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Today, most countries around the globe are facing water resources restrictions, and it is predicted freshwater resources will be
more valuable than oil wells in the next century. In the present study, the ability of lead removal using both powders of
Mespilus germanica (MG) and Tribulus terrestris (TT) seeds and optimization of the adsorption process have been in-
vestigated. Four main parameters were selected for experimental design, namely, pH, time of contact, the ratio of adsorbent to
solution volume, and initial concentration of lead in solution, and the optimization of effective parameters on lead adsorption
was performed based on central composite design (CCD) under response surface methodology (RSM). According to the
statistical results, the proposed model for MG and TT is confirmed with 0.95 and 0.96 correlation coefficient and 0.92 and 0.94
adjusted correlation coefficient, respectively.)e results of parameter optimization also showed that both adsorbents have the
acceptable ability to adsorb lead from aqueous solutions. Under the optimum conditions with the initial lead concentration of
10mg/l, MG powder had better performance in lead adsorption of 96.04%, and TTpowder also had an acceptive performance
of 93.20%. Moreover, the MG and TT adsorbents have the most accordance with the Freundlich and D-R
isotherms, respectively.

1. Introduction

Water shortage is becoming a serious crisis, and it is pre-
dicted freshwater resources will be more valuable than oil
wells in the next century. Consequently, the usage of low
quality of water resources such as seas and oceans, industrial,
agricultural, and urban wastewater has fascinated the at-
tention of many countries. )e usage of these resources
requires planning to improve their quality, and more ex-
tensive research has recently been conducted on modeling
and possible ways to boost the quality of them and remove
contaminants and impurities [1–4].

Heavy metals are referred to as metallic elements with
relatively high densities and even toxic effects at low

concentrations. )erefore, these metals are among the most
dangerous contaminants that, through human activity such
as infiltration of landfill leachates into groundwater or
terrestrial sources, such as minerals with heavy metal
compounds present in the earth’s crust, can find a way to
water sources [5, 6]. )e most well-known metals in this
group include lead, cadmium, arsenic, zinc, silver, mercury,
nickel, chromium, copper, and iron. Accurate measurement
of the concentration of these elements has caused the
standard amount for the maximum allowable concentration
of these elements in drinking water to be accurately an-
nounced by the legislature. For example, the EPA set the
standard maximum permissible lead concentration for
drinking water at 0.015mg/L in 2011 [7]. Nowadays, more
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effective methods have been performed to remove heavy
metals from aqueous solutions such as chemical seques-
tration, ion exchange, electrochemical purification, mem-
brane purification, and adsorption, which are often cost a lot
or have low performances. Biosorption is one of the suitable
methods to reduce the concentration of heavy metals, which
is environmentally friendly as well as efficient and economic
[8, 9].

In recent years, the use of biosorption in the separation
of metals has become particularly important and has
gradually become an important issue in the control of metal
contamination. )ese adsorbents have the property of re-
pelling metals and are used to reduce the concentration of
heavy metal ions in solution from PPM to ppb (one com-
ponent per billion components) [10].

In terms of biosorption, extensive researches have been
performed. In 2019, Terán et al. assessed the capability of
montmorillonite clay for lead removal from water [11].
Mousavi et al. examined the bioabsorption using a mixed
culture of lead algae biomass from an aqueous solution. In
this study, four main variables of biosorbent dose, initial lead
concentration, contact time, and initial pH on lead removal
efficiency were investigated. )e results indicated that the
maximum removal of lead under optimal conditions in-
cluding biosorbent dose, initial concentration of lead,
contact time, and initial pH of 5.52 g/l, 100mg/l, 110min,
and 6 equal to 95.43%, respectively [12]. Li et al. developed a
novel strategy for phosphorous and Pb(II) removal se-
quentially from water by Chlorella sp. In this study, the
optimal biomass production in cultures above 280mg/L and
the biosorption functions of biosorbents from different
concentrations of phosphorus cultures were investigated.
)e results indicated that the optimum pH for adsorption
was 6.0, and the adsorption kinetics and isotherms were
suitable for quasi-quadratic and Langmuir models for all
biosorbents, respectively [13].

