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Abstract

Background: Nowadays, with extensive industrialization, pollution of heavy metals in the environment has increased significantly,
which is considered a serious environmental risk for toxicity, carcinogenicity, and biological accumulation. Meanwhile, lead is one
of the most important systemic toxic heavy metals, which attacks most organs of the body after adsorption. The aim of this research
was to evaluate the efficiency of green almond hull (Prunus amygdalus- Fascionello) magnetized with Fe3O4 to remove lead from
aqueous solution.
Methods: In this study, the structural characteristic of green almond hull magnetized with Fe3O4 was investigated using a scanning
electron microscope (SEM) and vibrating sample magnetometer (VSM) techniques. Also, the effect of different parameters, includ-
ing pH (2 to 10), mixing speed (0 to 250 rpm), adsorbent dose (1 to 7 g/L), initial concentration (10 to 100 mg/L), and contact time (5
to 200 minutes) was examined to study lead adsorption process by the desired adsorbent. Finally, the experimental data obtained
from the equilibrium tests were analyzed using Freundlich and Langmuir isotherms models.
Results: The results of this study showed that the maximum removal efficiency was obtained at pH 9 and adsorbent dose of 5 g/L.
The removal efficiency was reduced by increasing the initial concentration of lead, and increasing contact time and mixing speed.
The maximum lead adsorption at optimal conditions was 91.34%. The results also showed that the resulting data often followed the
Langmuir isotherm.
Conclusions: According to the results, it could be concluded that green almond hull (Prunus amygdalus-Fascionello) magnetized
with Fe3O4 could be used as an affordable and proper adsorbent in removal of lead from aqueous solutions.
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1. Background

Heavy metals, such as lead, cadmium, mercury, etc.
are discharged from various industries, including ceram-
ics, papermaking, lead melting, plating, mining, and bat-
tery industries, to the environment. The water pollution
as a result of these heavy metal ions is highly dangerous
for humans; because it can transfer to the human body
through the food chain, and as a result, leads to cancer, cen-
tral nervous system damage, lung damage, brain damage,
and finally, death (1). Lead is one of the most important
heavy metals and is a systemic toxin, which attacks most
organs of the body after adsorption. This element has a
great combined desire for the sulfhydryl group and the ac-

tivity of the enzymes belonging to this group is stopped
or reduced, due to its effect. This element works in the
body’s biological system instead of calcium, so that ap-
proximately 90% is accumulated in the human skeleton
(2). Lead toxicity, caused by multiple toxicity and progres-
sive aggregation can lead to extreme damage to the cen-
tral nervous system, kidneys, liver, reproductive system,
and result in nausea, coma, seizure, cancer, and unpleas-
ant effects on metabolism and intelligence (3, 4). Accord-
ing to the United States environmental protection agency
(USEPA) standards, the maximum contaminant level (MCL)
of lead in drinking water is 0.006 mg/L (5). The Institute of
Standards and Industrial Research of Iran declared maxi-
mum contaminant level of 0.005 mg/L of lead in packaged

Copyright © 2017, Annals of Military and Health Sciences Research. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited

http://ajaums.com
http://dx.doi.org/10.5812/amh.66336
https://crossmark.crossref.org/dialog/?doi=10.5812/amh.66336&domain=pdf


Nasseh N et al.

drinking water and 0.1 mg/L in network drinking water (6).
Different methods have been used for removal of heavy

metals from wastewater, including ion exchange, chemical
sedimentation, reverse osmosis, evaporation, membrane
filtration, and adsorption (7, 8). The majority of these
methods have defects, such as high cost of capital and
residual metal sludge disposal operation, and are not ap-
propriate for small industries (8, 9). Meanwhile, biosorp-
tion is a process by which certain types of passive or dead
biomass can remove heavy metals from aqueous solutions.
This process could be regarded as an alternative technol-
ogy for the removal of toxic heavy metals from wastewater
and industrial wastes (10). In the recent years, researchers
have also paid attention to the use of agricultural wastes as
an affordable adsorbent in removal of environmental pol-
lutants, and many studies have been conducted in this re-
gard. An adsorbent can be considered affordable when it is
abundant in nature, and requires only a small amount of
correction, or byproducts and industrial waste (11).

