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ABSTRACT 
The effect of agriculture solid waste compost on the 

availability of native and spiked Cd, Cu, Ni, and Zn in 
three different soils was evaluated. The three soils were 
spiked separately with the metals at concentration of 800 
mg kg soil-1 and amended with three rates of the compost 
(0, 3, and 6 %-w/w). The mixtures of soil-compost were 
allowed to age at room temperature for 30 and 90 days. 
After each period, they were extracted for readily soluble 
and exchangeable (2.5% acetic acid), available (DTPA), 
and bound to organic matter (sodium pyrophosphate) 
metal species. Addition of compost generally reduced the 
extractability of the soluble and exchangeable forms of all 
native and spiked metals. This effect was directly related 
to the amount of added compost and increased with ageing 
time. The potentially plant-available Cd and Cu extracted 
with DTPA were generally reduced with increasing 
additions of compost and incubation time. There was 
increase of sodium pyrophosphate extractable Cd and Cu 
as a result of compost amendment and incubation time 
increase. Conversely, recovery of Zn in DTPA-extract was 
larger with increasing both compost and incubation period 
whereas Ni remained invariant with compost additions 
with slightly decrease in metal solubility during aging. The 
obtained results suggest that soil amendment with 
compost-organic matter may accelerate the immobilization 
of native and spiked heavy metals in soils due to reducing 
readily soluble and exchangeable all metals in addition to 
reducing possible plant uptake of- at least- Cd and Cu.  

Keywords: Solubility, Heavy metals, Compost, 
Incubation time.  

INTRODUCTION 
Soil contamination with heavy metals is a 

worldwide problem. Accumulation of heavy metals in 
soils can adversely affect soil ecology, agricultural 
productivity, quality of agricultural products and water 
resources, human and animal health problem (Raicevic 
et al., 2005). Among available remediation 
technologies, in situ immobilization of heavy metals 
using a chemical amendment can be a cost-effective and 
environmentally sustainable remediation approach for 
the immobilization of heavy metals by reducing the 
mobility and availability. This immobilization technique 
may provide a long-term remediation solution if low 
solubility minerals and/or stable precipitates are 
produced in situ (Vangronsveld and Cunningham, 
1998). Therefore, the choice of the soil amendments 
need that the amendments must reduce heavy metals 

transfers from contaminated soils to the surface water or 
groundwater and uptake by plants and organisms. 

Several authors have suggested the use of residual 
materials such as compost for in situ remediation of 
heavy metal contaminated soils, as the least ecologically 
damaging and least expensive remediation technique 
(Geebelen et al., 2002 and Nwachukwu and Pulford, 
2008). Compost has been reported as having a great 
potential for retaining trace elements in non-available 
forms (Smith, 2009), potentially reducing their overall 
bioavailability due to several processes, including 
raising soil pH, complexation, sorption, precipitation, or 
a combination of them, thus providing an effective soil 
remediation technique (Brown et al., 2003). However, 
some drawbacks may happen with this technique, 
namely the potential mobilization of some elements (in 
particular Cu) associated to dissolved organic matter 
(Zhou and Wong, 2001), and the re-release of the 
immobilized elements after organic matter 
mineralization in the long term. These drawbacks can in 
fact be avoided, first, because high loads of dissolved 
organic matter are expected only when low-stabilized 
organic materials are employed, as their concentrations 
decrease with compost maturity. There is no evidence 
that trace element availability increases with time in 
compost-amended soil as a result of organic matter 
mineralization (Smith, 2009). Therefore, employing 
non-stabilized organic materials for this purpose should 
be avoided in order to keep the potential drawbacks at a 
minimum. Furthermore, compost materials may contain 
high levels of heavy metals depending on their source 
and may increase their contents in amended soil 
depending on the ability of compost components to bind 
metal in addition to various soil conditions. Therefore, 
this study was designed (1) to assess the effect of 
potentially metals originating from compost on metals 
forms in incubated soils and (2) to study the effect of 
compost amendment on native metals form and (3) to 
evaluate the behavior of heavy metals freshly added to 
soils during the incubation periods and (4) to examine 
the effect of compost amendment on freshly added 
metals form.   
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MATERIALS AND METHODS 
Soils: 