Salehi et al. showed that using Pomegranate core as
biosorption can lead to 18.4mg/L lead adsorption in the
laboratory conditions (pH� 4.0, initial pomegranate con-
centration� 10 g/L, and duration� 30min) [14].

Joseph et al. provide a review that focused on the removal
of heavy metals by means of low-cost adsorbents in developing
countries instead of common methods such as membrane
filtration, activated carbon adsorption, and electrocoagulation.
In this review, they evaluated the usage of adsorbents in four
main categories, namely, agricultural waste, naturally occurring
soil and mineral deposits, aquatic and terrestrial biomass, and
other locally available waste minerals [15]. Teymouri et al.
represented that usingmineral and low-cost adsorbents such as
zeolite, pumice, perlite, and leca in porous concrete can be an
effective way to reduce urban runoff pollution [16] and a new
approach as a pretreatment for municipal wastewater [17]. In
these experiments, the urban runoff passed through the fil-
tration columnwith sand at the end, and COD, BOD, TSS, and
turbidity decreased up to 90% [17], and wastewater charac-
teristics such as BOD, COD, TSS, and turbidity were reduced
up to 40% [18].

In this research, the ability of lead removal using both
powders of Mespilus germanica (MG) and Tribulus terrestris
(TT) seeds, which have not been studied before, has been
investigated. Also, optimization of lead removal by bio-
logical adsorption process using central composite design
(CCD) based on response surface methodology (RSM) has
been performed. Finally, adsorption isotherms and kinetics
for each adsorbent were investigated.

2. Materials and Methods

Reagent grade chemicals were used in analytical. Initially,
319.7mg of nitrate was added to 1,000mL of water to produce
a lead solution at a concentration of 200mg/L. Nitric acid
(HNO3, 0.1M) and sodium hydroxide (NaOH, 0.1M) were
purchased from Merck (Germany). Among the equipment
used in this research, including pH measurement, Water
Quality Meter model 8603 Handheld IP67 made in Taiwan,
Shakermodel PVR2080made by PECO company, and atomic
absorption device AAS-240 made by Varian company from
Australia and measured by the flame method were used.

2.1.Mespilus germanica (MG). Mespilus germanica, which is
shown in Figure 1, is a fruit with a high level of acidity and is
useful for controlling blood pressure, lipids, and blood sugar,
treating kidney stones, and digestive problems. Its plant
belongs to the Rosaceae family and is also related to apples,
pears, and hawthorns. Its tree is usually between 3 and 6M
high and with a lifespan of 30 to 50 years; it is a relatively
short-lived tree. )e flesh of the caraway changes from white
to brown when ripe. Its chemical composition includes
sugar, malic acid, citric acid, tartaric acid, tannin acid, and
boric acid. )e core of MG is inedible and toxic due to its
cyanohydrin acid and is useless in the agricultural industry
and disposed of as waste. It is therefore available as a cheap
and abundant adsorbent [19].

2.2. Tribulus terrestris (TT) Seeds. Tribulus terrestris (TT),
which is presented in Figure 2, is a herbaceous plant that has
a wide distribution in different parts of the world and is
considered a weed. From the family of herbaceous Zycho-
phyllaceae, it is an annual plant with dormant stems with
wide branches on the soil surface and small yellow flowers.
When the fruit ripens, its five parts separate and disperse.
Each of these five parts is prone on the outer surface. )e
color of its fruits is yellowish green and odorless and has a
distinct taste. Chemical components of this plant include
resin, beech, alkaloid, polyphenols, and minerals such as
calcium, phosphorus, iron, sodium, potassium, sulfur, ni-
trogen, and chlorine. In this study, the fruit of this plant is
used as a low-cost biosorbent in removing lead from
aqueous solutions [20].

