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Tis study’s goal was to learn more about how agrowaste plants tolerate, absorb, and accumulate a number of metals that are of
relevance to the environment. Adsorption of lead (Pb), chromium (Cr), selenium (Se), copper (Cu), and zinc (Zn) ions from
synthetic aqueous solutions and wastewater using natural waste residues (NWRs) such as moringa, Lupinus, sugarcane straw, and
tea residue was evaluated. Te adsorbents used for this study were prepared by washing, drying, and grinding. Fourier-transform
infrared (FT-IR) spectroscopy and scanning electron microscope (SEM) analysis were used to characterize the adsorbents’ waste
residues.Te efect of diferent parameters such as pH, dose of adsorbents, and the initial concentration of heavy metals, as well as
the adsorption isotherm parameters were studied. Moringa, Lupinus, sugarcane straw, or tea residue results were found to ft the
Langmuir and Freundlich adsorption isotherms.Te adsorption capacity reached 14.59, 16.10, 12.73, and 15.01mg/g, respectively.
Te adsorption study’s overall results indicated the removal efciency pattern as moringa> tea> Lupinus> sugarcane straw. At
a dose of 0.5 g/L, the maximum removal percentages for lead, chromium, selenium, copper, and zinc ions were 90.2, 76.55, 70.55,
76.6, and 78.9, respectively. Te materials might be regarded as efcient adsorbents for extracting the ions Pb, Cr, Se, Cu, and Zn
from wastewater, according to the research.

1. Introduction

Water is essential for all living creatures, for consumption,
personal hygiene, irrigation, farming, the industrial sector,
and many other sectors. Water resources and the envi-
ronment are at risk when wastewater that has not been fully
or even partially treated is discharged [1, 2]. It is extremely
important to maintain the water quality standards set by
applicable regulations and to eliminate hazardous sub-
stances from wastewater before discharging into the eco-
system [3, 4]. Worldwide, there is still a lot of concern about
the pollution of water caused by the discharge of heavy
metals. Consequently, the treatment of polluted wastewater

remains a topic of global crisis, since wastewater collected
from municipalities, communities, and industries must ul-
timately be returned to receiving waters or to the land.
Heavy metal pollution occurs in industrial wastewater such
as that produced by metal plating facilities, mining opera-
tions, battery manufacturing processes, the production of
paints and pigments, and the ceramic and glass
industries [5].

Wastewater contamination is an ever-increasing prob-
lem that the whole world is now facing. Wastewater com-
prises liquid waste discharged by domestic residents,
commercial properties, industry, and agriculture. Heavy
metals are produced and dumped in the environment as
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a result of industrialization and globalization. Unavoidably,
the enormous rise in the usage of heavy metals over the past
few decades has led to an increase in the fux of metallic
compounds in the aquatic environment. Heavy metals are
major pollutants in marine, ground, industrial, and even
treated wastewater [6].

Heavy metal soil contamination is one of the most
signifcant problems facing modern society. Heavy metals
found in drinking water, surface water, groundwater, and
animal tissue have exposed a vast number of individuals to
health risks. Heavy metal pollution is a serious environ-
mental problem since heavy metals are poisonous and
cannot biodegrade, exacerbating their harmful efects. Some
of these heavy metals are also known to attack the active sites
of enzymes in the body, therefore, inhibiting the enzymes
[6, 7]. Heavy metals contaminated wastewater commonly
include Cd, Pb, Cu, Zn, Ni, and Cr. Whenever toxic heavy
metals are exposed to the natural ecosystem, the accumu-
lation of metal ions in human bodies will occur through
either direct intake or food chains. Terefore, heavy metals
should be prevented from reaching the natural environment
[6, 8]. Te extreme focus must be placed on heavy metal
removal from wastewater [4, 5]. Te long-term accumula-
tion potential of heavy metals makes them highly harmful to
humans and the human food chain. Lead, zinc, copper,
chromium, selenium, and other heavy metals, for instance,
have an adverse efect on environmental sources [9, 10].
Aquatic bodies are being overwhelmed with microbes and
waste matter. Heavy metals enter our bodies through eating,
drinking, skin, and inhaling; once in the body, these metals
have serious consequences on humans such as nervous
system deterioration, reproductive failures, brain damage,
irritability, kidney damage, anemia, tumor formation, and
muscle weakness [11]. Pollution of copper Cu2+ is caused by
mining activities, electroplating, smelting, and the utilization
of copper-based agrichemicals and manufacturing of brass.
Tere is some uncertainty regarding the long-term efects of
copper on sensitive populations such as carriers of the gene
for Wilson disease and other metabolic disorders of copper
homeostasis [12]. Industrial efuent containing signifcant
zinc concentrations may cause zinc-contaminated sludge to
collect on the containers [13]. In addition, a small amount of
zinc taken by a person may result in a lack of appetite,
a diminished sense of taste and smell, sluggish wound
healing, and skin ulcers [14]. Te World Health Organi-
zation (WHO) estimates the maximum permitted concen-
trations of Cu, Pb, Se, Zn, and Cr in drinking water to be less
than 2mg/L, 0.01mg/L, 0.001mg/L, 2.0mg/L, and 0.02mg/
L, respectively. Lead in water arises from a number of in-
dustrial and mining sources and is the most widely dis-
tributed of all toxic metals. Lead in water causes serious
problems such as anemia, and kidney disease and afects the
nervous system [15, 16]. Te Earth’s crust contains a lot of
chromium, which is used to plate metals. In general, food
appears to be the primary source of chromium intake and on
the basis of guideline values, there are no adequate toxicity
studies available to provide long-term carcinogenicity
studies. Te efects of selenium on the environment, dietary
intakes, metabolism and health, bodily processes, thyroid

hormone metabolism, antioxidant defense mechanisms,
oxidative metabolism, and the immune system are
extensive [17].

