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Abstract: Three contaminated soils at
Helwan, EIl-Gabal El-Asfar (Cairo
governorate) and Arab El-Madabeg
(Assiut governorate) were chosen in a
leaching column experiment for §
weeks to study the effect of certain
organic materials on the mobility of
some heavy metals (Pb and Cu) in these
soils. The organic materials including
ethylene diamine tetra acetic acid
(EDTA) as a synthetic organic material
as well as poultry litter extract (PLE),
vinasse (V) and humic acid (HA)
solutions as natural organic materials,
compared to distilled water as a control.
These solutions were added to the
column every week at levels of 2, 4 and
6 mmols/kg for EDTA, 25,50 and 75
g/L for PLE , 1:2 and 1:1 dilutions of
Vinasse to water as well as pure V, and
0.013, 0.019 and 0.025 % for HA.

The results indicated that leaching
the studied soils with different organic
materials at various levels of application
resulted in increases in the mobility of
soil Pb and Cu. The magnitude of soil
Pb and Cu mobility varied depending
upon the type of organic material, its
application level and the soil type.

The studied organic materials
differed in their efficiency in moving
Pb and Cu from the top to the bottom of
the soil columns. EDTA was found to
be the most effective organic material,
especially at its highest level.

Generally, the investigated organic
materials had the order of EDTA >
Vinase > PLE > HA in mobilizing soil
Pb and Cu in the studied soils.
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Introduction

Heavy metals in the environment
have been received considerable
attention because of their potential
effects on human and animal health.
Heavy metals tend to accumulate in
soils and sediments due to industrial

activities, mining, and use of sludge,
pesticides, agriculture chemicals,
and automobiles (Bohn, 2001; Sun
et al., 2001; Pandy et al., 2003).

Mobile metals in soils and
sediments may be taken up by
plants, or may contaminate ground
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water and estuarine water so that
health associated problems may
arise, especially when these forms of
metals are present in toxic levels
(Blaylock and Huang, 2000).

Heavy metal solubility in soils is
mainly controlled by the soil pH, the
amount and kind of sorption sites,
and the total amount of heavy metals
in the soil (Gray et al., 1999).

At higher soil pH levels,
dissolved organics can increase the
solubility of metal ions by formation
of soluble organometallic
complexes, which compet with the
solid phases for metal ion (Almas et
al., 1999). Thus, especially at higher

pH, organic substances can
contribute to heavy metal
mobilization and  accumulation

(Schmidt, 2003). The solubilization
of heavy metals through organic
agents is mainly based on the ability
of these organic chelating agents to
form water-soluble metal-organic
complexes (Martell and Calvin,
1958). By complexation, metals are
extracted or desorbed from different
soil components or from the surfaces
of these components. Soluble metals
are potentially bioavailable and can
either be taken up by plants, leached
into the groundwater, or desorbed
again by the exchange sites of the
soil. The mobility of Cu and Pb
increased in the pH range of 6.5 to
7.5 due to the influence of soluble
organic substances (Hornburg and
Bruemmer, 1993).
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The interaction of trace metals
with the solid phase included
chemisorptions on minerals,
precipitation with different anions
coprecipitation in minerals, and
complexation with organic matter
(McBride, 1989).

In a soil contaminated by lead,
McBride and Hendershot (1998)
studied the effect of levels of soil
organic matter on the solubility of
Pb within a pH range of 3 to 8. They
showed that 30 to 50 % of dissolved
Pb were present as soluble organic
matter complexes at low pH and up
to 80 to 99 % at near neutral pH
(6.5-8).

The addition of some chelating
agents including EDTA to the soil
dramatically increased the solubility
of Cu, (Wu et al., 1999; Lombi et
al., 2001). Ligands that are sorbed to
soil may increase ternary soil-
ligand—metal complexes (Glover et
al., 2002; Schwab et al., 2004). The
presence of citrate and EDTA was
found to decrease the adsorption of
Pb to soil minerals although the
addition of citrate increased Pb
sorption to humus (Chen et al,
2003; Wu et al., 2003).

