453

	
	High
	0.195
	3.273
	0.811
	0.192
	2.238
	0.55
	0.113
	1.594
	0.42
	0.166
	2.368
	0.593

	
	Average
	0.163
	2.636
	0.683
	0.138
	1.767
	0.426
	0.094
	1.245
	0.307
	
	
	

	Compost El-Obour at a rate of 2%


	Low
	0.155
	2.319
	0.63
	0.14
	1.326
	0.32
	0.094
	0.988
	0.22
	0.129
	1.544
	0.39

	
	Moderate
	0.178
	2.98
	0.73
	0.149
	2.138
	0.443
	0.136
	1.557
	0.31
	0.154
	2.225
	0.494

	
	High
	0.213
	3.378
	0.89
	0.205
	2.663
	0.59
	0.153
	1.868
	0.52
	0.19
	2.636
	0.666

	
	Average
	0.182
	2.892
	0.75
	0.164
	2.042
	0.427
	0.127
	1.471
	0.35
	
	
	

	Bean straw at a rate of

4%
	Low
	0.173
	2.739
	0.69
	0 146
	1.42
	0.33
	0.132
	1.254
	0.26
	0.15
	1.804
	0.406

	
	Moderate
	0.233
	3.301
	0.85
	0.164
	2.392
	048
	0 149
	1.57
	0.36
	0.182
	2.421
	0.563

	
	High
	0.263
	3.634
	0.96
	0.255
	2.79
	0.76
	0.195
	1.977
	0.61
	0.237
	2.8
	0.776

	
	Average
	0.l223
	3.224
	0.813
	0.188
	2.2
	0.523
	0.158
	1.6
	0.41
	
	
	

	Compost El-Obour at a rate of 4%
	Low
	0.203
	2.796
	0.68
	73
	1.731
	039
	0161
	1.439
	0.28
	0.179
	1.988
	0.45

	
	Moderate
	0.255
	3.38
	0.941 
	0.183
	2.535
	0.512
	0.193
	2.335
	0.41
	0.21
	2.75
	0.621

	
	High
	0.295
	3.656
	1.01
	0.281
	2.863
	0.869
	0.279
	2.405
	0.72
	 0.285
	2.974 
	0.866

	
	Average
	0.251
	3.277
	0.877
	0.212
	2.376
	0.59
	0.211   
	2.059
	0.47
	
	
	


See footnote of Table (3)
The aforementioned results characterized the sandy soil and the clayey soil as well; however, it is of interest to indicate that concentrations of the leached metal ions through the soil columns packed with the sandy soils were higher than the corresponding ones occurred through the soil columns packed with the clayey one (Table, 4 and Figs, 4,5 and 6). This finding might be attributed to the higher clay content of the clayey soil and consequently its higher specific surface area and larger cation exchange capacity which immobilize the movement of heavy metals or at least impede such movement. The high percentage of the macro pores (drainable pores) in the sandy soil may account also for such a finding. Hence, the higher clay content of the clayey soil contribute to retention of more contents of both moisture and metal ions due to relatively higher surface area on one hand and the more negative surface charge on the other hand which encourage the clayey soil to adsorb more counter ions (heavy metals) from soil solution and consequently decrease their leachability out of soil. Abd El Aziz et al. (1993) reported that the soil having high clay content was mostly of greater content of Pb than that of calcareous sandy soils. Moreover, Pelzer (1987) found that high clay levels lowered downward movement of Pb and Ni.

The superiority previously shown for the compost of El-Obour over the bean straw is probably attributed due to.

1- The compost of El-Obour encourages both the investigated soils to keep more drainable system able to facilitate leaching of metal ions out of soil and /or

2- The compost of El-Obour might be of higher contents of the studied metal ions.

The decrease in leachate contents of the studied metal ions by progressing time of leaching can be ascribed to the supposed equilibration reactions between concentrations of Co, Ni and Pb on the solid phase and their corresponding concentrations in the liquid phase which can be represented by the following equation:

Soil solid phase-M 
Soil solution-M where M is the metal ions.

In such a reaction, more leaching of the metal ion (M) means a corresponding decrease in the liquid phase which leads consequently to more release for this metal ion from the solid phase to exponse its decrease in the liquid one.