In addition to industrial byproducts and natural mate-
rials, agricultural waste is one of the abundant sources of
low-cost adsorbents that is gaining scientifc interest
[18–22]. Agricultural waste, such as wheat bran, rice husk,
peanut husk, and sawdust, is widely available but has little
commercial value. It also poses signifcant disposal chal-
lenges [6]. Many such materials have been investigated,
including microbial biomass, peat, compost, leaf mold, palm
press fbers, coal, sugarcane bagasse, straw, corncob [23],
wool fbers, and byproducts of rice mill, soybean, and
cottonseed hulls, tea waste, leaf powder, pomegranate peel,
olive bagasse, and hazelnut. Te agricultural residues or
industrial by-products having biological activities have been
received with considerable attention. Te efectiveness of
rice straw, sugarcane bagasse, soybean, and cottonseed
byproducts as metal ion adsorbents in an aqueous solution
was examined. Agricultural by-products and biological
materials have been found to be useful for metal sorption.
Tese wastes are considered to be good metal scavengers
from solution and wastewater as they contain certain
functional groups [6, 7]. Te objective of this study is to
produce materials that are benefcial for removing heavy
metals while also valorizing agricultural waste. Te removal
of heavy metals from tea waste residue, Lupinus, moringa,
and sugarcane straw was investigated. Te behavior of metal
ions adsorption onto the studied bio-adsorbent as afected
by pH, dosage, contact time, and initial concentration was
studied. Te work was extended to study the isotherm and
kinetic parameters for the adsorption processes.

2. Experimental Setup

2.1. Instruments and Characterization Techniques. Te
mufe (Termo Fisher, American provider of scientifc
instruments) was used in this study. Te content of heavy
metals was measured using an atomic absorption spec-
trometer (AAS) ftted with a graphite furnace (ICE 3000
AAS from American scientifc equipment manufacturer
Termo Fisher). Also, a fame atomic absorption spec-
trometer (FAAS), equipped with a deuterium lamp for
background correction, a single-element hollow cathode
lamps, and air-acetylene burner was used for the de-
termination of Pb, Zn, Se, Cu, and Cr ions, at their respective
wavelengths 217.0 nm, 330.4 nm, 260.4 nm, 327.4 nm, and
357.9 nm.

All of the samples were cleaned with distilled water
(DW) (Millipore GER), dried in an oven (Fisher Scientifc
Equipment, American-made scientifc equipment) and then
allowed to dry for 24 hours at that temperature. Digital
electronic balance (PCE Instruments UK) was used, and the
pH measurements of the samples were achieved using
a pH meter (AD110, Adwa, Hungary). Termo Fisher
Scientifc (UK) equipment was used to record the spectra of
adsorbents both before and after treatment using Fourier-
transform infrared spectroscopy (FT-IR) analysis. An FT-IR
infrared spectrometer was used to identify the functional
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groups present in the adsorbents. Adsorbents samples were
proportionally macerated with KBr crystals (1mg sample/
100mg KBr) and put in a pastillator, then 4,000 to 400 cm−1

spectral range was analyzed. Shaking was performed by
using a programmable shaker system (USA). Surface images
of adsorbents were recorded using Quanta FEG 250 scan-
ning electron microscope (FEI Company, USA). Samples
were mounted onto SEM stubs. Te following SEM settings
were used: 10.1mm working distance, and 20 kV excitation
voltages for the in-lens detector.

2.2. Preparation of Adsorbents. Te used solutions have also
been prepared using distilled water. All glassware has been
carefully cleaned using multiple washings. Analytical grade
chemical reagents were used throughout the experiment. Tea
waste residue (TWR) was produced from waste and washed
with boiled water until the water was colorless. Tis process
was repeated and after that, it keeps in a drier at 105°C for
12 h to remove the moisture content. Te dried substances
were changed into powder and screened the sizes up to
100 µm. Again, the powder dried at 105°C for 5 h, now the
adsorbent is ready to use [24]. Egypt, a country that pro-
duces lupines, was the subject of the research. It was dried at
105°C overnight to remove the moisture contents, ground,
and sieved (sieve, 90 µm) to obtain a more homogeneous
particle size. Next, the material was dried at 105°C for 12 h to
obtain a fner particle size. Sugarcane straw produced by the
juice shops, in Giza, Egypt, was used for the experiments. It
was ground and sieved (sieve, 90 µm) to obtain a more
homogeneous particle size. Next, the material was dried at
105°C for 12 h to remove the moisture content. Moringa
used in the experiment was obtained from NRC, Egypt. It
was ground and sieved (sieve, 90 µm) to obtain a more
homogeneous particle size. Next, the material was dried at
105°C for 12 h to remove the moisture content. In order to
use the moringa, it was immersed in distilled water for
24 hours to remove any remaining oil after the mechanical
press. Ten, the moringa was then fltered and dried at
105°C. Te seeds of moringa were prepared by taking of the
seed powder and mixing it with water. Te moringa seeds
were poured into the water samples that were to be purifed.
Te samples were examined using the AAS after standing for
between 15 and 120minutes in all tests, which were carried
out at room temperature. Figure 1 summarized the prepa-
ration of the adsorbents from the diferent natural waste
residues (NWRs). According to Figure 2, all adsorbents were
ready for usage.

2.3. Preparation ofAdsorbate. Synthesized heavy metals were
prepared from stock solutions of 1000mg/L Cu, Pb, Se, Zn,
and Cr ions dissolved in HNO3. Te required dilutions were
carried out with deionized water using the 0.1M sodium
hydroxide (NaOH) and hydrochloric acid (HCl) solution.

2.4. Analysis. Te concentrations of heavy metals in the
solutions before and after equilibrium were determined by
using an atomic absorption spectrometer. Te pH of the

solution was measured with a Hanna pH meter using
a combined glass electrode. A wrist motion shaker was used
to do the shaking. Deionized and double-distilled water were
used for the jar test. Each analysis was completed in ac-
cordance with APHA guidelines [25].

