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ABSTRACT

The purpose of this investigation was to assess retention of Cu
and Ni from soil pre-contaminated with them as well as their
removal using different solutions. Materials used for retention
(immobilization) were bitumen, potassium humate, Taflla (Shall) and
calcium carbonate. Cetric and oxalic organic weak acids were used
for removal of metals from soil by washing. The soil samples were
collected from the surface layer (0 — 30 cm) in field of Inchass area,
Sharkia governorate, Egypt (a sandy loam).Soils were pre-
contaminated with 500 pg Cu or Ni /g as copper sulfate or nickel
chloride,

Experiment (1) involved application of bitumen, potassinmn
humate, Taflla (Shall) and calcium carbonate as immobilization
agents, which were added to the pre-contaminated soils in amounts
of 0.5, 1.0 or 2.0% then incubated for 28 days. Bitumen was the most
effective immobilizing agents for both copper and nickel followed by
potassium humate then Taflla and finally CaCOs. The effectiveness
was increased by increasing the percent of addition from 0.5 to 2%.

Experiment (2) involved the application of the citric and oxalic
weak organic acids in amounts of 1.5 - 3.0% to evaluate the leaching
efficiency for the two studied elements, where tested soil samples
packed in Perspex columns. Oxalic acid was more ecffective than
citric acid in case of copper leaching away from the contaminated
soil while in case of nickel, the citric acid was more effective than the
oxalic acid.

Keywords: Removal, heavy metals, immobilizing agent, oxalic and
citrie acid.
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INTRODUCTION

Pollution of soils with heavy
metals may be present naturally or
as a result of the common human
activities through combustion of
coal and oil, application of
fertilizers, pesticides, sewage
sludge, dredged sediment disposai
and emissions from  metal
processing operations and other
industrial wastes. Soils
contamination with heavy metals,
especially Cu and Ni poses a long-
term risk to ground water guality
and ecosystem health (Gad and
Zaghloul 2007). With increase the
demand of using sewage effluents
in irrigation, there is a great
awareness in  heavy  metal
accumulation in edible crops, this
need to treatment of such waters or
contaminated soll to  the
permissible limits.

Copper is among the more
mobile of heavy metals in soils or
depositional material. It exhibits a
great  ability of chemically
interaction with mineral and
organic components of the soil.
Nickel is a serious pollutant and
readily available to plants, so it
may be highly phytotoxic
{Martinez et al., 2003).

The chemical behavior of heavy
metals in soils is controlled by a
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number of processes, including
metal release from contamination
sources, cation exchange, specific
adsorption into surface of minerals
and sotl organic matter and
precipitation of secondary
minerals, (Manceau et al, 2000;
Mcbride et al, 1997, Mcbride,
1999 and Morin et al., 1999). The
relative importance of these
processes depends on soil pH and
its composition. In general, cation
exchange reactions and
complexation with organic matter
are most important in acidic soils,
while specific adsorption and
precipitation are more importtant at
near neutral to alkaline pH values,
(Eid, 2004).

The present work aims to assess
the ability of some organic and
inorganic agents retention of Cu
and Ni from soil pre-contaminated
with them as well as to evaluate
the ability of different organic
acids for removal these heavy
metals from pre-polluted soils with
them.

MATERIALS AND
METHODS

Soils

Soils used in the experiments
were collected from the surface
layers (0 — 30 cm) of a field in
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Inchass area, Sharlaa governorate,
Egypt. The soil was a sandy loam
where it was taken from field
under arable cultivated and
imgated by sewage water for
about 80 years,

Some physical and chemical
characteristics of this soil are
shown in Table 1.

Methods Used for Analysis

Meachanical  analysis  was
determined according to the
international  pipette  method.

(Piper, 1950).

Chemical analysis was catried
out according to Jackson (1967).

The total Cu or Ni were
measured using UV- VIS
Spectrophotometer model SP -
8001 according to Marczenko
(1976).

Soil Remediation Techniques

Remediation techniques studies
involved either immobilization of
the two heavy metals {copper and
nickel) in contaminated soil
samples using different
immobilizing agents or washing
with two different organic acids.
The soil samples were pre-
contaminated with 500 ug Cu /g as
copper sulfate or 500 pg Ni / g as
nickel chloride, however, the total
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contamination were reached to 513
and 511 for Cu and Ni pgg
respectively.

Immobilizing Agents

Four commercial materials were
tested in  this study as
immobilization agents, they are:

Two organic materials namely;
Bitumen and potassium humate
(products of Chemicals for Modern
Buildings Co. and Xiamen Spring
Sunshine Co. respectively).

Two norganic materials
namely; Taflla (Shale) (a product
from Egyptian Gulf Co. for
Chemicals) and CaCO; analytical
reagent,

Immobilization Technique

Soils were artificially
contaminated with Cu or Ni to the
level of 500 ug/g soil then the pre-
contaminated soil samples were
subjected to the followings:

The dry pre-contaminated soil
samples (20 g portions) were
firstly treated by any of the four
immobilizing agents (bitumen, K-
humate, Taflla or CaCQ;) at a rate
of 0.5, 1.0 or 2.0% in a 100 ml
glass bottle and mixed thoroughly.