Hence, more leaching will affect only the metal ions remained where the equilibrium reaction will proceed between the remained metal ions which decreased by leaching and the solution phase, accordingly less leached metal ions are expected to release with increasing time of leaching. 
Contents of Co, Ni and Pb in the learchate after 60 days of incubation:
Data presented in Tables (5 and 6) represent there effect of incubation of soils (sandy and clayey) with the used organic materials for a period of 2 months on water washable metal ions. It is obvious that the washable metal ions tended to decrease with progressing time of leaching i.e. higher concentration of the leached metal ions were detected in the first leachate than in the second or third.

Table (5): Concentration of Co, Ni and Pb (mg kg-1) in the leachates of sandy soil as influenced by organic matter  and 60 day period of incubation.
	Leaching intervals
	First leachate (7 days)
	Second leach (14 days)
	Third leachate (21 days)
	Average

	Organic material
	Elements
Applied level
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb

	Control
	Low
	0.103
	1.172
	0.345
	0.093
	1.121
	0.178
	0.031
	0.528
	0.11
	0.075
	0.94
	0.211

	
	Moderate
	0.155
	1.282
	0.385
	0.106
	1.195
	0.295
	0.072
	0.498
	0.24
	0.111
	0.991
	JX306

	
	High
	0.173
	1.374
	0.395
	0.139
	1.244
	0.311
	0.093
	0.887
	0.36
	0.135
	l!168
	0.355

	
	Average
	0.143
	1.276
	0.375
	0.112
	1.186
	0.248
	0.065
	0.637
	0.236
	
	
	

	Bean straw at a rate of 2%
	Low
	0.174
	1.88
	0.37
	0.157
	1.327
	0.36
	0.067
	0.613
	0.219
	JM32
	1.321
	0.316

	
	Moderate
	0.19
	2.341
	0.76
	0.183
	2.31
	0.44
	0.134
	0.813
	0.291
	0.169
	1.821
	0.497

	
	High
	0.268
	2.509
	0.85
	0.195
	2.364
	0.59
	0.18
	1.244
	0.37
	0.214
	2.039
	0.603

	
	Average
	0.21
	2.243
	0.776
	0.178
	2.00
	0.463
	0.127
	0.89
	0.293
	
	
	

	Compost El-Obour at a rate of 2%


	Low
	0.192
	2.023
	0.47
	0.19
	1.329
	0.41
	0.079
	1.06
	0.24
	0.154
	1.423
	0.367

	
	Moderate
	0.224
	2.389
	0.79
	0.193
	2.341
	0.497
	0.146
	T23T
	0294
	0.187
	1.987
	0.527

	
	High
	0.289
	2.623
	0.91
	0.238
	2.566
	0.801
	0.188
	1.47
	0.423
	0.238
	2.219
	0.711

	
	Average
	0.235
	2.345
	0.717
	0.207
	2.078
	0569
	0.137
	1.254
	0.319
	
	
	

	Bean straw at a rate of

4%
	Low
	0.203
	2.156
	0.61
	0.191
	1.70
	0.044
	0.103
	1.169
	0.242
	0.165
	1.675
	0.434

	
	Moderate
	0.26
	2.391
	0.83
	0.200
	2.573
	0.562
	0.154
	1.348
	0.34
	0.204
	2.104
	0.577

	
	High
	0.295
	2.672
	096
	0257
	2.656
	0867
	0223
	1.94
	0.53
	0.258
	
	0.785

	
	Average
	0.252
	2.406
	0.80
	0.216
	2.178
	0.623
	0.16
	1.48
	0.37
	
	
	

	Compost El-Obour at a rate of 4%
	Low
	0.27
	2.685
	0.67
	0.201
	1.791
	0.45
	0.158
	1.564
	0.27
	0.209
	2.013
	0.44

	
	Moderate
	0.285
	2.785
	0.891
	0.252
	2.478
	0.78
	0.162
	1.883
	0.37
	0.233
	2.382
	0.68

	
	High
	0.394
	2.85
	0.99
	0.302
	2.129
	0.93
	0.251
	2.318
	0.72
	0.315
	2.635
	0.881

	
	Average
	0.316
	2.773
	0.85
	0.251
	2.336
	0.72
	0.19
	1.921
	0.453
	
	
	