2.5. Contact Time’s Impact on the Adsorption Profle. Te
adsorption experiments were performed with each material
and ion, separately, using 1 L of solutions. In an orbital
shaker, the initial concentration of 3.0mg/L was stirred with
0.1 g of adsorbents. Te samples were taken from the su-
pernatant between the times of 15 and 120minutes. Te
concentration of metals ion in each aliquot was determined
by AAS.

2.6. Adsorbent Dose’s Impact on the Adsorption Profle.
Batch studies also include the examination of the impact of
adsorbent dose on the adsorption capacity of the adsorbents
[26]. Te adsorbent was mixed with a synthesized aqueous
solution at various dosages (0.1, 0.2, 0.3, 0.4, and 0.5) g/L in
the combined system. Te synthesized aqueous solution
volume used in the experiment was 1 L.

2.7. Efect of Initial Concentration. Te efect of an initial
concentration of heavymetals on the adsorption efciency of
adsorbents is determined in this experiment. It was per-
formed by preparing diferent concentrations of heavy
metals. Te Cu, Pb, Se, Zn, and Cr ion solutions were ag-
itated at 100 rpm, and the temperature was kept constant at
25± 1°C. Te adsorbent was mixed with a synthetic aqueous
solution at concentrations of 0.5, 1.0, 2.0, 3.0, 5.0, and 10mg/
L at a constant contact time of 90min and a dose of 0.1 g.Te
volume of the synthetic aqueous solution was 1 L.

2.8. Efect of pH. Among the many variables that afect the
metal adsorption process is the pH. Te pH is the most
critical parameter afecting any adsorption studies due to
their interference in the solid-solution interface, afecting the
charges of the active sites of the adsorbents and the metal
behavior in the solution [27]. Te infuence of pH on the
adsorption of Cu, Pb, Se, Zn, and Cr ions in the solution has
been demonstrated, and it is now recognised as a key factor
infuencing the process’ efectiveness. Cu, Pb, Se, Zn, and Cr
ions were removed from the aqueous solution at diferent
pH levels (3–9) using a constant dosage of 0.1 g/L at
100 rpm/90min.

2.9. Batch Studies Using Adsorbent. Te adsorption iso-
therms were comprehensively investigated. Te efect of
operating parameters on the adsorption efciency was ex-
amined. Te efect of the dose of adsorbent, and concen-
tration of metals on removal efciency (%), and capacity
qmax (mg/g) of metals were characterized [28]. Te removal
efciency (R%), the dose of metals adsorbed on a specifc
dose of adsorbent qe (mg/g) were calculated from the fol-
lowing equations:
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(1)

where R% is the removal efciency, qe is the dose of metals
adsorbed on a specifc dose of adsorbent (mg/g), Co is the
initial concentration (mg/L), Ce is the concentration after
adsorption (mg/L),m is the dose of adsorbents (g), and V is
the volume of solution (Liter).

2.9.1. Langmuir Isotherm Model. Adsorption isotherms,
which are typically the ratio between the amount adsorbed
and that was left in solution at equilibrium at a specifc
temperature, were used to describe equilibrium studies [29].
Te Langmuir model is predicated on the hypothesis that
maximal adsorption happens in the presence of a saturated
monolayer of solute molecules on the adsorbent surface, the
adsorption energy is constant, and there is no adsorbate
molecule migration in the surface plane. According to the
Langmuir equation, monolayer sorption is caused by

physical causes. You may fnd the Langmuir isotherm
equation by using

qe �
C.K qmax
1 + KL

,

Ce

qe
�

1
qmax . KL

+
Ce

qmax
,

RL �
1

1 + Co.KL
,

(2)

where qmax and K are the Langmuir constants, qe is the
dose of metals adsorbed on a specifc dose of adsorbent
(mg/g), Ce is the equilibrium concentration of the solution
(mg/L), and qmax is the maximum dose of metals con-
centration required to form amonolayer (mg/g). Te values
of qm and K can be determined from the linear plot of Ce/qe

versus Ce [30].

2.9.2. Freundlich Isotherm Model. Te Freundlich isotherm
model that many sites with various adsorption energies was
involved in the empirical relationship that describes the

Moringa (M1)

Moringa (M2)

Lupinus (L) Sugarcan straw (SS) Tea waste (T)

Figure 2: Te images of the prepared adsorbents, lupines, sugarcane straw, tea, moringa seed, and moringa leaves.

Tea waste residue
Lupinus
Sugarcane straw
Moringa olifera

Drying at
105 °C

Washing with
boiled water until
the water was
colorless

Particles was
then filtered
and dried at
105 °C

Ground
and sieved
at 90 µm

Figure 1: Flow chart illustrating the creation of adsorbents from natural waste residues (NWRs).
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adsorption of dissolved solutes to a solid surface. Te
characteristics of the system are KF and n are the indicators
of the adsorption capacity and adsorption intensity, re-
spectively. Te Freundlich model’s capacity to match the
experimental data was investigated.Te intercept value ofKF
and the slope of n were calculated for this scenario using the
plot of log Ce vs. log qe. Te Freundlich isotherms appear
when the surface is heterogeneous and the absorption is
multilayered and bound to sites on the surface.

log qe � logKF +
1
n
logCe, (3)

where K is the Freundlich equilibrium constant (mg/g), 1/
n� intensity parameter, Ce � equilibrium concentration of
adsorbate, and qe is the dose of solute adsorbed [31–33]. Te
Freundlich model with linear plotted log qe versus log Ce is
shown in equation (3) [16].

Te constantsKf and 1/n are produced via the Freundlich
formulation in a linear form. Freundlich isotherm model
assumes nonideal adsorption on heterogeneous surfaces in
a multilayer coverage. It suggests that stronger binding sites
are occupied frst, followed by weaker binding sites. In other
words, as the degree of site occupation increases, the binding
strength decreases.