At first, the adsorbents were prewashed with freshwater
and then washed twice with distilled water to remove the
minerals and impurities from the surface of the adsorbents.
Afterward, it was dried at room temperature for 72 hours
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before powdering with an electrical chopper with the in-
tention of particle homogenization. Finally, the powders
were passed through sieve No. 18 (D� 1mm).

2.3. Conducting the Experiments. RSM, a statistical tool that
includes a set of mathematical techniques, was used for
designing experiments, modeling, and analyzing topics. In
that process, response is affected by several input variables,
and optimization of this specific response is performed si-
multaneously [21–24].

Four main variable parameters, namely, pH, time of
contact, the dose of adsorbent, and initial lead concentration
in solution were considered. In order to design the opti-
mization experiments and discover the highest absorption
percentages, central composite design (CCD) method was
used, and the number of experiment and variable levels in
each experiment was determined. In the modal center mode,
the maximum and minimum boundaries are specified by the
code of the levels +α and −α [25–27].

Alpha (α) is the distance of each axial point (also called
star point) from the center in a central composite design, as
follows [22–26]:

a � 2k
 

0.25
. (1)

Experimental results of reconstructed images were ob-
tained byCCD; a second-order (quadratic)model is commonly
used in response surface methodology, as follows [22–24]:

Y � β0 + 
k

i�1
βiXi + 

k

i�1
βiiX

2
ii

+ 
i≺j

βijXiXj + e X1, X2 . . . Xk( .

(2)

In this study, the value of a is 2, and 21 experiments were
designed for each adsorbent using RSM. )e level and range
of parameter changes are indicated in Table 1.

Erlenmeyer flasks of 250mL were used for experi-
ments, and the temperature was fixed at 25°. After a
precise measuring of the amount of adsorbent by the
weighing scale, the solutions were made at the required
concentration using the dilution method. Before per-
forming each experiment, the pH of the solutions was
adjusted using 0.1 molar nitric acid and sodium hydroxide
solutions. After adjusting the pH, 50mL of the lead so-
lution was poured into closed Erlenmeyer flasks, and a
certain amount of adsorbent was added before placing it
on the shaker at 120 rpm for specified times. After mixing
the solutions and the adsorbent, the Erlenmeyer flasks
were centrifuged for 15min at 3,500 rpm, at which point
the initial separation of the adsorbent from the solution
occurs, and the solution was passed through a 0.45-mi-
cron filter paper. Finally, the concentration of lead was
measured by a flame atomic absorption spectrophotom-
eter (AAS-240).

2.4. Calculation of the Amount of Adsorbent Lead, Isotherms,
andAdsorptionKinetics. )e following equations, which are
in units of mg/g and percentage, were used to calculate the
amount of lead adsorbed and the percentage of adsorbed
lead, respectively.

q �
V Ci−Ce( 

m
, (3)

Removal(%) �
Ci − Ce

Ci

× 100, (4)

where q and V are the amount of lead absorbed by the
adsorbents in mg/g and the volume of solution in liters,
respectively; Ci and Ce account for initial and equilibrium
concentration in mg/l, respectively, and m is the amount of
dose of adsorbent (gr). Finally, after calculating the exper-
imental results, three isotherms, namely, Freundlich,
Langmuir, and D-R, and three kinetic models, namely,
pseudo-second-order, pseudo-first-order, and zero-order
kinetic models were determined for adsorbents.

2.5. Adsorption Isotherms Studies

2.5.1. Langmuir Isotherm. )e Langmuir isotherm is one of
the most commonly used equations of adsorption isotherms
that at first was used to investigate the adsorption of gases on
the solid surface and was then applied to the adsorption of
substances in solutions.

Langmuir isotherm can be expressed in the following
equation, in which Ce is responsible for the concentration of
ions in solution (mg/L) and b constant is obtained by di-
viding the equilibrium constant of the absorption reaction to
the equilibrium constant of the desorption reaction (Ka/Kd)
[28].