Three soil samples, varying in organic matter and 
calcium carbonate contents, were used in this study. 
Sandy soil was collected from Elbostan, 80 Km south 
west Alexandria city and calcareous soil from El-
Nahda, 40 Km south west Alexandria city. Abu-Rawash 
soil was collected from Abu-Rawash area of Great 
Cairo city with historically irrigation with primary 
treated wastewater from Abu-Rwash wastewater 
treatment plant. The soil samples were air-dried, 
ground, passed through a 2-mm sieve and stored in 
plastic bags for use. Selected chemical and physical 
properties of the three soils are shown in Table 1. Soil 
pH was measured in 1:2 soil: water suspension and 
electric conductivity (EC) was measured in soil paste 
extract (Richards, 1954). The bioavailable Cd, Cu, Zn 
and Ni were extracted by DTPA (Lindsay and Norvell, 
1978) and measured by atomic absorption spectroscopy 
(contrAA 300). Organic matter content was determined 
by the method of Walkley and Black (Nelson and 
Sommers, 1982), total carbonate equivalent was 
determined by calcimiter method (Nelson, 1982), and 
cation exchange capacity was measured by the method 
of Rhoades (1982). Metal concentrations were 
determined according to the method described by Ure 
(1995). Particle size analysis was determined by the 
hydrometer method (Hillel et al., 1972).    
Compost:  

Compost less than 5 mm derived from organic waste 
material mainly agriculture solid waste (ASW) were 
obtained from Nahdat Misr Company for 
Environmental services (formally was named Veolia) in 
Alexandria city. The analysis of the main properties of 
the compost was conducted as follows: pH was 
determined in aqueous extracts (substrate/extractant 
ratio: 1/5, v/v). Total organic matter (OM) was 
determined by Walkley and Black (Nelson and 
Sommers, 1982). Total N was measured by Kjeldahl 
digestion of samples and steam distillation (Keeney and 
Nelson, 1982). Total concentrations of heavy metals in 
aqua regia digested extract (Esakku et al. 2005) were 
analyzed using flame atomic absorption spectrometry 
(contrAA 300). The main chemical properties of the 
compost are shown in Table 1.  
Incubation experiment: 

The soils were mixed by hand with the compost at 
two rates: 3% and 6% (dry weight), roughly equivalent 
to 60 and 120 t ha−1. The soils alone and the mixtures 
with compost were contaminated separately with a 
solution containing Cu(NO3), Cd(NO3)2, Zn(NO3)2 or 
Ni(NO3)2  in order to obtain a final concentration of 800 
mg kg−1 (dry weight) for each element in soil. The soils 

were incubated for 30 or 90 days by the following 
treatments:  
- Non-spiked soil and amended with each compost rate, 

to study the effect of potentially metals originating 
from compost on metals forms in incubated soils, 
and also to study the effect of compost amendment 
on native metals form.  

- Spiked soil, to study the behavior of heavy metals        
freshly added to soils during the incubation periods.  

- Spiked soil and amended with each compost rate, to 
study the effect of compost amendment on freshly 
metals form. 
The moisture content was maintained throughout the 

experiment around 80% of their field capacity, 
replacing weight losses with distilled water. Composite 
samples were taken after each period and air-dried for 
analysis.    
Soil extractants:  