Reuse of agriculture drainage
water, that are contaminated with
heavy metals from the over
application  of fertilizers and
pestisides and untreated sewage
water in agriculture as well as soil
application of sewage sludge that
have high levels of heavy metals,
may cause environmental problems
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concerning contamination of surface
and groundwater as well as the
grown crops with heavy metals.
Moreover, the disposal of industerial
wastes, that contain high levels of
heavy metals, on the agriculture
lands near the big cities could also
result in environmental hazards.
Excessive accumulation of heavy
metals can also have deleterious
effects on soil fertility, affect
ecosystem function and constitute a
health risk to human being and
animal (Sun et al., 2001).

The main objectives of this study
are to evaluate the effects of
applying certain organic materials to
some contaminated Egyptian soils
on the movement and mobility of
some heavy metals (Pb and Cu) in
these soils.

Materials and Methods

I. Characterization of Soil and
Organic Materials

Three contaminated soils at
Helwan, El-Gabal El-Asfar (Cairo
governorate) and Arab El-Madabeg
(Assiut governorate) were chosen-
based on their content of heavy
metals- from twenty contaminated
surface soil materials that were
collected from different locations in
Egypt to evaluate effects of certain
organic materials on the mobility of
two heavy metals (Pb and Cu) in
these soils. The soils at these
locations are receiving a continuous
supply of heavy metals as domestic
(El-Gabal El-Asfar and Arab ElI-
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Madabeg) and/or industrial wastes
(Helwan).  Soil samples were
collected from the surface layer (0-
30 cm) of these soils, air- dried,
crushed with a wooden roller, sieved
to pass through a 2 mm sieve and
kept for analysis and for the
leaching experiment. Some chemical
and physical properties of these soils
are present in Table 1.

Four organic materials were used
to investigate their effects on the
mobility of these metals in the
studied contaminated soils. They
include ethylene diamine tetra acetic
acid (EDTA) as a synthetic organic
material as well as poultry litter
extract (PLE), vinasse (V) and
humic acid (HA) solutions as natural
organic materials. The poultry litter
(PL) was collected from the poultry
farm of Assiut University, Assiut.

Vinasse, a by-product of sugar
industry, was obtained from Abu-
korkas Sugar Factory, EI-Minya

governorate. Moreover, the humic
acid solution was brought from the
Agriculture Company for Recycling

Agriculture  Residues, EI-Minya
governorate. Table 2 shows some
properties of these investigated

organic materials and their total
content of lead (Pb) and copper
(Cu).

I1. A leaching column experiment

This experiment was carried out
in PVC columns of 7.5 cm in
diameter and 35 cm in height to
study effects of added levels of the
investigated organic materials to the
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Table(1): Some chemical and physical properties of the soils at the different

studied locations.

Soil location

Property

Helwan El-Gabal El-Asfar | E1-Madabeg

Particle size distribution

Clay (%) 24.74 12.00 491

Silt (%) 17.32 12.64 7.35

Sand (%) 57.94 75.36 87.74

Texture Silty clay loam Loamy sand Sandy
CaCO; (%) 5.37 2.50 6.8
pH (1:2.5) 8.11 6.71 7.59
Organic matter (%) 2.18 5.70 2.80
EC (1:1 dS/m) 5.18 1.86 1.7
Soluble cations and anions (mmol/L)

Na' 17.31 7.97 4.18

K" 12.46 3.79 4.37

Ca” 12.75 3.75 3.97

Mg* 0.48 0.39 0.22

HCO7; 4.12 2.89 3.9

Cr 16.62 6.83 6.31

S0, 17.74 5.15 3.36
DTPA-extractable metals (mg/kg)

Pb 2.70 45.51 6.16

Cu 3.21 3.75 6.07
US.EPA-extractable metals (mg/kg)

Pb 45.60 247.20 86.10

Cu 36.10 191.20 38.30
Total metals (mg/kg)

Pb 56.80 261.00 95.00

Cu 55.00 195.00 45.00
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Table (2): Some properties of the investigated organic materials and their

total content of Pb and Cu.