2.10. Kinetic Study. It was possible to characterize the ki-
netics for each adsorbent, using pseudo-frst- and pseudo-
second-order kinetic models. Te pseudo-frst-order ki-
netics follows the Lagergren model expressed by

Log(qeq − qt) � log qeq − K1 .
t

2.303
, (4)

where qt is the adsorbed dose of metallic ions (mg/g) in t
time (min) and k1 is the pseudo-frst-order constant (min−1).
Trough linear and angular constant of log graphic (qeq − qt)
in the function of time, qeq and k1 can be calculated, re-
spectively. Comparing the values for qeq derived by equation
(5) and those observed experimentally:

t

qt
�

1
K2qeq2

+
t

qeq
, (5)

where k2 is the pseudo-second-order constant
(g/mg. min) obtained by calculation of linear coefcient
and qeq is calculated through angular coefcient.

3. Results

3.1. Characteristics of Adsorbents. Scanning electron mi-
croscopy (SEM) was used to characterize the surface mor-
phology of adsorbents (Figures 3(a)–3(e)). Te FT-IR of
adsorbents before adsorption is shown in Figures 3(a)–3(e).
Te micrographs, Figures 2(a)–2(e), show the porous
structures and the pore sizes of diferent adsorbents. Tese
surface characteristics will lead to enhanced metal binding
because the metal ions have access to binding cavities [34].

Investigating the functional groups of natural waste
materials as adsorbent that is responsible for the adsorption
of metals, Fourier-transform infrared (FT-IR) spectrum

analysis was performed. Figures 4(a)–4(e) illustrate FT-IR
spectra of adsorbents before adsorption. Te FT-IR spec-
trum of adsorbents was found to be in the 1000–4000 cm−1

range. Tere are peaks, with a strong band of amine or
hydroxyl (N-H or -OH) groups at wave number 3400 [35].
Te metal ion-binding mechanism of adsorption is attrib-
uted to the abundance of hydroxyl groups from cellulose, in
which an aqueous medium favors ion exchange or com-
plexation with metal ions [36]. Te band presented at
2923 cm−1 may indicate the -C-H stretching vibration from
aliphatic compounds. Te adsorbent’s N-H bending was
demonstrated by the absorption at, 1597 cm−1. At wave
number 1437 cm1, the C�N stretching in heterocyclic rings
was also discovered. Te peak at 1316 cm−1 is attributed to
the C-OH stretching vibration of alcohols. Finally, the
carboxylic acids were observed at, 1156 cm−1 of the adsor-
bents [22]. Te carboxylic groups present in adsorbents are
usually weak acids and make negative sites in medium and
moderately acid [27]. Tese groups are usually weak acids
that depending on the pH become negative sites that fa-
cilitate cation interaction in solution. Typically, pH is the
appropriate level for these sites to become more reactive
(5.0–6.0) [18]. Te metal ion-binding capacity of adsorbents
can be intensifed by the introduction of surface groups with
capacity chelating as carboxylate or amine. Te introduction
of carboxylic functions (-COOH) on cellulosic fber, lignin,
and hemicellulose can be performed via cyclic anhydride
reaction [27]. Te bio-sorption of metal by adsorbents is
attributed to the availability of carboxyl groups, especially of
amino acids’ functionality interacting with metals ions to
form ligands Cu, Pb, Cr, Zn, and Se are the most signifcant
contaminants [27]. By comparing the removal of the metal
ions Cu, Pb, Cr, Zn, and Se, it can be seen that the functional
groups in the adsorbents are nearly identical. Nevertheless,
some little diferences have been observed on metal peaks of
1604 cm−1 and 1156 cm−1 found in Cu, Pb, Cr, Zn, and Se
removal. Tis resulted from interactions between the car-
boxylic acid groups and the carbon aromatic structures of
metals, respectively, on the surface of adsorbents. Te ad-
sorption of both Cu and Se ions from wastewater is greatly
aided by the presence of carboxylic acids, amines, alcoholic
aldehydes, and amide groups in adsorbents. Tese results
showed also that adsorbents can remove Cu, Pb, Cr, Zn, and
Se by both textural properties (microporosity and surface
area) and their heterogeneous functional groups [37].

3.2. Contact Time’s Impact. Te time needed for metal ion
biosorption is highly dependent on the specifc kind of bio-
sorbent. Batch biosorption tests were conducted under ideal
conditions at intervals ranging from 15 to 120minutes to
determine the impact of contact time on biosorption.
Figures 5(a)–5(e)) demonstrate that Pb, Cu, Cr, Se, and Zn
exclusion increased within the frst 15minutes of contact
time, and that equilibrium was reached for all biosorption
within 90minutes, as no additional rise in metal ion removal
could be observed after 120minutes.

Te highest adsorption was observed for the Pb, followed
by Cu, Cr, Se, and Zn. Te system tended to attain
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Figure 4: (a–e) Te FT-IR spectrum of all adsorbents: (a) lupines, (b) moringa leaves, (c) moringa seed, (d) sugarcane straw, and (e) tea.