Figure 1: Mespilus germanica and its core.

Figure 2: Tribulus terrestris seeds and their powder.
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θ �
bCe

1 + bCe

. (5)

If the parameter θ is defined as θ� qe/qmax, where qmax
and qe are the maximum amount of material adsorbed in
(mg/g) and the amount of sites that are actually occupied by
the adsorbent at the concentration ofCe (mg/g), respectively.
So the linear form of the Langmuir isotherm is defined as
follows:

Ce

qc

�
1

bqmax
+

Ce

qmax
. (6)

In order to further analyze the Langmuir isotherm, the
dimensionless parameter RL, which is known as separation
coefficient, can be defined as follows:

RL �
1

1 + bC0
, (7)

where C0 is the initial concentration of the absorbent in
the solution (mg/L). If this parameter is between 0 and 1
(0RL< 1), the Langmuir isotherm is desirable, and if this
parameter is greater than 1 (1RL) the isotherm is undesirable
[29, 30].

2.5.2. Freundlich Isotherm. )e Freundlich isotherm, which
is represented in the following equation, has been obtained
by the assumption of multilayer adsorption on the het-
erogeneous sites with unequal and dissimilar energies:

qe � kfC
(1/n)
e , (8)

where kf and n are Freundlich’s constants that are known
as the adsorption capacity and the adsorption intensity,
respectively. )e linear form of the Freundlich isotherm is
shown in the following equation [31]:

ln qe � ln kf +
1
n
ln Ce. (9)

By Plotting Ln (qe) in Ln (Ce) and using the laboratory
data, the slope of the obtained line from the linear fitting of
these data represents the value of 1/n, and the intercept
equals the value of Ln (kf ). Increasing the constant Kf results
in increasing the adsorption capacity of the adsorbents, and
when the constant n is between 1 and 13, it indicates that the
adsorption process is appropriate. However, while the
constant n is approaching 1, it means that the heterogeneity
of the adsorbents’ surface has a low importance, and when
approaching 10, it means that the heterogeneity of the
adsorbent surface increases [31, 32].

2.5.3. D-R (Dubinin–Radushevich) Isotherm. )is isotherm
is like the Freundlich isotherm, based on the assumption of
adsorption on a heterogeneous surface and often used to
characterize the process, physical or chemical adsorption
process, by calculating the E parameter, known as the av-
erage free energy of absorption (kJ/mol), if this parameter is
less than 8 kJ/mol (E< 8 kJ/mol), it means that the physical
absorption process is dominant, and if 16 kJ/mol> E> 8 kJ/
mol, the chemical adsorption process is dominated by ion
exchange [33, 34]. )e following equations represent the
linear equation of the parameter E and the D-R isotherm,
respectively.

E �
1

����
2kDR

 , (10)

ln qe � ln qmax − kDRε2 , (11)

where qmax accounts for the maximum amount of adsorbed
material under the present conditions (mg/g), qe is re-
sponsible for the amount of ions adsorbed to the substance
that is actually absorbed at the concentration of Ce (mg/g).
the kDR is a constant that corresponds to the average free
energy during the adsorption process (mol2/J2), and the
parameter ε is also obtained from the following equation
[34]:

ε � RT ln 1 +
1

Ce

 . (12)

2.5.4. Adsorption Kinetics. Adsorption kinetics are the main
factors for designing adsorption systems in the prediction of
the rate of adsorption process controlled. )e adsorption
kinetics depends on the physical and chemical properties of
the adsorbent, which affect the adsorption mechanism. To
investigate the adsorption mechanism, the adsorption
constants can be calculated using the pseudo-second-order
kinetics equation [35, 36], the pseudo-first-order kinetics
equation [37], and the zero-order kinetics equation [38].)e
linear form of the pseudo-first-order equation is given in the
following equation:

Log qe − qt(  � logqe −
k1

2.303
t, (13)

where q, qt, and k1 are the amount of absorbed substance at
equilibrium (mg/g), absorbed substance at the moment of t
(mg/g), and a constant of the equilibrium rate of the pseudo-
first-order absorption (min−1), respectively. If the log
(qe − qt) is plotted in terms of t for the experimental con-
ditions, a straight line can be obtained that the k1 and the R2

correlation coefficient can be determined from its graph
[39]. Also, the linear form of the pseudo-second-order
equation is expressed as follows:

t

qt

�
1

k2q
2
e

+
1
qe

t, (14)

where q, qt, and k2 are the amount of absorbed substance at
equilibrium (mg/g), the amount of absorbed substance at the

Table 1: Level and range of parameter changes.

Variables
Level and range of changes

+∝ 1 0 −1 −∝
pH 2 3.5 5 6.5 8
Time (min) 15 45 15 105 135
Pb(II) conc (mg/L) 10 45 80 115 150
Adsorbent dose (g/L) 5 15 25 35 45
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moment of t (mg/g), and a constant of the equilibrium rate
of the pseudo-second-order absorption (g/mg.min), re-
spectively. By plotting the t/qt in terms of t, that the k2 and
the R2 correlation coefficient can be determined from its
graph [40]. Also, the linear form of the zero-order equation
is expressed as follows:

qi �
1
β
ln(αβ) +

1
β
ln(t), (15)

where qi accounts for the amount of absorbed substance at
the moment of t (mg/g). a and β are also reported as the
initial adsorption rate (g/mg.min) and the desorption
constant (g/mg), respectively [33].

3. Results and Discussion

)e results are represented as lead removal percentage along
with experimental designs for both adsorbents MG and TT
in Table 2. Estimated models using Design Expert 7.0
software for both MG and TT are quadratic as mentioned
below:

%R(MGpowder) � −130.36 + 46.01pH + 0.88Time

− 0.22Conc Pb + 3.34Dos − 3.74 pH2

− 4.870.003Time2 − 0.05Dose2,

%R(TTpowder) � −135.72 + 46pH + 0.76Time

+ 0.07Conc Pb + 3.75Dose − 3.75pH2

− 4.530.003Time2 − 2.080.003Conc Pb2

− 0.06Dose2.

(16)

3.1. Statistical Analysis of Models and Results of Experimental
Design. )e statistical results of the chosen model according
to RSM for adsorbents are shown in Table 3, and both
adsorbent models are significant with a P value of less than
0.0001. Based on Figures 3 and 4, which the perturbation
diagram is shown, despite the three parameters, namely, pH,
dose of adsorbent, and initial lead concentration in solution,
which had the most effect on adsorption because of their
further gradient, the time of contact had the least influence.
In addition, the negative gradient of initial lead concen-
tration in solution means that the percentage of adsorption
decreases as the initial lead concentration rises.

3.2. 9e Effects of pH on the Lead Adsorption. According to
Figures 3 and 4, the adsorption process of lead increases as
the media transfers from acidic to alkaline, and the rate of
adsorption is the highest in the range of pH between 5.5 and
6.5, which is in accordance with the result of Hashem in
investigating the lead adsorption from aqueous solution by
okra waste [33].

)e competition between metal cations such as H+ and
H3O+ ions in soluble form is the main reason for low ad-
sorption at low pH. Hence, the adsorption of H+ and H3O+

ions on the surface of the adsorbent prevents the maximum
adsorption of metal cations [40, 41]. As the pH increases and

the acidity decreases, the competition disappears, and the
cations get the highest sorption. )e main reason for lim-
iting the optimization experiment to the pH below 8 is that
for the pH up to 8, the lead in the solution is precipitated as
hydroxide compounds and escapes the solution [42].