Agricultural waste is abundant, available, and is one of
the many sources of low-cost adsorbents. Moreover, agri-
cultural waste has low economic value, the incorrect dis-
posal of which could lead to serious problems. Two ma-
jor objectives could be achieved using agricultural waste.
Environmental incentives are among these objectives; us-
ing unwanted and excessive agriculture waste, in addition
to a useful adsorbent, the inappropriate disposal of which
is prevented. Another objective is economics; the agricul-
tural waste leads to large amounts of savings in prepara-
tion costs of the adsorbents (12). In this regard, low-cost
agricultural, waste such as banana peel (13), cocoa pod
husk (14), hazelnut shell (15), groundnut shell (10), rice
husk (16, 17), coconut shell (18), potato peel (7), etc. were
examined by various researchers for removal of heavy met-
als from wastewater. Meanwhile, almond trees are numer-
ous around the world, and especially in Iran, and South
Khorasan. Almond hull is an agricultural residue that can-
not be used by animals and is usually burned. The an-
nual production of almond with hard shell in Iran is about
108,000 tons. Almond green hull is estimated to be about
0.25% to 0.6% wt of total almond fruits, depending upon
their various types. Therefore, about 36,000 to 160,000
tons of this waste material is generated in Iran and can
be used to treat contaminated wastewater (19). Another
important aspect of adsorbents is their separation. Mag-
netic adsorbents have been increasingly used for simple
magnetic separation and accumulation by magnet in var-
ious researches (20). Similar studies have been done in
this regard. Malakotian et al. in 2014 used Fe3O4 nano-
particles modified with orange peel to remove lead and
copper heavy metals from aqueous solutions (21). Also,
in another study by Yang et al., magnetic biochar derived

from peanut hull was used to removal of Cr (VI). In this
study, to improve the functional quality of adsorbents and
the cost effectiveness, Fe3O4 nanoparticles, due to their
high surface-to-volume ratio, easy construction, easy recy-
cling and no secondary contamination, were used. Also,
green almond hull was used to improve efficiency in re-
moval of lead (21). Generally, the aim of this study was to
evaluate the efficiency of green almond hull (Prunus amyg-
dalus-Fascionello) magnetized with Fe3O4 in the removal of
lead from aqueous solution.

2. Methods

2.1. Materials and Equipment

In this study, green almond hull (Prunus amygdalus-
Fascionello) was prepared from areas around the South
Khorasan province (Mahirood). The other chemicals, in-
cluding ferric chloride, ferrous sulfate, ammonium hy-
droxide, chloride acid, and sodium were used with labora-
tory degree of purity from Merck Corporation. The pH me-
ters (pH meter, 765 caliamatic, Germany), shakers (IK, KS
260, Germany), and incubator shakers (Incubator shaker,
Infors Aerotron, Swiss) were also used. It should be noted
that to measure the lead concentration in solutions, the
atomic adsorption apparatus (1700 F, Fuli) was used in the
wavelength of 283.3 nm.

2.2. Synthesis of Green Almond Hull Magnetized with Fe3O4

First, the green almond hull was prepared, and after be-
ing rinsed with distilled water, it was dried at ambient tem-
perature in order to eliminate probable impurities, such
as dust. Afterwards, for synthesis of Fe3O4 nanoparticles
modified with green almond hull, an amount of 6.1 g of
ferric chloride and 4.2 g of ferrous sulfate were dissolved
in 100 mL of distilled water, and the solvent temperature
was increased to 90°C. Then, 10 mL of ammonium hydrox-
ide (26%) and 1 g of green almond hull that was already
dissolved in 200 mL of distilled water was added to the
main solution. Then, the pH of the solution was adjusted
to around 10, and the solution was stirred at temperature
of 80°C for 30 minutes. Then, the black sediment of the
Fe3O4 nanoparticles was modified with green almond hull
and was filtered and dried (22). Finally, the scanning elec-
tron microscope (SEM) and Vibrating Sample Magnetome-
ter (VSM) analyses were used in order to determine the
structural characteristics of the prepared nanoparticles.

2.3. Adsorption Experiments

First, a lead stock solution (1000 mg/L) was prepared
using lead nitrate and distilled water. The other solutions
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were prepared by diluting the stock solution with distilled
water.

