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Abstract: Three contaminated soils at
Helwan, El-Gabai El-Asfar {Cairo
governorate) and Arab El-Madabeg
{Assiut governorate} were chosen in a
leaching column experiment for 8
weeks to study the effect of certain
organic materials on the mobility of
some neavy metals (Pb and Cu) in thesc
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 te distilied water as a coatrol.
These solutions were added to the
column every week at fevels of 2, 4 and
6 mmols’kg for EDTA, 25,50 and 75
g/L for PLE | 1:2 and [: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 i moving
Pb and Cu from the top to the bottom of
the soii cecturms, EDTA was found to
be the most effective organic inaterial,
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 heaith.
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 i 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
sclubility 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 poteatially bioavailable and can
either be taken up by plants, leached
into the groundwater, or desorbed
again by the exchange sites of the
spil. 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),

The interaction of trace mectals
with the solid phase included
chemisorptions on niinerals,
precipitation with different anions
coprecipitation  in minerals, and
complexation with organic matter
(McBride, 19865).

In a soil contaminated by lead,
McBride and Hendershot {1993)
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-
tigand-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 ai., 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 agricutture as well as soil
application of sewage sludge that
have high levels of heavy metals,
may cause environmental problems
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concetning 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
resuft in environmental hazards.
Excessive accumulation of heavy
metals can also have delsterious
effects on secil fertility, aftect
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 El-

1m

Madabeg) and/or industrial wastes
(Helwan). Soil samples were
collected from the surface layer (0-
30 cm) of these scils. air- dried,
crushed with a wooden voller, sieved
to pass through a 2 mm sieve and
kept for sanalysis 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 patural
organic materials. The pouitry litter
(PL) was collected from the poultry
farm of Assiut University, Assiut.
Vinasse, & 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 Iead (Pb} and copper
(Cu).

il. A ieaching 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



El-Desoky M. A., A. G. Mohamed, 5. E. Abdel-Mawly and M. Y. M. Awad

Table(1): Some chemical and physical properties of the soils at the different
studied locations.

Properts 1 " Sl Iacation j
’ Helwan | El-Gabal El-Asfar | El-Madabeg
Particle size distribution J
Clay (%) 24,74 12.00 491 ]
Silt (%) 17.32 t2.64 735
Sand (%) 57.04 7536 87.74
Texture Silty clay'ﬁiao?m l:Gamy sand Sandy
CaCO; (%) 5.47 2.50 6.8
pH (1:2.5) 811 T e 7.59
Organic matter (%) 2.18 5.70 2.80
EC (1:1 dS/m) 5.18 1386 1.7
Soluble cations and anions (mmol/L.)y ]
Na' 1731 | 797 418
K 1246 376 | 137 |
f—a*f | 12.75 375 3.97*7J
r Mg oA 0.39 022 |
HCO; 412 1 2.89 B
Cr 16.62 6.83 6.31
SO, 17.74 5.15 336 |
DTPA-extractable metals (mg/kg)
Pb o 270 4551 6.16
Cu 3.21 375 607 |
{US.EPA-extractable metals (mg/kg) T
[ Pb 45.60 5 247.20 T“"s‘éfi'(? T
Cu 36.10 i 191.20 [r 38.30
Total metals (mg/kg)
Pb [ 56.80 261.00 [ 95.00
Cu 5500 | 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 | 165 746 1.90
PLE (50 g/L) 0.40 013 | 3.02 750 2.10
PLE (75 g/L) 0.51 0.15 | 420 7.66 225
Vinase 0.39 P15 | 1476 4.45 5.11
Humic acid 0.12 0.10 | 2590 12.90 3.10

studied soils on the mobility of
Pb and Cn in these solis during a
leaching process. The investigated
soif  materials  were  packed
uniformly in the PVC columns to a
height of 30 cm. The bulk density of
the soil matertals in the columns was
1.59, 142 and 1.60 Mgm™ for
Helwan, El-Gabal El-Asfar and El-
Madabeg soils, respectively. Nyion
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
cach one for 8 weeks. The control
treatment for each soil had soil
columus treated with distilled water.
Each treatment for each soil column
had 4 replications, At the end of

experiment, the leachate samples
were collecied 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 ecach 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, S0 and 75 g
of the PL suspended in one litter of
distilted water, steered for 2 h,
filtered by filter paper, and stored in
the refrigerator at ¢ °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 1o 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 § weeks
to give weekly respective levels of
0.013, 0.019 and 9.025%. Each dose
of HA for each level was mixed with
the required amount of distiiled
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 waier was also added
to each soil column, immediately
after applying each treatment every

