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ABSTRACT

To estimate the effect of aging on the mobility of heavy metals in soil, relationships between
mobility of metals in soil and time after contamination were investigated. Copper, nickel and zinc
were added as chloride solution to soil sample. Citrus peel as soil amendments was used at the
rate of 5% to immobilize copper, nickel and zinc in contaminated soil. The soils were incubated at
field capacity for 3 h, 1, 3, 7, 14, 21 and 28 days at 25°C.

Mobility of copper, nickel and zinc from control soils and soils amended with citrus peel were
studied with the aid of reduction of metals concentration in the exchangeable fraction.

Results indicated that the citrus peel reduced the exchangeable fraction of metals in contaminated
soil after 28 days. Application of citrus peel amendment with acidic pH value showed the low
immobilizing efficiency of copper, nickel and zinc in the beginning of incubation time in this study
due to decrease in soil pH.

Batch adsorption of copper, nickel and zinc was conducted to evaluate the effect of contact time,
from aqueous solution to understand the mechanism of sorption involved. Fit of the sorption
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correlation 20.99.

experimental data was tested on the pseudo-first and pseudo-second-order kinetics mathematical
equations, which was noted to follow the pseudo-second-order kinetics better, with coefficient of

Keywords: Citrus peel; contamination; heavy metal; in situ immobilization; kinetic models.

1. INTRODUCTION

The environment can become polluted with
organic and inorganic chemicals as a result of
intended, accidental or naturally occurring events
such as manufacturing processes, mineral
extraction, poor environmental management and
waste disposal activities, application of fertilizer,
illegal dumping of wastes, leaking underground
storage tanks, abandonment of mines and other
industrial activities [1].

Given the widespread distribution of heavy
metals in soil, it is desirable to develop cost-
effective remediation strategies for these metals.
There are relatively few fully developed, in situ
methods available for remediation of metals in
soils, and often, remediation at a given site
consists of ftraditional alternatives such as
excavation (for treatment/disposal) or
containment. However, excavation of metal-
contaminated soils may be impracticable due to
the excessive cost involved, the magnitude
(area, depth, volume) of the soil contamination,
and the degree of disruption incurred at the site.
Containment alternatives, such as soil caps, are
often inconsistent with the desired end use for
the site and may be viewed negatively by the
regulatory community and the public. As with any
remediation, the overall objective of an in situ
remediation approach is to create a final solution
that is protective of human health and the
environment. Metal contamination of soils can
represent a threat to human and ecological
health through direct contact, can be a source for
metal transport to critical resources (e.g.,
groundwater and surface water bodies), and can
hinder the ability of the soil to support vegetation
and a functioning ecosystem.

As a result, in situ remediation of metal-
contaminated soils typically concerns reduce
metal leaching and metal bioavailability to human
and ecological receptors. At many sites, there is
a potential for metals to be leached from soils by
infiltrating water, spreading the contamination
and potentially affecting groundwater and other
down gradient resources.

The soil environment is able to store, transform
and remove pollutants through a combination of
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biological, chemical and physical processes [1].
But, a suitable method of mitigation is required to
render pollutants less mobile and harmful to
receptors; this can potentially be achieved by the
addition of amendments, to contaminated soils.
Bio-solids have been increasingly used in soil
management for improving soil quality. The initial
measurements of contaminants during site
investigation are usually total concentrations of
contaminants. However, it is usually the
“bioavailable” fraction that is relevant to whether
the contaminants present in a soil pose a hazard
or not. Bio-solids applications have been shown
to be capable of reducing the bioavailability and
phytotoxicity of lead, cadmium, and zinc in
contaminated soils [2,3].

