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Abstract: An incubation experiment,
using three contaminated Egyptian soils
from Helwan, El-Gabal El-Asfar (Cairo
govemorate) and Arab El-Madabeg
(Assiut governorate) was conducted for
16 weeks to evaluate effects of four
organic materials including EDTA,
poultry litter extract (PLE), vinase (V)
and humic acid (HA) solutions on their
transformations among various soil
forms that contribute in the mobility
increase of two heavy metals (Pb and
Cu) in these soils. The design of this
experiment was completely
randomized with 3 replications. The
studied chemical forms of metals were
the soluble plus  exchangeable
(S+EXCH), carbonate bound (C-
bound), Mn oxide bound (MnO),
organically bound (O-bound), poorly
crystalline Fe oxide bound (PCFeO),
crystalline Fe oxide bound (CFeO) and
residual forms.

Soil materials were put in plastic

cups, imigated every week with
solutions of these organic materials at 6
mmolkg for EDTA, 75g/L for PLE,
pure vinase and 0.025% for HA as well
as distilled water as a control treatment.
All investigated organic materials
significantly increased levels of the
exchangeable form of Pb and Cu in all
studied soils compared to the control
treatment. The magnitude of these
increases depended upon the soil type,
metal content and the type of organic
material. EDTA was the most effective
organic  material in  increasing
exchangeable levels of these metals in
all studied soils followed by vinase and
then PLE. On the other hand, humic
acid was the least effective one in that
matter in all studied soils. The low
efficiency of PLE and HA in
mobilizing the metals and inducing
metal transformations may be attributed
to the relatively short period used in
these experiments as well as their
relatively low application levels.
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Introduction

Heavy metals in  the
environment such as Pb and Cu
have been taken considerable
attention due to their potential
influences on human and animal
health. They tend to accumulate
in soils and sediments due to
industrial activities and mining as
well as the use of sludge,
pesticides, agriculture chemicals
and automobiles (Pandy et al,,
2003).

The impact of these problems
depends on the chemical forms of
the metal, and the capacity of soil
and sediments as well as their
constituents and properties to

immobilize the metals (EI-
Desoky, 1989).
Chelating agents such as

EDTA is effective in mobilizing
and removing Pb and Cu from
contaminated soils (Chen et al.,
2003). Its chelating ability is
usually much larger than the
naturally  occuring  ligands
(Stevenson, 1991). In a soil
contaminated with lead, McBride
and Hendershot (1998) studied
the effect of levels of soil organic
matter on the solubility of Pb
speciation 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). Higher pH promoted the
formation of soluble organo-Pb
complexes, which increases Pb
solubility. They concluded that

higher contents of organic matter
lead to higher concentration of

dissolved and labile Pb.
Zhou and Wong (2001)
investigated the effects of

dissolved organic matter (DOM)
on the sorption of Cu in an acidic
sandy loam and a calcareous clay
loam soil and noticed that
increasing the concentration of
dissolved organic matter
significantly reduced the sorption
of Cu by both soils. Dissolved
organic matter in the poultry
litter and sewage sludge could
also contribute effectively in
form complexes with heavy
metals in soils (McBride, 1989).

The transformation of heavy
metals among different forms in
contaminated soil profiles is also
major environmental concern due
to their toxicity and even slow
transport through the soil which
it may eventually Jead to
contaminate the groundwater (Li
and Shuman, 1997a).
Distribution of these metals
among their chemical forms is
generally dependent on the total
content of metals and soil texture
(Kabala and Singh, 2001). A
sequential extraction of trace
metals from soils is potentially
valuable in predicting metal
transformations between
chemical forms in agriculture
soils (El-Gendi, 1994). Li and
Shuman (1997a) showed that
EDTA redistributed Zn, Cd and
Pb from the exchangeable,
organic matter and Mn oxide
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forms to the water soluble
fraction. Li and Shuman (1997b)
also showed that the application
of PLE to metal-contaminated
soils caused Zn and Cd to be
redistributed from the
exchangeable to the water
soluble fraction and enhance the
metal mobility.

The main goal of this study is
to evaluate the effect of applying
certain organic materials to some
contaminated Egyptian soils on
the transformations of Pb and Cu
among their soil forms.

