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ABSTRACT

The viability of garlic peel (GP) to remove Pb2+, Cu2+, and Ni2+ was evaluated in this paper.
Characterization of prepared GP adsorbent was performed using scanning electron microscopy
and Fourier-transform infrared spectrophotometer. Batch experiments were carried out to
investigate the effects of pH, temperature, time, and initial metal ion concentration on the
adsorption of single heavy metal ion by GP. Competitive adsorption of binary mixture (Pb2+/
Cu2+ and Pb2+/Ni2+) by GP was also investigated. The results showed that the adsorption pro-
cess could attain equilibrium within 20min, and kinetics was found to fit pseudo-second-order
equation. GP had remarkable higher adsorption affinity for Pb2+ than Cu2+ and Ni2+ with the
maximum adsorption capacity as 209mg/g. The adsorption efficiency and uptake capacity of
one metal ion were reduced by the presence of the other metal ion. The adsorption mechanism
was supposed to be ion exchange between Ca2+ of GP with heavy metal ions in the solution.
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1. Introduction

Water contamination by toxic heavy metal ions aris-
ing from the discharge of untreated metal containing
effluent is a major concern. The heavy metal ions are
stable and persistent environmental contaminants since
they cannot be degraded and destroyed. Although
heavy metal removal from inorganic effluent can be
achieved by conventional treatments such as chemical
precipitation, electrochemical treatment, ion exchange
and membrane technologies, each treatment has its
inherent limitation. For low concentrations of metal
ions, biosorption of heavy metals from wastewater has
emerged in response to the shortcomings of the conven-

tional physicochemical treatments, as can be considered
a cost-effective and ecological alternative in this field of
environmental pollution [1,2].

Agricultural by-products are usually composed of
lignin and cellulose as major constituents and may
also include other polar functional groups of lignin.
These groups, including alcohols, aldehydes, ketones,
carboxylic, phenolic, and ether groups, have the abil-
ity to bind heavy metal ions through complexation or
ion exchange [3]. Garlic peel (GP), low-cost agricul-
tural waste, could be used for the effective removal
and recovery of heavy metal ions form wastewater
streams. Due to the high consumption of garlic, mas-
sive amounts of peels are disposed, causing a severe
problem in the community [4]. The aim of this work
was to evaluate the potential of GP for the removal of
Pb2+, Cu2+, and Ni2+ from aqueous solutions.*Corresponding author.
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2. Experimental

2.1. Chemicals

All chemicals used in this study were of pure
analytical grade. Stock solutions (1.0 g/L) of single
heavy metal were prepared by dissolving CuCl2·2H2O,
Pb(NO3)2 and Ni(NO3)2·6H2O in double-distilled
water, respectively, then diluted to desired concentra-
tions when used. 0.1mol/L HCl and 0.1mol/L NaOH
were used to adjust the solution pH.

2.2. Preparation and characterization of GP adsorbent

GP used in this study was collected from the
vegetable market inside our university, Changsha,
China. The sample was sopped in tap water for two
days, and then was washed many times to remove
mud and some other attachments. After that, the
sample was washed with double-distilled water sev-
eral times and then was freeze dried for 24 h. The
dried GP was crushed to obtain the average particle
size around 500–800lm. Surface morphology of GP
was studied by scanning electron microscopy (SEM)
analysis using a JSM-5600LV scanning electron
microscope. Fourier-transform infrared (FTIR) spec-
trum of GP was taken with a Fourier-transform
infrared spectrophotometer (JASCO FT/IR-410,
Japan). Pressed pellets were prepared by grinding
the powder specimens with spectroscopic grade KBr
for FTIR spectra test.

2.3. Batch adsorption experiment

Batch adsorption experiments were conducted to
evaluate the effects of some parameters including
solution pH, temperature, time and initial concentra-
tion on the adsorption of Pb2+, Cu2+, and Ni2+ by
GP. A fixed amount of GP (20mg) was added to
10mL metal ion solution with various initial pH
(1.5, 2.5, 3.5, 4.5, 5.5), temperature (30, 40, 50, 60˚C),
time (1, 3, 5, 7, 10, 15, 20, 40, 60, 90, 120min) and
initial metal ion concentration (100, 200, 300, 400,
500, 600, 800, 1,000mg/L). The mixture was shaken
at a speed of 100min�1 in a thermostated shaker.
After adsorption, the mixture was filtered and the
adsorption efficiency was calculated by analyzing
the metal ion concentration in filtrate by using an
AA-6650 atomic absorption spectrophotometer (AAS,
Shimadzu).