The land application of bio-solids significantly
increases the organic matter content of the soil,
enhancing its adsorptive capacity for heavy
metals [4,5]. The organic matter adsorbs to
inorganic soil constituents, providing additional
complexation sites for heavy metals. However,
much of the organic matters added to the soil as
a result of the land application of bio-solids
eventually decompose [6]. Addition of organic
matter amendments is a common practice for
immobilization of heavy metals and soil
amelioration of contaminated soils [7]. The effect
of organic matter amendments on heavy metal
bioavailability depends on the nature of the
organic matter, their microbial degradability, as
well as on the particular soil type and metals
concerned [8,9]. Cochrane et al. [10] investigated
the use of three biosorbents (crab carapace,
macroalgae Fucus vesiculosus, peat) for the
removal of copper from aqueous media. The
maximum adsorption caPacity values were 79.4,
1149 and 714 mg g for crab carapace, F.
vesiculosus and ion-exchange resin,
respectively. In other study, Abdel Salam et al.
[11] showed the peanut husk can adsorbe
copper and zinc from wastewater. Peanut husk
charcoal can adsorbe metal in average of 0.36
mg g'1. A strange adsorbent material (straw) was
used by Kumar et al. [12] in order to remove
heavy metals from aqueous systems. The results
of many biosorption studies vary widely because
of the different criteria used by the authors in
searching for suitable materials.
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Certain waste products, natural materials and
biosorbents have been tested and proposed for
metal removal. It is evident from the discussion
so far that each low-cost adsorbent has its
specific physical and chemical characteristics
such as porosity, surface area and physical
strength, as well as inherent advantages and
disadvantages in wastewater treatment. In
addition, adsorption capacities of sorbents also
vary, depending on the experimental conditions.

There is evidence that in bio-solid amendments
soils, heavy metals remain in the top layer of the
soil. Other researchers report either no or little
movement of metals into the sub layers of the
soil profile [13-15]. While soils tend to bind the
various species of heavy metals to some degree,
the specific mechanisms, and thus both the
degree and strength of retention, may vary
greatly and may change temporally. The binding
mechanism will therefore influence the extent to
which contaminant transport is attenuated and
the availability of contaminants for uptake by
biological organisms.

Sequential extraction procedures have been
used by many researchers in order to study the
forms of heavy metals in soils. Chang et al. [16]
found that land application of bio-solids tended to
increase the fraction of total metal found in every
fraction, especially the organic fractions of the
soil. These results were substantiated by Sims
and Une and Taylor et al. [17,18]. Swami and
Buddhi reviewed the removal of toxic metals
including Chrome, Copper, Mercury and nickle
from industrial waste water using the agricultural
by-products [19]. Compared to the conventional
processes for the metal removal in waste water,
the device was more cost effective. Also Inbaraj
and Sulochana demonstrated fruit shell of
Terminalia catappa as a useful sorbent for heavy
metal removal from waste water [20].

The present study follow the objective to broaden
and increase the knowledge of the effect of citrus
peel additives on the quantity of exchangeable
forms of copper, nickel and zinc in soil.

2. MATERIALS AND METHODS
2.1 Soil Samples

The native soil sample (Typic xerochrepts) was
taken from the 0 to 30 cm layer of agricultural soil
(X:287441.21 Y:3819829.39 WGS 1984 UTM
Zone 39N). The soil was air-dried and passed
through a 2 mm sieve before being stored in
polyethylene bags. The chemical and physical

properties [21] of the studied soil are shown in
(Table 1).

2.2 Batch Sorption Studies

The batch sorption experiments were run by
adding 0.5 g of biosorbent (citrus peel) to 25 ml
of solutions containing heavy metal ions of
desired concentrations (100 mg I") for each
metal at constant temperature (25+0.1°C) in 50
ml polyethylene tubes. The tubes were shaken in
an orbital shaker at 150 rpm form 10 min. to 24 h
and solutions containing heavy metals were
filtered through Whatman filter paper (No. 42).
Blank samples (without bioasorbent) were
prepared for all experiments to investigate
copper, nickel and zinc sorption to tube walls and
filters.

The percent metal ions removal (R, %) was
calculated for each run by following expression:

C -C
R=—"—"-"%x%100 (1)
C
where C; and C, were the initial and final

concentration of metal ions in the solution,
respectively.

2.3 Kinetic Model

The pseudo-first and second order kinetic
models were used to describe the sorption
kinetic data of cadmium, copper and zinc
measured on sorbent [22]:

The linear form of the models is shown below

ln(qe -q, ) =Ing, -kt 2)
oLt )
qt que qe

where q. and g; are the amounts of metal ions
adsorbed onto the citrus peel (mg g™') at
equilibrium and at time t, respectively. k; is the
rate constant of first-order (min™"), and k; is the
rate constant of second-order sorption (g mg'1
min").

2.4 Soil Amendment

The soil used in the experiment was artificially
polluted by adding salts of copper, nickel and

zinc using CuCl,.2H,0, NiCl,.6H,O and ZnCl,, to
pollute the soil, respectively. All chemicals were
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of the analytical grade purchased from Merck
Company (Darmstadt, Germany).