Materials and Methods

I. Characterization of Soils
and Organic Materials

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

Four organic materials were
used to investigate their effects
on the transformations of Pb and
Cu forms of these studied
contaminated soils. They
included ethylene diamine tetra
acetic acid (EDTA) as a synthetic
organic material as well as
poultry litter extract (PLE),
vinase (V) and humic acid (HA)
solutions as natural organic
materials,

The poultry litter (PL) was
collected from the poultry farm
of Assiut University, Assiut.
Vinase, a by-product of sugar
industry, was obtained from Abu-
korkas Sugar Factory, El-Minya
governorate.  Moreover, the
humic acid solution was brought
from the Agriculture Company
for  Recycling  Agriculture
Residues, El-Minya governorate.
Table 2 shows some properties of
these  investigated  organic
materials and their total content
of Pb and Cu.
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Table(1): Some chemical and physical properties of the soils at the
different studied locations.

Property Soil location
Helwan El-Gabal El-Asfar | El-Madabe
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 Sand
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
B 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 3.79 437
Ca”? 12.75 3.75 3.97
Mg™ 0.48 0.39 0.22
HCO; 4.12 2.89 39
Cr 16.62 6.83 631
SO,? 17.74 5.15 3.36
DTPA-extractable metals (mg/k;
Pb 270 45.51 6.16
Cu 321 3.75 6.07
US.EPA-extractable metals (mg/kg)
Pb 45.60 24720 86.10
Cu 36.10 191.20 38.30
Total metals (ing/kg)
Pb | 56.80 261.00 95.00
Cu ] 55.00 195.00 45.00
Table(2): Some properties of the investigated organic materials and
their total content of Zn and Mn.
Organic Pb Cu EC OM
Material pH
ateria mg/kg (dS/m) (%)
PLE (25g/L) 0.40 0.10 1.65 7.46 1.90
PLE (50g/L) 0.40 0.13 3.02 7.50 2.10
PLE (75g/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
II. Experiment a level of 6 mmolkg soil. The

. . . respective powder amount of
L icparation of Orgable  pnTA was dissolved in the

) required amount of distilled water
EDTA was applied every weck at  that brought each soil to its
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saturation capacity resulting in a
respective level of 48 mmol/kg soil
at the end of the experiment.

The collected Poultry litter (PL)
was air-dried, sieved through a 2
mm sieve and stored in a plastic
bag. The poultry litter extract (PLE)
was prepared by using 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 to make each soil to
reach its saturation capacity was
added weekly to each soil columns.
Pure vinase was 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 Co in the
refrigerator for use. This solution
was used to gave a HA level of
0.2% in the soil at the end of the
experiment. The right amount of
HA was divided into 8 doses for 8
weeks to give weekly respective
level of 0.025%. Each dose of HA
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.

An incubation experiment

This experiment aimed to show
the soil form(s) of Pb and Cu that
involved in this mobility. In another
meaning, it could show the
transformations among various soil
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Pb and Cu forms that contribute in
the mobility increase of these
metals. The design of this
experiment  was  completely
randomized with 3 replications.

Samples of 200g of each studied
soil material were put in plastic
cups, watered every week with of
each organic material to reach the
water saturation capacity of each
soil material and incubated at Lab
temperature for 8 weeks. Then, the
soil samples in the plastic cups
were continued in the incubation
for another 8 weeks with adjusting
the water content of each soil
material at 60% of the saturation
capacity by the daily addition of
ionized water during this incubation
period. At the end of the
experiment (16 weeks), samples
from the incubated soil materials
were taken, air-dried, sieved
through a 2 mm sieve and kept for
Pb and Cu fractionation using
sequential extractions.

Pb and Cu Fractionation

Two grams of each soil material
were weighed and placed in a 50 ml
polyacarbnate  centrifuge tube.
Sequential extractions of soluble
and exchangeable (S+EXCH,
Kabala and  Singh, 2001),
Carbonate specifically bound (C-
bound, Ahnstrom and Parker,
1999), Mn oxide bound (MnO-
bound, Sims et al., 1986), Organic
bound (O-bound, Shuman, 1979),
poorly crystalline Fe oxide bound
(PCFeO-bound, Shuman, 1979)
and crystalline Fe oxide bound
(CFeO-bound, Kittric and Hope,
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1963) forms of Pb and Cu were
carried out. The total amount of soil
Pb and Cu in the studied soil
materials was estimated using the
digestion with concentrated acids of
HF, HNO; and HCl (Shuman,
1979). The Residual form of each
metal was estimated by the
difference between the total amount
of a metal in the soil samples and
sum of the six extracted forms of
this metal.