week, to ensure leaching the organic
materials through the soil columns,

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

The effect of the studied organic
materials on the mobility of soil Pb
in Helwan, E!l-Gabal El-Asfar and
El-Madabeg soiis 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 ohserved 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 appiication 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 fto
mobilize Pb in the studied soils.
Moreover, Pb levels in most of the
upper soil layers (.1 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 ail columns of the
studied soils leached with these
materials at various levels conlained
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Table (3): Leaching effect using some organic materials on the mobility of scil Pb (mg/kg) of Helwan, EiGabal Ei-
Asfar and E}-Madabeg Soils.

TFretment Helwan soil El-Gabal El-Asfar soil El-Madabeg soil
Soil layer Soil laver Soil layer
Organic Level L1 L2 13 Mean LI 12 L3 Mean L2 13 Mean
malerigl
Control | 459 457 452 45.6 248.0 2470 2479 247.6 84.8 851 349 84.9
2mmol/Ke 340 383 499 407 2107 2262 2664 2344 759 719 958 832
EDTA 4mmel/Kg 302 374 480 385 1929 2002 289.0 2274 667 766 959 79.7
smmal/Kg 202 359 406 352 1853 1948 3087 2296 59.8 744 919 75.3
Mean 311 372 462 381 196.3 2070 2880 2305 674 763 Y4.6 794
Poultry 25 g/l 40.0 47.0 510 46.0 2354 2473 2614 248.0 80.1 798 959 85.2
litter 50 g 358 48.0 539 459 2313 2398 2734 2481 79.0 308 974 85.7
extract 75 g/l 3i8 480 580 459 2259 2358 2820 2479 720 715 1082 85.9
Mean 359 476 543 45.9 2308 241.0 2723 2430 77.0 794 1005 85.6
21 393 436 5.1 453 2331 2369 2743 248.1 74.6 793 1007 84.8
Vinase 11 312 471 581 454 2291 2334 28240 2481 73 133 1140 8538
Pure 306 44.0 632 459 2254 2295 2914 248.7 65.1 71.7 1205 85.7
Mean 337 449 581 43.5 229.2 2312 2826 2483 70.0 74.7 1117 85.5
0013 % 40.5 460 505 45.7 2409 2478 2554 2480 810 820 939 853
Humig 0.019% 373 465 5238 435 2363 2433 2654 248.3 80.0 8I.I 95.1 854
acid 0.025 % 343 494 538 45.8 234.0 2413 2700 2484 76.7 79.2 1004 854
Mean 374 473 523 457 2370 2441 2636 2482 792 807 962 854
L.S.Dyes
Organic
material (OM} 10 0.8 0.9
Level 08 06 0.7
OM x Level 1.7 1.4 1.6
Layer (L} 68 0.6 0.7
OMxL 1.7 14 1.6
Level x L 1.3 1.0 1.3
OM x Level x L 3.0 23 2.8

{ 961-691) (7} 8£ “128 "3V fo - mmissy
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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 cheiate 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 tower 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 §

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 §5.5
mgkg to 59.8 mgkg for El-
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 Ei-Madabeg soil where it was
the most effective one. Pure vinase
signihcantly decreased El-Madabeg
soil Pb in the tirst and second layers
after 8 weeks of leaching from 84.5
mg/ke to 65.1 and 71.7meg/kg,
respectively. Poultry litter extract
(PLE) and humic acid (HA)
followed vinase in their cffect 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
mmoi/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 Eil- Asfar soil,
and  23.3% for E!- Madabeg.
Meanwhile, soil Pb in the vpper soil
layer (IL1) after 8 weeks of leaching
using the highest {fevel 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 252% for
Helwan soil, 5.7% for Ei-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 El-
Gabal El-Asfar seil, and by 8.0 and
41.7%, respectively, for El-Madabeg
soil. In Helwan soil, the highest
level of EDTA relaiively 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 soii columns as well as
leaching it out of the soil columns.