(a) (b) (c)

(d) (e)

Figure 3: (a–e)Te SEM images of the surface adsorbents: (a) moringa seed, (b) moringa leaves, (c) tea, (d) lupines, and (e) sugarcane straw.
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Figure 5: (a–e) Te relationship between the amount of metal adsorbed (mg/g) and time (15, 30, 60, 90, and 120) min using an aqueous
solution of Cu, Pb, Se, Zn, and Cr (pH 6.0, dosage 0.1 g 100 rpm/30min, and 2.0mg/L). (a) Adsorption of moringa L. (b) Adsorption of
moringa B. (c) Adsorption of tea. (d) Adsorption of lupinus. (e) Adsorption of sugarcane straw.
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equilibrium for all studies at around 90minutes; never-
theless, a modest increase in adsorption was confrmed at
about 120minutes. Dos Santos et al. reached equilibrium
after around 90minutes [38]. Ghorbel-Abid and Trabelsi-
Ayadi obtained system equilibrium in around 120min [39].
It is evident from Figures 4(a)–4(e)) that the bio-sorption
process comprised of two steps; the frst one was the fast step
which lasted for a shorter time and was preceded by a second
phase which was slower and lasted until the attainment of
equilibrium. It has been noted that there were initially a lot
of open sites that could be acquired for bio-sorption; as
a result, metal ions occupied these sites during the frst stage.
After time has passed, the leftover vacant sites are hard to be
occupied because of repulsive forces among the adsorbate
molecules on the bio-sorbent surface and those present in
the bulk liquid phase.

3.3. Adsorbent Dosage Efect. Te efect of the adsorbent
dose was studied at room temperature (25°C) by varying
the sorbent doses from 0.1 to 0.5 g/L. Heavy metal con-
tents were set at 2.0 mg/L from the beginning. Te ad-
sorption of Cu, Pb, Se, Zn, and Cr is shown in
Figures 6(a)–6(e), and it increased quickly with the dose of
adsorbents due to higher surface area availability at
a higher concentration of the adsorbent. Te signifcant
increase in uptake was observed when the dose was in-
creased from 0.1 to 0.4 g/L. Beyond this point, adding
more adsorbent had no discernible impact on the ad-
sorption. Te overlap of adsorbent sites as a result of
adsorbent particle crowding may be the cause of this. Te
percentage of metal adsorption on adsorbents is found to
depend on the sorption capacity of the adsorbents within
a range of starting metal concentration [10, 24].

3.4. Efect of Initial Concentration. Te efect of the initial
concentration on the Cu, Pb, Se, Zn, and Cr removal ef-
ciencies at a constant dose of 0.1 g/L is observed in Fig-
ures 6(a)–6(e), the Cu, Pb, Se, Zn, and Cr removal
percentages were greater at lower initial metal concentra-
tions in the solutions [22]. Te studies are carried out at
various adsorption process concentrations for Cu, Pb, Se,
Zn, and Cr (0.5, 1.0, 2.0, 3.0, 5.0, and 10mg/L). Te results
revealed that the removal efciencies were decreased with
increasing Cu, Pb, Se, Zn, and Cr ion concentrations, as
observed in Figures 7(a)–7(e). Tis has happened because
Cu, Pb, Se, Zn, and Cr ions have quickly adhered to the
adsorbent sites. Tis means that the removal efciencies
were lower at the higher initial concentration values. Here,
the removal efciencies of Cu, Pb, Se, Zn, and Cr ions in this
process decreased as increasing the concentration from 0.5
to 10mg/L in the frst 30min as shown in Figures 7(a)–
7(e) [10].

3.5. pH’s Impact on the Adsorption Process. Te
pH dependence of metal ions’ uptake was linked to both the
surface functional groups and the metal ion species pre-
dominant in an aqueous solution. Te species metals (M)

and M(OH) are predominant at pH lower than 6, while the
groups on the surface are protonated and cannot bind to
metal ions in the solution. Besides, at very low pH, the
surface groups are associated with the hydronium ions
(H3O+), negatively afecting the interaction with the metal
cations. When the pH increases, the surface afnity with
the metal also increases, and adsorption is improved [40].
One of the essential factors for the sequestration of heavy
metal ions by adsorption from aqueous solutions is the
initial solution pH. It infuences the charge on the ad-
sorbent surface, the degree of ionization, and the species of
adsorbates [41]. Te efect of pH on the elimination of Cu,
Pb, Se, Zn, and Cr ions from aqueous solution at constant
initial concentration was examined in the current research
efort at pHs of 3, 6, and 9. Te Cu, Pb, Se, Zn, and Cr ions
removal percentage was signifcantly higher at pH 6 than at
lower pH values for all fve forms of adsorbents as shown in
Figures 8(a)–8(e). Te presence of more vacant sites for the
bio-sorption of Cu, Pb, Se, Zn, and Cr ions in the acidic
mediummay be the cause of higher adsorption at pH 6.0. In
addition, at the ideal pH, there were more negatively
charged functional groups available on the biosorbent’s
surface for binding Cu, Pb, Se, Zn, and Cr ions. Tis
resulted in a decreased struggle between protons and metal
ions [10, 41, 42]. Te percentage of Cu, Pb, Se, Zn, and Cr
ion removal was a law at pH 3.0 and 9.0 during the ad-
sorption process because the solution was acidic [9, 10],
high alkaline, but at pH 6.0, the removal efciency was very
high [4, 9]. Te removal efciency of Cu, Pb, Se, Zn, and Cr
ion for the case of adsorbents reached 82.2%, 93%, 81.55%,
82%, and 82% at pH � 6.0 [36], respectively. Similar results
were found by Homagai et al. [43].

3.6. Adsorption Isotherms. Te adsorption isotherms of the
studied metals on the moringa (leaves and branch), tea,
lupines, and sugarcane straw, were based on the optimum
operating conditions which were 0.10 g at pH 6.0
(Figures 9(a)–9(e)). According to the Langmuir and
Freundlich mathematical models, the linearization was
carried out. Te computed parameters for the Langmuir
and Freundlich models are shown in Table 1, along with
the correlation coefcients for the adsorption data. Te
experimental results of Cu, Pb, Cr, Zn, and Se adsorption
on the moringa (L, and B), tea, lupines, and sugarcane
straw were similar in both the models used since the
diference between R2 was negligible [44]. Te model that
good ftted for metal adsorption was Freundlich, in-
dicating that the adsorption occurred in multiple layers.
Linearization data showed the best ft by the Langmuir
model for metal, which shows higher monolayer
adsorption [44].