Pb and Cu in soil material digests
were determined using a model 906
of GBC atomic absorption
spectrophotometry. Data  were
subjected to statistical analysis
according Sendcor and Cochrana
(1980). The means of treatments
were compared using the least
significant difference (L.SD) values
at a 5% level of significance.

Results and Discussion
1. Lead

Table 3 shows the concentrations
of various Pb forms in Helwan, El-
Gabal El-Asfar and El-Madabeg
soils incubated with the studied
organic materials for 8 weeks. All
organic  materials  significantly
increased the S+EXCH form in all
studied soils. The increments varied
from soil to another due to its
physico-chemical properties and its
content of lead as well as the type
of organic material

The increase in the S+EXCH Pb
form induced by EDTA, PLE and
HA in Helwan soil was mainly on
the expense of the carbonate, poorly
crystalline Fe oxide and crystalline

Fe oxide forms as well as the
residual form of Pb. The respective
decreases in these forms for
Helwan soil were 32.2, 1.1, 2.2 and
11.6% with EDTA, 7.3, 89, 11.7
and 2.2% with PLE, and 1.0, 5.6,
7.5 and 3.8% with HA. Meanwhile,
the increase in the S+EXCH Pb
form in Helwan soil with vinase
was mainly on the charge of the
carbonate, crystalline Fe oxide and
the residual forms of Pb. The
corresponding decreases of Pb in
these forms were 27.9, 10.0 and 3.0
%. On the other hand, Mn oxide
and organically bound Pb forms in
Helwan soil increased after the
incubation with all investigated
organic materials. These increases
may be on the cost of the decreases
in the poorly crystalline as well as
crystalline Fe oxide and the residual
forms of Pb in this soil.

Increases in the S+EXCH Pb
form were also recorded in El-.
Gabal El-Asfar soil treated with all
organic materials except HA. The
increase in Pb of this form induced
by EDTA in this soil as well as in
El-Madabeg one was very high.
The increases in this form of Pb of
El-Gabal El-Asfar soil due to
EDTA and PLE applications were
mainly on the cost of decreases in
Pb of the Mn oxide, poorly
crystalline and crystalline Fe oxide
as well as residual forms. The
relatively respective reductions in
Pb of these forms were 23.2, 30.8,
8.0 and 2.5% with EDTA and 14.2,
14, 402 and 1.0% with PLE.
Meanwhile, the increases in the
S+EXCH Pb form induced by
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vinase in this soil were mainly on
the charge of decreases in the Mn
oxide, organically bound, poorly
crystalline and crystalline Fe oxide
as well as the residual forms of Pb.
The comesponding reductions in
these forms of Pb in this soil were
10.5, 10.8, 2.4, 27.6 and 1.6%. It
was noticed in this soil that the
carbonate bound form of Pb
increased after incubation with all
investigated organic materials. In
presence of HA, Pb released from
the residual and organically bound
forms of this soil might transform
to the carbonate, Mn oxide, poorly
crystalline and crystalline Fe oxide
bound forms. El-Gabal El-Asfar
soil has the highest content of
organic matter so that CO, released
from organic matter degradation
may participate in increasing
carbonate bound form in this soil.
This soil also contains high levels
of Mn and Fe that under the high
pH of HA, new Mn and Fe oxide
forms containing some released Pb
from the organically bound and
residual forms may be formed.

All investigated organic materials
induced increments in Pb
exchangeable form of El-Madabeg
soil. EDTA in this soil also showed
the highest increase in the Pb
exchangeable form. It was followed
by vinase and then PLE and HA.
The increase in the Pb
exchangeable form of this soil
induced by EDTA was mainly on
the expense of decreases in Pb of
the Mn oxide, poorly crystalline
and crystalline Fe oxide bound as
well as the residual forms. The

respective reductions in Pb of these
forms induced by EDTA were 474,
53.0, 214 and 21.3%. Vinase
caused an increase in the Pb
exchangeable form of this soil on
the charge of decreasing the Mn
oxide, organically, poorly
crystalline Fe oxide and residual
bound forms of Pb accounted by
523, 54, 310 and 838%,
respectively. The increases in Pb of
the exchangeable form of El-
Madabeg soil induced by PLE and
HA were on the cost of decreases of
the carbonate, Mn  oxide,
organically and residual bound
forms accounted by 7.1, 46.0, 67.2
and 1.2% for PLE, and 36.9, 52.6,
45.7 and 1.4% for HA. This soil
showed also Pb increases in the
carbonate and organically bound
forms induced by EDTA and Pb
increases in the carbonate and
crystalline Fe oxide bound forms
induced by vinase. Humic acid also
gave increases in the poorly
crystalline as well as crystalline Fe
oxide bound forms of Pb of this
soil.

