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Abstract. The sorption/desorption properties of heavy metals (Cd and Pb) on synthetically prepared
amorphous Al and Fe hydroxide in the absence and presence of low (citrate) and high (tannate) molecular
weight organic ligands from heavy metal-polluted soils were investigated in this work. The sorption
kinetics and desorption of Cd and Pb have also been investigated. Four soil samples were collected from
contaminated locations in Egypt: Abo-Rawash and El-Gabal El-Asfer, Mostorod and Shubra. The depth
of collected samples is (0-30) cm. According to the results, all of the immobilizing agents tested have
a cation exchange capacity of 31.3 to 67.8 C mol(c)Kg. In addition, the prepared amorphous hydroxides
demonstrated Cd and Pb adsorption capability and retention of the adsorbed metal. The tested immobilizing
agents (Fe—citrate and Al-tannate) show a high adsorption capability for Cd. The highest adsorption
capacities of Al-tan and Fe-cit were 2.269 and 5.665 g/Kg, respectively. The tested immobilizing agents
might be grouped in descending order based on their maximum adsorption capacity: Fe-cit. > Al-tin.
The adsorption affinity (binding energy) between immobilizing agents and Cd ranged from 0.062 to
0.063. Fe-cit received the highest value (0.063), while Al-tan received the lowest one (0.062). Immobilizing
agents (Fe-cit. and Al-tan.) have maximal adsorption capacity for Pb ranging from 2.5 to 5.0 g/Kg.
Fe-Cit., like Cd, had the highest maximal adsorption capabilities, whereas Al-tan had the lowest. The
tested immobilizing agents could be grouped in the following order, descending in Pb maximum
adsorption capacity: Fe-cit. > Al-tan.
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Introduction

The rapid and extensive spread of contaminants like
heavy metals in agricultural land has considerably raised
the load on terrestrial ecosystems and communities
(Alloway, 2013; Al Obaidy and Al Mashhadi, 2013;
Grimm ef al., 2008). One of the major responsibilities
of soil contaminants is heavy metals, which pose serious
hazards and negative health effects and are the most
common toxins in soil (Johnson ef al., 2023; Zahra
et al.,2017; Al-Anbari et al., 2015).

Many different remediation technologies have been
developed around the world for soil cleanup (Stegmann
et al., 2001; Iskandar and Adriano 1997) such as thermal
remediation for Hg (Hseu et al., 2014), soil washing
for As (Ko et al., 2006), chemical leaching for Cd
(Makino et al., 2007), solidification/stabilization for
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Zn (Al-Wabel et al., 2014) and phytore (Smith et al.,
2023; Babu et al., 2013).

Sources of heavy metals in soils are from both lithogenic
sources and different anthropogenic sources (Johnson
etal.,2023; Al-Anbari et al., 2015; Rahi et al., 2014).
Naturally, the heavy metals occur from soil parent
materials, while present in the form unsuitable for plant
uptake chiefly. Industrial sites generally expose soil to
a variety of heavy metal contaminants, which vary by
industry (raw materials and products). Due to traffic,
paint and other non-specific urban sources, soils in all
metropolitan contexts are typically contaminated with
various metal species (such as Cd, Cu, Pb and Zn)
(Tchounwou et al., 2012). The most frequent metals
found in polluted areas are lead (Pb), chromium (Cr),
arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu)
and mercury (Hg) (Smith et al., 2022; Al Lami et al.,
2021; Amin ef al., 2018).
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Chemical remediation includes the application of
additives in polluted media to remove or stabilize con-
taminants. Chemical remediation techniques include
leaching (soil washing) and immobilization (solidifica-
tion/stabilization, vitrification and electrokinetic
approach) (Garcia ef al., 2023; Ou-Yang et al., 2010;
Tampouris et al., 2001). Immobilization techniques
(chemical fixation) mean applying reagents or chemicals
to the contaminated soil to produce insoluble or scarcely
mobile, low-toxic compounds, thus reducing the
migration of heavy metals to water, plants and other
environmental media. Simplicity and rapidity can be
accomplished if the soil immobilization technique is
used. Pollutant activation, on the other hand, happens
when soil physico-chemical parameters change since
in situ immobilization is only a temporary fix (contami-
nants are still in the environment) (Davis ef al., 2023;
Zhou et al., 2004). The vitrification process, which
depends on the electrokinetic methodology (Luo e al.,
2004), specifically calls for the application of voltage
on both sides of the soil to create an electric field
gradient (Khandaker and Rinklebe, 2022; FRTR, 1999).
Direct electrokinetic remediation, however which has
poor treatment quality and cannot control the soil
system's pH value. It was also shown that electrokinetic
remediation takes to complete. It has been demonstrated
that electrodialytic remediation can be effective when
applied to stationary, water-saturated soils (in-situ) or
suspended soil (ex-sifu) (Khandaker and Rinklebe, 2022;
Ottosen et al., 2012).

Metal oxides (such as Fe, Al, Ti and Mn) are important
players in soil metal geochemistry. Through a special
sort of sorption, co-precipitation and inner sphere
complex formation, Fe metal oxides can strongly bind
metals. The characteristics of soil's organic and inorganic
ligands and their metal complexity significantly hinder
their ability to bind to oxides, which affects the effec-
tiveness of stabilization (Smith et al., 2023b; Zhu
et al.,2011a and b; Zaman et al., 2009). The removal
of heavy metals (As, Cd, Cu, Pb and Zn) from polluted
soils uses nanosized metal oxides (NMOs) such as ferric
oxides, manganese oxides, aluminum oxides, titanium
oxides, magnesium oxides, cerium oxides, due to their
high efficiency and wide surface areas (Hua et al., 2012;
Agrawal and Sahu, 2006). Due to environmentally safe
elemental iron, nanosized iron oxides (NFeOs) have a
low danger of secondary pollution when utilized in
polluted media (Deliyanni et al., 2004).
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The goal of this work was to examine the sorption and
desorption properties of heavy metals (Cd and Pb) on
synthetically created amorphous Al and Fe hydroxide
in the absence and presence of organic ligands with low
molecular weights (citrate) and high molecular weights
(tannate). The kinetics and desorption of sorption of
Cd and Pb have also been investigated. Amorphous Al
and Fe hydroxides were chosen for this investigation
due to their frequent occurrence in an environment with
organic ligands (Cornell and Schwertmann, 1979).
Also, have a larger surface area and higher anion
adsorption reactivity than their corresponding phases
of crystalline minerals (Bohn and O'Connor, 1979).
Citrate and tannate ligands were chosen for this inves-
tigation because the soil rhizosphere contains a lot of
them (Guo and Yan, 2019; Fox and Comerford, 1999;
Robert and Berthelin, 1986). However, the tannate
ligand was chosen to compare organic ligands with
low and high molecular weights.

