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Abstract

Background: Removal of heavy metals by bioadsorbents is one of the effective and inexpensive methods
for water and wastewater treatment. The aim of this study was to investigate the ability of tea pulp in
order to remove Cu*? and Pb* metals in two states of adsorption (single element and two elements) from
aqueous solutions.

Methods: Experiments were performed on synthetic and real samples at ambient temperature. The
effect of solution pH, adsorbent dose, contact time, and initial concentration on single and competitive
removal of copper metals and lead was studied. Adsorption kinetics and adsorption isotherms were
analyzed by pseudo-second-order kinetic equations, Elovich model and intraparticle diffusion,
Freundlich and Langmuir equations, respectively.

Results: The maximum adsorption capacity for copper and lead was observed at pH=5-8 and pH=4-8,
respectively. Maximum adsorption capacity for copper and lead by tea pulp in single-element solution
(single) was 37.17 and 48.54 mg/g and in two-element solution (competitive), was 28.41 and 43.47 mg/g,
respectively. The adsorption reaction of heavy metals by tea pulp followed the Longmuir isotherm and
pseudo-second-order kinetic models.

Conclusion: Tea pulp as an inexpensive bioadsorbents is able to remove about one-third of the copper,
and approximately, half of lead from aqueous solutions, so its use in the treatment of aqueous solutions
will be beneficial.
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Introduction

Heavy metals are one of the most important environmental
concerns due to toxicity, stability, accumulation, and
transport in the food chain. These pollutants enter water,
soil, and air through natural processes (such as physical
erosion, chemical degradation, etc.) and often through
human resources (1). Industrial processes seriously release
toxic heavy metals into water streams. Mining activities,
plating and processing of metals, textile production,
production of insecticides, pesticides and battery
production are the main sources of water pollution by
heavy metals. Lead, cadmium, copper, arsenic, chromium,
zing, and mercury are known as heavy metals (2).

Heavy metal toxicity can reduce mental activity and
cause dysfunction of the central nervous system. Low
energy levels and damage to the composition of the blood,
lungs, kidneys, liver and other vital organs are other side
effects of heavy metals entering the body. The presence of
metals in water currents and seawater poses a threat to the
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health of aquatic communities, especially fish (2, 3). As a
result, many countries have strict and restrictive laws to
control water pollution. According to the standard of the
US Environmental Protection Agency (EPA), the standard
and acceptable limits of copper and lead in drinking water
are 1.3 and 0.015 mg/L, respectively (4).

Removal of heavy metal ions from wastewater is an
effective method to reduce environmental pollution and
water treatment and various methods have been proposed
to remove heavy metal pollution. Traditional methods
of removing pollution from liquid and gaseous phases
include biological treatment, coagulation (5), membrane
separation processes, chemical sediment, ion exchange
(6), advanced oxidation (7-9) and adsorption using
adsorbents (10, 11). Among these methods, adsorption
has been recognized as an effective and cost-effective
method for removing many water contaminants (4).

Among adsorbents, adsorption by activated carbon
is an effective and safe method; activated carbon has
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some advantages such as high surface area, fine porous
structure, uniform distribution of pore size, high porosity,
high surface reactivity, high mechanical strength and
strong adsorption capacity (12-14), but the high cost of
using activated carbon method has forced researchers
to study cheaper methods to replace this method. One
of the alternative methods is the use of produced wastes
in agriculture and plant wastes. Agricultural waste has a
weak and porous structure and includes active groups of
carboxyl, hydroxyl and other reactive groups that can be
effective for the surface adsorption of contaminants (15).

The agricultural wastes used for adsorption and removal
of heavy metal contaminants include rice straw (16),
banana peel (17), walnut shell (18), olive-mill waste (19),
mustard plant ash (20,21), cucumber peel (22,23), and
tea waste (24,25). Tea is one of the most popular drinks
and in fact, about three and a half million tons of tea are
consumed worldwide each year. About 120000 tons of
world consumption belong to Iran. This volume of tea
consumption will produce a lot of tea pulp that enters the
environment through daily consumption of tea (25).