The adsorption efficiency (Adsorption%) and the
amount of metal adsorbed at equilibrium (qe) were
determined by using the following equation:

Adsorption% ¼ C0 � Ce

C0

� 100% ð1Þ

qe ¼ ðC0 � CeÞV
m

ð2Þ

where C0 and Ce represent the initial and equilibrium
metal ions concentrations (mg/L), respectively; V is
the volume of the solutions (mL) and m is the amount
(mg) of adsorbent. All the adsorption experiments
were conducted in duplicate, and the mean values
were calculated. The results were reproducible at most
5% error.

3. Results and discussion

3.1. Characterization of the GP adsorbent

SEM is widely used to study the morphological
features of the adsorbent. An observation of the SEM
micrograph of GP (Fig. 1) indicates the irregular and
porous surfaces, which assure that GP has an ade-
quate morphology for binding metal ions. EDAX is
usually used to analyze the elemental constitution of
solid samples and the results show the principal ele-
ments of GP are C, H, O, N, and Ca. The existence of
Ca element is due to the calcium component such as
calcium pectate in the cell wall of GP.

FTIR spectrum of GP is shown in Fig. 2. The broad
and intense absorption peaks at around 3,425 cm�1

correspond to the O–H stretching vibrations due to
inter- and intra-molecular hydrogen bonding of poly-
meric compounds (macromolecular associations), such
as alcohols, phenols, and carboxylic acids, as in pectin,
cellulose and lignin [5], thus, showing the presence of
“free” hydroxyl groups on the adsorbent surface. The
peaks at 2,917 cm�1 are attributed to the symmetric

Fig. 1. SEM micrograph of GP (magnification: 300�).
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and asymmetric C–H stretching vibration of aliphatic
acids [6]. The peak observed at 1,743 cm�1 is the
stretching vibration of bond due to non-ionic carboxyl
groups (�COOH, �COOCH3), and may be assigned
to carboxylic acids or their esters [6]. The peaks at
1,632 and 1,424 cm�1 are due to asymmetric and sym-
metric stretching vibrations of C=O in ionic carboxylic
groups (�COO�), respectively [7]. Aliphatic acid
group vibration at 1,237 cm�1 may be assigned to
deformation vibration of C=O and stretching forma-
tion of –OH of carboxylic acids and phenols [8]. Peaks
at 1,062 cm�1 may be due to stretching vibration of
C�OH of alcoholic groups and carboxylic acids.

3.2. Effect of equilibrium pH

Solution pH is the most important parameter that
affects the surface charge of the adsorbent and metal

speciation. The influence of equilibrium pH on the
adsorption of Pb2+, by GP is shown in Fig. 3. It can be
seen that pH has strong effect on the adsorption effi-
ciency, which increased with the increasing pH and
achieved maximum value at equilibrium pH around
5.5. Lower adsorption at lower pH is probably due to
the presence of excess of H+ ions competing with the
metal ions for adsorption sites. At higher pH values,
the lower number of H+ and greater number of
ligands with negatives charges result in greater metal
ion adsorption [9]. Obviously, GP has higher affinity
for Pb2+ than Cu2+ and Ni2+.

3.3. Effect of temperature

Fig. 4 shows the effect of temperature on the
adsorption of Pb2+, Cu2+, and Ni2+. It turns out that
temperature had different effects on the adsorption
for different metal ions. The adsorption efficiency for
Pb2+ kept high values above 99% under tested temper-
atures, but for Cu2+ and Ni2+, temperature had nega-
tive effect.

3.4. Adsorption kinetics

The adsorption kinetics was investigated for better
understanding of the dynamics of adsorption of Pb2+,
Cu2+ and Ni2+ onto GP. Effect of adsorption time is
shown in Fig. 5. It can be concluded that all the
adsorption process proceeded rapidly and could attain
equilibrium within 20min. The fast adsorption rate
reflects good accessibility of the binding sites of the
GP to metal ions. This has practical advantages in
terms of reducing reactor volumes and time.