Since the ability of synthetic
materials such as EDTA to chelate
metals is much higher than other
natural organic materials (PLE,
vinase and humic acid), EDTA was
the most efficient organic material
in transforming Pb from Mn and Fe
oxide as well as residual bound
forms to the S+EXCH form. The
most accepted mechanism that
involved in the transformation of
Pb among various forms could be
the release of some Pb levels of
some soil forms, such as oxide and
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residual forms, by complexation
and/or chelation by soluble organics
and various functional groups of the
investigated  organic  materials
followed by distributing these Pb
levels on other soil forms, such as
exchangeable and  organically
bound ones. Naidu and Harter
(1998) suggested that the metal is
released into soil solution as metal-
organic complexes at high pH
values. Humic acids are organic
matters that contain various kinds
of functional groups such as
carboxylic or phenyl groups that
can complex metal ions (Ali and
Dzombak, 1996; Ho-Geong et al.,
2005). Organic complexation of
metals in soils and waters is one of
the most important factors
governing solubility and
bioavailability of metals in the
environment, (Berden and
Berggren, 1990).

Conceming the different forms
of Pb regardless the residual one of
the studied soils, Table 3 also
showed that the crystalline Fe oxide
bound form (CFeO) was the
dominant form of Pb in Helwan
soil. The poorly crystalline Fe oxide
bound one (PCFeO) was dominant
in El-Gabal El-Asfar and El-
Madabeg soil. The results also
indicated that the Fe oxide bound
forms of Pb in these soils are more
important compared to the Mn
oxide bound one. Higher levels of
Pb are bound to Fe oxides than to
Mn oxides, indicating that Fe
oxides might play a greater role in
the adsorption of metals such as Pb
in these soils. El-Gabal El-Asfar

and El-Madabeg soils contain
higher Pb levels in the poorly
crystalline Fe oxide form than in
the crystalline Fe oxide one. The
high organic matter content of these
two soils (Table 1) may delay and
inhibit the crystallization of Fe
oxides resulting in high amounts of
the poorly crystalline Fe oxides
(Schwertmann et al., 1986).
Sequential extraction results also
show that most of Pb in these soils
is present in the residual form
(Table 3 and Figure 1).

The redistribution of Pb forms (as
percentages of the total Pb) in the
studied soils, induced by the
investigated organic materials is
illustrated in Figure 1. Incubating
Helwan soil with EDTA, the
exchangeable, Mn oxide and
organically bound forms of Pb
increased from 2.32 to 9.91%, from
0.88 to 2.39% and from 1.20 to
2.39%, respectively, of the total-
content, while the residual form of
Pb decreased from 69.79 to 61.73%
of the total content. For El-Gabal
El-Asfar soil, EDTA caused the
exchangeable, and carbonate bound
forms of Pb to increase from 0.90 to
9.00% and from 1.56 to 4.27%,
respectively, of the total content,
while the poorly crystalline Fe
oxide and residual bound forms of
Pb decreased from 29.08 to 20.14%
and from 6585 to 64.24%,
respectively, of the total Pb content.
Moreover, EDTA induced the Pb
exchangeable form of El-Madabeg
soil to increase from 1.07 to
25.21% of the total Pb. However,
the poorly crystalline Fe oxide and
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residual bound Pb forms of this soil
decreased from 16.36 to 7.70% and
from 72.34 to 56.92%, respectively,
of the total Pb.

It is obvious that Pb increments
in the exchangeable form induced
by EDTA were transformed mainly
from the residual form in Helwan
soil, from poorly crystalline Fe
oxide bound form in El-Gabal El-
Asfar soil, and from the residual
and poorly crystalline Fe oxide
bound forms in El-Madabeg soil. Li
and Shuman (1997a) reported that
leaching the soil with EDTA
transformed Pb from exchangeable,
O-bound and MnO to water soluble
form. Moreover, Shen et al. (2002)
found that EDTA treatments
significantly, decreased Pb in both
carbonate and Fe-Mn oxide bound
forms.

In addition, Sun et al. (2001)
showed that the exchangeable Pb
increased after leaching with EDTA
in most soils. In general, the Pb
levels that were transformed by
EDTA in Helwan, El-Gabal El-
Asfar and El-Madabeg soils were
10.12, 10.82 and  25.88%,
respectively, of the total content.
Meanwhile, the studied soils may
be ranked according to the progress
degree in Pb transformation
inducaed by EDTA as: El-Madabeg
soil > El-Gabal El-Asfar soil =
Helwan soil.

