
Introduction

Environmental pollution is a world-wide concern 
that can cause the deterioration of the spheres of earth. 

Consequently, it is urgent today more than ever, to 
mitigate the degradation of the abiotic sphere (air, 
water and soil) or the biotic sphere (plants, animals 
and microorganisms), which interact in cycles and any 
damage caused to the first one impacts the last one. 
In fact, intensive agriculture, industrialization and 
globalization have altered the balance of the ecological 
system by introducing organics and metals compounds 
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Abstract

Metal pollutants produced by industrial wastewaters have become a global concern given their 
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which are very deleterious to nature and the lives of 
humans and animals. The environment has been tainted 
by numerous pollutants such as inorganic ions, organic 
pollutants, radioactive elements, gaseous pollutants and 
nanoparticles [1-2].

Heavy metals such as arsenic, cadmium, chromium, 
lead and mercury are considered among the main metals 
with a severe impact on the balance of the environment 
with their dangerous consequences on human health 
given their high degree of toxicity and deleterious 
effects [3]. The exposure of humans to these metals 
has been substantially increased by industrial activities 
linked to the needs of various technologies. Lead is 
present in the crust of earth and in all compartments 
of the abiotic sphere, it is one of the most used metals 
in batteries accumulators manufacturing and metal 
extraction and finishing activities [4]. In developing 
countries and in view of the lack of occupational safety 
measures, many workers continue to be exposed to the 
toxic effects of lead. Lead contamination is more likely 
to affect children younger than 6 years old, which can 
gravely affect their mental and physical development [5].  
In terms of absorption, humans are exposed to lead by 
different ways, in particular orally route via ingestion 
of contaminated food, drinks and water resources or 
indirectly through polluted soil. Inhalation is a second 
major pathway of exposure to airborne lead in the form 
of micro particles. This route is more dangerous than 
the first one because the micro particles penetrate deep 
into the respiratory tract and increase the exposure rate 
[6].

After absorption, several sensitive organs are 
affected by the toxicity of lead accumulation such 
as hematological, immune, cardiovascular, nervous 
and reproductive systems. Kidneys, liver and bone 
marrow can also be affected [6-7]. The lead toxicities 
are responsible for several diseases such as increased 
blood pressure, kidney diseases, neurodegenerative 
diseases and cognitive disorders. Furthermore, given 
the systemic toxicity, the lead has been classified as 
a possible human carcinogen [8]. It’s well known that 
oxidative stress is an imbalance between antioxidants 
and oxidants that produces harmful reactive oxygen 
species (ROS), which is the main mechanism involved 
in heavy metal toxicity and carcinogenicity [9].  
In effect, lead is able to deregulate the antioxidant 
defenses barriers, including the antioxidant enzymes 
and the non-enzymatic antioxidants and thus affect 
the cellular integrity and the metabolism of the cells 
constituents [10]. In addition, metal ions have been 
shown to interact with DNA and nuclear proteins, 
causing their damage through mutation or deletion that 
can lead to cell cycle modulation and carcinogenesis 
[11].

In view of the extremely serious effects of metal 
pollution on the environment and its impact on the 
ecological balance and on human health in particular, 
it is therefore urgent to clean up the industrial sources 
of these polluted effluents before discharging them 

into the environment. For that, different technologies 
of treatment have been used and evaluated based 
on various chemical or physical methods such as 
precipitation, adsorption on minerals, filtration 
using membranes and electrochemical methods.  
A comparison between these technologies is shown 
in Table 1 [12-16]. Adsorption constituted an effective 
alternative way to these methods in removing metal 
pollutants due to its elevated efficiency, reduced 
operating costs and simplicity of use [17]. Every year, 
agricultural and agro-food activities release very 
large quantities of by-products which truly constitute  
a source of plant biomasses to solve the problem of 
heavy metal pollution due to their abundance, cost-
effective and high efficiency in removing pollutants 
without side effects on the environment. In fact, a large 
number of reported studies have been conducted to 
valorize biomasses as sorbents for heavy metal species 
from aqueous solutions such as olive stones from olive 
meal waste waters and apricot shells waste from fruit 
juice industry, which are potential sorbents for several 
metal ions [18-19]. Moreover, various plant peels have 
been used efficiently in the adsorption of different 
metals such as lead on potato and banana peels [20-21]. 
Finally, a previous study established that Nigella sativa 
L. seeds biomass preliminarily defatted as a potential 
sorbent for lead from aqueous solutions and wastewaters 
from battery factories [22].

Pomegranate (Punica granatum L.) is a fruit that 
has been cultivated for a long time worldwide. Its 
consumption as it is or as a juice has increased given 
its health benefits. Consequently, its production and 
processing were increased simultaneously, which 
generated massive quantities of peels as a major by-
product. Pomegranate peels, in addition of their 
cellulosic matrix, have a high content of bioactive 
compounds belonging to polyphenolic secondary 
metabolites such as phenolic acids, flavonoids and 
hydrolysable tannins that possess numerous biological 
activities in particular antioxidant and chelating 
properties. In this context, the objective of this work 
was primarily to establish the polyphenols content 
of two varieties of pomegranate peels and their iron 
chelating activity. The adsorptive properties of these 
biomasses as biosorbent towards Pb(II) ions, which is 
the predominant metal ion in battery factory and lead 
refining effluents, were also assessed in the second step.