Materials and Methods

Study sites. Sample collection. Four soil samples were
collected from polluted sites in Egypt, Abo-Rawash,
El-Gabal El-Asfer, Mostorod and Shubra. These four
sites were polluted by the discharge of industrial residues
and by heavy metals, respectively (polluted site of
vehicle exhausts). The depth of collecting samples is
(0-30) cm. In the labouratory, the samples were dried
(under room temperature), sieved (< 2 mm) after the
removal of gravels and roots and stored before carrying
out the experiments.

Total Cd concentrations in the surface layers of the soils
in the Fayoum District of Egypt ranged from 15.5 to
215, with a mean value of 40.8 mg/Kg soil, according
to Abd El-Gawad ef al. (2007). The average of 18.89
mg/Kg soil, corresponding values for the sub-surface
start range from 2.3 to 38.5. The top 60 cm layer's total
mean concentration was 29.73 mg/Kg soil. In the top
30 c¢m of soil, DTPA-extractable Cd concentrations
range from 0.06 to 2.40 mg/Kg, with a mean value of
0.25 mg/Kg soil. Values varied from 0.02 to 0.30,
averaging 0.11 mg/Kg soil in the sub-surface (30—60
cm). The top 60 cm layer's total mean value was 0.18
mg/Kg soil. According to Abdel-Hamid ef al. (2012),
surface soil samples (0-25 cm) taken from the east
Rosetta Estuary in Egypt contained 5 and 20 mg/Kg of
total Cd and 1.0 and 2.6 mg/Kg of Cd recovered using
DTPA. The background levels of DTPA-extractable Cd
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in the alluvial soils of Egypt range greatly from non-
detectable values to 0.06 mg/Kg soil, with an average
of 0.018-0.002 mg/Kg soil, according to Aboulroos
et al. (1996).

Preparation of amorphous hydroxides. Preparation
of amorphous Al (III) hydroxides. In order to achieve
pH 7.0, a solution of 0.001 M AICl; was titrated with
0.1 M NaOH in either the lack or presence of citrate
and tannate ligands. Tannate ligands were introduced
in citrate form with tannate acid at a concentration of
0.001 M. The Al molar ratio of the ligands was 0.1
citrate. The final suspensions were centrifuged at room
temperature (23-0.5 °C) at 10,000 rpm, equilibrated for
24 h and then rinsed with deionized water until clear
of CI” before being freeze-dried. A1-OH, which formed
in the absence of organic ligands and Al-cit and Al-tan,
which were changed by co-precipitation of citrate and
tannate ligands, respectively, which were both soluble
in acid ammonium oxalate (pH=3), IM HCl and showing
that there is little to no crystallization (Kinniburgh
etal., 1975).

Preparation of amorphous Fe (IIl) hydroxides. A stock
solution of iron gel was made by quickly neutralizing
reagent grade Fe(NOs)3;.9H,O with NaOH at pH 7.0 in
the presence or absence of citrate or tannate ligands at
a ligand/Fe molar ratio of 0.1. This was done in a
polypropylene beaker. At 133.32 g of Fe(NO3)3.9H,O
crystal, weights of 6.34 and 56.14 g of citrate and tannic
acid were added and thoroughly combined. The sus-
pension was built upto a volume of 100 mL after being
maintained at pH 7.0 for an hour, resulting in final
concentrations of 0.30 and 0.033 M for Fe and ligands,
respectively. Aging at room temperature took 30 min
at (23+0.5 °C). The phase, as mentioned earlier with
Al was introduced (Kinniburgh et al., 1975).

Cation exchange capacity (CEC). The ammonium
acetate technique was used to ascertain the cation
exchange capacity (CEC) of Al and Fe, according to
Page et al. (1982).

Immobilization technique. The treated soil samples
were utilized to investigate amorphous Al and Fe (I1I)
hydroxides. The amorphous Al and Fe (IIT) hydroxides
were applied to heavy metal-polluted soils at three
different rates of 0.1, 0.5 and 1.0%. Each soil sample
was transported to a 250 mL glass bottle weighing
around 100 g. Each container received 100 mL of
deionized water that was pre-mixed with the necessary
quantity of amorphous Al and Fe (IIT) hydroxides. The
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treated soils were allowed to dry naturally for a week
before being alternately wetted with 50 cc of de-ionized
water and allowed to dry. The treated soils are put
through eight soaking and air drying cycles, one cycle
each week, for eight weeks while also being chemically
analyzed. The soils' Cd and Pb concentrations, as
extracted by diethylene triamine penta acetate, were
measured (DTPA).

Adsorption/desorption of Cd and Pb on amorphous
Fe (III) and Al (II1) hydroxides. Adsorption. A wide
solid: solution ratio of (1:500), comparatively low Cd
and Pb concentrations and a 24 h equilibrium duration
were used in the adsorption experiment. Portions of
0.1g tested Amorphous Al and Fe (IIT) gently shaken
hydroxides with 50 mL 0.01 M CacCl; containing 1.0,
5.0, 10, 20, 50 and 100/mg Cd or Pb concentrations for
24 h at (25+1 °C). At pH 7.0, the solution was adjusted
using 0.1 NHCI or NaOH before applying it to the
adsorbents. The suspensions were then readjusted after
the addition.