Vinase increased the
exchangeable, Mn oxide and
organically bound Pb in Helwan
soil from 2.32 to 5.42%, from 0.88
to 1.71% and from 1.20 to 2.57%,
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respectively, of the total Pb content.
These increments were on the
charge of decreasing carbonate,
crystalline Fe oxide and residual
bound forms of Pb in this soil from
525 to 3.75%, from 12.66 to
11.29% and from 69.79 to 67.14%,
respectively, of the total content. In
El-Gabal El-Asfar soil treated with
vinase, low Pb increments were
recorded in the exchangeable and
carbonate bound forms on the
expense of decreasing the residual
form. However, vinase in El-
Madabeg soil induced a high Pb
increments the exchangeable form
(from 1.07 to 13.32% of the total
content) on the cost of decreasing
both the poorly crystalline Fe oxide
and the residual bound forms (from
16.36 to 11.24% and from 72.34 to
65.72%, respectively). In general,
the Pb increment in the
exchangeable form induced by
vinase was transformed mainly
from both the residual and poorly
crystalline Fe oxide forms in these
soils. The levels of Pb that were
transformed by vinase in Helwan,
El-Gabal El-Asfar and El-Madabeg
soils were 5.52, 2.41 and 13.52%,
respectively, of the total Pb content.
Depending upon the progress of Pb
transformation induced by vinase,
the soil can be ordered as: El-
Madabeg soil > Helwan soil > El-
Gabal El-Asfar soil. Very low
relative increases in the Pb
exchangeable form of the studied
soils were recorded with the poultry
litter extract and humic acid.
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Table(3): Effect of some organic materials on the redistribution of lead (Pb) among various forms of the studied soils.

Pb forms (mg/kg)
Soil Treatment
S+EXCH C-bound MnO O-bound PCFeO CFeO Sum Residual Total
control 1.32 298 0.50 0.68 4.49 7.19 17.16 39.64 56.80
g EDTA 5.63 2.02 1.26 1.36 444 7.03 21.74 35.06 56.80
% PLE 244 279 1.57 144 4.09 6.35 18.68 38.76 57.44
T Vinase 3.10 2.15 0.98 147 4.65 647 18.82 3847 57.29
HA 1.38 2.95 244 1.00 424 6.65 18.66 38.14 56.80
LSDO.05 0.45 0.73 0.44 0.35 0.70 0.61 - 0.75 -
& control 2.36 4,07 1.72 1.57 7591 351 89.13 171.87 261.00
2, EDTA 23.50 11.15 1.32 1.58 52.55 3.23 93.34 167.66 261.00
2 PLE 2.61 842 1.39 1.62 74 85 2.10 90.99 170.71 261.70
g Vinase 3.66 926 1.54 1.40 74.08 2.54 9249 169.05 261.54
E"J HA 232 452 208 1.41 76.73 4.67 91.72 169.30 261.01
LSDO.05 224 1.16 0.37 0.48 3.24 0.26 - 0.95 -
control 1.02 3.52 3.02 1.86 15,54 1.31 26.28 68.72 95.00
-§n EDTA 23.95 436 1,59 2.68 7.31 1.03 40.92 54.08 95.00
'§ PLE 1.83 3.27 1.63 0.61 1835 1.70 2740 67.87 95.27
E Vinase 1270 3.64 1.44 1.76 10.72 242 3268 62.67 95.35
. HA 1.53 222 1.43 1.01 18.66 238 27.23 67.78 95.01
LSD0.05 220 1.3 0.56 0.16 5.67 0.65 - 2,13 -
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Fig.(1): Redistribution of Pb (as percentages of the total content)
among its chemical forms of the studied soils treated with
organic materials.
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Most of Pb transformations
induced by these two materials
were from the residual and
crystalline Fe oxide forms to Mn
oxide and organically bound
forms in Helwan soil and to the
carbonate bound one in El-Gabal
El-Asfar soil, and from the Mn
oxide and organically bound
forms to the poorly crystalline
and crystalline Fe oxide ones in
El-Madabeg soil. In general, the
percentages of Pb that were
redistributed by PLE in Helwan,
El-Gabal El-Asfar and EI-
Madabeg soils were 5.09, 1.78
and 4.15%, respectively, of the
total content. However, the
respective Pb ones induced by
HA were 4.09, 1.08 and 4.66% of
the total content

2. Copper

The distribution of Cu among
its various forms of the studied
soils treated with the investigated
organic materials is shown in
Table 4.