Waste from daily tea consumption can be used as an
inexpensive adsorbent to remove and adsorb heavy metals
from aqueous solutions. The intensity of adsorption and
the amount of adsorption of metal ions by tea pulp and
other organic wastes depend on the physical and surface
properties of the adsorbent, the properties of the metal
ion, and the adsorption conditions.

As so far no research has been done on the ability of
tea pulp to adsorb the two elements of copper, especially
in a competitive situation (copper and lead), this study
was conducted to investigate the ability of Iranian tea
pulp to remove copper and lead metal ions from aqueous
solutions in single (single element) and competitive (two
elements) in synthetic and real solutions as a cheap and
available bioadsorbent.

Materials and Methods

Materials

All chemicals, including CuCl,.2H,0, PbCl,, HCI, and
NaOH were analytical-grade reagents from Merck
(Germany). In this study, tea wastes of black tea were used
for the experiments.

Preparation of adsorbent

The soluble and colored compounds of the tea wastes of
black tea were washed several times with boiling water to
make the resulting solution completely colorless. Then,
the tea wastes were washed with distilled water and dried
in oven at 60°C for 24 hours. The dried tea wastes were
milled and passed through a 0.5-mm sieve to prepare for
adsorption tests (26).

Characterization techniques of tea wastes
Scanning electron microscopy (SEM) was used to

determine the surface morphology of the tea pulp (11).

Batch sorption studies for heavy metals removal

This experimental research was completed in winter 2021
at the Environmental Health Engineering Research Center
of Kerman University of Medical Sciences. Adsorption
studies were performed to investigate the effect of various
parameters such as contact time (45 and 90 minutes),
pH (2-8), initial concentration of Cu?* and Pb** (100-500
mg/L), and adsorbent concentration (2, 4, 6 g).

For this purpose, stock solutions of copper and lead
(1000 mg/L) were prepared by dissolving the appropriate
amount of CuCl,.2H,0 and PbCl, in distilled water. The
wastewater (real sample) used in this study was collected
from the effluent of Shahid Bahonar Copper Complex
in Kerman (Copper) and Battery Industries located in
Kerman Industrial Town 2. Batch experiments were
performed to investigate the effect of various parameters
on copper and lead removal. Adsorption experiments
were performed in a 50-mL polyethylene test tube
containing 25 mL of the solution. The tubes were shaken
in a horizontal flat shaker at 120 rpm for a specified time
(24 hours). The test tube was shaken in a horizontal flat
shaker at 120 rpm for a specified time (24 hours). At the
end of the experiment, the adsorbents were removed
from the suspension by centrifugation at 5000 rpm (20
minutes) and the solutions were filtered through filter
paper. Cu** and Pb** concentrations were measured by an
atomic absorption spectrophotometer (SpectrAA-774-
Varian model) (Pb: A=240.7 nm, Cu: A 324.7 nm) (25,
26). All adsorption experiments were performed in three
replicates.

The adsorption capacity adsorbent (q ) and the removal
efficiency (R) were calculated using equations (1) and (2):

q.= (Co'Ce)V (1)
m
R:MXIOO 2)
C

0
Where g, (mg/g) is the adsorption capacity of adsorbent,
C, (mg/L) is the initial concentration heavy metals, C,
(mg/L) is the equilibrium concentration of metal ions, V
(L) is the volume of metal ions solution, and m (g) is the
weight of the sorbent.