The adsorption study was conducted by batch 
method using synthetic aqueous solutions by varying 
the concentration of this metal, contact time, pH and 
sorbent doses. The adsorption isotherms models and 
kinetics of Pb(II) ions at interface were also established. 
Fourier Transform Infrared Spectroscopy (FT-IR) 
analysis was used to characterize the identity of the 
functional groups of these biomasses in both native 
and adsorbed states. Finally, the adsorption-desorption 
capacity was also carried out by batch method, using 
a given amount of these biomasses for lead removal 
from simulated solution that mimics the content  
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in real effluents of the battery factory and then acidic 
regeneration was attempted in order to investigate its 
reusability for further cycles.

Material and Methods 

Chemicals and Equipment

All the chemicals and solvents used in the various 
experiments in this study were analytical grade. Lead 
nitrate Pb(NO3)2 purchased from Prolabo (France), 
deionized water (20 μs.cm-1) obtained from ENPEC 
(National Company of Electrochemical Products, 
Algeria) were used in achieving adsorption experiments. 
Sodium chloride (NaCl, 99.4%, Sigma), sodium 
hydroxide (NaOH, 98%, Cheminova) and hydrochloric 
acid (HCl, 37%, Biochem) were used in chemical 
characterization. For total polyphenols quantification 
and the iron chelating activity; Folin-Ciocalteu reagent, 
sodium bicarbonate (Na2CO3), gallic acid, ferrozine 
(2,4,6-Tris-2-pyridyl-s-triazine) and methanol (99.8%) 
obtained from Sigma-Aldrich were used.

The pH measurement was determined by a glass 
electrode (Hanna HI 9321). Atomic absorption 

spectrophotometer (AAS) (PerkinElmer PinAAcle 
900H model) working with an air acetylene flame 
was used to estimate the content of lead in the tested 
solutions. FT-IR spectrophotometer (SHIMADZU FTIR 
– 8400S), was used to identify the functional groups 
of the biomasses in native and binding sorbate-sorbent 
states.

Biomass Adsorbents

Two pomegranate peels, red and yellow, used in 
this study were prepared from Punica granatum fruit 
purchased from the local market of Setif (East part  
of Algeria). In the laboratory, the fruits were washed 
with tap water and then with distilled water to ensure 
the removal of dirt or unwanted matter. The peels were 
obtained by extraction of the juice from the arils and 
discarding their seeds and then dried in the oven at 
40ºC for 72 hours until a constant weight was obtained. 
The dried peels were first grounded to a fine powder 
and then sieved to obtain a particle size of 500 µm. 
The raw peels powder was kept in sealed bottles away 
from the dark at room temperature until their use in 
adsorption experiments.

Technique Material Advantages Disadvantages

Chemical 
precipitation

Precipitants like sulfide, calcium oxide, 
Sodium hydroxide and carbonate.

Simplicity of use, applicable 
for low metal concentration 

and large volumes of effluents.

It requires pH maintenance at 
optimum levels, high dosage of 

chemicals, monitoring of different 
factors (pH, metal concentration, 

temperature etc.) during the process.

Coagulation 
and 

flocculation

Coagulants like aluminum, ferrous sulfate 
and ferric chloride. Focculants such as 

polyaluminum chloride, polyferric sulfate 
and polyacrylamide.

Sludge settling. Suitable for 
high volumes of wastewaters.

High cost of reagents, toxicity 
of inorganic coagulants and the 

production of large volume of sludge 
which creates disposal issues.

Electro-
chemical 
methods

Electrodes based on carbon, sulfur, iridium 
oxide-coated titanium and aluminum etc.

High efficiency, lower 
chemical use and the recovery 

of pure metal.

High capital and running costs. 
Not suitable for large volumes of 

wastewaters.

Ion exchange
Natural materials like inorganic zeolites 

or synthetic materials such as ionic resins 
supported by membranes.

Selectivity of metal removal 
and the possibility of the 
regeneration of materials.

High operational costs and partial 
removal of metals.

Membrane 
filtration

Membranes with different porosities and 
surfactants to help the process.

Selective separation and 
possibility of wastewaters 
recovery which prevent 
environmental issues.

Membranes clogging and high 
capital and operational costs.

Reverse 
osmosis

Semi-permeable membranes like Thin film 
composite aromatic polyamide and cellulose 

acetate.

Simple and effective for metal 
removal from wastewaters.

Requires constant maintenance due 
to the risk of degradation and fouling 

of membranes.

Adsorption

Carbon-based adsorbents like activated 
carbon nanoparticles [13].

Chitosan-based adsorbents [14].
Mineral adsorbents like zeolites [15].

Lower operating costs, high 
removal efficiency, easy and 

simple application.
Regeneration of the biosorbent 

and recovery of metal.

No regeneration.
 Costs of activated carbon.

Biosorption Like ripe black locust seed pods [16]. 
Pomegranate peels (current study).

Early saturation of the biosorbents. 
Costs for chemical regeneration of 

the adsorbent.

Table 1. Comparison of different techniques used for metal removal from wastewaters.
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Preparation of Stock Solution

Stock solution (1000 mg.L-1) of lead was prepared 
by dissolving lead nitrate Pb(NO3)2 in deionized water. 
The working solutions were prepared by diluting the 
stock solution to appropriate volumes. The initial pH 
value of the solutions was adjusted using 0.1 M sodium 
hydroxide NaOH or 0.1 M hydrochloric acid HCl.