Organic Pb Cu EC pH OM

Material mg/Kg (dS/m) (%)
PLE (25 g/L) 0.40 0.10 1.65 7.46 1.90
PLE (50 g/L) 0.40 0.13 3.02 7.50 2.10
PLE (75 g/L) 0.51 0.15 4.20 7.66 2.25
Vinase 0.39 1.15 14.70 4.45 5.11
Humic acid 0.12 0.10 25.90 12.90 3.10

studied soils on the mobility of experiment, the leachate samples

Pb and Cu in these soils during a
leaching process. The investigated
soil  materials  were  packed
uniformly in the PVC columns to a
height of 30 cm. The bulk density of
the soil materials in the columns was
1.59, 1.42 and 1.60 Mgm® for
Helwan, El-Gabal El-Asfar and El-
Madabeg soils, respectively. Nylon
mesh contained a glass wool was
used as a filter in the bottom of each
column. A filter paper, that was
slightly smaller than the inner
diameter of the column was placed
on the top of each soil column to
minimize surface disturbance of the
soil particles during the leaching
process. The experiment had a
completely randomized design and
contained 156 soil columns of three
different soil materials treated with
four organic materials (EDTA, PLE,
V and HA) having three levels for
each one for 8 weeks. The control
treatment for each soil had soil
columns treated with distilled water.
Each treatment for each soil column
had 4 replications. At the end of

were collected and stored un the
refrigerator for analysis as well as
the soil material in each column was
divided into three equal parts (3
layers). Soil samples were taken
from different layers of each soil
column for chemical analysis. Soil
Pb and Cu extracted by the US. EPA
method (3050) were determined in
the different soil layers.

Concentrations of these metals were
also estimated in the leachate
samples.

* Preperation of organic material
treatments.

EDTA was applied every week at
levels of 2, 4 and 6 mmol/kg soil.
The respective powder amount of
EDTA was dissolved in the required
amount of distilled water that
brought each soil to its saturation
capacity resulting in respective
levels of 16, 32 and 48 mmol/kg soil
at the end of the experiment (8
weeks).
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The collected poultry litter (PL)
was air-dried, sieved through a 2
mm sieve and stored in a plastic bag.
Levels of poultry litter extract (PLE)
were prepared using 25, 50 and 75 g
of the PL suspended in one litter of
distilled water, steered for 2 h.,
filtered by filter paper, and stored in
the refrigerator at 6 °C for use. The
amount of PLE at each level to make
each soil to reach its saturation
capacity was added weekly to each
soil column.

Three solution levels of vinasse,
(1:2 and 1:1 dilutions of vinase to
distilled water) as well as pure
vinase were used in this experiment.
The weekly added amount of each
level was to make each soil to reach
its saturation capacity.

The humic acid solution that
contained 2% HA was kept in a
plastic container at 6 C° in the
refrigerator for use. This solution
was used to gave HA levels in the
soil at the end of the experiment (8
weeks) of 0.1, 0.15 and 0.2 %. The
right amount of HA for each level
was divided into 8 doses for 8 weeks
to give weekly respective levels of
0.013, 0.019 and 0.025%. Each dose
of HA for each level was mixed with
the required amount of distilled
water to make each soil to reach its
saturation capacity and then added
weekly to each soil column.

Addition of extra amount of 10
ml of distilled water was also added
to each soil column, immediately
after applying each treatment every
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week, to ensure leaching the organic
materials through the soil columns.

Results and Discussion
1. Lead (Pb)
(a) Lead in the soil

The effect of the studied organic
materials on the mobility of soil Pb
in Helwan, El-Gabal El-Asfar and
El-Madabeg soils is shown in Tables
3. Leaching the studied soils with
different organic materials at various
application levels for 8 weeks
significantly increased the mobility
of soil Pb.

Highly significant differences
was observed between concentra-
tions of Pb in the deepest layer (L3)
and the upper two layers (L1 and
L2) of all studied soil columns
which were caused by the organic
materials and their application levels
compared to the control treatment.
Concentrations of soil Pb was
increased with column depth as a
result of leaching the studied soil
columns by the investigated organic
materials.  So, these organic
materials have the ability to
mobilize Pb in the studied soils.
Moreover, Pb levels in most of the
upper soil layers (L1 and L2) of the
studied soil columns that leached
with  different levels of the
investigated organic materials were
lower than those of the control
treatment. Conversely, the deepest
layer (L3) of all columns of the
studied soils leached with these
materials at various levels contained
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higher levels of Pb than that of the
control. However, the amounts of
soil Pb that were moved varied
according to the type of organic
material, its added level and the soil

type.