Adsorption isotherms

Experiments of adsorption isotherms were performed
by Cu*" and Pb** solutions at different initial heavy metal
concentrations (0, 5, 25, 50, 100, 200, 300, 400, and 500
mg/L) at 25°C and 4 g/L of tea waste. In single-element
mode, Cu’*and Pb** concentrations were used separately
and in the competitive adsorption mode (two elements),
Cu** and Pb** concentrations were used. With the help
of adsorption isotherms, the ability to adsorb different
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adsorbents can be detected. In this study, the adsorption
isotherms of Cu’* and Pb** were described numerically
using the parameters obtained from the Freundlich and
Langmuir equations 3 and 4:

Logqe=Long+lLogCe (3)
n

C_1,C (4)

qe MkL M

where g, (mg/g) and C, (mg/L) are adsorption capacity
and equilibrium concentration, respectively, M (mg/g) is
the maximum adsorption capacity of Cu?*and Pb* on the
surface of adsorbent, K, (L/mg) is the rate of adsorption
(Langmuir constant), K, and n are Freundlich constants,
K, is adsorption capacity [(mg/g) (L/mg) 1/n], and 7 is
the tendency to adsorb. Freundlich model can be used
for non-ideal adsorption on heterogeneous surfaces and
multilayer adsorption. The Langmuir model assumes that
adsorption occurs at specific homogeneous surfaces and
there is no interaction between the adsorbed molecules
(25).

Adsorption kinetics

The effect of contact time on the adsorption of heavy
metals by adsorbents at different times of 5 to 720 minutes
at 25°C was investigated. The initial concentration of
heavy metals was 100 mg/L and the adsorbent was 2, 4,
and 6 g/L. The adsorption kinetics of Cu** and Pb** were
analyzed by pseudo-second-order kinetic, intraparticle
diffusion and Elovich equations (5,6,12):

t 1 t
— = > 4+
q, kq. q. (5)
1
qt=kpt2 +C (6)

q,=a+blnt(7)

Where g, is the capacity of Cu**and Pb** adsorbed on the
tea waste surface at equilibrium (mg/g), g, is the capacity
of Cu?*and Pb** adsorbed on the tea waste surface at time
t (mg/g), K, is the constants of the equilibrium rate of first-
and second-order kinetics (1/h), and t is the adsorption
time (h), Kp is the constants of the intraparticle diffusion
rate (mg (min'?. g)"), Cis the y-intercept that is related to
the thickness of the boundary layer, a is the rate of initial
adsorption (mg (g.min)"), and b is related to the amount
of surface coverage and activation energy (g mg") (26).

Real solution

In this research, adsorption tests were performed using
synthetic solutions. After determining optimal conditions,
tests were done on wastewater from the effluent of Shahid
Bahonar Copper Complex in Kerman (Copper) and
Battery Industries located in Kerman Industrial Town 2.

Results

Characterization of tea pulp

SEM test

The SEM images below show the morphology of the
tea pulp and the adsorption of heavy metals by the
bioadsorbent. Figure 1 shows tea pulp before use as a

Figure 1. Tea pulp before use as a bioadsorbent (a), Tea pulp after use as a bioadsorbent in copper solution (b), Tea pulp after use as a
bioadsorbent in lead solution (c), and Tea pulp after use as a bioadsorbent in a competitive copper and lead solution (d).
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bioadsorbent (a), tea pulp after use as a bioadsorbent in
copper solution (b), tea pulp after use as a bioadsorbent in
lead solution (c), and tea pulp after use as a bioadsorbent
in a competitive copper and lead solution (d).

As shown in Figure 1, the adsorption of heavy metals
copper and lead is clearly evident by the tea pulp.

Effect of pH solution on removal efficiency

The effect of pH was studied in the range of 2 to 8 at 25°C.
The pH of the solution was adjusted using 0.1 M sodium
hydroxide or 0.1 M hydrochloric acid to reach the desired
pH. The results of the effect of pH on the adsorption of
copper and lead metals by tea pulp in synthetic samples
are shown in Figure 2.

Copper and lead removal efficiency at pH =2, was 22%
and 40%, respectively. By increasing pH, the removal
efficiency of both metals also increased and the maximum
adsorption of copper and lead occurred at pH=5 and
4, respectively. Then, the removal of copper and lead
remained stable until the pH of 8% and did not change.

Effect of contact time on removal efficiency

The results of the effect of contact time on the removal
efficiency of Cu?* and Pb** by tea pulp are shown in Figure
3.