Table (6): Concentration of Co, Ni and Pb (mg kg-1) in the leachates of clayey soil as influenced by organic matter and 60 day period of incubation.
	Leaching intervals
	First leachate (7 days)
	Second leach (14 days)
	Third leachate (21 days)
	Average

	Organic material
	Elements
Applied level
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb

	Control
	Low
	0.053
	0.877
	0.19
	0.041
	0.685
	0.177
	0.025
	0.443
	0.09
	0.039
	0.668
	0.152

	
	Moderate
	0.079
	1.00
	0.265
	0.077
	0.949
	0.178
	0.05
	0.497
	0.125
	0.068
	0.515
	0.189

	
	High
	0.096
	0.235
	0.311
	0.100
	1.099
	0.293
	0.082
	0.676
	0.14
	0.092
	1.00
	0.248

	
	Average
	0.076
	1.037
	0.255
	0.072
	0.911
	0.216
	0.052
	0.538
	0.118
	
	
	

	Bean straw at a rate of 2%
	Low
	0.133
	1 682
	0.36
	0.093
	1.07
	0.211
	0.031
	0.449
	0.17
	0088
	1,067
	0.247

	
	Moderate
	0.158
	226
	0.4
	0.109
	1.585
	0.35
	0.09
	0.592
	0.243
	0.119
	1.479
	0.331

	
	High
	0.19
	2.452
	0.68
	0.16
	1.97
	0.499
	0.102
	1.226
	0.36
	0.15
	1.882
	0.513

	
	Average
	0.16
	2.131
	0.48
	0.12
	1.541
	0.353
	0.074
	0.702
	0.271
	
	
	

	Compost El-Obour at a rate of 2%


	Low
	0.143
	1.762
	0.453
	0.101
	1.285
	0.27
	0.041
	0.54
	0.22
	0.092
	1.195
	0.32

	
	Moderate
	0.168
	2266
	0.653
	0.124
	1.829
	0.38
	0.105
	0.849
	0.27
	0.132
	1.648
	0.434

	
	High
	0.192
	2.539
	0.69
	0.163
	2.193
	0.501
	0.151
	1.327
	0.362
	0.168
	2.019
	0.517

	
	Average
	0.167
	2.189
	0.604
	0.129
	1.769
	0.383
	0.109
	0.905
	0.284
	
	
	

	Bean straw at a rate of

4%
	Low
	0.149
	1.779
	0.59
	0.102
	1.41
	0.31
	0.082
	0.818
	0.23
	0.111
	1.335
	0.376

	
	Moderate
	0.177
	2.276
	0.67
	0.148
	2.151
	0.457
	0.113
	1.236
	0.277
	0.146
	1.887
	0.468

	
	High
	0.202
	2.656
	0.71
	0.173
	2.378
	0.64
	0.157
	1.371
	0.51
	0.177
	2.135
	0.62

	
	Average
	0.176
	2237
	0.656
	0.141
	1.979
	0469
	0.117
	1.141
	0.339
	
	
	

	Compost El-Obour at a rate of 4%
	Low
	0.168
	2592
	061
	0.124
	1.491
	0.339
	0.115
	1.112
	0.25
	0.135
	1.731
	0.419

	
	Moderate
	0.189
	2.538
	0.761
	0.179
	2.186
	049
	0.166
	1.158
	0.36
	0.178
	1.96
	0.537

	
	High
	0.287
	2.675
	0.92
	0.215
	2.595
	0.692
	0.183
	1.7
	0.538
	0.228
	2.323
	0.716

	
	Average
	0.214
	2601
	0.763
	0. 172
	2.09
	0.507
	0.154
	1.225
	0.382
	
	
	