The increase in the S+tEXCH
Cu form caused by EDTA in
Helwan and El-Madabeg soils
was on the expense of decreasing
the organically-bound, poorly
crystalline and crystalline Fe

oxide forms as well as the
residual form of Cu. The
respective decreases in these

forms induced by EDTA were
56.7, 4.1, 359 and 14.5% for
Helwan soil and 54.6, 57.9, 37.4
and 21.7% for El-Madabeg soil.
Sadovnikova et al. (1996) found
that incubating soils  with

farmyard manure or sewage
sludge increased Cu availability,
but the  increases  were
quantitatively small. It was
reported that the addition of free
EDTA or the existence of other
metal-EDTA complexes could
result in the partial
remobilization of  adsorbed
metals from metal oxides and in
the simultaneous dissolution of
minerals (iron and aluminum
oxides) and remobilization of
adsorbed metals (Van Devivere
et al., 2001).

In El-Gabal El-Asfar soil the
increase in the S+EXCH Cu form
induced by EDTA was mainly on
the charge of the decreases in the
organically  bound, poorly
crystalline Fe oxide and residual
forms. These decreases were
622, 253 and 11.3%,
respectively. Higher Cu increases
in the S+EXCH form of El-Gabal.
El-Asfar soil were induced by all
investigated organic materials,
especially EDTA and vinase
compared to those of the other
two soils. Moreover, EDTA
caused significant increases in
the carbonate bound and Mn
oxide forms of Cu in Helwan
soil, in the carbonate bound and
crystalline Fe oxide forms in El-
Gabal El-Asfar soil, and in the
carbonate bound form in El-
Madabeg soil. These increases
may be on the charge of the
decreases in the organically
bound, Fe oxide and residual
forms of Cu.
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Table(4): Effect of some organic materials on the redistribution of copper (Cu) among various forms of the studied soils.

Cu forms (mg/kg)
Soil Treatment

S+EXCH C-bound MnO O-bound PCFeO CFeO Sum Residual Total
control 1.32 2.66 0.97 224 6.80 5.54 19.53 35.47 55.00
EDTA 9.02 326 137 0.97 6.52 355 24.69 3031 55.00
§ PLE 1.85 2.68 0.70 1.50 11.40 429 2243 32.75 55.18
E; Vinase 5.39 248 1.77 2.16 4.83 5.33 21.96 34.48 56.44
HA 1.44 2.50 0.51 1.82 14.87 2.28 2342 31.59 55.01

SDq 05 0.56 051 0.24 0.39 0.78 0.72 - 0.97 -
5 control 255 425 0.99 70.65 35.31 3.39 117.14 77.86 195.00
Zn EDTA 51.23 14.96 1.26 26.69 26.39 5.38 125.91 69.09 195.00
o PLE 5.65 632 1.60 55.67 51.80 3.61 124.65 70.56 195.21
= Vinase 2235 22.83 10.22 3423 40.09 4.55 13428 62.31 196.59
g HA 338 6.50 1.23 84.16 35.00 5.18 135.45 59.56 195.01

= SDo05 0.94 1.36 1.19 2.74 1.58 0.65 - 12 -
control 1.05 1.45 1.20 5.13 15.35 5.38 29,56 15.44 45.00
%" EDTA 16.27 3.56 0.92 2.33 6.47 3.37 3291 12.09 45.00
-§ PLE 2.66 2.57 0.72 4,50 1538 4.65 30.48 14.62 45.10
b Vinase 7.88 3.88 1.57 5.10 8.29 3.46 30.18 15.61 45.79
ol HA 1.77 1.89 0.92 5.20 20.10 2.70 32.57 12.43 45.00

ILSDg.0s 0.55 0.38 0.39 0.98 1.90 0.57 - 0.79 -

(0LZ-6¢2) (2) 65 “198 148y Jo 'r mmissy
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Vinase came in the second
order after EDTA followed by
PLE and HA in increasing the
S+EXCH form of Cu in the
studied soils. The increments in
this form existed by vinase were
on the expense of decreasing the
poorly crystalline Fe oxide and
residual forms (29.0 and 2.8%,
respectively) in Helwan soil, the
organically bound and residual

forms (51.6 and 20.0%,
respectively) in El-Gabal El-
Asfar soil, and the poorly

crystalline and crystalline Fe
oxide forms (46.0 and 35.7%,
respectively) in EI-Madabeg soil.
Moreover, vinase induced
significant Cu increases in the
Mn oxide form in Helwan soil,
the carbonate bound, Mn oxide,
poorly crystalline and crystalline
Fe oxide forms in El-Gabal El-
Asfar soil, and the carbonate
bound in El-Madabeg soil.