Polyphenols Quantification

At first, we proceeded to extract the polyphenolic 
compounds from the peels powder at room temperature 
by maceration in aqueous solution with a ratio of 1/10 
(W/V) during 24 hours under agitation. The filtrate was 
collected by filtration under vacuum using fritted glass 
(G3) and then, the remaining solid phase was subjected 
to a second extraction under the same conditions for 
12 hours to ensure complete recovery of polyphenols. 
The two filtrates were combined and dried at 40°C 
until a dry residue was obtained that was kept away 
from the light and moisture. The determination of total 
polyphenols is carried out according to Le et al. [23], 
which is based on the reduction in an alkaline medium 
of Folin-Ciocalteu reagent by the oxidizable groups of 
the phenolic compounds. Briefly, 200 μL of the extract 
was mixed with 1 mL of Folin-Ciolcalteu reagent (10%). 
After 4 min, 800 μL of sodium carbonate solution  
(75 g.L-1) was added followed by incubating the mixture 
in the dark and at room temperature for 2 h and then, 
the absorbance was measured at 765 nm with UV-Vis 
spectrophotometer. A calibration curve was constituted 
using gallic acid as a reference. The concentration 
of polyphenols was determined and the results were 
expressed in mg equivalents of gallic acid per g of dry 
weight (mg GAE/g DW).

Iron Chelating Activity

The iron chelating activity was estimated through 
the ability of the extracts to inhibit the iron(II)–
ferrozine complex formation based on the method 
described by Le et al. and Ibrahim et al. with some 
modifications [23-24]. Concentrations ranging between  
(0.0075-1.2 mg.mL-1) of the aqueous extracts for both 
RPP and YPP were tested, in which 0.5 mL of the 
extract was mixed with 0.05 mL of FeSO4 (2 mM in 
distilled water). After 5 minutes, 0.05 mL of ferrozine 
(5 mM in 80% methanol) was added. The mixture 
was then shaken and incubated for 10 minutes at 
room temperature and the absorbance of the complex 
was measured at 562 nm against a reagent blank. The 
Na2EDTA (0.001-0.005 mg.mL-1) was used as a standard 
metal chelating agent. The control was prepared with 
the same manner by replacing the extract with distilled 
water. The chelating activity percentage was calculated 
using the following equation: 

Chelating activity (%) = C E

C

A A 100
A
− ×

Where, AC is the absorbance of the control and AE is 
the absorbance of the extract or Na2EDTA. The results 
were expressed as mg of EDTA equivalent/g of extract.

Characterization of the Adsorbent 

The Equilibrium pH of the Adsorbent 

The contact pH of the adsorbent was established 
by mixing 0.25 g of the pomegranate peel powder in 
contact with 25 mL of deionized water. The whole was 
kept under agitation for 24 h. After 24 h the suspension 
was filterd and the pH of the filtrate was determined 
using a pH meter [25-26]. 

Point of Zero Charge (pHpzc)

The point of zero charge was determined using the 
salt addition method. In a series of 50 mL conical flasks 
25 mL of sodium chloride NaCl 0.01 M was added in 
each flask. The initial pH (pHi) was adjusted between 
2 to 12 using either NaOH 0.1 M or HCl 0.1 M. After 
adjusting the pH, 25 mg of the peel’s powder (500 µm) 
was added to every flask. The samples were left under 
agitation for 24 h at room temperature. After 24 hours, 
the final pH of each sample was measured and marked 
as pHf. The PZC was obtained from the plot of ΔpH = 
(pHf – pHi) against pH [27].

Surface Functional Groups 

The concentration of acidic and basic sites on the 
pomegranate peel was determined via the acid-base 
titration method [28]. Thus, 0.25 g of the adsorbent was 
treated separately with 25 mL of 0.5 M NaOH and 0.5 
M HCl in 50 mL conical flasks for the determination of 
acid and basic surface functional groups, respectively. 
The flasks were agitated at room temperature for 24 h. 
Subsequently, the suspensions were decanted and 
filtered. 10 mL of each filtrate was taken and the excess 
acid or base was back-titrated with 0.5 M NaOH or HCl. 
The number of functional groups was calculated taking 
into account that the NaOH neutralizes the phenolic, 
lactonic and carboxylic groups and HCl neutralizes 
the basic groups. The total acidity and basicity was 
expressed in mmol.g-1 of adsorbent [29].

FT-IR Analysis 

The FT-IR spectrums of the red peels powder 
(RPP) and the yellow peels powder (YPP) before and 
after Pb(II) ions adsorption were taken to establish 
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wavenumber changes in the functional groups of the 
adsorbents. The FT-IR spectra were recorded between 
400 and 4000 cm-1.

Adsorption studies 

Batch Biosorption Studies

The biosorption capacity of RPP and YPP towards 
lead ions (Pb2+) was studied using batch method at room 
temperature (23-25ºC). The working solutions were 
prepared by diluting the stock solution (1000 mg.L-1)
with deionized water to appropriate concentrations 
and their initial pH was adjusted using 0.1 M sodium 
hydroxide NaOH or 0.1 M hydrochloric acid HCl.  
For this study, a fixed amount of the peels powder 
(0.0025-0.02 g) was placed in a 15 mL flasks containing 
10 mL of the metallic lead solution in the range of  
5 to 100 mg.L-1 at a given pH from 2 to 8 for a contact 
time varying from 15 to 120 min and then, the flasks 
were shaken in a rotary orbital shaker at 70 rpm. 
Finally, the flasks were centrifuged at 3000 rpm for 
10 min followed by filtration through 0.45 µm filters. 
The experiments were carried out in triplicate. The 
residual concentration of metal ions in the filtrate was 
determined using atomic absorption spectrophotometer. 
The amount of metal ions sorbed by the biosorbent and 
the percentage of removal (R%) were calculated using 
the following equations: 

Qe = e 0(C C ) V
m

− ×
                      (1)

R% = 0 e

0

(C C ) 100
C

− ×
                    (2)

Where, Qe is the amount of heavy metal ions 
adsorbed per unit weight of the biomass (mg.g-1); 
V is the volume of solution (L); C0 is the initial lead 
metal ion concentration (mg.L-1); Ce is the equilibrium 
lead concentration (mg.L-1) and m is the mass of the 
biosorbent (g).