At the end of each incubation period, the incubated 
soils were extracted with the following solutions: (1) 
2.5% glacial acetic acid (v/v), for readily soluble and 
easily exchangeable forms of metals (Alloway and 
Davis, 1971); (2) 0.005 M DTPA in 0.01 N CaCl2 and 
0.1 M triethanolamine at pH=7.3, for plant-available 
metals (Lindsay and Norvell, 1978); (3) sodium 
pyrophosphate, for metals bound to organic matter. For 
first and second extractants, 10 ml of solution were 
added to 5 g of soil sample placed in polypropylene 
bottles and shaken on a rotating shaker for 2 h. The 
suspension was then filtered and the filtrate brought to 
50ml. For Pyrophosphate-extracted elements, one 
hundred milliliters of 0.1M Na-pyrophosphate were 
added to 1 g of soil and the resulting suspension was 
shaken for 16 h (McKeague, 1967). Five drops of 
0.04% Superfloc were added to the extract before 
centrifugation in order to produce the flocculation of 
clay. The concentration of metals in the supernatant of 
the three extractants was measured with a flame Atomic 
Absorption Spectrometry (contrAA 300). 

RESULTS AND DISCUSSIONS 
The three soils chosen for this study differ 

substantially in their native OM and calcium carbonate 
content. The calcareous soil is characterized by high 
calcium carbonate content. In comparison with 
calcareous and sandy soils, Abu-Rawash soil showed 
more organic matter, higher CEC value and total 
content of Cu, Ni, and Zn (Table 1); considering the 
past irrigation with primary treated wastewater from 
Abu-Rwash wastewater treatment plant in the 
periodically area from which the Abu-Rawash soil was 
collected. 
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Table 1. The main chemical and physical properties of the studied soils and compost 

Characteristics Units Calcareous Sandy Abu-Rawash Compost 
pH  7.9 8.0 6.87 7.9 
EC dS m-1 4.54 1.12 2.99 4.7 
Clay % 26.8 19.4 1.3 - 
Silt % 6.4 13 3.9 - 
Sand % 66.8 67.6 94.8 - 
Texture  sandy clay loam sandy sandy - 
 OM % 1.5 0.4 3.21 75.16 
CaCO3 % 26 19  - 
CEC cmolc kg-1 18 5 33 52 
TOC % 0.87 0.23 1.86 43.70 
N % - - - 3.13 
C/N  - - - 14 
Total metal mg kg-1     
Cu  33.48 20.58 51.34 210.25 
Cd  0.01 0.05 - - 
Zn  25.66 21.22 132 844.88 
Ni  2.1 2.5 14.79 4.32 
DTPA-extractable metal mg kg-1     
Cu  5.21 3.56 5.23 - 
Cd  - - - - 
Zn  1.33 0.63 12.34 - 
Ni  - - 2.12  

EC: Electrical conductivity; OM:  Organic matter; CEC: Cation exchange capacity; TOC: Total organic carbon; C/N: carbon : 
nitrogen ratio 

The amount of soluble and exchangeable heavy 
metals recovered by extraction with 2.5% acetic acid in 
the three soils after two incubation periods are reported 
in Tables 2 and 3. The compost additions to soils which 
were not spiked with heavy metals were studied only 
for Abu-Rawash soil due to high content of native 
heavy metals comparing with the other two soils. 
However, native Cd of Abu-Rawash soil was not 
studied due to the non detected measurement of this 
metal in both soil and compost. As shown in Table 2, 
the solubility in acetic acid of the original heavy metals 
for the un-spiked Abu-Rawash soil produced a general 
decrease of the concentrasion of the acetic acid-
extractable metals as a result of compost addition to soil 
with more pronounced at high addition level. This effect 
was noticeable for the original content of all metals 
after both 30 and 90 days of incubation.  

Following three soils individually enrichment with 
heavy metals, the quantity of metals recovered in 2.5% 
acetic acid for control samples (no compost addition) 
was significantly lower than the amount added to three 
soils (Table 3), thereby indicating that ageing processes 
control the extractability of heavy metals in soils. 
However, control soils showed a different ageing effect 
with diverse metals. While the solubility in acetic acid 
significantly decreased with incubation for all metals in 
the OM-rich Abu-Rawash soil or calcium carbonate-
rich calcareous soil, that of Cd and Zn did not 