See footnote of Table (3)
Within every leaching process the higher the concentration of the applied metal ions, the higher its concentration in the leachate. This finding was true regardless of the type of the metal ion, yet Ni seemed to be of the highest concentration whereas Co was of the lowest concentration and Ni concentration came inbetween in the last leachate. However, enhancing effect on the leachability of the studied metal ions was noticed due to the application of the studied organic composts. In this connection, the compost of El-Obour was of more superior effect than that of bean straw and at the same time the higher rate of both the applied amendments showed relatively higher concentrations of all the studied metal ions in the successive three leachates. The comparison between the two investigated soils reveal that the types and rates of the applied amendments were of more obvious effect on leaching Co, Ni and Pb in the sandy soil than from the clayey one. Such finding could be ascribed to the higher clay content of the clayey soil than of the sandy one, and consequently the cation exchange capacity of the clay soil is much higher than the corresponding one of the sandy soil. Contents of Co, Ni and Pb in the leachate after 90 days of incubation:

Data presented in Tables (7and 8) after the third incubation period, the contents of heavy metals (Pb, Ni, and Co) in the succesive leachatss were lower than the corresponding values of the concentrations of these metal ions in the leachate of the second incubation period whose concentrations of those metal ions were relatively lower than the corresponding ones in the leachates after the first incubation period (i.e.after 30 days). These results agree with those of Plekhanova (2003) who found that the incubation of moistened soils for 30 days resulted in an increase in the content of nickel. It was found that although increasing the incubation period caused concentrations of the studied metal ions to decrease in leachates of both the sandy and clayey soils, yet their concentrations in the leachates of the sandy soil were still higher than the corresponding ones in the clayey soil.

The obtained results illustrate that, generally, the concentrations of heavy metals increased with increasing the rate of the applied organic matter and the rate of the applied metal ions.

The variations among the magnitudes of the metal ions found in the different leachates after the different incubation periods can be attributed also to the variations among their rates of application where each of the low, moderate, and high rates of Pb differed from the corresponding ones of Ni or Co. Likewise, concentrations of Ni at its different applied rates were quite different from concentrations of Co at these rates i.e. the low, moderate and high ones. Also, the obtained results show that bean straw added at a rate of 2 % was of the most pronounced effect on impeding movement of Co, Ni and Pb downward in both the studied soils. On the other hand, no wide variation could be detected between the effect of the compost added at a rate of 2 % and straw of bean added at a rate of 4 %. The bean straw applied at a rate of 2 % was of the least effect on reducing movement of the studied metal ions.
Table (7): Concentration of Co, Ni and Pb (mg kg 1) in the leachates of sandy soil as influenced by organic matter and 90 day period of incubation.
	Leaching intervals
	First leachate
(7days)
	Second leacheate 
(14 days)
	Third leacheate 
(21 days)
	Average

	Organic material
	Elements
Concentration
mg kg-1
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb

	Control
	Low
	0.047
	0.648
	0.195
	0.051
	0.524
	0.145
	0.031
	0.204
	0.07
	0.043
	0.438
	0.136

	
	Moderate
	0.111
	0.712
	0.225
	0.082
	0.696
	0.166
	0.058
	0.486
	0.11
	0.083
	0.631
	0.167

	
	High
	0.144
	1.337
	0.265
	0.103
	0.88
	0.185
	0.091
	0.68
	0.14
	0.112
	0.965
	0.196

	
	Average
	0.11
	0.878
	0.228
	0.078
	0.7
	0.165
	0.06
	0.456
	0.106
	
	
	

	Bean straw at a rate of 2%
	Low
	0.148
	1.152
	026
	0.105
	0.998
	0.19
	0.064
	0.225
	0.156
	0.105
	0.801
	0.202

	
	Moderate
	0.163
	1.364
	0.41
	0.146
	1.11
	0.26
	0.127
	0.623
	0.19
	0.145
	1.032
	0.286

	
	High
	0.25
	1.884
	0.47
	0.18
	1.508
	0.37
	0.147
	1.231
	0.22
	0.192
	1.541
	0.353

	
	Average
	0.187
	1.466
	0.137
	0.143
	1.205
	0.273
	0.112
	0.673
	0.188
	
	
	

	Compost El-Obour at a rate of 2%
	Low
	0.163
	1.298
	0.29
	0.124
	1.049
	0.211
	0.072
	0.351
	0.17
	0.119
	0.868
	0.223

	
	Moderate
	0.172
	1.5
	0.44
	0.147
	1.278
	0.29
	0.14
	0.851
	0.21
	0.153
	1.209
	0.313

	
	High
	0.274
	2.3
	0.52
	0.186
	1.596
	38
	0.184
	1.164
	0.29
	0.214
	1.686
	0.396