Adsorption Isotherms Models 

The adsorption isotherm is a mathematical 
description of the relationship between the amounts 
of the solute adsorbed on the adsorbent and the 
concentration of dissolved adsorbate in the liquid 
at equilibrium and at a constant temperature. 
The adsorption equilibrium takes place when the 
concentration of adsorbate in the solution is in dynamic 
balance with that of the interface. The parameter Ceq 
corresponds to the concentration of the metal ion 
remained in the solution and Qeq refers to the amount 
of metal ion adsorbed per unit weight of adsorbent 

[22, 30]. Our experimental data were adjusted to the 
models of Freundlich and Langmuir, which are the most 
frequently used models in the literature. The adsorption 
of Pb(II) ions at optimum pH (6) and agitation time 
(60 min) was accomplished at different Pb(II) ions 
concentrations ranging from 10 to 4000 mg.L-1 and 
a biosorbent dose of 0.02 g at ambient temperature.

Langmuir Isotherm 

Langmuir models propose that adsorption occurs 
on adsorbent surfaces with a monomolecular layer 
structure in which all adsorption sites are identical and 
there is no contact between the molecules that have 
been adsorbed [31]. The Langmuir equation is given as 
follows:

Qe = m L e

L e

Q K C
1 K C+

The linear form of Langmuir isotherm equation is:

e e

e m m L

C C 1
Q Q Q K

= +

 Where Qe is the equilibrium concentration of Pb(II) 
ions on the biosorbent (mg.g-1), Qm is the theoretical 
maximum adsorption capacity (mg.g-1), Ce is the 
equilibrium concentration of Pb(II) ions (mg.L-1), and 
KL is the Langmuir constant (L.mg-1). The values of 
Qm and KL constants and coefficients of regression for 
Langmuir isotherm are obtained from the plot of Ce/Qe 
versus Ce illustrated by Fig. 7.

The important characteristic of the Langmuir 
isotherm is the dimensionless constant separation factor 
or the equilibrium parameter, RL, given as follows: 

RL = 
0

1
1 bC+

The value of RL gives an idea about the form of the 
isotherm. When it is RL>1 it indicates an unfavourable 
isotherm, RL = 1 indicates a linear isotherm, 0<RL<1 
indicates a favourable isotherm, while RL= 0 indicates 
an irreversible adsorption [32]. 

Freundlich isotherm 

Freundlich models propose that the molecules 
are adsorbed as a monomolecular layer or multilayer 
structure on heterogeneous adsorbent surfaces and that 
there is contact between the molecules that have been 
adsorbed [33]. The Freundlich equation is given as 
follows:

1/nf
e f eQ K C=
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 The linear form of Freundlich isotherm equation is: 

Log Qe = Log Kf +  
f

1
n

 Log Ce

Where Kf is the Freundlich isotherm constant (mg.g-1

(L.mg-1)1/n), nf is the adsorption intensity, Ce is the 
equilibrium concentration of Pb(II) ions (mg.L-1) and Qe 
is the equilibrium concentration of Pb(II) ions on the 
biosorbent (mg.g-1). Kf and nf are Freundlich constants 
and they represent the adsorption capacity and the 
adsorption intensity, respectively. The values of Kf and 
nf are obtained from the slope and intercept of the plot 
Log Qe against Log Ce [32].

Kinetics modeling 

The study of the adsorption kinetics is essential to 
design the appropriate adsorption process and it gives 
valuable data on the adsorption rate, the adsorbent 
behavior and the mass transfer technique [34]. Two 
kinetic models such as the Lagergren-first order and 
pseudo-second-order were used in this study to describe 
the adsorption kinetics. Adsorption capacity Qt was 
determined using the following equation:

Qt = (C0 - Ct) × 
V
m

Where Qt is the amount of heavy metal ion 
adsorption per unit weight of the biomass at time  
t (mg.g-1),C0 and Ct are Pb(II) ions concentrations (mg.L-1)
at initial time and time t, respectively, V is the volume 
of the solution (L) and m is the mass of biosorbent (g). 

The pseudo-Frst-Order Kinetic

The pseudo-first order model equation is for the 
adsorption in a liquid-solid system. It considers that one 
ion is adsorbed on top of one adsorption site [35-36].

The Lagergren equation is given as follows:

tdQ
dt

 = K1 (Qe - Qt)

The linear form of pseudo-first order model equation 
is:

Log (Qe - Qt) = Log Qe - K1t

Qe and Qt represent the concentration of Pb(II) 
ions on the biosorbent at equilibrium and at time t, 
respectively (mg.g-1), K1 is the first-order model constant 
(min-1). K1 and Qe are obtained from the slope and 
intercept of the plot Log (Qe - Qt) versus t (Fig. 8).