significantly change in the period between 30 and 90 
days for the OM and calcium carbonate-poor sandy soil. 
This suggests a role of the native OM or calcium 
carbonate of both soils in progressively increasing the 
retention of soluble and exchangeable heavy metals. 
The larger amount of native OM in the Abu-Rawash 
soil is capable to strongly complex all added metals 
which become less soluble in acetic acid, whereas the 
lower OM content in the sandy soil may have not been 
reactive enough to stabilize the weaker complexes with 
Cd and Zn (Stevenson and Ardakani, 1972; Stevenson, 
1977). Furthermore, the high contents of CaCO3 in 
calcareous soil could be responsible for the high metals 
retention through incubation period of this soil 
(Ponizovsky et al., 2007; Basta et al., 2001; Mcbride, 
1994). 

The soils treated with increasing amounts of 
compost had the general effect of gradually reducing the 
solubility of heavy metals in acetic acid in respect to 
control(Table 3). Furthermore, incubation time 
generally reduced further the metals extractability, 
though differences between the three soils were noticed. 
For instance, Cu availability in sandy soil was 
decreased from 71 to 42 mg kg-1 after 30 day incubation 
time as a result of adding high compost level.  
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Table 2. The amount of 2.5% acetic acid, DTPA, sodium pyrophosphate extractable native 
metals (mg kg−1) of compost amended Abu-Rawash soil after the 30 and 90 days of 
incubation                    

  Ac  DTPA  Pyr 
  % Added compost (w/w) 
  0 3 6  0 3 6  0 3 6 

30 d 6aA 4aB 2.4aC  2aA 1.3aA 0.97aB  10aC 12aB 14aA Cu 90 d 4.8bA 3bB 1bC  1.6aA 1aA 0.67bB  11aC 14.2bB 17.5bA 
             

30 d 4aA 3aB 2.5aC  4aC 5.9bB 7bA  7aA 7.2aA 6.8aA Zn 90 d 3.51bA 2.41bB 1.91bC  4.8aC 8aB 10aA  6.8aA 6.89aA 6.4aA 
             

30 d 3aA 2.8aA 2.1aB  2.34aA 1.95aA 1.6aA  8.32aA 8.51aA 7.97aA Ni 90 d 2.4aA 1.8bB 0.67bC  1.75bA 1.67aA 1.1aA  8.14aA 7.99aA 7.83aA 
Ac, acetic acid; Pyr, sodium pyrophosphate. 
All values are average of three replications. Means within a (vertical) column for both incubation time followed by the same lower 
case letter do not differ significantly by the Duncan’s multiple range test (p< 0.05). Means within a (horizontal) row for a given 
level of % compost addition followed by same capital case letter do not differ significantly by Duncan’s multiple range test (p< 
0.05) 
Table 3. The amount of 2.5% acetic acid extractable spiked metals (mg kg−1) of the compost 
amended three soils after the 30 and 90 days of incubation  

  Calcareous  Sandy  Abu-Rawash 
  % Added compost (w/w) 
  0 3 6  0 3 6  0 3 6 

30 d 46aA 40aB 32aC  198aA 172aB 108aC  292aA 242aB 186aC Cd 90 d 42.5bA 33.5bB 26bC  196aA 150bB 80bC  196bA 140.5bB 96.43bC 
             

30 d 14aA 13aB 11aC  71aA 50aB 42aC  198aA 166aB 116aC Cu 90 d 13bA 11.1bB 8bC  60.34bA 40.43bB 29.5bC  178.5bA 144.5bB 96bC 
             

30 d 250aA 238aB 220aC  363aA 359aB 309aC  433aA 420aB 411.76aC Zn 90 d 237b 234.5b 200b  360.5bA 351bB 242.5bC  397bA 340bB 328.5bC 
             

30 d 36aA 20aB 14aC  73aA 58aB 46aC  161aA 154aB 142aC Ni 90 d 25.5bA 17bB 9bC  52.5bA 44bB 30bC  120bA 119bA 104bB 
All values are average of three replications. Means within a (vertical) column for both incubation time followed by the same lower 
case letter do not differ significantly by the Duncan’s multiple range test (p< 0.05). Means within a (horizontal) row for a given 
level of % compost addition followed by same capital case letter do not differ significantly by Duncan’s multiple range test (p< 
0.05). 