For this, 0.8 g CuCl,.2H,0, 1.2 g NiCl,.6H,0 and
0.6 g ZnCl, were dissolved in 1 L distilled water
separately and there after mixed uniformly with 1
kg soil. After uniform mixing, the suspensions
were transferred to plastic boxes and left
uncovered at ambient temperature for two
weeks. Over the course of these two weeks, the
soil samples lost their water content. The reason
for leaving them to dry was to allow the test
metal to stabilise and speciate before the
experiment started.

The citrus peel was washed with distilled water;
oven dried at 70°C and powdered with electric
grinder, then mixed whit soil samples.

The citrus peel stabilized soil sample was
prepared by adding 5% citrus peel (5 g citrus
peel added to 100 g soil). The samples were
incubated for 3 h, 1, 3, 7, 14, 21 and 28 days at
25°C. The appropriate amount of deionized water
was added to bring the soil to the estimated field
capacity. The samples were kept moist by adding
distiled water as needed. All incubation
experiments were carried out in duplicate. In
order to investigate the heavy metals sorption
mechanism onto soil, soil samples without citrus
peel and artificially polluted with heavy metals
were prepared as control soil and kept at the
same condition of soil amended with citrus peel
[23]. Also native soil sample without amended
with heavy metals were prepared as investigate
the heavy metal distribution in parent material.

After incubation the samples were air dried and
ground through a 2 mm sieve.

2.5 Extraction Procedure

A standardized procedure with aqua regia was
used to determine the total contents of heavy
metals in soils (both amended and control) [24].
Exchangeable and Mobile fraction extractions
extract was performed with 20 ml of 1 M NH,OAc
at pH 7 for 2 h at room temperature [25]. The
copper, nickel and zinc Concentrations in the
extracts were determined by inductively coupled
plasma atomic emission spectroscopy (ICP-AES)
(ES-710).

3. RESULTS AND DISCUSSION
3.1Batch Sorption Experiment

The rate of sorption of copper, nickel and zinc by
citrus peel was determined for different intervals

of time. The equilibrium was reached within 60,
90 and 120 min for copper, nickel and zinc
respectively (Fig. 1). The uptake of metal ions, as
a function of time, was noted to occur in two
phases. The first phase involved a rapid uptake
of metals during the first 30-60 min of the
sorbate—sorbent contact, which was followed by
a slow phase of metal removal spread over a
significantly longer period of time until the
equilibrium was reached. The two-stage sorption,
the first rapid and quantitatively predominant and
the second slower and  quantitatively
insignificant, has been extensively reported in
literature [26].

The rapid stage, furthermore, may last for
several minutes to a few hours, while the slow
one continues for several hours to a day [27].
The rapid phase is probably due to the abundant
availability of active sites on the sorbent,
whereas with the gradual occupancy of these
sites the sorption process becomes less efficient
during the slower phase [28].

To examine the controlling mechanism of the
adsorption process, such as mass transfer and
chemical reaction, the pseudo-first-order and the
pseudo-second-order kinetics models were used
to test the experimental data of copper, nickel
and zinc by citrus peel.

A good linear plot of /q; against { for the pseudo-
second-order kinetics model shows good fit on
the model (Fig. 2). The low correlation coefficient
value (r2= 0.47, 0.52 and 0.21 for copper, nickel
and zinc respectively), as obtained for the
pseudo-first-order model, indicates that sorption
of studied metals did not follow the pseudo-first-
order reaction.

The insufficiency of the pseudo-first-order model
to fit the kinetics data could possibly be due to
the limitations of the boundary layer controlling
the sorption process. The experimental data
were observed to fit well the pseudo-second
order equation. The high correlation coefficient
value (r = 0.99), as obtained for the pseudo-
second-order equation, was observed to be close
to 1. This suggests that the process of sorption
kinetics of copper, nickel and zinc by citrus peel
follows the pseudo-second-order equation and
the process controlling the rate may be controlled
by chemical sorption involving valence forces
through sharing or exchange of electrons
between sorbent and sorbate [30].
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Table 1. Some physical and chemical properties of native soil

Solution cations and anions (mg 1) % soil texture EC (dSm™) [ pH
Ca” K Mg*~* Na’ PO, cr SO,~ NO3 Sand Silt Clay Clay- loam