The finished suspension is centrifuged for 10 min at
5000 rpm, and the clear filtrate is used to measure the
amounts of Cd and Pb using an atomic absorption
spectrophotometer (UNICAM 969). The difference in
the equilibrium solution between the starting and final
concentrations of the adsorbed Cd and Pb amounts was
calculated.

Desorption. A solution of 1.0 M MgCl,, pH 7.0 is
employed similarly to the solution used for the adsorption
experiment for the desorption of the previously sorbed
Cd and Pb at a solid: solution ratio. After a response
time of two hours, the suspension was gently shaken at
(25 1 °C). Following centrifugation, the clear solution's
Cd and Pb concentrations were assessed, as previously
described.

Adsorption models. The applicability of the Cd and
Pb adsorption data to the linear form of the Freundlich
and Langmuir models was evaluated. Affinity (binding
energy) and maximum adsorption capacity (quantities)
were also calculated.

Freundlich model. To describe the soils in this study,
modified Freundlich was used as follows:

log X/m=1log K+nlogC
where:

C is the equilibrium concentration of metal in the reacted
solution (mg/L), K and n are constants that denote the
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affinity of metal to the adsorbent and maximum
adsorption capacity, respectively. x/m is the quantity of
metal adsorbed per unit mass of adsorbent (mg/Kg).

Langmuir model. The Langmuir model that was applied
to determine adsorption is:

C 1 C

kb b

X
m
where:

x/m and C were previously indicated, k refers to the
binding energy of the metal to the adsorbent, and b is
the maximal capacity of metal ions for adsorption on
the adsorbent.

Analytical procedures. Total contents of Cd and Pb.
The Cd and Pb concentrations were determined using
the Aqua-Regia method, as described by Cottenie et al.
(1982). One gram of soil was sampled in the lab and
100 mL Pyrex digestion tubes were used. Next, 3 mL
of distilled water were added to create the slurry. The
digestion tube was then, after applying 5 mL of 3:1
mixture (2.5 mL of 70% HNOs and 7.5 mL of 37%
HCI), sealed and left overnight. The suspension was
then digested in a reflux condenser at 130 °C for 2 h.
The suspension collected was then filtered through a
Whatman filter paper (1 mm) and diluted to 25 mL with
0.5 mol :1 HNO; and deposited for analysis in a
polyethylene container at 4 °C. Using an atomic absorp-
tion spectrophotometer, the extract's cadmium and lead
concentrations were determined (APHA, 1989).

Statistical analysis. All data in this study were analyzed
using a randomized complete block design with three
replicates. According to Snedecor and Cochran, the
least significant difference (LSD) test was used to
compare the treatment means (Snedecor and Cochran,
1994). The specialized statistical application "Assistat"
performed the statistical analysis (Silva and Azevedo,
2009).

Results and Discussion

Characteristics of amorphous hydroxides. Cation
exchange capacity (CEC). Using 1M ammonium acetate
at pH 7, Table (1) displays the cation exchange capacity
(CEC) of immobilizing agents. The results indicate that
all of the immobilizing agents examined have a CEC
of between 31.3 and 67.8 Cmol(c)/Kg. The highest
value (67.8 Cmol(c)/Kg) was recorded for Fe-tann,
whereas the lowest one was recorded for AI-OH (31.3
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Cmol(c)/Kg). Fe-OH has substantially higher CEC
values than AI-OH, which is what they correspond to
those of Fe-Oxal and Fe-cit which are marginally greater
than those of Al-Oxal and Al-cit, respectively. Saha
et al. (2002). The early variations in the reactivity proton
dissociation of surface inorganic (OH and OH,) groups
may be the cause of the significant variances in CEC
values between Fe-OH and Al-OH, Helal (2006).

Contents of Cd and Pb. The results shown in Table
indicate that both immobilizing agents are almost devoid
of Cd and Pb (1). Extracted by using DTPA and the
total contents of Cd and Pb in immobilizing agents and
their quantities were determined.

Adsorption isotherms of Cd and Pb. We employed
a 24 h equilibrium period, a wide solid: solution ratio
of (1:500) and comparatively low Cd and Pb contents
(Sposito, 2008). The amounts adsorbed on tested amor-
phous hydroxides are represented against the equilibrium
concentrations in Fig. 1, which shows the adsorption
isotherms of Cd. According to the obtained isotherms,
Cd (approximately 1865 and 865 mg/Kg) is adsorbed
on Fe-citrate and Al-tannate, respectively.

The Fe-citrate adsorption curve was close to the L-
curve, indicating that precise adsorption is the process
responsible for Cd elimination. The curve obtained for
Al-tannate, on the other hand, was similar to C-curve.
The immobilizing agents for all the tested might be
descending according to the Cd amounts that adsorbed
on the tested agents: Fe-citrate > Al-tannate.

The collected isotherms show that Fe-citrate and Al-
tannate have adsorbed bout 2505 and 2500 mg Pb/Kg,
respectively. The Fe-citrate adsorption curve was close
to the L-curve, suggesting that particular adsorption is
the process responsible for Pb elimination. The measured

Table 1. General characteristics of the studied immobi-
lizing agents

Reagent CEC Cd (n/g) Pb (n/g)
(Cmol Aqua DTPA- Aqua DTPA-
(C)/Kg) regia extractable regia extractable
Al-OH 31.3 Nd nd nd nd
Fe-OH 60.7 Nd nd nd nd
Al-Cit.  59.7 Nd nd nd nd
Al-Tann. 66.3 Nd nd nd nd
Fe-Cit. 63.6 Nd nd nd nd
Fe-Tann. 67.8 Nd nd nd nd

*Cit. = citrate; Tann. = tannate; nd = not detectable.
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Fig. 1. Adsorption isotherms of Cd on Fe-cit., Al-
tann.

immobilizing agents could be arranged as follows
(descending), in order of the quantity of Pb adsorbed
on the tested agents: Fe-citrate > Al-tannate.