The Cu increments in the
S+EXCH form of the studied
soils induced by PLE and HA
were very low but they were on
the charge of the decreases in the
Mn oxide, organically bound,
crystalline Fe oxide and residual
forms in the Helwan soil, and the
crystalline Fe oxide and residual
forms in El-Madabeg soil. In El-
Gabal El-Asfar soil, Cu
increments in the exchangeable,
carbonate bounded and poorly
crystalline Fe oxide forms
induced by PLE were on the
expense of the organically
bounded and residual forms (21.2
and 9.4%, respectively). Copper

released from the residual form
in this soil due to HA treatment
transformed to exchangeable,
carbonate bounded, organically
bounded and crystalline Fe oxide
forms. Increases in the carbonate
bound form of Cu also were
recorded in Ei-Gabal El-Asfar
soil, and El-Madabeg soils
induced by all organic materials,
especially with vinase and
EDTA. High pressure of CO,
released from the degredation of
organic matter that is very high
may correspond in increasing the
carbonate bound form of Cu in
these soils. The addition of
tested organic materials
significantly decreased Cu levels
in the residual form of all
investigated soils.

Data also indicate that the
dominant fraction in the non-
residual Cu forms was the poorly
crystalline Fe oxide in Helwan and
El-Madabeg soils (Table 4). It may’
be attributed to the high stability
constants of the Cu-oxide as
reported by (Agbenin and Olojo,
2004). On the other hand, the
organically bounded Cu was the
dominant form in El-Gabal El-
ElAsfar. However, both the
organically bound and the poorly
crystalline Fe oxide forms
dominated in this soil after adding
organic materials. Karaca (2004)
reported that the organic form of
Cu could be expected to be the
dominant form in soils that contain
large values of organic matter as
well as in soils treated with sewage
sludge (Sposito et al, 1982).
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The results, clearly, show that
the addition of humic acid to El-
Gabal El-Asfar soil resulted in
increasing Cu of the organically
bounded form (Table 4). The
high values of both pH of HA
and organic matter may also
participate in increasing the
organically bounded Cu form
(19.1%) of El-Gabal El-Asfar
soil with humic acid. Copper has
a very high affinity to organic
compounds as indicated by
Almas and Singh (2001). They
reported that the stability of
metal-organo  complexes s,
however, attributed to the heavy
metals affinity for organic mater.
They added that Cu and Pb form
stable complexes with dissolved
organic matter, and only a very
small fraction of these metals
exists as free hydrated metal ions
when soil pH is suitable.
Humification of sewage sludge
and organic matter during
incubation experiments
conducted by Iakimenko et al.
(1996) tended to promote the
formation of fulvic acids that
have a high capacity for Cu2+
complexation  (Tipping and
Hurley, 1992). Copper in the soil
solution and exchangeable,
specifically  adsorbed,  and
organically-bound Cu  are
considered in equilibrium and
represent the available forms for
plant uptake whereas Cu in the
oxide-bound and residual forms
is relatively unavailable to plants
(Adriano, 1986).

The results indicated that

vinase caused Cu increases in the
Mn oxide form in all studied
soils (Table 4). Very high levels
of Cu were present in this form
of El-Gabal El-Asfar soil treated
with vinase due to the high Mn
content of this soil as well as to
the higher Mn content and the
low pH of vinase. The
distribution of Cu between the
main soil constituents was
reported to be influenced
considerably by the presence of
free manganese oxides (Mclaren
and Crawford, 1973).