The treated soil samples were
mixed with 20 ml of deionizer
water then dried in an incubator
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Table 1. Some physical and chemical characteristics of soil from
Inchass area

Characteristic Value

Particle size distribution, %

Sand 73.4
Silt 12.5
Clay 14.1
*Texture class S.L
OM, % 1.61
CaCOs, % 2.55
**PH 8.20
***kF.C, dS/m 0.62
***Soluble jons, mmole/l

Ca™ 0.06
Mg™ 0.16
Na® 0.04
K' 0.12

CO;~ --
HCOy 0.01
Cl 0.03
S04~ 0.22

Total content, pg/g '
Cu 13
Ni 11
* 8.L: Sandy loam ** Soil-water suspension (1: 2.5)

**+ Soil water extracts (1:5).
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at 40 °C (Shaker occasionally) for
3.5 days.

The soi] samples were subjected
to wetting (with 10 ml dcionizer
water) then drying through eight
cycles for 28 days.

At the end of incubation period,
the soil samples were air dried and
crushed then the DTPA - extractable
Cu or Ni was determined for each
sample according to Marczenko
(1976).

Washing (Leaching) Technique

Water acidified with phosphoric
acid until pH 2 or water were used
for soil leaching test. Also, two
organic acids namely; oxalic and
citric acids, were used for soil
washing test. The pre-
contaminated soil samples
(portions of 1374 g) were carefully
packed in Perspex columns of 70
cm height and 5 cm inner
diameter. This column size permits
to back the soil sample to 50 cm
height and leaving 10 cm free head
at the top for addition of the
washing solution. The columns
were provided at the bottom with
perforated plates, glass wool and
cheesecloth as filter. Also glass
wool was placed on the top of the
soil after packing the column to

minimize surface disturbance of
]
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soil particles during addition of the
leaching solution.

Five liters of the required acid
concentration (0.5, 1, 2 or 3%)
were prepared then passed through
the soil column and received
individually at the bottom. Each
liter was divided into four
leachates. Volume of each leachate
was 250 ml. The collected
leachates were analyzed for copper
or nickel determined according to

Marczenko (1976).
RESULTS AND
DISCUSSION
Immobilization using

Immobilizing Agents

Stabilization of copper or nickel
in the soils initially contaminated
with 500 pg Cu or Ni /g soil was
done using immobilizing agents of

bitumen, K-humate, taflla or
CaCO;. The results of these
experiments  through  DTPA

extractable Cu or Ni from soil after
immobilization were shown in
Tables 2 and 3 and Figs. 1 and 2. It
is worthy to mention that DTPA
extractable Cu and Ni (control) for
the pre-contaminated soil before
the immobilization tests was 140
and 120 pg/g for copper and nickel
respectively.
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Table 2. DTPA — Extractable Cu in soil after treating with different
immobilizing agents

Decrease percentage of
DTPA-extractable
copper in soil

Immobilizing  Rate of DTPA -extractable
agents addition,% copper in soil, pg/g

Control 0.0 140 -
0.5 73.4 475
Bitumen 1.0 62.7 55.0
2.0 34.6 75.0
0.5 95.0 32.0
P E‘:fz;‘::‘ 1.0 70.0 50.0
2.0 47.0 66.0
0.5 115.0 18.0
Taflla 1.0 80.0 43.0
2.0 55.0 61.0
0.5 107.0 24.0
Cg‘::f;‘:l‘;e 1.0 75.4 46.0
2.0 62.0 56.0

1. Note: Soil initially contained 13 pg Cu /g and contaminated with 500 ug
Cuw/g (total 513 ug Cu/g).

2. Decrease percentage of DTPA-extractable Cu in soil =

Imitial D'ITP A-extractable Cu in soil (control) — Final DTPA-exiractable Cu in soil

X 100

Initial DTPA-extractable Cu in s0il {(conirol)



Zagazig J. Agric. Res. Vol. 38 No. (1) 2011 - 107

Table 3. DTPA — Extractable Ni in soil after treating with different
immobilizing agents

Decrease percentage of
DTPA-extractable
nickel in soil

Immobilizing  Rateof  DTPA -extractable
agents addition, (%) nickel in soil, ug/g

Control 0.0 120 -
0.5 88.5 26.0
Bitumen 1.0 74.0 38.0
2.0 54.0 55.0
Potacst 0.5 99.0 17.5
otassium 1.0 80.0 33.0
humate
20 64.0 47.0
0.5 112.0 6.3
Taflla 1.0 103.0 14.0
2.0 76.0 37.0
. 0.5 113.0 6.0
Calcium 1.0 108.0 10.0
carbonate
2.0 80.0 34.0

1. Note: Soil initially contained 11 pg Ni /g and contaminated with 500 pg
Cw/g (total 511 pg Ni /g).

2. Decrease percentage of DTPA-extractable Ni in soil =

Initial DTPA-extractable Ni in soil (control) -  Final DTP A-extractable Ni in soil
. X 100