The studied organic materials
varied in their ability to mobilize
soil Pb within soil columns. In most
cases, EDTA was the most effective
organic material in moving soil Pb
downward in all investigated soil
columns, except El-Madabeg ones.
Its ability to chelate soil metals
usually much larger than those of
other studied natural organic
materials (poultry litter extract,
vinasse and humic acid). EDTA was
reported to be superior in terms of
solubilizing soil Pb for root uptake
and its translocation into the
aboveground biomass due to its
strong chemical affinity for Pb (Luo
et al, 2005). Blaylock et al. (1997)
stated that EDTA is one of the
strongest synthetic chelating agents
for metals. Its chelating ability is
usually much lager than the
naturally occurring organic ligands
(Stevenson, 1991).

The amounts of soil Pb that were
transported from the upper layer
(L1) of the studied soil columns to
the lower ones (L2 and L3)
increased  with  increasing the
application level of the investigated

organic material. The highest
application level of EDTA (6
mmol/kg) significantly decreased

soil Pb in the upper layer after 8

weeks of leaching from 45.95 mg/kg
to 29.2 mg/kg for Helwen soil, from
248.0 mg/kg to 185.3 mg/kg for El-
Gabal El- Asfar soil, and from 85.5
mg/kg to 59.8 mgkg for EI-
Madabeg soil compared to the
control treatment. The same trend
was observed with other various
natural organic materials. Vinase
was in the second order in
mobilizing Pb in all studied soils,
except El-Madabeg soil where it was
the most effective one. Pure vinase
significantly decreased El-Madabeg
soil Pb in the first and second layers
after 8 weeks of leaching from 84.5
mg/kg to 65.1 and 71.7mg/kg,
respectively.  Poultry litter extract
(PLE) and humic acid (HA)
followed vinase in their effect on the
soil Pb mobility. The relative
reduction or increase in soil Pb of
each soil layer varied according to
the type of the organic material, its
level of application and the type of
the soil which was leached. The
leaching with EDTA at a level of 6
mmol/kg showed the highest relative
reduction of soil Pb in the upper two
layers of the studied soil columns,
except for El-Madabeg ones where
pure vinase gave the highest values
of relative reduction. The relative
reduction values of soil Pb in the
upper soil layer (L1) after 8 weeks
of leaching using the highest level of
EDTA were 36.3% for Helwan soil,
25.3% for El-Gabal El-Asfar soil
and 29.5% for El-Madabeg soil.
The respective values using pure
vinase were 33.4% for Helwan soil,
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9.1% for El-Gabal El- Asfar soil,
and  23.3% for EI- Madabeg.
Meanwhile, soil Pb in the upper soil
layer (L1) after 8 weeks of leaching
using the highest level of PLE was
relatively reduced by 30.6%, for
Helwan soil, 8.9%, for El-Gabal El-
Asfar soil, and 15.2% for El-
Madabeg soil. Moreover, leaching
the studied soil columns with the
highest level of HA for 8 weeks
relatively decreased soil Pb in the
upper layer (L1) by 25.2% for
Helwan soil, 5.7% for El-Gabal El-
Asfar soil, and by 9.6% for El-
Madabeg soil. On the other hand,
soil Pb in the deepest layer (L3)
after 8 weeks of leaching using the
highest level of EDTA and pure
vinase relatively increased by 24.5
and 17.5%, respectively, for EI-
Gabal El-Asfar soil, and by 8.0 and
41.7%, respectively, for El-Madabeg
soil. In Helwan soil, the highest
level of EDTA relatively decreased
Pb in the deepest layer after 8 weeks
by 10.2 % whereas pure vinase
relatively increased Pb in this layer
by 39.9%.

It is obvious that the highest level
of EDTA was the most effective
organic material in reducing soil Pb
in the upper two soil layers of all
studied soils. Meanwhile, the
highest level of all investigated
organic materials was efficient in
mobilizing Helwan soil Pb.

Organic material is considered
the most efficient in mobilizing soil

Pb within soil columns as well as
leaching it out of the soil columns.