The redistribution of various
forms of Cu as percentages of the
total Cu in the studied soils
treated with the investigated
organic materials is illustrated in
Figure 2. The exchangeable,
carbonate bound and Mn oxide
forms of Cu in Helwan soil
treated with EDTA increased
from 2.41 to 16.39%, from 4.84
and 593 % and from 1.76 to
2.50%, respectively, of the total
Cu, while the organically bound,
crystalline Fe oxide and residual
forms decreased from 4.07 to
1.76%, from 10.07 to 6.46% and
from 6450 to  55.11%,
respectively, of the total Cu. In
El-Gabal El-Asfar soil, EDTA
caused the organically bound,
poorly crystalline Fe oxide and
residual forms of Cu to decrease
from 36.23 to 13.69%, from
18.11 to 13.53% and from 39.93
to 35.43%, respectively, of the
total Cu. The released Cu from
these forms of this soil
transformed to the exchangeable,
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carbonate bound and crystalline
Fe oxide forms resulting in Cu
increases in these forms from
1.31 to 26.27%, from 2.18 to
7.67% and from 1.74 to 2.76%,
respectively, of the total.
Moreover, Cu levels were
released form the organically
bound, crystalline and crystalline
forms as well as the residual
form of the El-Madabeg soil
treated with EDTA and changed
from 11.41to 5.18%, from 34.12
to 14.37%, and from 11.95 to
7.48%, respectively, of the total
content and were transformed to
the exchangeable, and carbonate
bound forms which their Cu
levels increased from 2.33
t036.16% and from 3.22 to
7.90%, respectively, of the total
content.

It is clear that the EDTA induced
Cu increases in the S+EXCH
form were transformed mainly
from the residual form and
partially from the crystalline and
organically bound forms in
Helwan soil, mainly from the
organically bound and partially
from the poorly crystalline Fe
oxide and residual forms in El-
Gabal El-Asfar soil, and mainly
from the poorly crystalline Fe
oxide form and partially, from
the organically bound and
crystalline Fe oxide forms in El-
Madabeg soil. Generally, the
levels of Cu that soils were
1581, 306 and 38.51%,
respectively, of the total. The
studied soils may be ranked with
respect the progress of Cu

transformation induced by EDTA
as: El-Madabeg soil > El-Gabal
El-Asfar soil > Helwan soil.

Copper levels were released
from the poorly crystalline Fe
oxide and residual forms of
Helwan soil induced by vinase
from 12.36 to 8.56% and from
64.50 to 61.09%, respectively, of
the total Cu and were
redistributed to the exchangeable
and Mn oxide forms which their
Cu levels were raised from 2.41
to 9.56% and from 1.76 to
3.14%, respectively, of the total
content. In El-Gabal El-Asfar
soil, vinase caused Cu levels to
release from 36.23 to 17.41% and
from 39.93 to 31.70% of the total
content from the organically
bounded and residual forms,
respectively, and to  be
transformed to the exchangeable,
carbonate bound, Mn oxide and
poorly crystalline Fe oxide forms.
as their Cu increased from 1.31
to 11.37%, from 2.18 to 11.61,
from 0.51 to 5.20% and from
[8.11 to 20.39%, respectively, of
the total content. Meanwhile, Cu
levels, mainly from the poorly
crystalline Fe oxide form (from
34.12 to 18.11% of the total) and
partially from the crystalline Fe
oxide (from 11.95to 7.56% of the
total), were transformed to the
exchangeable form (from 2.33 to
17.21% of the total) and the
carbonate bound form (from 3.22
to 8.47% of the total). Generally,
the vinase induced Cu increases
in the exchangeable form
transformed mainly from the
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Fig.(2): Redistribution of Cu (as percentages of the total content)
among its chemical forms of the studied soils treated with
organic materials.

poorly crystailine Fe oxide and the residual one, and from the
residual forms in Helwan soil, poorly crystalline and crystalline
mainly from the organically Fe oxides forms in El-Madabeg
bound form and partially from soil. Copper percentages that
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were redistribed by vinase among
various forms of Helwan, El-
Gabal El-Asfar and El-Madabeg

soils were 8.53, 26.76 and
20.9%, respectively, of the total.
The soil can be ordered

according to Cu increases
induced by vinase as: El-Gabal
El-Asfar soil > El-Madabeg soil
> Helwan soil. Martinez et al.
(2003) found a paralleled
behaviour between dissolved
organic-C and total soluble metal
concentrations in OM-rich soil.

Low Cu transformations
among different forms of the
studied soils were induced by
PLE and HA (Figure 2). The
studied soils can be ordered
according to the transformed Cu
levels by PLE as: El-Gabal El-
Asfar soil > Helwan soil >El-
Madabeg soil.

The levels of Cu that were
transformed by HA among
different forms of Helwan, El-
Gabal El-Asfar soils and El-
Madabeg soils were 14.88, 8.62
and 13.27%, respectively, of the
total. Usman and Gallab (2006)
indicated that Cu transformed
from the carbonate bound form
towards the  exchangeable,
organically bound and residual
forms due the irrigation with
sewage water for 4 years.
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