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Pomelo Peel: Agricultural Waste for
Biosorption of Cadmium Ions from Aqueous
Solutions
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Abstract—The ability of pomelo peel, a natural biosorbent, to
remove Cd(II) ions from aqueous solution by biosorption was
investigated. The experiments were carried out by batch method at
25 °C. The influence of solution pH, initial cadmium ion
concentrations and contact times were evaluated. Cadmium ion
removal increased significantly as the pH of the solution increased
from pH 1 to pH 5. At pH 5, the cadmium ion removal reached a
maximum value. The equilibrium process was described well by the
Langmuir isotherm model, with a maximum biosorption capacity of
21.83 mg/g. The biosorption was relatively quick, (approx. 20 min).
Biosorption kinetics followed a pseudo-second-order model. The
result showed that pomelo peel was effective as a biosorbent for
removing cadmium ions from aqueous solution. It is a low cost
material that shows potential to be applied in wastewater technology
for remediation of heavy metal contamination.
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1. INTRODUCTION

ADMIUM, a non-essential and non-beneficial element to

plants and animals, is non-biodegradable and travels
through the food chain. The kidneys are the critical target
organ after ingestion (renal dysfunction, hypertension and
anaemia) [1]-[3]. The major sources of cadmium release into
the environment by waste streams are electroplating, smelting,
alloy manufacturing, pigments, plastic, batteries, mining and
refining processes [4]-[6]. This metal is a serious cause of
environmental degradation. Therefore, it is necessary to
alleviate cadmium ion from industrial effluents. Many
methods for treatment have been described include chemical
and surface chemistry processes such as precipitation,
adsorption, membrane processes, ionic exchange, floatation,
and others [7]-[8]. However, those techniques have their own
inherent limitation such as less efficiency, sensitive operating
conditions, and production of secondary sludge requiring
further, costly disposal [9]. These disadvantages, together with
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the need for more economical and effective methods for
recovery of metal from wastewater, have resulted in the
development of alternative separation technologies. One such
alternative is biosorption [10], where certain types of biomass
are able to bind and concentrate metals from even very dilute
aqueous solution. A biosorption process offers a number of
advantages when compared to the conventional methods
currently used.

Biosorption, the passive uptake of heavy metals by
biomaterials, can be both highly efficient and cost effective. A
low cost biosorbent is defined as one which is abundant in
nature, or is a by-product or waste material from another
industry. Agriculture biosorbent such as orange wastes [11],
olive stones [12], papaya wood [13], grape stalk waste, peas,
broad bean, and medlar peels [14], lemon peels, orange peels,
grapefruit peels, apple peels, apple kernel, apple core, and
grape skins [15], coconut shell powder [16], coconut copra
meal [17] have been evaluated for their biosorption properties.
Most of the studies showed that agricultural waste either in
natural form or modified form is highly efficient for the
removal of cadmium ions. Agricultural by-products usually
are composed of lignin and cellulose as major constituents and
may also include other polar functional groups of lignin,
which includes alcohols, aldehydes, ketones, carboxylic,
phenolic, and ether groups. These groups have ability to some
extent to bind heavy metal ions by donation of an electron pair
from these groups to form complexes with the metal ions in
solution [18].

Pomelo peel, agricultural waste, was selected because of its
high pectin content and the fact that it is an agricultural by-
product. The by-products resulting from processing represent
a major disposal problem for industry and the environment.
Therefore, the purpose of this study was to explore the
feasibility of using pomelo peel for cadmium ion removal
from aqueous solutions by conducting batch experiments as a
function of solution pH, initial cadmium ions concentration
and contact times.

II. MATERIALS AND METHODS

A. Biosorbents Preparation

Pomelo peel was collected as solid waste. The collected
material was then washed with deionized water which was
prepared by the technique of reverse osmosis several times to
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remove heavy metals. The washed materials was cut into
small pieces (1-2 centimeter; cm) then dried in a hot air oven
at 60°C until they reached a constant weight, which was
accomplished after 48 hours (hrs). In the final stage the
material was dried, ground and screened to a cut-off size of
150-212 micrometer (um).

B. Effect of Solution pH

The effect of initial solution pH was determined by
agitation 0.1 g of pomelo peel and 100 ml of Cd(NOs),.4H,0
solution concentration 50 mg/l using a shaker at different
solution pH values ranging from pH 1 to pH 6. Agitation
contact time was kept for 24 hrs which was sufficient to reach
equilibrium with a constant agitation speed of 150 rpm at 25
°C. The pH was adjusted by adding 0.1 N NaOH or 0.1
HNO:;.