The highest level of EDTA
caused 28.4 mg/column of Helwan
soi! Pb, 60.3 mg /column of El-
Gabel El-Asfar soil Pb, and 353
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 Ei-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 sait content. the low pH
and the dissoived 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 salive 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 (.1 and L2} of ali 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
tayers (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 205 and 10.4%,
respectively, in El-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 soii Fb
to mobilize from the upper layer
(I.1) 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 ail 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 (1L.3). 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 effzctive
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 vanation in soil texture, soil
pH and soil CEC as weil 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. [t
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 {-j or incrase (1) percentages (7o) 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 Ei-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 I El-Gabal El-Asfar El-Madabeg
Control 0.00 0.80 0.08
2 mmol/kg 13.14 3540 17.82
EDTA 4 mmot/kg 17.89 5585 26.28
6 mmol/kg 28.45 60.30 35.33
—Mean 19.82 50.52 2647
25g/L 0.20 0.18 0.22
Poultry 50g/L, 0.23 0.13 0.24
Hitter

Mean 0.23 0.23 0.29
1:2 0.23 6.17 0.49
. 1:1 0.44 0.19 0.53

Vinase
' Pure 046 0.27 0.54
Mean 0.38 0.21 0.52
0.0i3% 0.27 0.10 0.15
Humic 0.019% 0.43 .14 0.17
acid 0.025% 0.45 0.29 0.35
Mean 0.38 0.18 0.22
Treat. 0.05 0.15 146

L.8.D.gs

Level 0.1t 0.35 3.24
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2. Copper (Cu)
(a) Copper in the seil

The influence of the studied
organic materials on the mobility of
soif Cu in Helwan, El- Gabal El-
Asfar and El-Madabeg soils is
present in Table 5. All organic
materials were able io mobilize soil
Cu in all studied soils. The
magnitude of Cu mobility varied
according to the soif type, the type of
organic material and its application
level. The mobility of soil Cu
significantly was increased with
leaching the studied sotls 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 scil 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.
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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
mebilizing and removing Cu from
contaminated soils. The exiraction
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



I81

Table(5): Leaching effects using some organic materials on the mobility of Cu (mg/kg) of Helwan, El-Gabal El-Asfar and El-

Madabeg Soils.
Tretment Helwan soil El-Gabal El-Asfar soil El-Madabez soi!
Soil layer Soil laver Soil layer
Organic Level L1 L2 L3 Mean Li .2 13 Mean LY L2 L3 Mean
material
Controi | 36.0 361 36.5 36.2 1854 184.0 1849 184.8 378 384 388 385
2mmol/Kg 33.2 341 347 340 165.2 1745 1997 1811 296 310 423 343
EDTA Ammol/Kg 328 340 349 339 1485 166.5 2056 173.5 219 318 372 323
émmol/Kp 27.1 329 3531 31.8 1445 1539 2102 1695 243 2115 342 28.7
Mean 31.0 336 350 33.2 1546 165.0 205.1 747 272 301 379 317
Poultry 25 g/l 351 366 371 36.2 1757 1816 1995 1R5.6 362 378 415 k. )
litter 5o g 320 368 415 368 1696 1757 2126 186.0 342 368 450 3R6
extract 75 g/l 31.3 334 437 36.1 1683 170.8 2183 1858 325 343 489 38.6
Mean 328 356 408 36.4 1712 176.0 2100 1858 343 363 451 38.6
T 352 369 374 36.5 1685 1845 2036 185.5 309 365 473 383
Vinase v 32.0 369 419 369 609 1784 2176 135.6 260 393 485 3R€
Puse 299 340 469 36.9 1544 1706 2297 184.9 273 339 545 8.6
Mean 323 359 421 36.8 1612 177.8 217.0 1853 28.7 366 502 385
0013 % 35.0 36.6 37.0 36.2 1773 1832 1927 1844 36.7 378 404 383
Homic 0.019 % 333 363 399 36.5 1706 1754 2107 1856 | 365 377 417 186
acid | 0.035% 31.6 357 43.0 36.7 1687 1756 2124 1855 1374 347 488 3.6
Menn 33.3 362 399 36.5 1722 178.0 2053 185.1 352 367 436 38.5
L.S.Dyas
Organic
material (OM) 0.3 05 0.7
Level 0.3 04 03
OM x Level 0.6 0.9 12
Layer (L) 03 0.4 0.5
OMxL 0.6 09 1.2
Levelx L 0.5 0.7 09
OM x Level x L. 1.0 16 21 ]
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36.0 mg/kg to  27.1 mp/kg for
Helwan soil, from 1854 mg/kg to
144.5 mg/kg for El-Gabal El-Asfar
soil, and from 37.7 mg/kg to 24.3
mgkg for El-Madabeg soil
compared to the control. Vinase
followed EDTA and then PLE and
HA in their effect on soil Cu
mobihity,