3.3. 9e Effects of Time of Contact on the Lead Adsorption.
According to Figures 3 and 4, the procedure of adsorption
increases at the initial times (0T< 15min) due to the va-
cancy of adsorption sites on the adsorbent surface. As time
passes, the rate of adsorption increases more slowly and
gradually the maximum rate of adsorption followed by a
plateau. Moreover, for both MG and TT, by passing the
135min, the adsorption rate follows a reverse trend and
decreases owing to the fact that adsorbents enter the de-
sorption phase. )e optimum time of contact for MG and
TTpowder is between 65 and 90 and 55 and 85, respectively.

3.4. 9e Effects of Dose of Adsorbent on Lead Adsorption.
As expected, according to Figures 3 and 4, as the proportion
of dose of adsorbent in the solution volume rises, the
proportion of lead adsorption increases for the rising of
adsorption sites on the surface of the adsorbent. )e opti-
mum ratio for both adsorbents is between 25 and 35 g of
adsorbent per liter of solution. It should be considered that
increasing the dose of adsorbent can cause rising in the lead
adsorption to a certain extent (until the adsorbed lead is
adsorbed in the solution), and after that, the ratio of the
adsorbed lead to the total dose of adsorbent is dropped, so
the adsorption capacity follows an opposite trend.

3.5.9e Effects of Initial Concentration of Lead on Adsorption
Process. As the initial concentration of lead decreases, the
proportion of lead adsorption goes up. More the concen-
tration of metal cations in the solution, the higher the
number of susceptible cations in the solution; however, the
sites on the surface of adsorbents will be limited. )e effects
of the initial concentration of lead on the lead adsorption by
MG and TT powder are shown in Figures 3 and 4, re-
spectively. Based on the optimization results, the optimum
adsorption conditions for MG and TTpowder are presented
in Table 4.

3.6. Results of Adsorption Isotherms. )e results for the
Langmuir, Freundlich, and D-R isotherms according to
equations (3)–(11), for the adsorption process, are shown in
Figures 5–10. Also, the constant for each isotherm for MG
and TTpowder are illustrated in Tables 5 and 6, respectively.
Consequently, on the one hand, the adsorption process of
MG powder follows the Langmuir isotherm, which indicates
the multilayer adsorption of heterogeneous adsorption sites
and unequal adsorption energy, and the adsorption process
of TT powder pursues the D-R isotherm, and according to
equations (9) and (10), the average adsorbed energy for TT
powder is 1.12 kJ/mol; therefore, the adsorption process is
physical and multilayer.
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3.7. Results of Adsorption Kinetics. )e results for the
pseudo-first-order, pseudo-second-order, and zero-order
kinetics according to the equations (12)–(14) for the

adsorption process are shown in Figures 11–16. Also, the
constants for each kinetic and correlation coefficient for MG
and TT powder are represented in Tables 7 and 8,

Table 3: Statistical results of the selected models using RSM for adsorbents.

Model P value Std. dev % CV R2 Adj. R2

% Removal quadratic model MG powder <0.0001 6.40 8.11 0.945 0.922
TT powder <0.0001 4.93 7.66 0.961 0.935

Table 2: Designed experiments and lead removal percentage for adsorbents.

Run pH Time (min) Pb(II) conc (mg/l) Adsorbent dose (g/l) % Removal of MG % Removal of TT
1 3.5 105 45 35 58.35 57.59
2 8 75 80 25 75.15 75.13
3 3.5 105 115 35 48.35 43.35
4 3.5 45 45 15 36.59 41.25
5 5 75 80 25 83.5 80.5
6 5 75 80 25 85 81.25
7 5 75 150 25 61.89 56.69
8 5 75 80 25 81.64 81.64
9 6.5 45 115 35 65.66 64.66
10 5 135 80 25 80.45 74.13
11 5 75 10 25 95.25 93.50
12 3.5 45 115 15 23.19 25.70
13 5 75 80 45 84.25 79.10
14 6.5 45 45 35 87.19 82.43
15 6.5 105 45 15 70.55 77.45
16 5 75 80 25 83.56 80.98
17 2 75 80 25 29.98 27.95
18 6.5 105 115 15 59.86 53.45
19 5 75 80 25 81.95 80.76
20 5 15 80 25 56.89 63.78
21 5 75 80 5 48.76 43.53
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Figure 3: Parameters perturbation for MG powder.
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respectively. Both adsorbents with R2 about 0.99 follow the
pseudo-second-order adsorption kinetics. Furthermore,
both MG and TTwith high correlation coefficients (90% and
92%) follow the pseudo-first-order adsorption kinetics.