The pseudo-second-order kinetic model (3), which
assumes the rate is proportional to the square of the
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Fig. 3. Effect of equilibrium pH on the adsorption of Pb2+,
Cu2+ and Ni2+ by GP (C0: Pb2+ 100mg/L, Cu2+ or Ni2+

50mg/L; 30oC, 1.5 h).
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Fig. 2. FTIR spectra of GP.
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number of remaining free surface sites was used to
model the data in Fig. 5 [10].

t

qt
¼ 1

k2q2e
þ t

qe
ð3Þ

where qt and qe are the amounts of ion adsorbed at
time t and at equilibrium (mg/g), respectively, and k2
is the constant of pseudo-second-order rate
(g/(mg·min)). The modeled results are shown in
Table 1, from which it can be seen that the adsorption
process fitted well to the pseudo-second-order
equation with R2 > 0.999.

3.5. Adsorption isotherms

The equilibrium adsorption isotherm experiments
were performed by plotting metal ions adsorbed (qe)
against the equilibrium concentration of metal ions (Ce)
in solution (Fig. 6). It can be seen from Fig. 6 that
adsorption capacity increased with the increasing metal
ion concentration until adsorption saturation was
reached. GP showed remarkable high adsorption ability
for Pb2+ ions compared with Cu2+ and Ni2+ ions.

The analysis of the isotherm data by fitting them
to different isotherm model is an important step to
find the suitable model that can be used for design
purpose. Both Langmuir (4) and Freundlich (5) mod-
els were used to analyze the isotherm data [11,12]:

Ce

qe
¼ 1

qmKL
þ 1

qm
Ce ð4Þ

log qe ¼ logKF þ 1

n
logCe ð5Þ

where qm is the maximum amount of adsorption (mg/
g), KL the adsorption constant (L/mg), KF the constant
representing the adsorption capacity, and n is the
constant depicting the adsorption intensity.

Table 1
Kinetics parameters of the pseudo-second-order rate
equation for metal ions adsorption

Metal
ion

qe.exp
(mg/g)

qe.cal
(mg/g)

k2(g/
(mg·min))

R2

Pb2+ 47.4 47.7 0.036 0.9999

Cu2+ 20.5 20.7 0.067 0.9997

Ni2+ 17.1 17.2 0.235 0.9997
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Fig. 5. Effect of adsorption time on the adsorption of Pb2+

Cu2+ and Ni2+ by GP (C0: Pb2+ 100mg/L, Cu2+ or Ni2+

50mg/L; pH 5.5; 30oC).
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Fig. 6. Adsorption isotherm of adsorption of Pb2+, Cu2+

and Ni2+ by GP (pH 5.5, 1.5 h, 30 ˚C).

Table 2
A comparison of Langmuir and Freudlich isotherm model

Metal ion Langmuir model Freundlich model

qm (mg/g) KL (L/mg) R2 KF 1/n R2

Pb2+ 209 0.112 0.998 80.85 0.163 0.927

Cu2+ 37 0.129 0.996 16.02 0.143 0.659

Ni2+ 32 0.564 0.987 14.70 0.123 0.849
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Table 2 shows the applicability of Langmuir and
Freundlich models for Pb2+, Cu2+ and Ni2+ adsorption
by GP. It can be concluded that the isotherm data were
better fitted Langmuir model, which assumes that all
adsorption sites are equivalent and adsorption in active
sites is independent of whether the adjacent is occu-
pied. Both Langmuir isotherm and pseudo-second-
order kinetic model assume that the surface of GP is
homogenous and the operating adsorption mechanism
is chemisorption involving valency forces through shar-
ing or exchange of electrons between ions and GP [13].
The maximum Langmuir adsorption capacities of Pb2+,
Cu2+ and Ni2+ on GP were calculated as 209, 37 and
32mg/g, respectively. A comparison of adsorption
capacity of Pb2+ by some other biosorbents reported in
the literatures is listed in Table 3. It can be seen that
without any chemical modification, raw GP exhibits
excellent adsorption ability for Pb2+ ions.