In this study, the adsorption process was performed in
a discontinuous model, in which the parameters of pH (2
to 10), mixing speed (0 to 250 rpm), adsorbent dose (1 to
7 g/L), initial concentration (10 to 100 mg/L), and contact
time (5 to 200 minutes) were examined. In order to adjust
the pH, the 1 and 0.1 N HCl and NaOH solutions were used.
In this step, after the contact time, the Fe3O4 nanoparticles,
modified with green almond hull using the magnet, were
applied. In order to ensure the complete removal of adsor-
bent from solutions, the samples were filtered by 0.42 µm
Watman filter. Then, the residual lead concentration in the
solution was read by the atomic adsorption spectropho-
tometer, and finally, the removal efficiency of lead and ad-
sorption capacity of adsorbent were calculated using equa-
tions 1 and 2, respectively.

(1)R =
C0 − Ct

C0
∗ 100

Where R is removal efficiency of lead (%), C0 is the initial
concentration of lead (mg/L), and Ct is the concentration of
metal ions at any time (mg/L).

(2)qe =
(C0 − Ce)V

W

Where qe is the adsorbent capacity (mg/g), C0 is the ini-
tial concentration of lead (mg/L), Ce is equilibrium concen-
tration of lead (mg/L), V is the solution volume (L), and W
is the adsorbent amount (g) (23).

2.4. Determining Adsorption Isotherm
For analysis of the adsorption results and adsorption

isotherms, the adsorption equilibrium data were exam-
ined using Langmuir and Freundlich models. In the Lang-
muir model, it is supposed that an adsorbate layer is
formed on the adsorbent surface. The relevant equation of
this isotherm is as follows (Equation 3):

(3)qe =
QmbCe

1 + bCe

Where qe is the equilibrium adsorption capacity
(mg/g), Ce is the equilibrium concentration of lead ion
(mg/L), qm is the maximum adsorbed lead ion (mg/g), and
b is Langmuir’s isotherm constant.

The Freundlich model predicts that the concentration
of lead ions on the adsorbent is increased with increased
concentration of ion in the liquid solution. The Freundlich
isotherm is in Equation 4.

(4)qe = KfC
1
n
e

Where qe is the equilibrium adsorption capacity
(mg/g), Ce is equilibrium concentration (mg/L), adsorp-
tion capacity at equilibrium (mg/g), n and (mg/g) Kf is the
Freundlich equation constant (23).

3. Results

3.1. Characteristics of green almond hull magnetized with
Fe3O4

3.1.1. Scanning Electron Microscopy analysis

Scanning electron microscopy (SEM) was used to deter-
mine the structural properties of green almond hull mag-
netized with Fe3O4 adsorbent. These images showed that
the adsorbent surface is relatively porous. Figure 1 shows
the SEM image of a green almond hull magnetized with
Fe3O4.

3.2. VSM Analysis

Magnetic properties of green almond hull magnetized
with Fe3O4 were investigated by vibrating sample magne-
tometer (VSM) analysis. Figure 2 shows the VSM curve of a
green almond hull magnetized with Fe3O4 with an amount
of saturation magnetization equal to 71.26 emu/g.

3.3. Determining pH Effect

In order to examine the effect of pH on removal of lead
by the green almond hull magnetized with Fe3O4, the lead
solution was adjusted with concentration of 10 mg/L at var-
ious pH of 2 to 10. Then, 2 g/L of adsorbent was added and
placed on the shaker for 80 minutes. The results of this step
are shown in Figure 3. As shown in this figure, the removal
efficiency of lead was enhanced with an increase in pH. Ac-
cording to Figure 3, by increasing pH from 2 to 10, the re-
moval efficiency of lead increased from 14.39% to 83.21%.

3.4. Determining Effect of Mixing Speed

Figure 4 shows the effect of mixing speed on the re-
moval efficiency of lead by the green almond hull magne-
tized with Fe3O4. In this step, the solutions with a lead con-
centration of 10 mg/L with a pH of 9 were prepared. Then,
an amount of 0.2 g/L was added, and it was placed at dif-
ferent speeds of 0 to 300 for 80 minutes. As shown in this
figure, up to 150 rpm, the removal efficiency was increased
and then reached a constant value. At this speed (150 rpm),
the removal efficiency was 81.34%.

3.5. Determining Effect of Adsorbent Dose

Results of effect of adsorbent dose on removal of lead
by the green almond hull magnetized with Fe3O4 are
shown in Figure 5. In order to study the effect of adsorbent
dose on removal of lead, the lead solution with concentra-
tion of 10 mg/L with a pH of 9 was prepared, and then, dif-
ferent amounts of adsorbent doses (1 to 7 g/L) were added.
Then, it was placed on the shaker at speed of 150 rpm for 80
minutes. As seen in this figure, the removal efficiency was
enhanced by increasing adsorbent dose.