The pseudo-second-order kinetic 

The pseudo-second-order model equation is founded 
on chemisorption and proposes that one ion is adsorbed 
on top of two adsorption sites [36-37]. The equation is 
given as follows:

tdQ
dt

  = K2 (Qe - Qt)
 2

The linear form of pseudo-second order model 
equation is:

2
t 2 e e

t 1 1 t
Q K Q Q

= + ×

Where Qe and Qt are the concentration of Pb(II) 
ions on the biosorbent at equilibrium and at time t, 
respectively (mg.g-1), K2 is the second-order model 
constant (g.mg-1.min-1). K2 and Qe are obtained from the 
slope and intercept of the plot t/Qt versus t (Fig. 8).

Batch Desorption Studies

Desorption studies constitute a very interesting 
step in the process of depollution of wastewaters that 
allow to elucidate the nature of the interactions between 
sorbate and sorbent at interface and by the same way 
to evaluate the possibility to regenerate the adsorbent 
for its reuse, which has a positive impact in economic 
terms. Desorption experiments were performed by 
using a simulated solution of Pb(II) at a concentration 
that mimics its real content in the wastewaters of 
ENPEC factory (National Company of Electrochemical 
Products, Setif, Algeria) preliminarily determined by 
atomic spectrophotometry. For that, 10 mL of Pb(II) 
solution at 50 mg.L-1; which represents  approximately 
twice the amount in the effluents of this factory  
(22 mg.L-1), were mixed with 0.02 g of biosorbent 
for 1 hour under stirring at ambient temperature. 
This procedure was repeated for 3 cycles in order to 
determine the actual adsorption capacity of the biomass 
under optimum conditions.

After each cycle, the collected supernatant was 
centrifuged at 3000 rpm for 10 min and filtrated on 
0.45 µm filters, then the residual Pb(II) content was 
determined as previously mentioned for quantifying 
the amount of total lead adsorbed. Before carrying out 
the desorption after the third cycle, the lead-loaded 
biosorbent was first washed with deionized water to 
remove the free non-adsorbed fraction, then 10 mL  
of the desorbing or the eluting solution of 1 M 
hydrochloric acid (HCl) was added and the mixture 
was stirred during 15, 30, 60 and 120 min. Finally, 
the amount of desorbed Pb(II) ions in the supernatant 
was measured as before to allow an evaluation of the 
desorption rate.
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compared to YPP extract 235.9±3.2 µg.mL-1, which 
could be explained by the difference in polyphenols 
content between the two extracts (Table 2). These results 
were greater than the ones found by Orak et al. in the 
peel’s aqueous extracts of four pomegranate varieties 
ranging from 40% and 68.55% at a concentration of  
1 mg.mL-1 [40]. The methanolic peel extracts of different 
pomegranate cultivars tested by Fawole et al. revealed 
similar chelating capacity with 67.02% to 83.56%  
at the same concentration [41]. At a concentration of 
0.05 mg.mL-1, Na2EDTA (used as a standard) showed a 
great ferrous ion-chelating capacity 96.9±0.3% with an 
IC50 of 7.1±0.03 µg.mL-1.

Characterization of the Adsorbent
	

The Equilibrium pH of the Adsorbent 

The contact pH of the RPP and YPP were found to 
be 4.20 and 4.08, respectively. These pH values inform 
about the adsorbents acidic nature and confirm the 
Boehm titration results.

	
Point of Zero Charge (pHpzc)

The pHpzc of the RPP and YPP was 5.11 and 4.55 
respectively (Fig. 1). Therefore, below the pHpzc 

Statistical Analysis 

The results were given as the mean±SE for three 
replicates for each sample. The IC50 value for the 
iron chelating activity assay was calculated by linear 
regression analysis.

Results and Discussion

Polyphenolic Content and Iron Chelating Activity 
	
The results of total polyphenols content are presented 

in table 2. The RPP extract had greater concentration 
of TPC 199.1±0.9 mg GAE/g (102.9±0.9 mg GAE/g 
DW) than the YPP extract which had 184.2±1.3 mg 
GAE/g of extract (85.9±1.3 GAE/g DW). Other studies 
reported comparable TPC results of pomegranate peel 
aqueous extracts [38-39], which were 242.05±7.99 and 
178.25±6.22 mg GAE/g of the extract, respectively.

The chelating activity is estimated by the power 
of extracts to inhibit the formation of Fe2+-ferrozine 
complex. At a concentration of 1.2 mg.mL-1, The RPP 
extract showed a ferrous ion chelating capacity slightly 
higher than the YPP extract with 77.4±0.5% and 
76.5±0.7%, respectively. In regard to IC50 values, RPP 
extract had better chelating activity 227.2±1.7 µg.mL-1 

Fig. 7. Linear plots of isotherms for Pb(II) ions adsorption onto pomegranate peel: a) RPP Freundlich isotherm b) YPP Freundlich 
isotherm c) RPP Langmuir isotherm d) YPP Langmuir isotherm (Pb(II) dosage = (10 to 4000 mg.L-1 ), RPP and YPP dosage = 20 mg at 
pH 6.0 and for 60 min).

a)						      b)

c)						      d)
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the surface of the biosorbent is protonated by an excess 
of protons (H+) thus, positively charged. Above pHpzc, 
the surface of the biosorbent is negatively charged 
due to its deprotonation by the presence of (OH–) ions 
in the solution. Tunisian pomegranate peel adsorbent 
had similar pHpzc value of (4.7) [25]. However, Indian 
pomegranate peel adsorbent had higher pHpzc value 
of (7) [42], these variations can be explained by the 
differences in the ratio between acidic and basic 
functional groups in each variety.