The highest level of EDTA
caused 28.4 mg/column of Helwan
soil Pb, 60.3 mg /column of El-
Gabel El-Asfar soil Pb, and 35.3
mg/column of El-Madabeg soil Pb to
be leached out after 8 weeks. These
results agree with those obtained by
Allen and Chen (1993). They
indicated that pure vinasse was the
most efficient organic material in
mobilizing Helwan and El-Madabeg
soil Pb. Pure vinase came after the
highest level of EDTA in the ability
to transport El-Gabal El-Asfar soil
Pb. The high salt content, the low pH
and the dissolved organics of vinasse
could be the reasons behind its high
efficiency for mobilizing soil Pb.
Helal et al. (1996) and El-Desoky
(1997) reported that saline irrigation
water enhanced the release and
solubility of soil metals. In all
studied soils, the highest level of
humic acid was the least effective
organic material in mobilizing soil
Pb. It may be attributed to its high
pH value.

The relative mean reduction or
increase of soil Pb in the different
layers of the studied soil columns
after 8 weeks of leaching using the
tested organic materials is illustrated
in Figure 1. Generally, EDTA was
the most efficient organic material in
mobilizing soil Pb of the upper two
soil layers (L1 and L2) of all studied
soils after 8 weeks of leaching. The
results obtained by Luo et al. (2005)
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demonstrated that EDTA was the
most effective in increasing shoot Pb
concentration in corn and beans due
enhancing metal solubilization from
the soil. On other hand, humic acid
was the least productive organic
material in removing soil Pb
from the upper two Layers. The
mean soil Pb in the upper two soil
layers (L1 and L2) was reduced by
32.1 and 18.7%, respectively, in
Helwan soil, by 20.8 and 16.2%,
respectively, in El-Gabal El-Asfar
soil, and by 20.5 and 10.4%,
respectively, in FEl-Madabeg soil
after 8 weeks of leaching using
EDTA. On the other hand, humic
acid caused 18.5% of Helwan soil
Pb, 4.4% of El-Gabal El-Asfar soil
Pb, and 6.6% of El-Madabeg soil Pb
to mobilize from the upper layer
(L1) after 8 weeks of leaching.

(b) Lead in the leachate

The leaching effect using the
investigated organic materials on the
amounts of soil Pb that were leached
out the studied soils is shown in
Table 4. Substantial amounts of soil
Pb were leached out the studied soil
columns after 8 weeks of leaching
by EDTA, especially at its highest
application level. However, traces of
soil Pb were leached out all studied
soil columns using the other three
organic materials. It was noticed that
amounts of soil Pb that moved by
these three organic materials from
the upper layer (L1) of each soil
accumulated in most cases in the
second layer (L2) and sometimes in

the deepest one (L3). So, EDTA is
considered the only effective organic
material in leaching soil Pb. EDTA
was reported to have a high binding
capacity for Pb (Blaylock et al, 1997;
Huang et al, 1997; Wu et al, 1999).
The highest application level of each
that the removal of toxic heavy
metals from a soil matrix by the
addition of EDTA was an effective
mean of remediation. The use of
EDTA was found to give a marked
increase in the concentration of
soluble Pb in Pb contaminated soils
and subsequently enhanced Pb
uptake by plants with high biomass
production (Blaylock et al, 1997).
El-Gabal El-Asfar soil had the
highest values of Pb that were
leached out with EDTA. Then,
Helwan soil came in the second
order with respect of amounts of soil
Pb that were leached out by EDTA
and El-Madabeg one was in the end.
These differences may be attributed
to the variation in soil texture, soil
pH and soil CEC as well as soil Pb
content. Sorption studies on Pb by
soils indicated that clay, organic
matter, CEC and pH are important
soil parameters determining the
fixation capacity of soils (Adriano,
1986). Lead was reported to have
strong affinity to the clay fraction
compared to the sand and silt ones. It
was ranked by Anderssen (1979) as
clay > silt > sand. It is noticed that
soil Pb was increased in the deepest
layer of each soil after 8 weeks of
leaching using all investigated
organic materials. Most of soil Pb
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Figure(1): The relative mean reduction (-) or incrase (+)
percentages (%) in soil Pb and Cu within different
soil column layers of the studied soil inducesd by 8
weeks of leaching using some organic materials.
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that eluviated from the upper layers
illuviated in the deepest one (L3),
especially with using the natural
organic materials. The investigated
organic materials are ranked as
EDTA > vinase > PLE > HA in
mobilizing Pb of all studied soils
(Figure 1 and Table 4). Although the

soil Pb content follows the order of
El-Gabel El-Asfar > El- Madabeg >
Helwan, the relative reduction values
of soil Pb in the upper layers and the
relative increase ones in the deepest
layer have the rank of Helwan > El-
Madabeg > El-Gabel El-Asfar