Adsorption of copper and lead by tea pulp increased
to 45 and 30 minutes, respectively. Further increase in
contact time had no effect on increasing the adsorption of
both elements, and equilibrium was achieved in less than
one hour. Therefore, both elements were adsorbed by tea
pulp in a short time and their adsorption process occurred
quickly.

Effect of initial and equilibrium Cu** and Pb*
concentration on removal efficiency and adsorption
capacity
The results of the initial and equilibrium Cu?** and Pb**
concentration on the removal efficiency and adsorption
capacity of adsorbent from aqueous solutions in both
single and competitive states are shown in Figure 4a and
b, respectively.

Removal efficiency of Cu** and Pb* in the single
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Figure 2. The effect of pH on removal of copper and lead by tea
pulp in synthetic samples.
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Figure 3. Effect of contact time on removal efficiency of Cu?*
and Pb?* from aqueous solutions.
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Figure 4. Effect of initial and equilibrium Cu?*and Pb?
concentration on removal efficiency (a) and adsorption capacity
(b) in both single and competitive adsorption modes.

adsorption state was decreased by 80% to 25.60% and
90% to 37.20%, respectively. Also, removal efficiency
of Cu? and Pb** in the competitive adsorption state
was decreased from 72% to 20.90% and from 82% to
31.70%, respectively. Removal efficiency was decreased
when the initial Cu® and Pb** concentrations were
increased, due to the saturation of the exchange sites by
adsorption. Therefore, the removal efficiency of Cu**and
Pb* in the competitive state was lower than that in the
single state. The removal efficiency of Cu** and Pb* in
the single and competitive adsorption states were: Cu?®*
(competitive adsorption) < Cu** (single adsorption) <
Pb?** (competitive adsorption) < Pb** (single adsorption).
Thus, in the competitive state, the removal efficiency of
both heavy metals was lower than the single state. Also,
removal efficiency of Cu®* was lower than that of Pb** in
both single and competitive states.
Effect of adsorbent dosage on removal efficiency

The rate of removal of heavy metals in different amounts
of adsorbent at equilibrium contact time in synthetic and
real samples is presented in Table 1.
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The amount of lead adsorption by the adsorbent in the
synthetic and real solution is shown in Figure 5.

The results show that with increasing the amount
of adsorbent, the percentage of metal removal in both
solutions increased. The percentage of metal removal in
the synthetic solution was higher than that in the real
solution. For example, in the amount of adsorbent 2 g, the
percentage of lead removal in real and synthetic solution
was 63.8% and 86.1%, respectively. Also, the percentage
of copper removal in the amount of adsorbent 2 g in real
and synthetic solution was 57.9% and 82.3%, respectively.
At higher adsorbent values, the difference between the
percentage of removal of real and synthetic solution was
smaller. The presence of ions and impurities in the real
solution probably competes to occupy the adsorbent sites,
thus, reducing the adsorption compared to the synthetic
conditions.

Adsorption isotherm

In this study, the Langmuir and Freundlich equations were
used to investigate the adsorption process of Cu** and Pb**
as shown in Figure 6a and 6b, respectively.

The parameters of the Langmuir and Freundlich
equations for describing Cu?* and Pb** adsorption in both
single and competitive states are presented in Table 2.

The results presented in Table 2 show that the Langmuir
equation describes the adsorption of Cu?* and Pb* by
tea waste better than the Freundlich equation (Langmuir
R?*=0.99 and Freundlich R*=0.84-0.89). The higher
Langmuir R? indicated that the adsorption of Cu** and
Pb** was monolayer adsorption. The maximum single
layer adsorption capacity of the Langmuir equation (M)

for Cu?* and Pb** metals in the single adsorption state, was
37.17 and 48.54 mg/g while in competitive adsorption
state, was 28.41 and 43.47 mg/g, respectively. Therefore,
the maximal adsorption capacity of the Langmuir
equation was close to the experimental data.