	
Surface Functional Groups 

The total concentration of the acidic functional 
groups (carboxylic, phenolic and lactonic) on the surface 
of the RPP and YPP adsorbents was 18.5 mmol.g-1 and 
16 mmol.g-1, which is more important than the 
concentration of  the basic functional groups with 
4 mmol.g-1 and 2 mmol.g-1 for the RPP and YPP, 
respectively.

FT-IR Analysis 

The FT-IR analysis of RPP and YPP before and 
after Pb(II) ions adsorption is shown in Fig. 2(a-b). For 
the net powder RPP and YPP, the peaks at 3405 cm-1 

can be assigned to the stretching vibrations of hydroxyl 
group (OH) which confirms the presence of carboxylic 
acids, polysaccharides of cellulose, phenolic compounds 
and evidently traces of water. The peaks at 1735 cm-1 
indicates the carbonyl group (C=O) stretching vibration 
which can be attributed to the CO bonds in cellulose. 
The peaks at 1620 and 1623 cm-1 can be assigned 
to the bending of amino group (N–H).The peaks at 
1339 and 1352 cm-1 can be attributed to the in-plane 
bending of hydroxylic group (OH). The bands around  
(1231-1232 cm-1) and (1032-1036 cm-1) can be due to the 
stretching vibrations of carbonyl group (C–O). These 
results matches well with the ones found earlier by 
Boehm titration, thus pomegranate peel powder is rich 
in acidic functional surface groups that can interact with 
Pb(II) ions. Earlier studies showed similar spectra of 
pomegranate peel powder [43-44]. However, the spectra 
of the peel powder after adsorption pbRPP and pbYPP 
showed that the intensities of the peaks were increased 
as well as the shifting of some bands. This indicates the 
possible involvement of carbonyl, hydroxyl, carboxyl 
and amino groups that characterize the biosorbents in 
the adsorption process.

	

Sample TPC
(mg GAE/g DW)

Fe2+chelating activity IC50 
(µg.mL-1)

Fe2+chelating activity 
(mg EDTA equiv/g extract)

RPP extract 102.9±0.9 227.2±1.7 31.25

YPP extract 85.9±1.3 235.9±3.2 30.09

EDTA - 7.1±0.03 -

Table 2. Total phenolic content (TPC) and iron chelating activity of the RPP and YPP extracts. Results are (means±SE) (n = 3). GAE 
(gallic acid equivalent).

Fig. 1. Point of zero charge (pHpzc) of RPP and YPP.
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Adsorption Studies 
	

pH Effect 

The pH is a crucial element that has an impact on the 
adsorbent metal uptake and the biosorption mechanism 
because it affects the ionization of the surface 
functional groups and the speciation of metal ions. The 
effect of pH on the Pb(II) ions adsorption was studied 
by varying the pH from 2 to 8 (Fig. 3). There was an 
increase in the adsorption capacity of the biosorbent 
with the increase in pH from 2 to 5 and it attained a 
maximum adsorption capacity (Qe) at pH 6 with 18.89 
and 17.53 mg.g-1 for the RPP and YPP, respectively. 
Then, it decreased after pH 6 until it reached 15.5 and 
15.1 mg.g-1 at pH 8 for the RPP and YPP, consecutively.

At acidic pH values, more protons are present in the 
medium; therefore they compete with the Pb(II) cations 
for the adsorption sites, so the biosorbent surface would 
be strongly linked with protons H+. As the pH increases, 
the concentration of protons decreases and the surface 
functional groups of the biosorbent become negatively 
charged, this makes the biosorbent surface more 
attractive for metal cations adsorption, thus increasing 
the adsorption capacity of the biosorbent.

The pH can also affect the metal ion speciation, 
Pb(II) from pH 2 up to 6 remains with the positive 
charge, but over pH 6, the Pb2+ species concentration 
decreases remarkably and the concentrations of 
other lead species increases Pb(OH)+, Pb3(OH)4

2− and 
Pb(OH)2 and the hydroxide ions (OH−) which causes 
the precipitation of Pb(II) in the form of Pb(OH)2 
[45]. In the same manner, the working pH could affect  
the biosorbent charge. In effect, this pH (6) is above 
the point of zero charge of the biosorbent (pHpzc) 5.11 
and 4.55 for the RPP and YPP, respectively. Thus, the 
surface of the biosorbent is negatively charged which 
favorize the adsorption of lead cations. The results 
obtained in this study are in a good agreement with 

those reported in previous studies using pomegranate 
peel powder for heavy metals removal [25, 42, 46].

	
Time Effect 

In view of the obtained results, the adsorption 
of Pb(II) ions increased rapidly between the time of  
(0-15 min) and then increased slowly to attain 
equilibrium within 60 min (Fig. 4). Any further 
increase in contact time had no significant effect on 
the concentration of Pb(II) adsorbed for both RPP and 
YPP. Thereby, the contact time for subsequent batch 
experiments was chosen to be 60 min.