The amount of Cd adsorbed on amorphous hydroxides
is usually much lower than their Pb equivalents, meaning
that these materials have a high capacity to adsorb Pb
rather than Cd. Also, unlike Cd, the property of the Pb
product causes it is to be isolated from the solution by
electrostatic attraction to negatively charged sites,
causing it to remain as exchangeable cations. Lead is
derived from solution by forming chemical bonds (cova-
lent and coordinate covalent) with surface functional
groups, a property that not all surfaces which is such
as negatively charged sites, share.

Adsorption models. It was looked into if the Cd and
Pb adsorption data could be applied to linear Freundlich
and Langmuir models. Langmuir models were also used
to measure maximal adsorption capability and affinity
(binding energy) quantities. Both Freundlich and
Langmuir equations were found to match cadmium and
lead adsorption data. High correlation coefficients (R2
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Fig. 2. Adsorption isotherms of Pb on Fe-cit., Al-
tann.

ranging from 0.948-0.955 and 0.714-0.804, respectively)
were found for the Cd and Pb Langmuir isotherms. The
corresponding Freundlich (R2) values for Cd and Pb
were 0.0.99-0.99 and 0.787-0.743, respectively.

The Langmuir linear forms for Cd and Pb adsorption
on immobilizing agents are seen in Fig. 3-4. According
to the linear Langmuir form the Table 2 shows maximal
adsorption capacity and binding energy (affinity) for
Cd and Pb. The findings show that the immobilizing
agents (Fe-cit. and Al-tan.) have a high capacity to
adsorb Cd. The highest adsorption capacity ranged from
2.269 to 5.665 g Cd/Kg. The maximum adsorption
capacity value was found in Fe-citrate, while the lowest
was found in Al-tannate. According to Wang et al.
(2014), the maximum adsorption capacity of NZVI-
RGO with As (III) and As (V) are 35.83 and 29.04
mg/Kg. These values are in the middle range found in
the current study.

The measured materials' maximum adsorption capacities
are approximately in the range of most maximum
adsorption capacities recorded in the literature for many



Removal of Heavy Metals (Cd and Pb) from Contaminated Soil

adsorbents; 3.37 mg/g for activated carbon (An ef al.,
2001), 4.94 mg/g for hematite (Singh ef al., 1998), 48.3
mg/g for orange waste (Perez-Marin et al., 2007), 64.1
mg/g for bone char (Cheung ef al., 2001), 204.1 mg/g
for activated sludge (Soltani ef al., 2009) and 229.3
mg/g for biogenic Mn oxides (Meng et al., 2009).

Table 2 reveals that the tested immobilizing agents
(Fe-cit. and Al-tan) have a high capacity to adsorb Cd.

Table 2. Maximum Cd and Pb adsorption capacity and
affinity on the immobilizing agent

Cd Pb
Agents  Maximum  Affinity ~ Maximum  Affinity
adsorption (K L/g) adsorption (K L/g)
gCd/Kg(b) gPb/Kg(b)
Al-cit. - - - -
Al-tann. 2.269 0.062 2.500 0.056
Fe-cit. 5.665 0.063 5.00 0.071
Fe-tann. - - - -
Fe-citric
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0,0028
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0.01
(S
X
(@]
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0 10 20
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0 I I |
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Fig. 3. The linear form of the Langmuir model for
Cd adsorbed on the immobilizing agent.
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Al-tan and Fe-cit had maximum adsorption capacities
of 2.269 and 5.665 g/Kg, respectively. According to
their maximum adsorption capacity, the tested immobi-
lizing agents could be arranged in descending order as
follows: Fe-cit. > Al-tann.

Between immobilizing agents and Cd, the adsorption
affinity (binding energy) varied from 0.062 to 0.063.
Fe-cit received the highest value (0.063), while Al-tann
received the lowest one (0.062).

The maximum adsorption capacity of immobilizing
agents (Fe-cit. and Al-tan) for Pb, on the other hand,
ranged from 2.5 to 5.0 g/Kg (Table 2). Fe-cit which had
the highest maximum adsorption capacities, similar to
Cd. In contrast, Al-tan had the lowest.

The tested immobilizing agents could be grouped in
the following order, descending in Pb maximum
adsorption capacity: Fe-cit. > Al-tann.

The range of Pb's affinity for the adsorbents was 0.056-
0.071. The results showed that Fe-cit had the highest
value and Al-tann had the lowest.

The linear forms of Freundlich for Cd and Pb adsorption
on immobilizing agents are seen in (Fig. 5-6), showing

Fe-citric
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= i
o 3 1 2
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05 e
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X
O
Y I
|
-1 1 2
-0.5
C (mg/L)
=0.5289x+0,0269
—— c/x/Im Linear (c/x/m) y R2=0.8044

Fig. 4. The linear form of the Langmuir model for
Pb adsorbed on the immobilizing agent.
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the validity of the collected data to the Freundlich
isotherm. The linear form constants of the Freundlich
model, on the other hand, have not been determined
because they are irrelevant.

Desorption of Cd and Pb. Figure 7 represents the
amounts of Cd desorbed from previously adsorbed ones.
The results showed that small amounts of Cd were
desorbed from the previously adsorbed ones. Table 3
indicates the desorbed amounts were discovered to be
just low percentages of the previously adsorbed ones.
Fe-cit had the lowest percentage (6.32-24.77%), while

Table 3. Adsorption/desorption of Cd on the
immobilizing agent (Fe-cit., Al-tann.)