Environmental pollution with toxic metals is one of the
results of human activities such as mining and metallurgy.
)e harmful effects of these metals on plant and animal
ecosystems and public health are important. Biosorbents
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Figure 4: Parameters perturbation for TT powder.

Table 4: Software optimized points for adsorbents.

Adsorbent Solution number pH Time Pb(II) conc Adsorbent dose % Removal

MG powder
1 5.97 71.37 45.97 25.46 92.15
2 5.61 62.08 49.14 33.20 91.83
3 5.89 96.94 45.08 24.90 93.25

TT powder
1 6 58.91 45.35 28.42 91.71
2 5.86 62.02 52.93 29.86 91.54
3 5.81 73.51 56.56 27.07 91.58

14

8

10

12

6

4

C
e/

qe
 (g

/l)

2

0
0 10 20 30

Langmuir Isotherm

y = 0.2207x + 1.4105
R2 = 0.9904

Ce (mg/l)
40 50

Figure 5: Ce/qe variations to Ce, Langmuir isotherm, MG powder.
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Table 5: Constants of adsorption isotherms determined for MG powder.

D-R isotherm Freundlich isotherm Langmuir isotherm
R2 KDR(J2/mol2) qmax (mg/g) R2 N kf((mg/g)/(mg/L)n) R2 B (L/mg) qmax (mg/g) qmpre (mg/g)
0.89 0.0000002 2.886 0.9713 1.998 0.696 0.9904 0.157 4.53 1.7

Table 6: Constants of adsorption isotherms determined for TT powder.

D-R isotherm Freundlich isotherm Langmuir isotherm
R2 KDR(J2/mol2) qmax (mg/g) R2 N kf((mg/g)/(mg/L)n) R2 B (L/mg) qmax (mg/g) qmpre (mg/g)
0.935 0.0000004 2.478 0.884 2.051 0.546 0.9978 0.213 3.26 1.5
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help accelerate the removal of concentrations of residual
contaminants in the environment [43, 44].

4. Conclusion

)e purpose of this study was to investigate the effects of
biosorbents, Mespilus germanica and Tribulus terrestris
powder, on the removal of lead from aqueous solutions.
Both biosorbents had a great capability in lead adsorption.
)e CCD under RSM is designed based on the fit of the
tentative model to the experimental data. In the optimum
conditions with the initial lead concentration of 10mg/l, MG
powder had better performance in lead adsorption of
96.04%, and TT powder also had an acceptive performance
of 93.20%. Furthermore, the optimum condition for the MG
powder includes pH of 5.97, time of contact of 71min, and
dose of adsorbent to solution volume of 25.5 g/l. )e ad-
sorption procedure of MG powder follows the Freundlich
isotherm with a correlation coefficient of 0.971, and the D-R
isotherm is also accepted by the correlation coefficient of
0.892. It also follows the pseudo-second-order and pseudo-
first-order kinetic with a correlation coefficient of 0.988 and
0.90, respectively. On the other hand, the optimum con-
dition for the TTpowder comprises pH of 6, time of contact
of 59min, and dose of adsorbent to solution volume of
28.4 g/l. )e adsorption procedure of TTpowder pursues the
D-R isotherm with a correlation coefficient of 0.935, though
matching this process with the Freundlich isotherm is also
acceptable with the correlation coefficient of 0.884. )is
process with correlation coefficients of 0.986 and 0.932

follows the pseudo-second-order and pseudo-first-order,
respectively. Finally, the adsorption procedure for both
adsorbents is physical and multilayer.
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