Ann Mil Health Sci Res. 2017; 15(3):e66336. 3

http://ajaums.com


Nasseh N et al.

Figure 1. Scanning Electron Microscopy Images of Green Almond Hull (Prunus amygdalus- Fascionello) Magnetized with Fe3O4 (A: Before Adsorption B: After Adsorption)
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Figure 2. Vibrating Sample Magnetometer Analysis of Green Almond Hull (Prunus
amygdalus- Fascionello) Magnetized with Fe3O4

3.6. Determining Effect of Initial Concentration of Lead

In order to examine the effect of initial concentration
on removal efficiency of lead, the concentrations of 10 to
100 mg/L, with pH = 9 were measured by 5 g/L of green
almond hull magnetized with Fe3O4 with a contact time
of 80 minutes. Figure 6 shows the results of this step. As
shown in this figure, by increasing the lead concentration,
the removal efficiency was reduced from 94.31% to 35.42%.

3.7. Determining Effect of Contact Time

As shown in Figure 7, the removal efficiency was in-
creased up to 80 minutes, and reached a constant value,
and then, the removal efficiency was increased at a slow
rate. The removal efficiency was 94.31 at 80 minutes.
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Figure 3. Effect of pH on Removal Efficiency of Lead by Green Almond Hull (Prunus
amygdalus- Fascionello) Magnetized with Fe3O4 (Absorbance Dose: 2 g/L, Initial Con-
centration of Lead: 10 mg/L, Mixing Speed: 150 rpm, Contact Time: 80 min)

3.8. Determining Adsorption Isotherm

The results of the data matching from lead adsorp-
tion in the desired adsorbent (green almond hull magne-
tized with Fe3O4) by Langmuir and Freundlich equations
are shown in Table 1. As shown in this table, with regards to
the correlation coefficients (R2), both models were able to
describe the data, yet the Langmuir model showed a better
correlation with adsorption data of lead.

4. Discussion

Based on the results obtained in this study, the
bioadsorbent of green almond hull (Prunus amygdalus-
Fascionello) magnetized with Fe3O4 had good efficiency
regarding removal of lead as one of the most hazardous
heavy metals in water resources.
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Figure 4. Effect of Mixing Speed on the Removal Efficiency of Lead by Green Almond
Hull (Prunus amygdalus-Fascionello) Magnetized with Fe3O4 (pH: 9, Absorbance
Dose: 2 g/L, Initial Concentration of Lead: 10 mg/L, Contact Time: 80 Min)
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Figure 5. Effect of Adsorbent Dose on Removal Efficiency of Lead by Green Almond
Hull (Prunus amygdalus-Fascionello) Magnetized with Fe3O4 (pH: 9, Mixing Speed:
150 rpm, Initial Concentration of Lead: 10 mg/L, Contact Time: 80 min)
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Figure 6. Effect of Initial Concentration of Lead on Removal Efficiency of Lead by
Green Almond Hull (Prunus amygdalus-Fascionello) Magnetized with Fe3O4 (pH: 9,
Mixing Speed: 150 rpm, Absorbance Dose: 2 g/L, and Contact Time: 80 min)

The pH of the solution plays a major role in the adsorp-
tion process, because it affects both the specie and degree
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Figure 7. Effect of Contact Time on Removal Efficiency by Green Almond Hull (Prunus
amygdalus-Fascionello) Magnetized with Fe3O4 (pH: 9, mixing speed: 150 rpm, ab-
sorbance dose: 2 g/L, initial concentration of lead: 10 mg/L)

Table 1. Parameters and Correlation Coefficients of Isotherm Models of Lead Adsorp-
tion on Green Almond Hull (Prunus amygdalus-Fascionello) Magnetized with Fe3O4