Table(4): Leaching effect using organic materials on the leached Pb

(mg/soil column) out of the studied soils after 8 weeks of
leaching.
Treatment Level Helwan | El-Gabal El-Asfar El-Madabeg
Control 0.00 0.80 0.08
2 mmol/kg 13.14 35.40 17.82
4 mmol/kg 17.89 55.85 26.28
EDTA
6 mmol/kg 28.45 60.30 35.33
Mean 19.82 50.52 26.47
25g/L 0.20 0.15 0.22
Poultry 50g/L 0.23 0.13 0.24
litter
Mean 0.23 0.23 0.29
1:2 0.23 0.17 0.49
) 1:1 0.44 0.19 0.53
Vinase
Pure 0.46 0.27 0.54
Mean 0.38 0.21 0.52
0.013 % 0.27 0.10 0.15
Humic 0.019% 0.43 0.14 0.17
acid 0.025% 0.45 0.29 0.35
Mean 0.38 0.18 0.22
Treat. 0.05 0.15 1.46
L.S.D.o5
Level 0.11 0.35 3.24
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2. Copper (Cu)
(a) Copper in the soil

The influence of the studied
organic materials on the mobility of
soil Cu in Helwan, El- Gabal ElI-
Asfar and El-Madabeg soils is
present in Table 5. All organic
materials were able to mobilize soil
Cu in all studied soils. The
magnitude of Cu mobility varied
according to the soil type, the type of
organic material and its application
level. ~The mobility of soil Cu
significantly was increased with
leaching the studied soils using the
different levels of the investigated
organic materials for 8 weeks. So,
concentrations of soil Cu was
increased with column depth. Also,
the results obtained by
Pruschenreiter et al. (2001) and Chen
et al. (2003) indicated that EDTA
can be used to increase metal
mobility, thereby enhancing uptake
of many heavy metals including Cd,
Cr, Cu, Pb and Zn.

In addition, soil Cu levels in the
upper layers (L1 and L2) of the
studied soil columns that were
leached with different levels of the
investigated organic materials were
lower than those of the control. On
the other hand, the soil Cu, in most
cases, was higher in the deepest
layer than that of the control. In few
cases using EDTA, the soil Cu in
the deepest layer was lower than that
of the control treatment.

YA

The obtained data indicated that
EDTA as a synthetic organic
material was able to increase the
mobility of Cu in all studied soils
more than other natural organic
materials (vinase, PLE and HA).
Elliot and Shastri, (1999), Heil et al.
(1999) and Papassiopi et al. (1999)
reported that EDTA is effective in
mobilizing and removing Cu from
contaminated soils. The extraction
efficiency for an organic material
was reported by Sun et al. (2001) to
depend on many factors, such as the
lability of heavy metals in the soil,
the strength of that organic material,
electrolyte, pH and soil matrix.
Their laboratory studies showed that
EDTA was effective in removing
Pb, Zn, Cu and Cd from
contaminated soils. The upper two
layers of the studied soil columns
contained lower amounts of Cu after
8 weeks of leaching with all organic
materials. The highest values of soil
Cu mobility were recorded with the
highest application level of all
investigated  organic  materials,
especially the highest level of EDTA
followed by pure vinasse. The
results obtained by Mahmoud.
(1988) and Abd El-Kaway (2006)
revealed that the application of
vinasse increased the micronutrients
in all plant parts because of its low
pH. So, application of vinase may
increase  the  availability  of
micronutrients in the soil. The
highest level of EDTA significantly
decreased the soil Cu in the upper
layer after 8 weeks of leaching from
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36.0 mg/kg to 27.1 mgkg for
Helwan soil, from 185.4 mg/kg to
144.5 mg/kg for El-Gabal El-Asfar
soil, and from 37.7 mg/kg to 24.3
mg/kg for El-Madabeg soil
compared to the control. Vinase
followed EDTA and then PLE and
HA in their effect on soil Cu
mobility.