Agents Adsorbed Desorbed Des./Ads.
amount amount (%)
(mg/Kg) (mg/Kg)
Al-Cit. - - -
Al-Tann. 20-865 17-276 31.2-85
Fe-Cit. 35-1865 6.8-462 6.32-24.77
Fe-Tann. - - -
Fe-citric
4
3 v *
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X 47
3 ¢
1
I I 0 I
-2 -1 0 1
LogC
y=0.9219x+2.4975
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X

I 0 1 I

-1 -0 1 2
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y=0.8844x+2.0941

R?=0.9987

—— logx/m Linear (logx/m)

Fig. 5. The linear form of the Freundlich model
for Cd adsorbed on the immobilizing agent.
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Al-tann had the highest percentage (31.2-85.0%). The
potential release of adsorbed Cd decreased as the
desorbed percentages decreased, raising the material's
effectiveness in immobilizing Cd in contaminated soils.
The projected release of adsorbed Cd declined as the
desorbed percentage decreased, implying that the
material's effectiveness in controlling contaminants
increased, implying that the emission abatement
mechanism is undeniable.

Figure (8) shows the amounts of Pb desorbed from the
previously adsorbed on (Fe-citrate and Al-tannate). The
results showed that only small amounts of Pb were
desorbed from the previously adsorbed ones. The
desorbed amounts were discovered to be just a small
portion of the previously adsorbed ones (Table 4). The
lowest percentages were found in Fe-cit (3.15-15.01%),
while the highest percentages were found in Al-tann
(1.11-15.81%). The potential release of adsorbed Pb
decreased as the desorbed percentages decreased,
increasing the material's effectiveness in immobilizing
Pb in contaminated soils.
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Fig. 6. The linear form of the Freundlich model
for Pb adsorbed on the immobilizing agent.
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Immobilization of Cd and Pb in polluted soil. DTPA
extractable Cd and Pb in soil. The Mostord (S1, S2),
Abo-Rawash (S3, S4), Shubra (S5) and El-Gabal El-
Asfer (S6) soil samples were used in this investigation.
The initial contents of plant-available Cd and Pb in
these samples differed substantially in their first forms
(Table 5-6). In these soils, DTPA extractable-Cd and
Pb ranged from 3.16-12.77 and 3.97-15.36 mg/Kg,
respectively. Additionally, the sources of the Cd and Pb

Table 4. Adsorption/Desorption of Pb on the immobilizing
agent (Fe-cit., Al-tann.).

Agents Adsorbed amount Desorbed amount Des./Ads.
(mg/Kg) (mg/Kg) (%)

Al-cit. - - -

Al-tann. 455-2505 10-396 1.11-15.81

Fe-cit.  455-2505 14-376 3.15-15.01

Fe-tann. - - -
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contaminants in the soil samples examined varied
(domestic sewage, industrial waste and vehicle exhausts).
Fe-citrate and Al-tannate were applied to all soils in
three concentrations, 0.1, 0.5 and 1.0% and incubated
for 60 days at 30 °C.

Tables 5 and 6 show the DTPA extractable Cd and Pb
levels in the soils before and after incubation. The
immobilizing agents were able to lower the levels of
DTPA extractable Cd and Pb in all soils, according to
the results. The amount of a drop, however, varied
according to the kind of immobilizing substance and
the rate at which it was applied. The amount of DTPA
extractable Cd and Pb in the soil was reduced for all
agents when the application rate was increased from
0.1 to 1.0%.

Particularly in soils 1 and 3, Fe-citrate and Al-tannate
were the most efficient immobilizing agents. (soils with
moderate pollution and 3.16 to 3.66 mg/Kg DTPA

extractable Cd). By adding 1% of aluminum citrate,
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Fig. 8. Adsorption/desorption of Pb adsorbed on
(Fe-citrate and Al-tannate).
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Table 5. DTPA extractable — Cd (mg/Kg) of the studied soil samples before and after treating the soils with three

reatment 1tion - extractable mg/Kg) (so1 ean
rate (%) 1 2 3 4
Al-cit. Initial 3.16 12.77 3.66 7.53 6.78
0.1 1.59 6.28 1.95 4.66 3.62
0.5 1.16 6.03 1.78 3.34 3.08
1 0.83 4.86 1.65 1.34 2.17
Mean 1.69 7.49 2.26 4.22 3.91
Al-tann. 0.1 1.71 7.28 1.65 4.52 3.79
0.5 1.28 6.16 0.77 1.74 2.49
1 0.93 5.28 0.48 0.99 1.92
Mean 1.31 6.24 0.97 2.42 2.73
Fe-cit. 0.1 1.14 5.6 1.73 432 3.20
0.5 0.87 5.34 1.52 2.67 2.60
1 0.66 4.4 0.65 1.84 1.89
Mean 0.89 5.11 1.30 2.94 2.56
Fe-tann. 0.1 1.61 6.13 0.89 4.62 3.31
0.5 0.98 5.47 0.8 3.53 2.70
1 0.78 4.63 0.72 0.59 1.68
Mean 1.12 5.41 0.80 291 2.56
1 3.16 12.77 3.66 7.53 6.78
2 1.51 6.32 1.56 4.53 3.48
3 1.07 5.75 1.22 2.82 2.72
4 0.80 4.79 0.88 1.19 1.91

aluminum tann, iron citrate and iron tann, the DTPA

extractable-Cd of soils 1 and 3 was lowered to low
values between 0.48 and 1.65 mg/Kg. These findings
are slightly greater than the amount of DTPA extractable
Cd in Egypt's unpolluted soils, which is 0.06 mg/Kg
with an average of 0.018 0.002 mg/Kg Cd, according
to Aboulroos et al. (1996).

Al-cit, Al-tann, Fe-cit and Fe-tann were able to reduce
the amount of DTPA extractable Cd in highly polluted
soils from 12.77 to 4.68, 5.28, 4.4 and 4.63 mg/Kg in
soil (2) and from 7.53 to 1.34, 0.99, 1.84 and 0.59
mg/Kg in soil (4), respectively. Al-tannate was less
effective at reducing Cd than other compounds,
especially in the case of heavily polluted soil.