	
Biosorbent Dose Effect

The biosorption of the Pb(II) was studied in batch 
mode, varying the mass of the biosorbent from 2.5 to 

Fig. 2. a) Infrared spectra of RPP, b) Infrared spectra of YPP.

a) b)

Fig. 3. pH effect on the adsorption of Pb(II) ions onto pomegranate 
peel (Pb(II) dosage = 25 mg.L-1, RPP and YPP dosage = 10 mg at 
pH from 2.0 to 8.0 and for 60 min).
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20 mg. The adsorption experiments were done with  
10 mL of Pb(II) ions at a concentration of 25 mg.L-1, 
at a pH of 5.5 and at room temperature. The obtained 
results shows that the Pb(II) ions removal efficiency 
increases as the biosorbent dose increases. In fact, 
the rate of Pb(II) ions removal at a dose of 2.5 mg 
was 59.2% and 58.5% for RPP and YPP, respectively.  
At high dose of 20 mg, this rate reached 76.4% and 
74.6% for both biosorbents, successively (Fig. 5). This 
can be explained by the disponibility of more adsorption 
sites. In contrast, the Pb(II) ions biosorption capacity 

(Qe) went from 9.55 and 9.33 mg.g-1 at a dose of 20 mg 
to 59.16 and 58.48 mg.g-1 at a dose of 2.5 mg for RPP 
and YPP, respectively (Fig. 5). Thus, the biosorption 
capacity is inversely proportional to biosorbent dose. 
Therefore, its increase leads to a direct decrease in 
adsorption capacity due to the unsaturation of the 
adsorption sites [47-48].

Initial Metal Concentration Effect 

The influence of the initial metal concentration 
on the adsorption capacity of the YPP and YPP was 
studied for concentration values of 5, 10, 20, 40, 60, 80  
and 100 mg.L-1 at pH 5.5 for 60 min at ambient 
temperature. Fig. 6 shows that the adsorption 
capacity increased with increasing initial Pb(II) ions 
concentration; the adsorption capacity increases from 
2.81 mg.g-1 and 2.49 mg.g-1 to 50.8 mg.g-1 and 49.1 mg.g-1

when the initial metal concentration increases from  
5 mg.L-1 to 100 mg.L-1 for the RPP and YPP, 
respectively. At low concentrations, Pb(II) ions are 
adsorbed to a limited number of sites, while with the 
increase of Pb(II) ions concentration, more sites are 
occupied, showing that the initial metal concentration 
plays an important role in the adsorption capacity of 
Pb(II) ions on the biosorbent [43].

Adsorption isotherms 

The adsorption parameters (Table 3), estimated from 
the isotherm plots (Fig. 7), show that both Langmuir 
and Freundlich models fit well with the experimental 
data. However, the theoretical adsorption capacity of 

Fig. 4. Time effect on the adsorption of Pb(II) ions onto 
pomegranate peel (Pb(II) dosage = 25 mg.L-1, RPP and YPP 
dosage = 10 mg at pH 5.5 and for 0 to 60 min).

Fig. 5. Biosorbent dose effect on lead removal efficiency and on the adsorption of Pb(II) ions onto pomegranate peel (Pb(II) dosage  
= 25 mg.L-1, RPP and YPP dosage = from 2.5 to 20 mg at pH 5.5 and for 60 min).
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the Pb2+ ions (Qmax) 91.32 mg.g-1 and 91.07 mg.g-1 for 
RPP and YPP, respectively found in Langmuir model 
are in conformity with the experimentally determined 
adsorption capacity (Qe) 90 mg.g-1 and 89.25 mg.g-1 for 
RPP and YPP , successively. Effectively, the coefficient 

of correlation (r2) in Langmuir model is closer to 1 than 
the one found in Freundlich model. These results are 
lower than the ones found by Ay et al. on the behavior 
study of pomegranate peels towards lead ions with  
Qmax = 166.63 mg.g-1 [39], but the work conducted 
by Ben-ali et al. on the adsorption of copper ions 
by pomegranate peels showed higher results with  
Qmax = 20.49 mg.g-1 [25]. Moreover, the separation 
factor RL is in the range of [0.016-0.872] for the 
RPP and [0.018-0.884] for YPP which is under <1, 
suggesting a favorable adsorption of the Pb(II) ions 
onto the RPP and YPP adsorbents. As shown in Table 3, 
in Freundlich model 1/n<1 for both RPP and YPP which 
means that the Pb(II) ions adsorption is favorable on 
both biosorbents. Finally, these parameters suggest that 
the Langmuir isotherm is the better fit for describing 
the adsorption mechanism than the Freundlich model. 
The study established by Pavan et al. on the uptake of 
lead ions by ponkan peels revealed better results than 
the pomegranate peels with a maximum adsorption 
capacity of Qmax = 112.1 mg.g-1 [49]. Similar results were 
detected by Isaac and Sivakumar using custard apple 
fruit shell as biosorbent for lead ions with a maximum 
uptake of  Qmax = 90.93 mg.g-1 [50]. However, the banana 
peels analyzed by Anwar et al. showed a low maximum 
adsorption capacity towards lead ions Qmax = 5.71 mg.g-1 
[51].	