Initial DTPA-¢xtractable Ni in soil (control)
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From these results it is clear
that, contents of DTPA -
extractable Cu or Ni from soil after
immobilization decreased at the
end of the experiments to reach
lower as compared with that at the
start by increasing the added
amount of the immobilizing agent.
In this regard, DTPA - extractable
copper in soil decreased to 34.6
and 73.4 ug/g for bitumen, 47 and
95 ng/g for potassium humate, 55
and 115 pg/g in taflla, and
decreased to 62 and 107 pg/g for
CaCO5 in case of 2.0 and 0.5%
additions respectively. It is clear
also that, bitumen was the most
cffective  immobilizing  agent
followed by potassium humate,
taflla and the latest CaCO; and
their effectiveness was increased
by increasing the addition amount
from 0.5 to 2%.

On the other hand, DTPA -
extractable nickel in soil decreased
to 54 and 88.5 pg/g for bitumen, 64
and 99 pg/g for potassium humate,
76 and 112 pg/g for taflla and 80
and 113 for CaCO; in case of using
2.0 and 0.5% additions of the
immobilizing agent respectively It
is also clear that bitumen was the
most effective immobilizing agent
followed by potassium humate and
in to a less extent (and similar) was
taflla and CaCOs. The effectiveness
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of immobilizing was increased by
increasing the percent of its
addition from 0.5 to 2%. However,
these results are agreements with
those obtained by El-Hady et al
(2000),

According to WHO (2001), the
permissible level of copper and
nickel in soil should to be 50 - 140
pg/e and 30 - 75 pg/g respectively.

Therefore the four studied
immobilizing agents are effective
in decreasing DTPA - extractable
copper in soil but bitumen and
potassium humate were only the
effective for decreasing DTPA -
extractable nickel in soil to the
permissible limits. However, faflla
and CaC(O; may require more
amounts of additions to reach the
aforementioned nickel permissible
level.

Removal of Heavy WMetals
from Soil by Leaching

Removal of copper and nickel
heavy metals from soil by washing
was studied to evaluate the
effectiveness of this method as
recommended by El-Khatib ef al
(2007) and Polettini et al. (2008).
Washing the soil by water or
acidified water with phosphoric acid
was firstly tested. Washing using
solutions of the two weak organic
acids namely citric and oxalic acid
was then tested.
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Results of soil washing by water
or acidified water with phosphoric
acid are shown in Table 4.

The results of  washing
efficiency reveal that less than 1%
of the heavy metals contaminated
the soil (Cu or Ni) were washed
from the soil. This result indicated
the strong retention of Cu and Ni
by the soil.

With regard to leaching of the
contaminated soil using the tested
organic acids, the results were
indicated in Fig. 3 to 6. The results
show that oxalic acid leaching
solution more effective for copper
than that of citric acid. This result
agrees with that found by Palma,
and Mecozzi, (2007). In this
regard, copper washing efficiency
was increased from 17.3% in case
of 0.5% oxalic acid solution and
reached to 43.8% when the oxalic
acid concentration was increased
to 3%. In case of using citric acid
solution, copper washing
efficiency increased from 6.6%
when the citric acid concentration
was 1,0% and reached to 38.7%
when the citric concentration was
increased to 3%. However, results
of copper washing through firstly
wetting the contaminated soil
using 3.0% citric actd (soaking),
drying and finally washing with
water reveal that the washing
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efficiency was greatly enhanced and
increased to reach more than 90%.

The results of nickel washing
from the contaminated soil using
the weak organic acids, the data of
Fig. 7 to 10 show that citric acid
was more effective than the oxalic
acid. Nickel washing efficiency
was increased from 7% at the citric
acid concentration 1% and reach to
93% at the citric concentration 3%.
With regard to the results of nickel
washing from the contaminated
soil using oxalic acid, it is clear
that the washing efficiency did not
reach more then 9% at the oxalic
acid concentration of 3%.
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Table 4. Washing of copper/nickel from contaminated soil using
water and acidified water,

Metal concentration in
Leaching  Liter gsuccessive leachates, mg/l 1013l Washing

solution No. g g g mg/1 efﬂcj/ency,
- 0
1 11 12 15 16 135 0.2
Water + 2 18 20 24 27 22 0.3
H3PO; 3 022 19 1.7 15 18 0.26
pH 2.0 4§ 12 09 07 05 08 0.12
(Cu-washing) < 45 033 02 009 026  0.04

Y64 Y 093

1 05 08 13 15 1 0.14
2 14 18 19 20 18 0.26
Water 3 18 15 12 12 14 0.2
(Cu-washing) 4 09 073 068 058 07 0.1
5 04 033 02 01 026 004

¥52 ¥ 076
1 1.6 19 27 30 23 0.3
2 33 28 12 08 2 0.29
3 066 04 022 018 04  0.058
4 009 005 003 002 0045 0.006

Y47 Y 068

Water
(Ni-washing)

* 1eachate volume 250 ml acid solution or water.

amount of metal removed by leaching
Washing efficiency (WE)= - % 100
amount of metal present in the soil at start of leaching
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