In the Langmuir linearization, it was verifed that Pb
had a higher adsorption efciency (qm) compared to Cu,
Cr, Se, and Zn; however, comparing the parameter “KL,” Pb
showed the highest binding energy with the adsorbent
(KL � 19).

Te values of Kf were determined from Figures 9(a)–
9(e)) for Cu, Se, Zn, Pb, and Cr as the adsorbents ranged
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Figure 6: (a–e) Te relation between removal efciency (%) of adsorbents and dose (0.1, 0.2, 0.4, and 0.5) (g), the aqueous solution
containing Cu, Pb, Se, Zn, and Cr, time 30min, 100 rpm, concentration 2.0mg/L, and pH 6.0. (a) Adsorption of metals on ML.
(b) Adsorption of metals on MB. (c) Adsorption of metals on T. (d) Adsorption of metals on L. (e) Adsorption of metals on S.
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from 1.8 to 12.5 (mg/g). Tis adsorption sequence can be
associated with the characteristic of each metal and the form
of interaction with the adsorbent, and n is >2.0. Te mag-
nitudes of KF and n show the easy separation of metal ions
from the aqueous solution and indicate favorable adsorption
[22, 24, 44]. It was observed that Pb ion was preferentially

adsorbed over other metal species, as indicated in
Figures 9(a)–9(e)). Tis fact may be related to its higher
positive charge and ease to form hydrolyzed species, which
has a signifcant efect on the adsorption.

Te efect of isotherm shape is discussed by the di-
rection of predicting whether an adsorption system is
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Figure 7: (a–e) Relation between removal efciency (%) and initial concentration (0.5, 1.0, 2.0, 3.0, 5.0, and 10.0) (mg/L), the aqueous
solution containing Cu, Pb, Se, Zn, and Cr, time 30min, 100 rpm, dose 0.1 g, and pH 6.0. (a) Adsorption of metals on ML. (b) Adsorption of
metals on MB. (c) Adsorption of metals on T. (d) Adsorption of metals on L. (e) Adsorption of metals on S.
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Figure 9: Continued.
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“favorable” or “unfavorable.” Suggested a dimensionless
separation factor or equilibrium parameter, RL, as an
essential feature of the Langmuir isotherm to predict if an
adsorption system is “favorable” or “unfavorable. Table 1
presented that the correlation coefcient (R2) of Langmuir
is slightly higher than that of Freundlich adsorption
isotherm. Here, C0 � reference fuid-phase concentration
of adsorbate (mg/L) (initial concentration) KL is the
Langmuir constant (L/mg). Te value of RL indicates the
shape of the isotherm accordingly as shown in Table 2.
Adsorption system for a single, Co is usually the highest
fuid-phase concentration encountered.

Te value of the separation factor (RL) for the present
study is 0<RL< 1 indicating that the shape of the isotherm is
favorable [29]. Both Langmuir and Freundlich’s adsorption
isotherm were found to ft the experimental data. Te
correlation coefcient (R2) of Langmuir is slightly higher
than that of Freundlich adsorption isotherm. Tese exper-
imental studies on low-costbio-adsorbent would be useful in

developing appropriate technology for the removal of heavy
metals [22].

3.7. Kinetic Study. Figures 10(a)–10(e) showed the kinetics
trends for Cu, Pb, Se, Zn, and Cr ion adsorption onto
moringa (L and B), tea, sugarcane straw, and Lupinus. Te
relation between log (qeq − qt) and t was studied. Te K1 and
qe are obtained from the slope and intercept, respectively.
Te correlation coefcients (R2) of the pseudo-frst-order
kinetic model are higher than the pseudo-second-order
kinetic model, and qe values calculated from the pseudo-
frst-order kinetic model are very close to the experimental
ones. Te results suggested that the overall rates of ad-
sorption of Cu, Pb, Se, Zn, and Cr ions onto moringa (L, B),
tea, sugarcane straw, and Lupinus are controlled by physical
adsorption [45]. Te theoretical qeq values are equivalent to
those observed for experimental qeq values, suggesting that
the bio-sorption followed a pseudofrst-order model.

M2
S

M1 T
L

0

0.2

0.4

0.6

0.8

1

1.2

–1.5 –1 –0.5 0 0.5 1 1.5

Lo
g 

qe

Log Ce

(g)

M2
S

M1 T
L

0

0.2

0.4

0.6

0.8

1

1.2

–1.5 –1 –0.5 0 0.5 1 1.5

Lo
g 

qe

Log Ce

(h)

M2
S

M1 T
L

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

–1 –0.5 0 0.5 1 1.5

Lo
g 

qe

Log Ce

(i)

M2
S

M1 T
L

0

0.2

0.4

0.6

0.8

1

1.2

–1 –0.5 0 0.5 1 1.5
Log Ce

Lo
g 

qe

(j)

Figure 9: (a–j): Te isotherms models (Langmuir and Freundlich) of Pb; Cr Se Cu, and Zn onto moringa (L, and B), tea, lupines, and
sugarcane straw. (a) Langmuir model of Se on diferent adsorbents. (b) Langmuir model of Cr on diferent adsorbents. (c) Langmuir model
of Cu on diferent adsorbents. (d) Langmuir model of Zn on diferent adsorbents. (e) Langmuir model of Pb on diferent adsorbents. (f )
Freundlichmodel of Pb on diferent adsorbents. (g) Freundlichmodel of Zn on diferent adsorbents. (h) Freundlich model of Cr on diferent
adsorbents. (i) Freundlich model of Cu on diferent adsorbents. (j) Freundlich model of Se on diferent adsorbents.
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Besides, the value of R2 (linear correlation) around 1 in
pseudofrst-order confrms that the adsorption kinetics is
controlled by this order and that there is a strong interaction
between adsorbent and adsorbate. Te pseudo-frst-order
kinetic suggests that physic-sorption is responsible for metal
ions’ adsorption.