The relative reduction or increase
in soil Cu of each soil layer differed
according to the type of the organic
material, its application level and the
soil type. The use of EDTA at its
highest level in leaching the studied
soil columns resulted in the
highest relative reduction values of
soil Cu in the upper two layers (L1
and L2). However, the highest level
of humic acid was recorded to give
the lowest relative reduction values
of soil Cu. Leaching the studied soil
columns with the highest level of
EDTA for 8 weeks relatively
decreased soil Cu in the upper layer
(L1) by 24.7% for Helwan soil, by
22.1% for El-Gabal El-Asfar soil,
and by 35.8% for El-Madabeg soil.
Meanwhile, soil Cu in this layer
(L1) after 8 weeks of leaching with
pure vinase was relatively reduced
by 17.1% for Helwan soil, by
16.7% for El-Gabal El-Asfar soil,
and by 27.9% for El-Madabeg soil.
However, the relative reduction
values of soil Cu in the upper layer
after 8 weeks of leaching using the
highest level of PLE were 13.2%
for Helwan soil, 9.2% for El-Gabal
El-Asfar soil, and 14.0% for El-

Madabeg soil. Moreover, the
respective values using the highest
level of HA were 12.4% for Helwan
soil, 9.0% for El-Gabal El-Asfar
soil, and 14.4% for El-Madabeg soil.
On the other hand, soil Cu in the
deepest layer (L3) of Helwan and
El-Madabeg soils was relatively
reduced by 3.3 and 11.9%,
respectively, but it was increased by
13.7% in El-Gabal El-Asfar soil
after 8 weeks of leaching with the
highest level of EDTA. However,
pure vinasse caused increases in soil
Cu of the deepest layer of Helwan,
El-Gabal El-Asfar and El-Madabeg
soils by 28.5, 24.2 and 40.5%,
respectively, after 8 weeks of
leaching.

It is clear that the highest level of
EDTA is the most effective in
reducing soil Cu in the upper two
layers of all the studied soils.
Meanwhile, pure vinasse is efficient
in mobilizing El-Madabeg soil Cu.
The highest level of both PLE and
HA mobilized few amounts of soil
Cu of all studied soils. The addition
of some chelating agents including
EDTA to the soil dramatically
increased the solubility of Cu (Wu et
al., 1999; Lombi et al.,, 2001).
Although El-Gabal El-Asfar soil had
the highest level of soil Cu, all
studied organic materials at their
highest level mobilized only few
amounts of its soil Cu. On the other
hand, the highest level of studied
organic materials eluviated
reasonable amounts of soil Cu from
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El-Madabeg soil even though it had
the lowest content of soil Cu.

The relative mean reduction or
increase of soil Cu in the different
layers of the studied soil columns
after leaching using the investigated
organic materials is shown in Figure
1. In general, EDTA mobilized the
highest amounts of soil Cu from the
upper two layers (L1 and L2) of all
studied soil columns. It was the
most effective organic material in
soil Cu mobility.  Vinasse was
efficient in removing soil Cu from
the upper layer (L1) of El-Madabeg
soil. However in all soils, HA was
the least effective organic material
in mobilizing soil Cu from the upper
two layers.

The mean soil Cu in the upper two
layers (L1 and L2) was reduced by
13.9 and 6.8%, respectively, for
Helwan soil, 169 and 10.4%,
respectively, for El-Gabal EL-Asfar
soi, and 28.0 and 21.7%,
respectively, for El-Madabeg soil
after 8 weeks of leaching with
EDTA. Vinasse was effective to
remove highest amounts of soil Cu
from the upper layer of El-Madabeg
soil  accounted by 24.1.
Reasonable amounts of soil Cu
accounted by  10.2 and 13.0%
migrated from the upper layer of
Helwan and El-Gabal El-Asfar soils,

respectively, after 8 weeks of
leaching with vinase. On the other
hand, PLE and HA removed

relatively low soil Cu levels from
the upper layer of averages

accounted by 8.9 and 7.6%,
respectively, for Helwan soil, 7.7
and 7.1%, respectively, for El-Gabal
El-Asfar soil, and 9.3 and 7.0%,
respectively, for EI-Madabeg soil.