Moreover, after the second incubation period of this 
soil, additional reduction of Cu concentration was 
obtained reaching 29.5 mg kg-1. These findings suggest 
that compost amendments contribute strongly to reduce 
the solubility of heavy metals and presumably also their 
mobility in the soil solution.   

DTPA solution is commonly used to estimate plant-
available metals (Lindsay and Norvell, 1978). This 
extractant can also evaluate the fraction of metals 
complexed by OM (Piccolo and Celano, 1992). The 
additions of compost to Abu-Rawash soil which were 
not spiked with heavy metals showed a decrease in 

DTPA-extractable native Cu, and this effect was 
increasing during metals aging by the compost 
amendment.  In contrast, incubation time and compost 
amendment showed an increase of Zn solubility in 
DTPA extract whereas Ni recovery was not 
significantly affected by both incubation time and 
compost amendments (Table 2). The effect of compost 
on the availability of native metals in this soil can be 
referred to metal content/form in both soil and compost. 
High content of Cu and Zn is seen in both compost and 
Abu-Rawash soil (Table 1). Thus, the increase of Zn 
recovery due to compost amendment in contrast to what 
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was noticed for Cu may be attributed to the difference 
in the chemical form of both metals in soil and compost. 

Copper and zinc showed a different ability towards 
compost components. For example, He et al. (1995) 
showed that > 50– 80% of Zn was extracted in a 
relatively labile organic fraction from municipal solid 
waste-composts. Copper, on the other hand, was bound 
to more humified organic matter (approximately 50%) 
and was therefore considered to be relatively immobile. 
Thus, in the current study, the increase of DTPA 
extractable Zn as an increase of compost rate could be 
related to low ability of compost constituents for Zn 
retention leading to easily release of compost native Zn 
once increase of amendment rate. On the other hand, the 
high stability of Cu hold in compost matrix as discussed 
could be responsible for the low extractability of Cu in 
DTPA extract. 

Values of metals in DTPA extraction from the three 
spiked soils are shown in Table 4. The DTPA solution 
was capable to extract significantly larger amount of 
metals than that of the acetic acid. The progressive 
increase of the compost additions decreased Cd and Cu 
solubility in DTPA. Further decrease in DTPA 
extractable Cd and Cu was obtained when incubation 
time passed from 30 to 90 day for the three soils. The 
highest stability constants for Cu in humic complexes 
(Schnitzer and Skinner, 1967; Stevenson, 1977) and the 
tendency of Cd to preferably associate with larger, 
humified, and less soluble organic materials (Kaschl et 
al., 2002) may account for the reduced availability of 
Cu and Cd with incubation time due to OM-rich 
compost amendment. These results indicate the role of 

organic matter originated from compost amended soils 
on reducing metals availability. This is in line with the 
findings of other researchers in the direction that 
compost inputs to contaminated soils containing large 
fractions of labile elements reduce their overall 
bioavailability (Smith, 2009 and Brown et al., 2003).  

In contrast to what was generally observed for Cd 
and Cu; Zn and Ni behaved a contrast trend. The mean 
values of Ni recovered in DTPA were the lowest for all 
added metals and remained invariant with compost 
additions in the soils after each incubation period with 
slightly decrease in metal solubility during aging. 
Conversely, in the three soils the mean values of Zn 
were enhanced with the increase of both compost 
amendments and incubation time with respect to 
control. The low solubility of Ni in DTPA extract 
comparing with the other metals in addition to its 
independent behavior toward compost addition 
indicated the low ability of Ni toward organic matter 
since DTPA extractant can also solubilize metals 
chelated with organics (Piccolo and Celano, 1992). This 
result is in line with Schnitzer and Skinner (1967) who 
observed the low value of stability constant of this 
metal in complexes with humic matter. However, the 
slight decrease of DTPA-Ni with incubation time by the 
compost amendment may be due to the predominance 
of mineral species for Ni (Halim et al., 2003). It was 
reported that Ni can be strongly retained in soils as 
precipitates which may be considered an irreversible 
form on soils and minerals (Voegelin and Kretzschmar, 
2005).  