Isotherms/Coefficients Values

Freundlich

R2 0.95

kf , mg/g 2.11

n 3.02

1/n 0.33

Langmuir

R2 0.98

RL 0.03

KL, L/mg 0.53

qmax , mg/g 5.76

of ionization of lead, and the effects of surface load and
functional groups of adsorbent (24). According to the re-
sults of this research, the removal efficiency of lead was en-
hanced by increasing pH (Figure 3). At pH below 6.7, the
low removal efficiency of lead by adsorbent could be due
to the competition of hydrogen and lead ions in the ad-
sorption, where these ions (H+) are a winner, and as a re-
sult, in this range of pH, the removal of lead by green al-
mond hull magnetized with Fe3O4 is reduced (25). The lead
ion at pH above 6.7 is deposited as Pb(OH)2. Although this
range (pH = 7, 8, 9, 10) is investigated for removal of lead, no
adsorption on green almond hull adsorbent magnetized
with Fe3O4 is assigned to this range. However, at pH be-
low 6.7, the removal of lead ion (II) by green almond hull
magnetized with Fe3O4 is possible (26). In this regard, sim-
ilar results were obtained by Momcilovic et al. performed
on removal of lead by pine cone activated carbon (26). In
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the study carried out by Guo et al. on the effect of pH on
removal of lead by biomass-derived activated carbon with
humic acid in-situ modification, a pH range of 3 to 10 was
examined. The results of this study showed that increase
in pH increased the removal efficiency (27).

In Figure 4, it is clearly indicated that by increasing the
mixing speed, the removal efficiency is increased as long as
a certain amount is achieved, and then, it does not have any
benefits. Increasing the removal efficiency of lead by green
almond hull magnetized with Fe3O4 could be due to the in-
creased turbidity, and as a result, the reduced thickness in
resistance to transfer of pollutants around adsorbent. At a
high mixing speed, the reduced efficiency might be caused
by inappropriate contact between metal ions and adsor-
bent binding sites (28).

As shown in Figure 5, with an increase in adsorbent
dose, the removal efficiency of lead has been increased. The
adsorption is increased since by increasing the amount of
adsorbent, the number of active adsorption sites on the ad-
sorbent, available to the lead ions, is increased (29). The re-
sults of studies on removal of lead by pine cone activated
carbon, which was performed by Acharya, approved the re-
sults of this step (30).

According to the resulting curve (Figure 6), it is clear
that by increasing the initial concentration, the lead re-
moval rate is reduced. At lower concentrations of lead, the
removal efficiency is higher, which is due to the large-scale
access and adsorbent active sites for adsorption of lead.
Once the initial concentration of lead is increased, the re-
moval efficiency will be reduced, because the existing ac-
tive sites for adsorption are reduced by increasing the ini-
tial concentration of lead (31). According to Gupta et al.
similar results were reported in this area, in such a way
that by increasing the concentration of lead from 10 to 100
mg/L, the removal efficiency of lead was reduced from 80%
to 47% by chitosan-g-poly(acrylamide)/Cu nanocomposite
(32).

According to Figure 7, based on the results, by increas-
ing the contact time between the adsorbent (green almond
hull magnetized with Fe3O4) and lead ion, in the early min-
utes, the removal rate was rapidly increased, and this is
probably due to the large number of active adsorption
sites at the adsorbent surface. As time passes, the avail-
able adsorption sites for lead are reduced and gradually
filled. The competition is also increased to occupy active
sites by lead ions. Therefore, the lead adsorption rate is
reduced, and after a while, it becomes stable (33). In the
study carried out by Albishri et al. on the removal of lead,
it was found that by increasing the contact time to 60 min-
utes, the removal efficiency of lead is increased, and then,
reaches a state of equilibrium (34).

The adsorption isotherm is also one of the important

factors in design of adsorption systems. In fact, the ad-
sorption isotherm describes the interactions between ad-
sorbent and adsorbate. As shown in Table 1, it could be con-
cluded that both isotherm models were able to describe
the data, but the Langmuir model was the most suitable
model to adsorb the lead by green almond hull magne-
tized with Fe3O4. A better matching of lead adsorption data
using Langmuir model showed the homogeneous distri-
bution of adsorption sites at active adsorbent surfaces. The
RL value is between 0 and 1 in the Langmuir model, which
shows that the lead adsorption process was favorable (35).
By examining both Langmuir and Freundlich models on
lead adsorption data, Wang et al. found that the Langmuir
model is more appropriate to describe the experimental
data (36).

4.1. Conclusions

The results of this study showed that the removal of
lead by green almond hull (Prunus amygdalus- Fascionello)
magnetized with Fe3O4 is higher at pH = 9. The removal
efficiency is enhanced by increasing contact time, adsorp-
tion dose, and mixing speed. The maximum removal rate
of lead at optimal conditions was 91.34%. The results also
showed that the resulting data would prefer to follow the
Langmuir isotherm. Therefore, this adsorbent can be con-
sidered as an affordable and efficient adsorbent in removal
of lead from aqueous solutions.
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