The effect of various agents on DTPA extractable-Pb
is seen in Fig. 8 as a percentage of the initial values of
the studied soils (S1, S2, S3 and S4). In soil 1 and 3
(moderately polluted soil), the level of DTPA extract-
able Pb decreased by 73.7, 70.57, 79.11 and 75.3% and
86.88, 82.24 and 80.31%, respectively, when the soil

was treated with Al-citrate, Al-tann, Fe-cit and Fe-tann
at concentrations of 1.0 %. Soil 2 and 4 (heavily polluted
soils) had corresponding values of 63.35, 58.65, 65.55
and 63.74% and 82.2, 86.85, 75.56 and 92.16%,
respectively.

Conclusion

e The obtained results show that all tested amorphous
Al and Fe hydroxide has a high capacity to adsorb
Cd.

e Fe-citrate and Al-tannate, the evaluated immobilizing
agents, exhibited the greatest retention affinity for
the adsorbate element.

e In the case of Pb, all of the immobilizing agents
tested exhibited a high adsorption capacity for Pb,
although their adsorption capabilities were lower
than those reported for Cd.

e Fe-citrate is the finest immobilizing agent that is
advised for use in the treatment of Cd and Pb-
polluted soils. In addition, Fe-citrate is inexpensive
and simple to make.
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Table 6. DTPA extractable — Pb (mg/Kg) of the studied soil samples before and after treating the soils with three

reatmen 1tion rate (7o - extractable mg/Kg) (Sot ean
1 2 3 4 5 6
Al-cit Initial 6.24 6.45 6.27 5.68 15.36 3.97 7.33
0.1 3.23 2.71 3.84 3.34 9.32 2.47 4.15
0.5 291 2.54 3.56 2.9 7.77 1.86 3.59
1 2.61 2.15 2.88 2.73 7.32 1.53 3.20
Mean 3.75 3.46 4.14 3.66 9.94 2.46 4.57
Al-tann 0.1 3.77 3.21 3.8 3.04 9.44 2.43 4.28
0.5 3.52 2.71 3.61 2.9 8.76 2 3.92
1 2.69 2.54 3.12 2.66 7.87 1.64 3.42
Mean 333 2.82 3.51 2.87 8.69 2.02 3.87
Fe-cit 0.1 2.72 2.46 3.73 3.31 9.44 2.03 3.95
0.5 2.75 2.38 3.02 2.82 8.2 1.93 3.52
1 2.14 2.27 2.68 2.1 7.35 1.8 3.06
Mean 2.54 2.37 3.14 2.74 8.33 1.92 3.51
Fe-tann 0.1 3.54 2.41 3.93 3.12 9.62 2.49 4.19
0.5 2.69 232 2.89 2.98 9.38 2.08 3.72
1 2.67 2.05 2.72 2.56 7.32 1.6 3.15
Mean 2.97 2.26 3.18 2.89 8.77 2.06 3.69
1 6.24 6.45 6.27 5.68 15.36 3.97 7.33
2 332 2.70 3.83 3.20 9.46 2.36 4.14
3 2.97 2.49 3.27 2.90 8.53 1.97 3.69
4 2.53 2.25 2.85 2.51 7.47 1.64 3.21
Mean 3.76 3.47 4.05 3.57 10.20 2.48

e These amorphous Al and Fe hydroxides might also
be recommended for the treatment of Cd and Pb-
polluted wastewater.

Acknowledgment

The authors would wish to thank the College of
Agriculture/University of Anbar and Environment
Research Center/University of Technology-Iraq for their
valuable support and scientific assistance.

Conflict of Interest. The authors declare that they have
no conflict of interest.

References

Abdel-Hamid, M.A., Kamel, M.M., Moussa, E.M.,
Hoda, A.R. 2012. In-situ immobilization remedia-
tion of soils polluted with lead, cadmium and nickel.
Global Journal of Environmental Research, 6: 1-
10.

Abd-Elgawad, M., Mohamed, A.H., Shendi, M.M.,
Ghabour, S.I. 2007. Status of some heavy metals

in Fayoum district soils. The Third Conferance for
Sustainable Agricultural Development, 12-14 Nov.,
Fac. of Agric., Fayoum Univ. Egypt, pp. 507-526.

Aboulroos, S.A., Holah, S.H., Badawy, S.H. 1996.
Background levels of some heavy metals in soil
and corn in Egypt. Egyptian Journal of Soil
Sciences, 36: 83-97.

Agrawal, A., Sahu, K.K. 2006. Kinetic and isotherm
studies of cadmium adsorption on manganese
nodule residue. Journal of Hazardous Materials,
137: 915-924.

Al Lami, M.H., Al Obaidy, A.M.J., Al Sudani, [.M.
2021. Assessment of ecological pollution of heavy
metals in surface soils of different sites within
northwest of Iraq. IOP Conferance Series: Earth
and Environmental Science, 779: 1-8.

Al-Anbari, R., Al Obaidy, A.M.J., Ali, FH.A. 2015a.
Assessment of heavy metals pollution in soil
affected by industrial activities. Engineering and
Technology Journal, 33: 526-534.

Al-Anbari, R., Al Obaidy, A.M.J., Ali, F.H.A. 2015b.



278

Pollution loads and ecological risk assessment of
heavy metals in the urban soil affected by various
anthropogenic activities. International Journal of
Advanced Research, 3: 104-110.

Al Obaidy, A.M.J., Al Mashhadi, A.A.M. 2013. Heavy
metal contaminations in urban soil within Baghdad
city, Iraq. Journal of Environmental Protection, 4:
72-82.

Al-Wabel, M.I., Usman, A.R.A., El-Naggar, A.H., Aly,
A.A., Ibrahim, H.M., Elmaghraby, A. 2014. Cono-
carpus biochar as a soil amendment for reducing
heavy metal availability and uptake by maize
plants. Saudi Journal of Biological Sciences, 22:
503-511.

Alloway, B.J. 2013. Heavy metals in soils: trace metals
and metalloids in soils and their bioavailability.
Environmental Pollution, 22: 50-102.