Table 4. DTPA extractable spiked metals (mg kg−1) of the compost amended three soils after 
the 30 and 90 days of incubation 

  Calcareous  Sandy  Abu-Rawash 
  % Added compost (w/w) 
  0 3 6  0 3 6  0 3 6 

30 d 430aA 412aB 392aC  614aA 528aB 464aC  606aA 574aB 504aC 
Cd 

90 d 375.5bA 347.5bB 315bC  598bA 498bB 405.5bC  487.5bA 429.5bB 363bC 
             

30 d 295aA 284aB 200aC  427aA 391aB 390aB  406aA 391aB 340aC 
Cu 

90 d 271.5bA 239bB 176bC  415.5bA 354bB 339.5bC  290.5bA 253.5bB 220bC 
             

30 d 342aC 345bB 360bA  395aC 436bB 473bA  379aC 387.3bB 402bA 
Zn 

90 d 329bC 350aB 374aA  378bC 443aB 490aA  358.5bC 398aB 443.5aA 
             

30 d 99aA 98aA 98.6aA  76aB 77aA 78aA  88aA 87.2aA 87.1aA 
Ni 

90 d 94.5bA 95bA 94.1bA  70.5bA 71.3bA 69.2bA  86bA 85bA 84.8bB 
All values are average of three replications. Means within a (vertical) column for both incubation time followed by the same lower 
case letter do not differ significantly by the Duncan’s multiple range test (p< 0.05). Means within a (horizontal) row for a given 
level of % compost addition followed by same capital case letter do not differ significantly by Duncan’s multiple range test (p< 
0.05). 
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Table 5. Sodium pyrophosphate extractable spiked metals (mg kg−1) of the compost 
amended three soils after the 30 and 90 days of incubation 

  Calcareous  Sandy  Abu-Rawash 
  % Added compost (w/w) 
  0 3 6  0 3 6  0 3 6 

30 d 208bC 221bB 247bA  60.32aC 77.32bB 85.12bA  330.5bC 369.3bB 403.5bA 
Cd 

90 d 213aC 231aB 275aA  61.32aC 85.43aB 96.5aA  336.32aC 379aB 430aA 
             

30 d 220bC 263bB 277bA  66.1aC 78bB 90bA  390bC 432bB 442bA 
Cu 

90 d 228aC 286aB 320aA  67.5aC 89aB 121aA  392aC 461aB 565aA 
             

30 d 11aA 12aA 10aA  7.32aA 7.9aA 7.8aA  12.32aA 11.9aA 11.3aA 
Zn 90 d 11.2b

A 
10bA 8bB  7.3aA 7.1bA 7bA  11.8aA 10.5bA 9.45bB 

             
30 d 13.2a

A 
12.8aA 12.5aA  8.32aA 8.11aA 7.9aA  13.2aA 13.9aA 12.9aA 

Ni 
90 d 12.5a

A 
11.7bA 11.4bA  8.1aA 7.9aA 7bB  12.8bA 12.7bA 11.9bB 

All values are average of three replications. Means within a (vertical) column for both incubation time followed by the same lower 
case letter do not differ significantly by the Duncan’s multiple range test (p< 0.05). Means within a (horizontal) row for a given 
level of % compost addition followed by same capital case letter do not differ significantly by Duncan’s multiple range test (p< 
0.05). 