3.6. Adsorption of ions from binary metal solutions

Although the adsorption capacity for Pb2+ by GP is
relatively high in single lead solution, practical indus-
trial wastewater always contains several heavy metal
ions rather than target metal ion. In order to test the
adsorption ability for Pb2+ by GP in mixture solutions,
effects of the presence of Cu2+ and Ni2+ ions on the
adsorption of Pb2+ ions were investigated in terms of
adsorption efficiency and equilibrium isotherm.

Fig. 7(a) shows the effect of Cu2+ and Ni2+ ions with
increasing concentrations on the adsorption efficiency of
100mg/L of Pb2+ ions at pH 5.5. As showed in Fig. 7(a),
the results indicated that the equilibrium uptake of Pb2+

decreased with the concentration of Cu2+ or Ni2+ kept
increasing. Ni2+ ion in the binary solution did not affect
Pb2+ uptake as much as Cu2+ ion. Analogously, the
effect of Pb2+ ions on the Cu2+ and Ni2+adsorption on
GP is shown in Fig. 7(b). The uptake of both Cu2+ and
Ni2+ ions, especially for Ni2+, dropped quickly when
Pb2+ ions coexisted in the solution.

In Fig. 8, the adsorption isotherm of Pb2+ in the
presence of Cu2+ and Ni2+ with various concentrations
as 50 and 100mg/L was compared with the results in
the single-ion situation. As shown in Fig. 8, the adsorp-
tion of Pb2+ by GP in the binary system followed the
same adsorption isotherm pattern, with the equilibrium
capacity lower than that for the single Pb2+ ions. The
maximum Langmuir adsorption capacities calculated
for Pb2+ present in binary mixture were 126mg/g (with
50mg/L of Cu2+), 123mg/g (with 100mg/L of Cu2+),
150mg/g (with 50mg/L of Ni2+), 142mg/g (with
100mg/L of Ni2+) compared with 209mg/g in single
Pb2+ solution. A fixed quantity of GP could only offer a
finite number of surface binding sites, some of which
would be expected to be saturated by the competing
metal ions, especially at relatively high concentration
of them, and this was indeed observed.

Table 3
Lead adsorption capacity of some natural agricultural
by-product reported in literatures

Adsorbent qm(mg/g) References

Garlic peel 209 This study

Orange peel 90 [14]

Tea waste 65 [15]

Wheat bran 64 [16]

Mango peel waste 99 [17]

Maize bran 143 [18]

Sago waste 47 [19]

Grape bagasse 42 [7]
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Fig. 7. (a) Effect of Cu2+ and Ni2+ on Pb2+ adsorption by
GP; (b) Effect of Pb2+ on Cu2+ and Ni2+ adsorption by GP.
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3.7. Adsorption mechanism

In the literatures, different mechanism for the
adsorption of heavy metal ions onto biosorbents has
been proposed. These include physical attraction, ion-
exchange, complexation, and oxidation-reduction. It is
commonly believed that ion-exchange is the most pre-
valent mechanism. In our experiments, under certain
experiment conditions (C0: Pb2+ 100mg/L, Cu2+ or
Ni2+ 50mg/L; pH 5.5; 100mg/20mL; 30oC; 2 h), the
released amount of Ca2+ was detected in the filtrate
after adsorption of heavy metal ions by AAS. The
results showed that the equivalent concentrations of
Pb2+, Cu2+, Ni2+ absorbed onto GP were calculated as
0.179, 0.253 and 0.255meq/g and the equivalent con-
centrations of Ca2+ released into the solution were
0.302, 0.472 and 0.433meq/g, respectively. This means
Ca2+ in the GP was replaced with M2+ (Pb2+, Cu2+,
Ni2+), moreover, some other calcium components
were decomposed and released into the solution.

4. Conclusions

GP, an inexpensive and easily available material,
was used to remove Pb2+, Cu2+ and Ni2+ from aqueous
solutions. Solution pH had great influence on the
adsorption efficiency. The effect of temperature was
insignificant except for Cu2+. The adsorption kinetics
was found to fit pseudo-second-order equation. The
maximum adsorption capacity of Pb2+ by GP was
209mg/g, which is much higher than many raw natural
materials reported in literatures. Competitive adsorp-
tion was conducted in binary mixture and the results

showed that the uptake capacity of one metal ion was
reduced by the presence of the other metal ion. Adsorp-
tion mechanism was supposed to be ion exchange.
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