Amin, S.A., Al-Obiady, A.M.J., Al-Ani, R.R., Al-
Mashhady, A.A. 2018. Assessment of some heavy
metal concentrations in drilling mud samples in
Az Zubair Oil Field, Basra, Iraq. Engineering and
Technology Journal, 36: part-B, No.1, 2018 DOI:
http://dx.doi.org/10.30684/etj.36.1B.12

An, HK., Park, B.Y., Kim, D.S. 2001. Crab shell for
the removal of heavy metals from aqueous solution.
Water Research, 35: 3551-3556.

APHA, 1989. American Public Health Association.
Standard Methods for the Examination of Water
and Wastewater, 116 p., Washington DC, USA.

Babu, A.G,, Kim, J.D., Oh, B.T. 2013. Enhancement of
heavy metal phytoremediation by Alnus firma with
endophytic Bacillus thuringiensis GDB-1. Journal
of Hazardous Materials, 250-251, 477-483. doi:
10.1016/j.jhazmat.2013.02.014

Bohn, H.L., McNeal, B.L., O'Connor, G.A. 1979. Soil
Chemistry, John Wiley and Sons, New York, USA.

Cheung, C.W., Porter, J.F., McKay, G. 2001. Sorption
kinetic analysis for the removal of cadmium ions
from effluents using bone char. Water Research,
35: 605-612.

Cornell, R.M., Schwertmann, U. 1979. Influence of
organic anions on the crystallization of ferrihydrite.
Clays Clay Miner, 27: 402-410.

Cottenie, A., Verloo, M., Kickens, L., Velgh, G., Camerly
nch, R. 1982. Chemical Analysis of Plants and
Soils, Lab. Analytical Agrochemical State
University, Ghent, Belgium.

Davis, M., Anderson, L., Johnson, P. 2023. Immobili-
zation techniques for heavy metal contaminated
soils: review of reagents, mechanisms and environ-

Mohammed Muayad TA et al.

mental implications. Journal of Environmental
Management, 45: 189-204.

Deliyanni, E.A., Lazaridis, N.K., Peleka, E.N., Matis,
K.A. 2004. Metals removal from aqueous solution
by ironbased bonding agents. Environmental
Science and Pollution Research, 11: 18-21.

Garcia, M., Rodriguez, 1., Martinez, J.M. 2023. Chemical
remediation techniques for contaminated sites: a
comprehensive review. Journal of Environmental
Engineering and Science, 32: 45-62.

Grimm, N.B., Foster, D., Groffman, P., Grove, ].M.,
Hopkinson, C.S., Nadelhof-fer, K.J. 2008. The
changing landscape: ecosystem responses tourbani-
zation and pollution across climatic and societal
gradients. Frontiers in Ecology and Environment,
6: 264-272. doi:10.1890/070147

Guo, Y., Yan, X. 2019. Role of root exudates in metal
acquisition and tolerance in plants. Frontiers in
Plant Science, 10: 1-13.

Helal, M.1.D., Aboulroos, S.A., Kamel, M.M. 2006.
Remediation of Pb and Cd polluted soils using
in situ immobilization and phytoextraction tech-
niques. Soil and Sediment Contamination, 15: 199-
215.

Hseu, Z.Y., Huang, Y.T., His, H.C. 2014. Effects of
remediation train sequence on decontamination
of heavy metal contaminated soil containing
mercury. Journal of The Air and Waste Management
Association, 64: 1013-1020.

Hua, M., Zhang, S., Pan, B., Zhang, W., Lv, L., Zhang,
Q. 2012. Heavy metal removal from water/waste-
water by nanosized metal oxides: a review. Journal
of the Hazardous Materials, 211: 317-331. doi:10.
1016/j.jhazmat.2011.10.016

Iskandar, 1.K., Adriano, D.C. 1997. Remediation of
soils contaminated with metals: a review of current
practices. In: Remediation of Soils Contaminated
with Metals, Science Reviews, Iskandar, 1.K.,
Adriano, D.C. (eds.), pp. 1-26, CRC Press, North-
wood, NY, USA.

Johnson, S., Smith, R., Brown, A. 2023. Heavy metals
as soil contaminants: hazards, health effects and
environmental implications. Environmental Science
and Pollution Research, 48: 321-338.

Johnson, S., Smith, R., Brown, A. 2023. Sources of
heavy metals in soils: a review of lithogenic and
anthropogenic contributions. Environmental Geo-
chemistry and Health, 40: 123-138.

Khandaker, S., Rinklebe, J. 2022. Electrokinetic
remediation of heavy metal contaminated soils:



Removal of Heavy Metals (Cd and Pb) from Contaminated Soil

mechanisms, applications and recent advances.
Environmental Science and Pollution Research,
49: 378-396.

Kinniburgh, D.J., Syers, J.K., Jackson, M.L. 1975.
Specific adsorption of trace amounts of calcium
and strontium by hydrous oxides of iron and
aluminum. Soil Science Society of American Proce-
eding, 39: 464-470.

Ko, LW, Lee, C.H., Lee, K.P., Lee, S.W., Kim, K.W.
2006. Remediation of soil contaminated with
arsenic, zinc and nickel by pilot-scale soil washing.
Environmental Progress, 25: 39-48.

Luo, Q.S., Zhang, X.H., Wang, H. 2004. Mobilization
of 2,4-dichlorophenol in soils by non-uniform
electrokinetics. Acta Scientiae Circumstantiae, 24:
1104-1109.

Makino, T., Kamiya, T., Takano, H., Itou, T., Sekiya,
N., Sasaki, K. 2007. Remediation of cadmium-
contaminated paddy soils by washing with calcium
chloride-verification of on-site washing. Environ-
mental Pollution, 147: 112-119. doi:10.1016/j.
envpol.2006.01.017

Meng, T., Gao, X., Zhang, J., Yuan, J.Y., Zhang, Y.Z.,
He, J.S. 2009. Graft copolymers prepared by atom
transfer radical polymerization (ATRP) from
cellulose. Polymer, 50: 447-454.