Fig. 6. Initial metal concentration effect on the adsorption  
of Pb(II) ions onto pomegranate peel (Pb(II) dosage = 5 to  
100 mg.L-1, RPP and YPP dosage = 10 mg at pH 5.5 and for 
60 min).

a)			    			     b)

c)					       	     d)

Fig. 7. Linear plots of isotherms for Pb(II) ions adsorption onto pomegranate peel: A) RPP Freundlich isotherm B) YPP Freundlich 
isotherm C) RPP Langmuir isotherm D) YPP Langmuir isotherm (Pb(II) dosage = (10 to 4000 mg.L-1), RPP and YPP dosage = 20 mg at 
pH 6.0 and for 60 min)
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Adsorption kinetics 

Given the calculated parameters of kinetics models 
shown in Table 4, it appears that the pseudo-second 

order fits the experimental data better than the pseudo-
first order (Fig. 8), in view of the similarity between 
the experimental (Qe = 17.35 and 16.18 mg.g-1) and the 
calculated (Qe = 18.35 and 16.88 mg.g-1) Pb(II) ions 

Material

Pseudo first-order kinetic model Pseudo second-order kinetic model

Qe (experimental) 
(mg.g-1)

Qe (calculated)
(mg.g-1)

K1
(min-1) r² Qe (experimental) 

(mg.g-1)
Qe (calculated)
(mg.g-1)

K2
(g.mg-1.
min-1)

r²

RPP 17.35 8.25 0.03239 0.94026 17.35 18.35 0.00700 0.99818

YPP 16.18 5.92 0.01998 0.71271 16.18 16.88 0.00623 0.98662

Table 4. Kinetic parameters of Pb(II) ions onto pomegranate peel RPP and YPP.

Material

Langmuir Freundlich

Qmax (experimental) 
(mg.g-1)

Qe (calculated) 
(mg.g-1)

KL
(L.mg-1). RL r2

KF
(mg.g-1

(L.mg-1)1/n)
1/n r2

RPP 90.00 91.3242 0.0146 [0.016-0.872] 0.99933 2.0034 0.4153 0.8516

YPP 89.25 91.0746 0.0130 [0.018-0.884] 0.99931 1.9473 0.4226 0.8210

Table 3. Isotherm parameters of Pb(II) ions onto pomegranate peel RPP and YPP.

a)			    			     b)

c)					       	     d)

Fig. 8. Kinetic linear plots for Pb(II) ions adsorption onto pomegranate peel: A) RPP pseudo-first order model B) YPP pseudo-first order 
model C) RPP pseudo-second order model D) YPP pseudo-second order model (Pb(II) dosage = 25 mg.L-1), RPP and YPP dosage = 10 mg
at pH 5.5 and for (0 to 120 min)).
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adsorption capacity (Qe) for RPP and YPP, respectively. 
In addition, the pseudo-second order model has the 
highest regression coefficient r2; (0.99818) for the RPP 
and (0.98662) for the YPP. Therefore, the adsorption 
of Pb(II) ions onto the studied biosorbents follows the 
pseudo-second order model. Former studies assessed on 
the adsorption of lead ions onto pomegranate peel waste 
exhibited matching results [43, 52].

	
Desorption studies

The aim of the simulated industrial wastewater 
lead removal tests is to determine what volume of 
real wastewater can be treated by the two biosorbents 
and their regeneration for Pb(II) ions adsorption. 
Adsorption capacity of the RPP and YPP was similar 
for the first and the second cycle; 74.98%, 74.54% and 
76.4%, 67.44%, respectively. After the third cycle, the 
adsorption capacity decreased by 26.44% and 30.46% 
for the RPP and YPP, successively contrasted to the first 
cycle (Fig. 9). As to the desorption process, the majority 
of Pb(II) ions was desorbed after 15 to 30 min with 
a cumulative percentage of  97.89% for the RPP and 
94.13% for the YPP as shown in Fig. 9. The rest of the 
chelated lead was desorbed within the next 60 and 120 
minutes. These results show that both yellow and red 
pomegranate peels are effective and efficient adsorbents 
for Pb(II) ions removal from real industrial effluents 
with a potential of their regeneration which allows their 
reusability.

Conclusions

The results of this work are part of the global 
flow to counter the serious effects of environmental 
pollution by lead and its impact on human health. At 
first we determined that the yellow and red peels of the 
pomegranate have an appreciable content of polyphenols 
in the order of  85.9±1.3 and 102.9±0.9 mg GAE/g of 
dry weight with a dose dependent iron chelating activity 
of 30.09 and 31.25 mg EDTA Eq/g extract, respectively.

In terms of adsorption, these two biomasses have 
high capacities towards lead metal ions, at optimum 
conditions and at equilibrium, compared to various 
biosorbents of microbiological or plants nature with 
Qe of 89.25 mg.g-1 and 90 mg.g-1 for the yellow and 
red ones respectively. These experimental values are 
well correlated with the theoretical ones, calculated 
according to the Langmuir model, in which the 
maximum adsorption capacities of lead (Qmax) are 
91.32 mg.g-1 and 91.07 mg.g-1 with a correlation 
coefficient close to 1. This adsorption at interface is 
elsewhere favorable given the value of the obtained 
separation factor (RL˂1). The kinetics studies showed 
that the experimental data follow the pseudo-second 
order better compared to the pseudo-first one. 

In view of these given results, we can say that 
pomegranate peels constitute versatile tools for the 
treatment of lead poisoning in humans through their 
polyphenols content and their iron chelating antioxidant 
activity that inhibit reactive oxygen species generated 

Fig. 9. Desorption of Pb(II)-loaded pomegranate peel biosorbents using 1 M HCl for 15 to 120 min (after 3 cycles of adsorption with 
Pb(II) solution of 50 mg.L-1 per cycle, RPP and YPP dosage = 20 mg at pH 6.0 for 60 min).
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during the oxidative stress induced by lead. In addition 
and in terms of adsorption, pomegranate peels as an 
agro-waste, can be used efficiently and advantageously 
in removing lead pollutant from effluents, which 
contributes in the protection of the environment from 
its toxic effects. Finally, the effective adsorption-
desorption of lead at interface of these biomasses as 
sorbents is another advantage in terms of their reuse 
and effluents treatment costs.
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