The contrast response between Cd, Cu and Zn 
toward compost may be referred to the different affinity 
of these metals to complex with organic matter. Several 
researchers showed the potential of compost as sorbent 
for Cu and Cd rather than Zn (Grimes et al., 1999; Song 
and Greenway, 2004), suggesting that humic substances 
were likely to be the main sites of metal sorption. 
Additionally, McBride (1994) reported that Zn is less 
strongly sorbed to organic matter than Cu; and this is 
due to the stronger binding sites for Cu by virtue of its 
lower electronegativity and higher charge to radius 
ratio, and also to the higher affinity of Zn for iron 
oxides. 

Values for metals recovered by sodium 
pyrophosphate extraction after 30 and 90 d of 
incubation for native and freshly added metals are 
shown in Tables 2 and 5. This extractant is commonly 
used to estimate the pool of elements associated to 
organic matter (Paradelo et al., 2011). For Cd and Cu, 
in general, both native and spiked metals were increased 
in the organic fraction as a result of compost 
amendments. The increase of incubation time of the 
three soils from 30 to 90 days in the presence of 
compost caused additional increase of both metals in 
sodium pyrophosphate extract with more intense at the 
highest rate of compost. For instance, at high compost 
amendment rate in sandy soil, Cu produced increasing 
in that fraction linked to organic matter, comparing with 
control, reaching almost a 36 and 79% at the end of the 

first and second incubation period, respectively. This 
result validates the hypotheses that metals sorption 
process onto organic matter may be responsible for 
increasing metal retention in compost amended soils. In 
contrary, Zn and Ni illustrated an independent behavior 
toward organic matter since in most cases both metals 
were not significantly changed with compost additions 
in the soils after each incubation period. Moreover, 
Ageing of Zn and Ni in soils reduces even its solubility 
in sodium pyrophosphate, reflecting a poor 
incorporation of both metals into organic matter. 

CONCLUSIONS 
The present study indicates that the potential 

environmental availability of native and freshly added 
metals to soils may be controlled by soil amendment 
with compost substance. The availability of metals, for 
both native and freshly added, in the 2.5% acetic acid 
extraction was generally reduced with compost 
amendment. This suggests that the ‘‘passive’’ physical 
mobility of metal species in soils (diffusion, mass 
transport) and the consequent risk of lateral and vertical 
contamination of water bodies may be effectively 
reduced with addition of reactive compost amendment. 
The potential availability of native and spiked Cd and 
Cu to plant uptake, an ‘‘active’’ process carried-out by 
root-exuded organic acids, that is mimicked by the well-
established soil extraction with DTPA, generally 
diminished in soil amended with compost addition. 
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Also, ageing of metals in samples magnifies the effect 
of compost amendment in the three soils. In contrary, 
the predominance of Ni and Zn to mineral species rather 
than organic matter may be responsible for the 
independent response of Ni to DTPA extraction and the 
increase of DTPA extractable Zn due to compost 
amendment. The fraction associated with organic matter 
(pyrophosphate-extractable) confirms that the 
mechanism of availability reduction by compost 
amendment was probably the association of Cu and Cd 
with organic matter.   

These results showed that – at least for Cd and Cu – 
the amendment of metal-contaminated soils with 
compost could be an effective method for soil 
remediation due to the reduction of the mobility and 
availability of potentially toxic elements. Another 
advantage of using compost is suggesting that, at least 
at the rates employed here, the compost will not act as a 
source of contaminants even in case of Zn that while 
compost amendment is potentially useful to increase 
plant-availability of Zn in soil suffering from 
precipitation problem, they concomitantly reduce the 
environmental mobility and migration of this metal far 
from rhizosphere. The current results appear 
encouraging for an experimental upscale that verifies 
the role of compost in reducing plant uptake of heavy 
metals in soils contaminated with toxic metals. 
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  الملخص العربي
 العناصر الثقيلة في الأراضيصلاحية  وذائبية علي الكمبوستتاثيراضافة 

 محمد لطفي محرم

 أجريت هذه الدراسة لتقييم إستخدام الكمبوست،
المتحصل عليه من المخلفات الزراعية، علي الإتاحة 

 سواء الموجودة أصلا في –الحيوية وذائبية العناصر الثقيلة
 لثلاثة أنواع من الأراضي –فة معملياالتربة أو المضا