Ottosen, L.M., Jensena, P.E., Kirkelunda, GM., Ferreira,
C.D., Hansen, H.K. 2012. Electrodialytic remedia-
tion of heavy metal polluted soil-treatment of water
saturated or suspended soil. Chemical Engineering
Transactions, 28: 103-108.

Ou-Yang, X., Chen, J.W., Zhang, X.G. 2010. Advance
in supercritical CO» fluid extraction of contaminants
from soil. Geological Bulletin of China, 29: 1655-
1661.

Page, A.L., Miller, R.H., Keeney, D.R. 1982. Methods
of Soil Analysis, Part-2 Chemical and Microbio-
logical Properties, 2nd edition, pp. 26, American
Society of Agronomy, Inc. Publisher Madison,
Wisconsin, USA.

Perez-Marin, A.B., Zapata, V.M., Ortuno, J.F., Aguilar,
M., Saez, J., Llorens, M. 2007. Removal of
cadmium from aqueous solutions by adsorption
onto orange waste. Journal of Hazardous Materials,
139: 122-131.

Rahi, M.A., Al-Qaysi, R.M., Al Obaidy, A.M.J. 2014.
Assessment of trace metal distribution and
contamination in surface soils of Al-Waziriya,
Baghdad. Engeneering and Technology Journal,
32: 13290-1398.

279

Robert, M., Berthelin, J. 1986. Role of biological and
biochemical factors in soil mineral weathering. In:
Interaction of Soil Minerals with Natural Organics
and Microbes, Huang, P.M., Schnitzer, M. (eds.)
SSSA, Spec. Publ. No.17. SSSA, Madison, WI.

Saha, U.K., Taniguchi, S., Sakurai, K. 2002. Simul-
taneous adsorption of cadmium, zinc and lead on
hydroxyaluminum and hydroxyalminosilicate-
montmorillonite complexes. Soil Science Society
of American Journal, 66: 117-128.

Silva, F.A.S., Azevedo, C.A.V. 2009. Principal compo-
nents analysia in the software assistat-statistical
attendance. In: World Congress on Computers in
Agriculture, 7, American Society of Agricultural
and Biological Engineers, pp. 393-396, USA.

Singh, D.B., Rupainwar, D.C., Prasad, G., Jayaprakas,
K.C. 1998. Studies on the Cd (II) removal from
water by adsorption. Journal of Hazardous Mate-
rials, 60: 29-40.

Smith, J., Johnson, A., Brown, K. 2022. Metals in
polluted sites: a review of common contaminants.
Environmental Pollution Research, 45: 123-137.

Smith, J., Johnson, A., Brown, K. 2023. Phytoremedia-
tion of lead (Pb) contaminated soils: mechanisms,
plant species selection and field applications.
Environmental Remediation and Restoration
Journal, 28: 45-62.

Smith, J., Johnson, A., Brown, K. 2023. Role of metal
oxides in soil metal geochemistry: sorption, co-
precipitation and complexation mechanisms.
Journal of Environmental Geochemistry, 50:
45-62.

Snedecor, GA., Cochran, W.G. 1994. Statistical Method,
8 edition, Press, lowa State University, USA.

Soltani, R.C., Jafari, A.J., Khorramabadi, G.S. 2009.
Investigation of cadmium (II) ions biosorption onto
pretreated dried activated sludge. American Journal
of Environmental Sciences, 5: 41-46.

Sposito, G. 2008. The Chemistry of Soils. 2" edition,
p.342, Oxford University Press, Inc., Publishes
works that further Oxford University’s Objective
of Excellence in Research, Scholarship and
Education, New York, USA.

Stegmann, R., Brunner, G., Calmano, W., Matz, G. 2001.
Treatment of Contaminated Soil: Fundamentals,
Analysis, Applications, Springer, Berlin, USA.
ISBN: 978-30642-07510-0

Tampouris, S., Papassiopi, N., Paspaliaris, 1. 2001.
Removal of contaminant metals from fine grained
soils, using agglomeration, chloride solutions and



280

pile leaching techniques. Journal of Hazardous
Material, 84: 297-319.

Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K., Sutton,
D.J. 2012. Heavy metals toxicity and the environ-
ment. In: Molecular, Clinical and Environmental
Toxicology, Luch, A. (eds.), pp. 133-164, Springer,
Berlin, USA.

Wang, C., Luo, H., Zhang, Z., Wu, Y., Zhang, J., Chen,
S. 2014. Removal of As(Ill) and As(V) from
aqueous solutions using nanoscale zero valent
iron-reduced graphite oxide modified composites.
Journal of Hazardous Materials, 268: 124-131.

Zahra, D.N., Myung, C.J., Ki-Hyun, K. 2017. Reme-
diation of soils contaminated with heavy metals
with an emphasis on immobilization technology.
Environ Geochem Health, DOI 10.1007/s10653-
017-9964-z

Zaman, M. 1., Mustafa, S., Khan, S., Xing, B. 2009.

Mohammed Muayad TA et al.

Effect of phosphate complexation on Cd, sorption
by manganese dioxide (b-MnOy). Journal of Colloid
and Interface Science, 330: 9-19. doi:10.1016/].jcis.
2008.10.053

Zhou, D.M., Hao, X.Z., Xue, Y. 2004. Advances in
remediation technologies of contaminated soils.
Ecology and Environmental Science, 13: 234-242.

Zhu, J., Cozzolino, V., Fernandez, M., Sa’nchez, R M.T.,
Pigna, M., Huang, Q. 2011a. Sorption of Cu on a
Fedeformed montmorillonite complex: effect of
pH, ionic strength, competitor heavy metal and
inorganic and organic ligands. Applied Clay Science,
52:339-344.

Zhu, J., Pigna, M., Cozzolino, V., Caporale, A.G.,
Violante, A. 2011b. Sorption of arsenite and arsenate
on ferrihydrite: effect of organic and inorganic
ligands. Journal of Hazardous Materials, 189:
564-571.