	
	Average
	0.203
	1.668
	0.4
	0.152
	1.307
	0.293
	0.132
	0.788
	0.223
	
	
	

	Bean straw at a rate of 4%
	Low
	0.169
	1.316
	0.31
	0.127
	1.098
	0.25
	0.083
	0.372
	0.18
	0.125
	0.928
	0.246

	
	Moderate
	0.218
	1.567
	0.446
	0.165
	1.469
	0.31
	0.148
	0.958
	0.26
	0.177
	1.331
	0.338

	
	High
	0.288
	2.305
	0.56
	0.19
	1.678
	0.54
	0203
	1.358
	0.31
	0.227
	1.78
	0.47

	
	Average
	0.225
	1.729
	0.438
	016
	1 .41 5
	0.366
	0.144
	0.896
	0.25
	
	
	

	Compost El-Obour at a rate of 4%
	Low
	0.186
	1.346
	0.37
	0.166
	1.249
	0.28
	0.103
	0.791
	0.2
	0.151
	1.128
	0.283

	
	Moderate
	0.277
	2.242
	0.601
	0.206
	1.701
	0.34
	0.154
	1.106
	0.28
	0.212
	1.683
	0.407

	
	High
	0.358
	2.674
	0.67
	0.293
	1.858
	0.63
	0.218
	1.532
	0.35
	0.289
	2.021
	0.55

	
	Average
	0.273
	2.08
	0.547
	0.221
	1.602
	0.416
	0.'58
	1.143
	0.276
	
	
	


See footnote of Table (3)
Table (8):Concentrations of Co, Ni and Pb (mg kg-1) in the leachates of clayey soil as influenced by organic matter and 90 day period of incubation.
	Leaching intervals
	First leachate
(7days)
	Second leacheate 
(14 days)
	Third leacheate 
(21 days)
	Average

	Organic material
	Elements

Concentration

mg kg-1
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb
	Co
	Ni
	Pb

	Control
	Low
	0.052
	0.587
	0.115
	0.038
	0.502
	0.055
	0.011
	0.104
	0.045
	0.033
	0.418
	0.071

	
	Moderate
	0.077
	0.858
	0.16
	0.057
	0.524
	0.115
	0.026 
	0.429
	0.105
	0.053
	0.603
	

	
	High
	0.096
	0.891
	0.21
	0.087
	0.864
	0.14
	0.058
	0.664
	0.125
	0.08
	0.806
	0.158

	
	Average
	0.075
	0.79
	0,161
	0060
	0.63
	0.103
	0.031
	0.399
	0.091
	
	
	

	Bean straw at a rate of 2%
	Low
	0.106
	1.14
	0.26
	0.07
	0.793
	0.15
	0.029
	0.165
	0.11
	0.068
	0.703
	0.173

	
	Moderate
	1.113
	1.424
	0.362
	0.102
	1.188
	0.21
	0.072
	0.482  
	0.122
	0.095
	
	0.23

	
	High
	0.164
	1.665
	0.387
	0.144
	1.268
	0.25
	0.097
	1.066     
	0.24
	0.135
	1.333
	0.292

	
	Average
	0.128
	1.413
	0.336
	0.105
	1.083
	0.203
	0.066
	0.571 
	0.157
	
	
	

	Compost El-Obour at a rate of 2%
	Low
	0.112
	0.204
	0.29
	0.084
	0.928
	0.18
	0.034
	0.221
	0.133
	0.076
	0.815 
	0.201

	
	Moderate
	0.116
	1.555
	0.37
	0.114
	1.241
	0.22
	0.093
	0.633
	0.16
	0.107
	
	0.25

	
	High
	0.166
	2.03
	0.39
	0.155
	1.62
	0.35
	0.129
	1.104
	0.25
	0.15
	0.584
	0.33

	
	Average
	0.13
	1.627
	0.35
	0.117
	1.263
	0.25
	0.085
	0.652
	0.181
	
	
	

	Bean straw at a rate of 4%
	Low
	0.114
	1.316
	0.291
	0.089
	1.04
	0.22
	0.072
	3332
	0.15
	0.091
	0.896
	0.226