32.0 45.2 9.6 26.2 3.3 95.6 22.3 69.4 35.0 28.5 36.5 0.452 7.76
Heavy metal distribution in native soil* | Total EXCH CARB MNO FEO OM RES

(mg kg™

Cu 22.0 2.6 3.7 1.2 2.1 5.3 7.1

Ni 48.0 43 4.8 3.7 5.2 6.8 23.2

Zn 83.0 4.5 5.8 6.7 7.9 6.3 51.8

*EXCH: Soluble plus exchangeable, CARB: Carbonate bound, MNO: Mn oxide bound, FEO: Fe oxide bound, OM: Organic bound, RES: residual [29]
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Fig. 1. Effect of contact time on the adsorption of copper, nickel and zinc onto citrus peel
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Fig. 2. Pseudo-first order (a) and pseudo-second-order (b) sorption
kinetic of copper, nickel and zinc onto citrus peel

3.2 Incubation Expriments

The soils amended with citrus peel were
analyzed after the for 3 h, 1, 3, 7, 14, 21 and 28
day incubation period and their properties were
compared with those of the control soil. The pH
values of the soils are listed in (Table 2). As can
be seen, an addition of citrus peel resulted in a
relative decrease of the pH values. The pH
values play a crucial role in the mobility of metals
in soils, as they govern directly the acid-base
equilibria, and affect (indirectly) both the solution
and surface complexation reactions of metal
cations, ion-exchange and other metal-binding
processes, as well as solubility and metal-binding
ability of humic substances as main organic soil

constituents.

Typically, the decrease pH values promote the
solution of metal cations (including a surface
precipitation, in some cases) and increase the

metal mobility (contents of easily extractable
fractions) [31]. Introduced stabilization materials
had a different influence on soil pH in respect to
the nature of amendment and soil reaction [32].
Stabilizers exert an influence on physical and
chemical properties of soil and metal by
changing the conditions of soil environment to
those more favorable for metal retention or
precipitation.

The total (aqua regia extractable) contents of
copper, nickel and zinc in the control soils
and soils amended with citrus peel are listed in
(Table 3) together with the results of the mobile
fraction tests. As can be seen, the total content
of copper, nickel and zinc were not affected
significantly by an addition of citrus peel
amendment, which is consistent with low
contents of copper, nickel and zinc in the citrus
peel.
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Total metal concentration in the soil reflects the
degree of contamination and natural differences
in soil genesis. A comparison of the total metal
levels with World Health Organization (WHO),
United States Environmental Protection Agency
(USEPA), and the Toxicity Characteristic
Leaching Procedure (TCLP) presented in
(Table 4). The data evidenced much enhanced
levels for three metals than various standard
values. Total nickle levels of native soil samples
surpassed the limits set by the WHO, USEPA,
and TCLP. The high concentration of nickel may
cause toxicity not only to plants but also to
humans [33].

The mobility’s of the metals in soil samples were
evaluated on the basis of the absolute and

relative content of fractions bound weakly to soil
components. The relative index of metal mobility
(mobility factor, MF) was calculated on the basis
of the ratio of proportion of mobile to the total
content of metals [34].

The MF for copper, nickel and zinc in citrus peel
treatment was 0.15, 0.25 and 0.15 and in control
soil was 0.19, 0.34 and 0.21 respectively. A
comparative evaluation of mobilities of different
metals evidenced maximum mobility index for
nickel. The high MF values are interpreted as
symptoms of relatively high lability and biological
availability of respective metal in soils [35,36].
Moreover, the mobility index of the metals was
not found to exceed 15% evidencing the high
stability of these metals in the soil matrix.

Table 2. Mean pH values of the soil amended with citrus peel and control soil in different
incubation time

pH
Soil amended with citrus peel Control soil
3h 7.64 7.76
1day 7.48 7.75
3 day 7.32 7.75
7 day 7.22 7.71
14 day 7.03 7.66
21 day 6.89 7.65
28 day 6.81 7.65

Table 3. Total and mobile fraction of copper, nickel and zinc (mg kg™') in control soils and soils
amended with citrus peel in different incubation time. (Total copper, nickel and zinc of the
native soil were 22.0, 48.0 and 83.0 mg kg'1 respectively)