    .المختلفة في الخواص الكيميائية ومحتوي العناصر الثقيلة

حقيق هذا الهدف تم تلويث الأراضي تحت الدراسة تل 
بعناصر الكادميوم، النحاس، الزنك، والنيكل عند مستوي 

). كل معدن علي حدة( كجم تربة / مجم معدن٨٠٠تركيز 
ة تمت معاملتها بالكمبوست عند ثلاثة هذه الأراضي الملوث

 يوم ٣٠ثم تم تحضينها لمدة %) ٦، ٣صفر، (مستويات
علي درجة حرارة الغرفة ) دورة ثانية(يوم٩٠، )دورة أولي(

  .لبيان تأثير زمن التحضين علي ذائبية العناصر
بعد كل دورة تحضين، تم عمل إستخلاص للعناصر 

ام ثلاثة أنواع تحت الدراسة من الثلاثة أراضي بأستخد
مختلفة من المستخلصات وهي مستخلص حامض الخليك 
لبيان الصورة الذائبة والمتبادلة للعنصر والقابلة للحركة 

 لبيان صورة العنصر  DTPAقطاع التربة، مستخلص خلال
القابلة للأمتصاص بواسطة النبات، وأخيرا مستخلص 

مادة بيرفوسفات الصوديوم لبيان صورة العنصر المرتبط بال
  .العضوية

أوضحت نتائج الدراسة أن إضافة الكمبوست أدي إلي 
إنخفاض في تركيز كل العناصر المستخلصة بحامض 

سواء العناصر الموجودة أصلا في التربة (الخليك
وكان التأثير أكثر وضوحا عند معدل الإضافة  )أوالمضافة

العالي للكمبوست وكذلك مع زيادة فترة التحضين من الدورة 
هذه النتيجة تدل علي أن إضافة  .ولي إلي الدورة الثانيةالأ

الكومبوست تؤدي إلي التقليل من خطورة ذائبية وحركة 
العناصر السامة خلال قطاع التربة، وبالتالي فإن معاملة 
الأراضي بالكمبوست يلعب دورا هاما في التقليل من أخطار 

  .تلوث الماء الأرضي بالعناصر الثقيلة
لكمبوست أدي إلي إنخفاض تركيز أيضا إضافة ا

 وكان DTPAعنصري الكادميوم والنحاس المستخلص بال 
التأثير أكثر وضوحا مع زيادة معدل إضافة الكمبوست 

ويعزي هذا التأثير إلي  .وكذلك مع زيادة فترة التحضين
تكوين معقدات غير ذائبة بين العنصر والمادة العضوية 

تيجة عن طريق زيادة ت، وتم التأكد من هذه النللكمبوس
تركيز هذان العنصران المرتبطان مع مستخلص بيرفوسفات 
الصوديوم كنتيجة لإضافة الكمبوست وزيادة مستوي 

وعلي النقيض، زاد تركيز الزنك المستخلص بال . التحضين
DTPA نتيجة زيادة كل من معدل إضافة الكمبوست وكذلك 

راضي مدة التحضين والذي يمكن أن يعتبر ميزة في الأ
الجيرية التي تعاني من مشاكل ترسيب الزنك، بينما بالنسبة 

  .كمبوست سلوكا غير متأثرا بإضافة الللنيكل فقد أظهر
النتائج النهائية تشير إلي إمكانية إستخدام الكمبوست 
كوسيلة منخفضة التكلفة لتثبيت العناصر الثقيلة سواء 

ك عن طريق الموجودة أصلا في التربة أو المضافة إليها وذل
التقليل من ذائبية وحركة العناصر خلال قطاع التربة، 
بالإضافة إلي تقليل صورة العناصر مثل النحاس، الكادميوم 
القابل للأمتصاص بواسطة النبات وبالتالي يقلل من مخاطر 
وصول هذه العناصر السامة إلي سلسلة غذاء الإنسان 

  .والحيوان

 