(b) Copper in the leachate

Table 6 shows the effect of the
organic ~ materials and  thier
application levels on the amounts of
soil Cu that leached out the studied
soil columns. The organic materials
increased the amounts of Cu and
that could move downward from the
upper layers and accumulated in the
deepest layer and/or leached out
from the soil columns. Considerable
amounts of Cu were leached out the
studied soil columns by EDTA,
especially at its highest application
level. Conversely, traces of soil Cu
were leached out all soil columns
using other organic materials.
Therefore, EDTA 1is considered the
most efficient organic material in
transporting soil Cu within soil
columns as well as in leaching it out
soil columns. The highest level of
EDTA significantly leached
amounts of Cu of 11.36 mg/column
out Helwan soil, 43.80 mg/column
out El-Gabal El-Asfar soil, and
25.37 mg/column out El-Madabeg
soil after 8 weeks of leaching. On
the other hand, pure vinasse caused
only 2.2 mg/column of El-Gabal El-
Asfar soil Cu to be leached after 8
weeks. Meanwhile, the amounts of
Cu leached by this material out other
tested soils (Helwan and ElI-
Madabeg) were negligible. It is
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obvious that the mobilized soil Cu
from the upper layers accumulated
in the deepest one, especially with
using the natural organic materials
(PLE, vinase and HA). Tremendous
amounts of soil Cu were leached out
soil columns and lower Cu levels
compared to the control were in the
deepest layer using the highest level
of EDTA. The investigated organic
materials had the order of EDTA >

Vinasse > PLE > HA in mobilizing
soil Cu in all studied soils. The
relative reduction values of soil Cu
in the upper layer and the relative
increase ones in the deepest layer
had the order of El-Madabeg >
Helwan > FEl-Gabal El-Asfar soil
Although the soil Cu content
followed the rank of El-Gabal El-
Asfar > El-Madabeg > Helwan. So,
Cu

Table(6): Leaching effect using organic materials on the leached Cu
(mg/soil column) out of the studied soil after 8 week leaching.

Treatment Level Helwan El-Gabal El-Asfar El-Madabeg

Control 0.10 0.13 0.15

2 mmol/kg 5.64 8.18 10.11

4 mmol/kg 6.95 30.38 16.12

EDTA

6 mmol/kg 11.36 43.80 25.37
Mean 7.98 27.45 17.20

25g/L 0.10 0.22 0.24

Poultry 50g/L 0.19 0.22 0.32

litter

extract 75g/L 0.29 0.39 0.38
Mean 0.19 0.28 0.31

1:2 0.10 0.16 0.21

) 1:1 0.13 0.38 0.24

Vinasse

Pure 0.41 2.19 0.29

Mean 0.21 0.91 0.25

0.013% 0.20 0.23 0.18

Humic 0.019% 0.24 0.40 0.32
acid 0.025% 0.48 0.34 0.40
Mean 0.31 0.32 0.30

Treat. 0.62 0.37 0.41

L.S.D.s

Level 0.68 0.82 0.93
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mobility of El-Madabeg soil was
higher than that in others. It may be
attributed to its coarser texture
(sand) in comparison with other
soils.

All results indicate that metal-
organic complexes could modify the
solubility of metals in the soil
solution and consequently their
transport in the soil profile. This was
assumed to explain the increased
heavy metal transport in drainage
waters following a sludge
application (Lamy et al., 1993).
Based on the distribution coefficient,
the relative migration velocities of
the heavy metals were increased by
the presence of dissolved organic
carbon (Christensen et al., 1996).

Conclusion

It could be concluded from the
obtained results that organic
materials play an important role in
mobilizing the heavy metals in soils.
The pH of the soil is not the only
factor that controls the mobility of
Pb and Cu in these soils. These
materials may contain soluble
organic acids and other soluble
organics that form soluble organic
complexes with these metals
resulting in their mobility in the
soils

Additions of these organic
materials or their disposal on heavy
metal contaminated soils, especially
near sewage water plants and
industrial areas can cause hazard
problems with respect of

VAR

environmental  pollution. The
soluble organic complexes of these
metals can contaminate the surface
water and the groundwater resources
as well as enhancing the plants and
crops that are grown on these
contaminated soils to absorb and
take up high amounts of these
hazardous heavy metals. These
contaminated water resources and
plants may cause heath problems for

Human, animals and livestocks.
Therefore, it should be
recommended to dispose any

organic material far from the sites
that have heavy metal contaminated
soils. The organic wastes such as
sewage wastes should be separated
from industrial ones during their
disposal and treatments.
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