Adsorption kinetic behavior of Cu, Se, Zn, Pb, and Cr
adsorption on the moringa (L and B), tea, lupines, and
sugarcane straw during the study I is presented in Table 3.

Table 4 shows the adsorption studies (Freundlich,
Langmuir (F-L) model) for removing heavy metals in an
aqueous solution using the diferent adsorbents.

3.8. Cost of Adsorbents. Based upon the preparation process
used in this study, the cost analysis of using moringa, lu-
pines, sugarcane straw, and tea as efective adsorbents of
heavy metals from an aqueous solution was calculated as
shown in Table 5. Te cost analysis shows that the specifc
energy consumption of the adsorbent production is
3.5 kWh/m3 and water consumption is 0.035m3. Te cost

needed for the production of 0.1 kg of adsorbent is 3.535
Egyptian Pound, which is equivalent to $0.177. Tis is
considered a very low value as adsorbents produced from an
agro waste at a priceless cost than other adsorbents such as
activated carbon or other adsorbents [46]. Besides being
a cost-efective treatment method for hazardous pollutants
such as heavy metals, the adsorption process is environ-
mentally friendly and does not generate secondary
byproducts. Te cost was calculated according to the
following:

Te cost for 0.1 kg of adsorbents� cost of materials + cost
of electricity consumed. Hence, the
cost� 0.035 + 3.5� 3.535 L.E. for the production of 0.1 kg.

Te adsorption study’s overall results indicated the
removal efciency pattern as
moringa > tea > Lupinus> sugarcane straw with corre-
sponding maximum adsorption efciency of 14.59, 16.10,
12.73, and 15.01mg/g, respectively. Table 6 shows the
adsorption efciencies of some adsorbent-reported
literature.

Table 1: Parameters of models (Langmuir and Freundlich isotherm) for Cu, Se, Zn, Pb, and Cr adsorption on the moringa (L and B), tea,
lupines, and sugarcane straw.

Freundlich isotherm model Langmuir isotherm model
Moringa

ML

Moringa
MB

Tea Sugarcane
straw Lupines Moringa

ML

Moringa
MB

Tea Sugarcane
straw Lupines

Pb
K F 12.5 9.8 11.4 6.6 10 K L 18.5 19 6.0 5.5 2.8
n 4.2 4.2 3.0 4.4 2.6 q m 14.5 11.4 15.0 8.9 16.1
R 2 0.871 0.874 0.969 0.949 0.959 R2 0.931 0.818 0.933 0.972 0.970

Cu
K F 3.5 1.8 3.0 4.8 3.5 K L 2.1 1.1 0.9 3.1 2.8
n 3.3 2.0 2.3 3.6 3.6 q m 5.7 4.3 5.8 7.1 5.7
R 2 0.975 0.943 0.940 0.896 0.896 R2 0.969 0.842 0.945 0.897 0.924

Cr
K F 4.5 4.5 7.0 7.0 3.8 K L 2.5 4.6 8.0 1.7 4.6
n 4.3 4.0 3.9 3.0 6.5 q m 6.8 5.6 8.8 12.7 4.9
R 2 0.776 0.944 0.946 0.845 0.775 R 2 0.964 0.803 0.811 0.993 0.957

Zn
K F 6.5 5.0 6 5 5 K L 4.1 1.7 14.3 2.4 2.9
n 4.0 3.1 7.8 3.5 3.53 q m 9.3 8.1 7.1 6.8 6.9
R 2 0.905 0.936 0.818 0.958 0.959 R 2 0.981 0.983 0.925 0.980 0.96

Se
KF 3.5 3.9 3.9 2.8 3.8 K L 1.0 1.2 4.1 1.7 5.3
n 2.2 2.5 4.2 2.8 4.8 q m 8.9 8.1 4.8 4.9 5.2
R2 0.977 0.965 0.984 0.984 0.966 R 2 0.988 0.991 0.833 0.927 0.841

Table 2: Characteristics of adsorption Langmuir isotherm.

Separation factor Characteristics of adsorption
Langmuir isotherm

R L> 1 Unfavorable
R L � 1 Linear
0<RL< 1 Favorable
R L � 0 Irreversible
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Figure 10: Continued.
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Figure 10: (a–e) Te pseudo-frst-order and pseudo-second-order of Pb, Cr, Se, Cu, and Zn onto moringa (L and B), tea, lupines, and
sugarcane straw. (a) Pseudo frst-order model of metals on SS. (b) Pseudo frst-order model of metals on T. (c) Pseudo frst-order model of
metals onMB. (d) Pseudo frst-order model of metals on L. (e) Pseudo frst-order model of metals onML. (f ) Pseudo second-order model of
metals on T. (g) Pseudo second-order model of metals on L. (h) Pseudo second-order model of metals on SS. (i) Pseudo second-order model
of metals on ML. (j) Pseudo second-order model of metals on MB.

Table 3: Te pseudo-frst-order and the pseudo-second-order model parameters of Cu, Se, Zn, Pb, and Cr adsorption on the moringa
(L and B), tea, lupines, and sugarcane straw.