Soil amended with citrus peel Control soil
Copper Nickel Zinc Copper Nickel Zinc
(mg kg ™) (mgkg™)

Total 321.3 347.4 381.8 321.2 347.4 381.6
Mobile fraction
3h 110.2 185.2 147.3 104.5 173.6 130.8
1day 100.3 189.6 135.1 102.4 169.5 130.4
3 day 91.2 149.3 110.6 954 150.7 122.6
7 day 81.2 123.7 90.5 88.9 137.9 103.1
14 day 65.8 107.8 74.3 79.5 133.6 95.6
21 day 53.4 95.4 68.4 70.3 128.5 89.2
28 day 46.9 88.3 60.5 64.1 119.6 81.7

Table 4. Comparison of total metal levels in native soil with various international standards

Metal concentration (mg kg™) WHO USEPA TCLP
Copper 22.0 - 20 -
Nickel 48.0 20 10 5
Zinc 83.0 50 - -
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Rates of exchangeable fraction of metals were
shown in (Figs. 3-5). Among metals, rates of
exchangeable fraction were in the order of
copper < zinc < nickel (There isn’t any difference
between the native and amended soil), reflecting
their intrinsic chemical reactivity in soil. There
was slight increase during the first days of
incubation in citrus peel amended soil in contrast
with control soil and then decrease overcome
after the period for all three metals. It was
concluded that decreasing the pH due to
presence of citrus peel result in solution and
availability of metals especially nickel. The
mobile fraction properties depended on sail
reaction, type of metal and properties of
amendments [32]. It was concluded, therefore,
that risk assessment of soil contamination can be
accomplished by the determination of incubation
time and pH of soils. According to Kumar et al.,
the optimum pH for nickel adsorption for all the
husks is 5 to 5.5 [12]. The results of effect of pH
on the removal of metals reveal that irrespective
of the husk (adsorbent) metal ions were
adsorbed. Also the results of Rieuwerts et al. [37]
studies showed that metal solubility tends to
increase at lower pH and adsorption reactions
become more important than precipitation and
complexation reactions. As their results,
adsorption reactions of Pb are significant at soil
pH 3-5 and of Zn at pH 5-6.5. Precipitation and
complexation reactions of both Pb and Zn
predominate at soil pH 6-7.

According to McLean and Bledsoe nickel does
not form insoluble precipitates in soils and

200 A

—_

[\

(=]
1

Ni concentration in exchangeable fraction
o
(=]
1

retention for nickel is, therefore, exclusively
through adsorption mechanisms [38]. Nickel will
adsorb to clays, iron and manganese oxides, and
organic matter and is thus removed from the soil
solution.

When the incubation time was prolonged metal
concentration of the exchangeable fraction
decreased, especially for copper in citrus peel
amended soil. In control soil the decrease of
metals in exchangeable fraction was less than
citrus peel amended soil. The newly added
copper existed mainly as exchangeable fraction,
but After 7 day incubation, copper in exchange
fraction decreased and after 28 day was 46.9%.

Sayed and Zayed investigated adsorption
capacity and the effectiveness of s garlic and
onion peels, in oil spill clean-ups [39]. It was
found that the adsorption capacities were high for
garlic and onion peels.

Wilson and Yang converted peanut shells with
pyrolysis to activated carbons [40]. It was
reported that shells could be used as an
adsorbent for metal ions such as: cadmium,
copper, lead, nickel and zinc.

Fitzmorris et al. [41] evaluated the removal of
calcium, copper, chrome, lead, nickel, zinc,
arsenic and selenium from solution using the fruit
stone and showed the good adsorption of studied
amendment.
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Fig. 3. Exchangeable fractionation of nickel in the citrus peel amended and control soils in
different incubation time
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Fig. 4. Exchangeable fractionation of zinc in the citrus peel amended and control soils in
different incubation time
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Fig. 5. Exchangeable fractionation of copper in the citrus peel amended and control soils in
different incubation time

4. CONCLUSION

The application of citrus peel altered the mobile
fraction of copper, nickel and zinc to less mobile
fraction in contaminated soil in studied period (4
weeks). This resulted in a diminished uptake of
metals to plants and lower lechabaility to ground
water.

The citrus peel can be considered as an effective
immobilization agent for remediation of copper,

nickel and zinc in contaminated soils in longer
period, because in short time decrease in pH
value of soil led to increase the mobile fraction of
metals.
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