C. Isotherm Experiments

The equilibrium isotherms were determined by contacting a
constant mass 0.1 g of pomelo peel material with a range of
different concentrations of Cd(NO3),.4H,0O solution from 25-
100 mg/l. Contact time with agitation was constant at 24 hrs
which was sufficient to reach equilibrium with an agitation
speed of 150 rpm at 25 °C. A pH value of either pH 3.0 or pH
5.0 was maintained throughout the experiment by adding 0.1
N NaOH or 0.1 HNOs.

D. Kinetic Experiments

The kinetic studies were conducted by combining a
constant mass (0.1 g) of pomelo peel material and 100 ml of
Cd(NOs),.4H,0 solution concentration 50 mg/l using a shaker
for different contact times ranging from 0 to 240 min with a
constant agitation speed of 150 rpm at 25 °C. A pH value of
either pH 3.0 or pH 5.0 was maintained throughout the
experiment by adding 0.1 N NaOH or 0.1 HNO;.

E. Metal Analysis

After biosorption, biosorbent was separated from the
solution by passing through a 0.45 pm GF/C filter and the
filtrate was subjected to residual cadmium concentration
determination. The residual concentrations of the cadmium
ions were analyzed by flame atomic absorption
spectrophotometry (Perkin Elmer A Analyst 200).

The cadmium ions capacity per gram of pomelo peel
material was determined by employing the mass balance. The
equilibrium cadmium ions capacity was calculated as (1)

ge= V(Ci- Ce)/m (1
Where;
qe = equilibrium cadmium ions capacity (mg/g);
v = suspension volume (1);
m = mass of pomelo material (g);
Ce = cadmium ions concentration at equilibrium (mg/l);
Ci = initial cadmium ions concentration (mg/1)

III. RESULT AND DISCUSSION

A. Effect of pH

The pH of the aqueous solution was an important
controlling parameter in the biosorption process [19]. Most
research conducted on heavy metal biosorption indicates that
the decrease in metal ion biosorption at acid pH could be due
to the increase in competition with protons for active sites
[20]-[22]. At alkaline pHs, however, other effects could arise
that also alter the process, such as the predominant presence
of hydrated species of heavy metal, changes in surface charge
or the precipitation of the appropriate salt [12]. Effect of pH
solution on the biosorption of cadmium ions by using pomelo
peel material was studied and the results are shown in Fig 1.
There was increasing cadmium ion removal with increasing
pH from pH 1 to pH 5. The cadmium ion removal increased
rapidly. At pH of around 5, cadmium ion removal leveled off
at a maximum value. The biosorption of cadmium in a highly
acidic solution (pH 1) was observed to be negligible.
According to several authors [3], [23] biosorption below pH 2
is negligible due to the competition of hydrogen ions for the
active sites. The dependence of cadmium capacity on pH was
similar to the cadmium ion sorption on Hydrilla verticillata
and Cystine-modified biomass [24]-[25]. Then the cadmium
ion capacity increases as the pH continue increasing. Due to
proton (H") vies with cadmium ions in lower pH, the sorbent
surface taken up more H', consequently reducing cadmium
ions binding on the biosorbent surface. At higher pH, the
biosorbent surface takes more negative charges, thus attracting
more cadmium ions. However, with further increases in pH
the formation of anionic hydroxide complexes decreases the
concentration of free cadmium ions, thereby the biosorption
capacity of cadmium ions decreases [26].

q (mg/g)
L ]

pH

Fig. 1 Effect of pH for pomelo peel biosorption of cadmium ions
from aqueous solution. Conditions: 0.1 g; initial Cd(NO3),.4H,0
concentration 50 mg/l; contact time, 24 hrs; 150 rpm; 25+2°C

B. Biosorption Isotherms

Biosorption isotherms can be generated based on numerous
theoretical models where Langmuir and Freundlich models
are commonly used to fit experimental data when solute
uptake occurs by a monolayer  biosorption [27]-[28].
Langmuir isotherms assume monolayer biosorption, and are
described by equation (2):
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qe = qmabee / 1+bCe (2)
The Freundlich isotherm is described by equation (3):
e = KFCel/n (3)

Where q. and . are the equilibrium and maximum uptake
capacities (mg/g biosorbent) respectively; Ce is the
equilibrium concentration (mg/1 solution); b is the equilibrium
constant; Ky and n are Freudlich constants characteristic of the
system.