Metals
Pseudo-frst-order model Pseudo-second-order model

Parameters ML MB T S L Parameters ML MB T S L

Pb
K 1 0.017 0.008 0.008 0.007 0.005 K 2 0.001 0.001 0.001 0.001 0.001
q e 12.9 12.6 12.3 12.4 11 q e 27.17 33.5 25.9 29.23 22.93
R 2 0.999 0.962 0.970 0.976 0.933 R 2 0.8689 0.8425 0.9309 0.9072 0.921

Cu
K 1 0.019 0.018 0.017 0.007 0.008 K 2 0.001 0.001 0.001 0.001 0.001
q e 12.8 13.5 14.6 12.5 14 q e 81.96 33.16 45.44 31.13 153.83
R 2 0.927 0.980 0.997 0.975 0.989 R 2 0.0336 0.1052 0.163 0.8936 0.1

Cr
K 1 0.018 0.021 0.017 0.009 0.008 K 2 0.001 0.001 0.001 0.001 0.001
q e 12.69 15.3 14.9 13.5 14.1 q e 69.93 31.9 476 58.82 72.99
R 2 0.9849 0.9316 0.9337 0.9906 0.9882 R 2 0.0408 0.2148 0.003 0.638 0.1731

Zn
K 1 0.018 0.0077 0.0053 0.0076 0.0033 K 2 0.001 0.001 0.001 0.001 0.001
q e 12.69 12.8 11.2 13.2 12.4 q e 2000 18.1 8.96 78.12 49
R 2 0.9849 0.9599 0.955 0.9998 0.9957 R 2 0.003 0.5952 0.7301 0.4122 0.21

Se
K 1 0.0178 0.0118 0.0151 0.0232 0.0231 K 2 0.001 0.001 0.001 0.001 0.001
q e 12.89 12.9 11.2 33.2 32 q e 357 15.8 20.4 25.25 21.2
R 2 0.9994 0.9263 0.9087 0.9326 0.9269 R 2 0.002 0.2809 0.1107 0.5034 0.561
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Table 4: Te adsorption studies of removing heavy metals in aqueous solution using adsorbents Freundlich, Langmuir (F-L) model, kinetic
model, adsorption capacity Qmax, contact time, dose, and initial concentration.

Metal Adsorbent pH Dose
(g)

Initial
conc
(mg/L)

Contact
time
(min)

Q max
F-L

models
Kinetic
model

Type
of metals
solution

Pb

ML

3.0-6.0-9.0 0.1–0.5 0.5–10 15–90

25.4 L

First-order
model Ternary

Cu 19.1 F
Cr 9.7 L
Zn 7.0 L
Se 9.5 L
Pb

MB

20.2 F
Cu 8.0 F
Cr 6.8 F
Zn 5.5 L
Se 1.4 L
Pb

T

20.1 F
Cu 13 L
Cr 7.0 F
Zn 5.9 L
Se 5.6 F
Pb

S

9.8 L
Cu 11.1 L
Cr 8.5 L
Zn 7.7 F
Se 6.5 F
Pb

L

22.7 L
Cu 4.8 L
Cr 7.0 L
Zn 5.8 L
Se 5.6 F

Table 5: Material and energy consumption for production of 0.1 kg of adsorbents.

Process Water consumption∗ (m3) Electricity
consumption∗ (kWh)

Washing 0.002 —
Drying at 1050°C (24 h) — 2
Crushing and sieving — 0.5
Washing 0.0015 —
Total consumption 0.0035 2.5
Cost 0.035 3.5
∗In Egypt, the cost of 1m3 of water for industrial use� 10.0 L.E. ∗In Egypt, the cost of 1 kWh of electricity for industrial use� 1.45 L.E.

Table 6: Adsorption efciencies of some selected adsorbents.

Adsorbents Adsorbents Q max Reference
Untreated rice husk Direct dyes 2.4 [47]
Activated rice husk Direct dyes 4.3 [47]
Red-mud Ni+2 0.0018 [48]
Peanut hulls Fe+3 and Cu+2 79.28 and 96.58mg/g for Fe+3 and Cu+ [49]
Zeolite derived from fy ash Cu+2 14.7 [50]
Ag nanoparticle-loaded activated carbon (Ag-NP-AC) Cu+2 60 [51]
Iron oxide-coated eggshell powder Cu+2 6.7 [52]
Chitosan Cu+2 62.4 [53]
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4. Conclusion

Nowadays, preventing water pollution due to the un-
controlled release of heavy metals is of vital need. Re-
search is now focusing to develop a suitable technology
either to prevent heavy metal pollution or to reduce it to
a low level. Prevention of heavy metal to water bodies can
be possible only by reducing their direct discharge into
the water stream. Te used conventional methods for
removing heavy metals have many disadvantages such as
high capital and operational cost, not suitable for small-
scale industries, and inadequate efciency. Adsorption is
a promising process for heavy metals removal from
wastewater. Te process of adsorption is suitable at very
low concentrations, i.e., 0.5 mg/L. Agrowaste materials
are used as an adsorbent of heavy metals but the cost is
a major draw of this adsorbent, thereby increasing the
use of low-cost adsorbents for the treatment of waste-
water. Agrowaste is a good option as it is a low-cost
adsorbent for the removal of metals. Agrowaste is found
to be an efcient adsorbent for metals like Se, Cr, Zn, Cu,
and Pb. Te experiment result shows the max. Te re-
moval of heavy metals (Se, Cr, Zn, Cu, and Pb) by
agrowaste is 93%. In this research, moringa and other
agrowaste seeds were investigated and their ability to aid
metal removal was investigated. Te results show that
moringa leaves have a high removal percentage for heavy
metals compared to other adsorbents, lupines, tea, and
sugarcane straw. Moringa shows more than 90% of metal
removal and the highest percentage of removal was
achieved for Se, Cr, Zn, Cu, and Pb. Te moringa leaves
showed adsorption of metals for which the percentage
adsorption for copper was about 76.6%, lead was about
90.2%, selenium was 70.5%, and chromium and zinc were
about 76.5, and 78.9% which were higher compared to
other adsorbents. Te adsorption process occurred faster
at pH 6.0. Te obtained data of metal adsorption on the
adsorbents were similar in both the models used, in-
dicating the possible existence of more than one type of
adsorption site interacting with the metal. Te experi-
mental data of metals adsorption on the adsorbents were
ftted with the frst-order model, indicating the ad-
sorption occurs by the physical adsorption technique.
Moringa can be considered an alternative for treating
wastewater with toxic heavy metals such as copper, se-
lenium, zinc, lead, and chromium, which is a low-cost
option that requires no previous treatment.
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