	
	Moderate
	0.146
	1.701
	0.44
	0135
	1.278
	0.29
	0.101
	0.903
	0,23
	0.127
	1.294
	0.32

	
	High
	0.178
	2.305
	047
	0.166
	1.678
	0.36 
	0.167
	1.153 
	0.29
	0.17
	
	0.373

	
	Average
	0.146
	0.774
	0.4
	0 13
	1.332
	0.29
	0.113
	0.796
	0.223
	
	
	

	Compost El-Obour at a rate of 4%
	Low
	0.135
	1.346
	0.36
	0.108
	1.23
	1256
	0.088
	0.79
	0.18
	0.11
	1.122
	0.268

	
	Moderate
	0.175
	2.23
	0.046
	0.148
	1.567
	0.299
	0.107
	1.056
	0.25
	0.143
	M.617
	0.336

	
	High
	0.204
	2.67   
	0.60
	0.181
	1.768
	0.38
	0.169
	342
	0.31
	11.9261
	0.43
	

	
	Average
	0.171
	2.082
	0.473
	0.145
	1.521
	0.311
	0.121
	1.063
	0.246
	
	
	


Prolonging period of incubation of the organic materials with soil seemed to be of a beneficial effect on providing new equilibration condition between the applied metal ions and soil, leading to release of metal ions in magnitudes less than the corresponding ones released in the foregoing ones.
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تأثير بعض المواد العضوية علي حركة بعض العناصر الثقيلة في التربة
محمد السيد علي ، عصمت حسن عطية نوفل ، وفاء محمد عبد العزيز

أجرى هذا البحث لدراسة ما يلي:

1. دور بعض المواد العضوية المختلفة مثل (قش الفول والكمبوست) المضافة بتركيزات مختلفة في تقليل خطر سمية العناصر الثقيلة في التربة من خلال عملية التحضين لفترات مختلفة.

2. تأثير فترات الغسيل علي تقليل أو إزالة العناصر الثقيلة محل الدراسة من التربة علي فترات التحضين المختلفة.
ولتحقيق هذا الهدف تم إجراء الأتي تم تجميع عينتين مختلفتين الأولى طينية (من أرض مشتهر) والأخرى رملية (من ميت كنانة) محافظة القليوبية. لذلك أجريت تجربة تحضين تم فيها استخدام أعمدة من البلاستيك (Columns) تم تعبئة كلا منها بـ 0.5 كجم من قش الفول والكمبوست بمعدلات 0 ، 2 ، 4% لكل عمود أيضا كلا علي حدة. وتم إضافة العناصر الثقيلة محل الدراسة (الكموبلت، النيكل ، الرصاص) كل على حدة بمعدلات مختلفة وهي قليل ، متوسط ، مرتفع. ثم حضنت أعمدة التربة عند درجة حرارة المعمل (25-30°س) لثلاث فترات 30 ، 60 ، 90 يوم علي مستوي رطوبى مكافئ للسعة الحقلية بإضافة الماء المقطر كل 48 ساعة. وبعد كل فترة تحضين تم غسيل التربة بالماء المقطر وتجميع الراشح وتحليل محتواه من العناصر ، الكوبلت ، النيكل ، الرصاص.

وتتلخص أهم النتائج المتحصل عليها فيما يلي:

1. تركيز العناصر الثقيلة في الراشح عند المعدل الأعلي المضاف للتربة > المعدل المتوسط > المعدل الأقل.
2. استخدام المواد العضوية كان لها تأثير علي حركة العناصر الثقيلة من التربة كالأتي: كمبوست العبور عند المعدل 4% > قش الفول عند المعدل 4% وكذلك 2% كمبوست > 2% قش فول > الكنترول.
3. تركيز العناصر الثقيلة (الكوبلت ، النيكل والرصاص) في الغسلة الثالثة < محتواها في الغسلة الثانية < محتواها في الغسلة الأولى.
4. محتوى العناصر الثقلية (الكوبلت ، النيكل ، والرصاص) عند فترة التحضين الثالثة < قيم تركيز تلك العناصر عند فترة التحضين الثانية < قيمتها عند الفترة الأولى.
5. تركيز العناصر المغسولة من التربة الرملية > العناصر المغسولة من التربة الطينية.
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