The equilibrium biosorption of Langmuir and Freudlich
isotherms for the biosorbent from pomelo peel material are
presented in Figs. 2 and 3 respectively. The model parameters
were tabulated in Table I. The experimental data was better
described by the Langmuir isotherm than Freudlich isotherm.
The regression coefficient (R?) was 0.97 for the Langmuir
isotherm. In contrast, the Freudlich isothem model was less
precise, with a lower R? value of 0.86 at pH 5. Based on the
Langmuir isotherm, the maximum capacity of cadmium was
21.83 mg/g. In addition, the comparison of the maximum
biosorption capacities for cadmium ions obtained in this study
with some using different low-cost biosorbents reported in the
literature is shown in Table II. The results show that the
biosorption capacity for cadmium ion using pomelo was
greater than that which has been found using other
biosorbents.
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Fig. 2 Equilibrium biosorption isotherms of pomelo peel at pH 3 and
pH 5 (data and Langmuir model)
Conditions: 0.1 g; initial cadmium nitrate concentration 25-100
mg/l; particle size, 150-212 um; contact time, 24 hrs; 150 rpm;
25+2°C

TABLE I
LANGMUIR AND FREUNDLICH ISOTHERM CONSTANTS FOR CADMIUM IONS
BIOSORPTION ONTO PUMMELO PEEL

pH Langmuir Model Freundlich Model
b Qmax R’ ke n R’
(g (ng/g) (mg/D)
3 0.072 19.23 0.93 327 253 0.94
5 0.149 21.83 0.97 529 284 0.88
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Fig. 3 Equilibrium biosorption isotherms of pomelo peels at pH 3
and pH 5 (data and Freundlich model)
Conditions: 0.1 g; initial Cd(NOs3),.4H,0 concentration 25-100 mg/l;
particle size, 1.5-2.12%10° nm; contact time, 24 hrs; 150 rpm;

25+2°C
TABLEII
BIOSORPTION CAPACITIES FOR CADMIUM IONS USING DIFFERENT
BIOSORBENTS
Biosorbent Biosorption Capacity Reference
(mg/g)
Pomelo peel 21.83 This study
Papaya wood 17.22 [13]
Cystine-modified biomass 11.63 [31]
H. verticillata 15.00 [24]
Tea industry waste 11.30 [4]
Olive pomace 6.97 [12]

The solution pH had a significant effect on biosorption
equilibrium; at pH 5 the biosorption capacity was consistently
higher than at pH 3 (see Table II). Similar results were
observed for orange peel [24] lemon and grapefruit peels [29].
It is likely that this occurred because of a decrease in proton
concentration at pH 5 and thus decreased competition between
protons and cadmium ions for the same binding site [30].

C. Biosorption Kinetics

Various models can be used to analyze the kinetics of the
sorption process. The pseudo-first-order rate equation of the
Lagergren is one of the most widely used for the biosorption
of solutes from a liquid solution [31]-[32] and is represented
in equation (4):

In (1-qt/qe)= -kt 4)

Another model for the analysis of biosorption kinetics is
pseudo-second-order. The rate law for this system is
expressed as (5):

t/qt = (1/kyqe’) + (t/qe) (5)

where qt and ge are the grams of solute sorbed per gram of
biosorbent at any time and at equilibrium, respectively, and k;
and k, are the rate constant of pseudo-first-order sorption and
pseudo-second-order sorption, respectively.

Biosorption kinetics of cadmium ions on pomelo at two pH
values could be explained with the pseudo-second order
equation (Fig. 4). The R? values for the second-order kinetic
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model were 1 for either pH value, while those for the first-
order kinetic model were 0.98 and 0.87 for pH 3 and pH 5
respectively (Table IIT). A very fast increase in the biosorption
rate of cadmium ion to the pomelo peel may be observed in
the first 30 minutes for both pH-values studies, followed by a
less rapid increase and a practically constant plateau after 60
min, in both cases. The results showed that at pH 5 the
equilibrium capacity was higher than at pH 3. This is a typical
phenomenon in biosorption when acidic sites were involved.
Metal binding is usually higher at higher pH due to reduced
competition by protons for the same binding sites [33].

12 1
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time (min)

A Experiment data, pH 3

1 st order model, pH3 = = = =2 ndorder model, pH 3

L] Experiment data, pH 5

1 st order model, pH 5

2 nd order model, pH 5

Fig. 4 Biosorption kinetics of pomelo peel at pH 3 and pH 5. (data
and predictions of first- and second-order models)

TABLE III
RATE CONSTANTS AND EQUILIBRIUM CADMIUM IONS CAPACITY AT PH 3 AND
PH 5 wiTH CD(NO5),.4H,0O CONCENTRATION

pH Pseudo-First Pseudo-Second Experime
Order Model Order Model nttal
ky qe R? Ks qe R? qe
(mg/g) (mg/g) (mg/g)
pH3 0.14 2.31 0.98 0.26 8.67 1 8.62
pH5 0.28 933  0.87 033 11.93 1 11.93

IV. CONCLUSION

The use of pomelo peel waste could be an environmentally
friendly method of cadmium ion adsorbtion from aqueous
solution. Further studies will help to evaluate the economic
implications of using this biosorbent. Pomelo peel biosorption
of cadmium ions was dependent on solution pH, initial ion
concentrations and contact time.
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