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 is
highest level in leaching the studied
soil columns  resulted in the
highest relative reduction values of
s0il 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 so0il Cu. Leaching the studied soil
columns with the highest level of
EDTA for 8 weeks relatively
decreased soil Cu in the upper iayer
(L1) by 24.7% for Helwan soil, by
22.1% for Ei-Gaba! El-Asfar soil,
and by 35.8% for Ei-Madabeg soil.
Meanwhile, soil Cu in this layer
(L1} after 8 weeks of leaching with
pure vinase was relatively reduced
by 17.i% for Helwan soil, by
16.7% for Ei-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 Ei-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
sotl, 9.0% for El-Gabal El-Asfar
soil, and 14.4% for EI-Madabeg soil.
On the other hand, soil Cu in the
deepest layer {L.3) of Helwan and
El-Madabeg soils was relatively
reduced by 33 and 11.9%,
respectively, but it was increased by
13.7% in El-Gabal El-Asfar soil
after 8 weceks of leaching with the
highest level of EDTA. However,
pure vinasse caused increases in soil
Cu of the deepest layer of Helwan,
El-Gaba) El-Asfar and El-Madabeg
soils by 28.5, 242 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
tayers of all the studied soils.
Meanwhile, pure vinasse is efficient
in mobilizing El-Madabeg soil Cu.
The highest lavel 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, Lombt et al, 2001}
Although El-Gabal El-Asfar soil had
the highest level of soil Cu, ali
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 redoction 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 soif Cu from the
upper two layers (L1 and L2) of all
studied soil coiumns. It was the
most effective organic material in
soil Cu mobility. Vinasse was
efficient in removing soil Cu from
ihe upper layer (L.1) of El-Madabeg
sotl. 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 1.2) was reduced by
13.9 and 6.8%, respectively, for

Helwan soil, 16.9 and 10.4%,
respectively, for E[-Gabal EL-Asfar
sotf, and 28.0 and 21.7%,

respectively, for El-Madabeg soil
after 8 weeks of leaching with
EDTA. Vinassc 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 102 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 scil Cu levels from
the upper layer of averages

accounted by 89 and 7.6%,
respectively, for Helwan soil, 7.7
and 7.1%, 1espectively, 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 dowrward from the
upper layers and accurmulated in the
deepest layer and/or leached out
from the soil columns. Considerable
amounts of Cu were leached out the
studied soil columms by EDTA,
especially at its highest application
level. Conversely, traces of soil Cu
were leached out all soil columns
using other organic materials.
Theretore, EDTA is 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
2537 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 materal out other
tested soils (Helwan and El-
Madabeg) were negligible. It is
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obvious that the mobilized soii 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 mobiiizing
soil Cu in all studied soils. The
r2lative reduction values of soil Cu
in the uppes laver and the relative
increase onss in the deepest layer
had the order of El-Madabeg >
Helwan > Fl-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 organi. materials on the leached Cu
(mg/soil column) out of the studied soil after 8 week leaching.

Treatment | cheTwT'TE:i;é}a Ei-Gabal El-Asfar El-Madabeg |
Vi - —
i Control 0.10 0.13 0.15
f 2 mmolkg ‘ 5.64 218 10.11
I 4mmoikg | 695 3038 16.12
EDTA | *
! 6mmolkg | 1136 4380 25.37
| Mean | 7.98 7745 17.20
J
i’ 25 | 0.0 0.22 0.24
- Poultry S0L 019 0.22 0.32 |
| litter . i ‘|
extract gl | 029 0.39 0.38
Mean | (.19 028 0.31
12 ! 0.19 0.16 0.21
|
B L3 0.38 0.24
Vinasse 3
Pure C 0.4 2.19 0.29 _j
|
Mean : 0.21 091 0.25
_L |
0013% ! 0.20 0.23 0.18
Humic 0.019% 0.24 0.40 0.32
, aeid 0.025% 0.48 0.34 0.40
T Mean | 031 0.32 0.30
'r Treat. 0.62 037 0.41
f L.S.D_O_gj
, Level (.68 0.82 0.93
1
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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
sails.

Al resulis indicate that metal-
organic complexes couid modify the
solubility of mefals 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 resuits 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 caase hazard
probiems with respect  of

environmental  pollution. The
soluble organic complexes of these
metals can cointaminate 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 tc¢ 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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