Adsorption kinetic

Inorderto predictthekinetic mechanismsoftheadsorption
process, the pseudo-second-order, the intraparticle
diffusion and Elovich models were investigated for Cu?®*
and Pb?* adsorption as shown in Figure 7a, 7b, and 7c,
respectively.

The best fitted model was selected based on the
proportion between the experimental and theoretical
values and the coefficient of explanation. The results of all
three models showed that Elovich models and intraparticle
diffusion are not able to predict experimental kinetic data
over time due to relatively low values of the coefficient of
explanation. But the pseudo-second-order model showed
a high coefficient of explanation, so for both heavy metals,
the pseudo-second-order model explains the kinetic
processes better than the other models. The parameters
of kinetic models for adsorption of copper and lead by tea
pulp are presented in Table 3.

Removal of Cu** and Pb** from real wastewater by tea
pulp

The physicochemical properties of raw wastewater sample
from copper and battery industries are shown in Table 4.

Comparison of the study results with the results of other
studies

Table 1. Heavy metal removal rate in different amounts of adsorbent during equilibrium contact

Final Metal Concentration in

Adsorbent Contact Time (min) Adsorbent Amount (g) Synthetic Samples Adsorption Rate (mg/g)
Heavy Synthetic Synthetic Synthetic Synthetic
Metal Solution (Initial Real Solution (Initial Real Solution (Initial Real Solution (Initial Real Solution

Concentration of  Solution Concentration of  Solution Concentration of  Solution  Concentration of
100 mg/L) 100 mg/L) 100 mg/L) 100 mg/L)

Pb*2 90 90 2 2 13.9 19.9 215 8.7
Cu* 45 45 2 2 17.7 22 21.05 0.1
Pb*2 90 90 4 4 75 8.9 23.1 1.5
Cu*? 45 45 4 4 16.5 1.7 20.9 0.23
Pb*2 90 90 6 6 7.4 8.7 7.7 11.6
Cu*? 45 45 6 6 16.3 1.7 6.9 0.7

Table 2. Parameters of the Langmuir and Freundlich adsorption isotherm models for adsorption of Cu?* and Pb?* by tea waste in both single and

competitive states

Langmuir Parameters

Freundlich Parameters

Adsorption Type Heavy Metals
R? k_(L.mg") M (mg.g) R? 1/n ke

Cu? 0.99 0.033 37.17 0.88 0.53 1.87
Single adsorption state

Pb? 0.99 0.076 48.54 0.84 0.52 3.71

Cu? 0.99 0.028 28.41 0.89 0.59 1.34
Competitive adsorption state

Pb?* 0.99 0.039 43.47 0.87 0.59 2.04
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Figure 5. Percentage of lead removal (a) and copper removal
(b) in synthetic and real solution.

Table 5 shows a comparative evaluation of the Pb (II) and
Cu (II) measured in this study with the results of other
studies.

Discussion

In soluble systems, the adsorption capacity of metals
depends on the pH of the solution, which will be
determined by the ratio of hydrogen ions to hydroxyl (31).
Factor groups of adsorbent and the adsorbed (heavy metal,
color) can be protonated or deprotonated to produce a
surface charge. The production of these different surface
charges in solution depends on the pH changes (32). In
general, the removal of cationic metals or alkaline dyes
increases when the pH of the solution increases, while
the removal of anionic metals or acidic dyes decreases.
In some cases, higher pH level causes the deposition
of cationic metals, and in these cases, it is necessary to
neutralize the pH (31).

The findings of the present study showed changes in the
uptake of copper and lead at different pHs. When the pH is
quite low (about 2), there are hydrogen ions in the aqueous
solution that compete with metal ions for adsorption on
adsorption sites. As a result, the adsorption of copper and
lead metal ions at pH 2 is quite low (33). But as the pH
of the solution increases, the number of hydrogen ions in
the solution begins to decrease. Thus, copper ions have a
greater chance of occupying adsorption active sites (33).
In this study, the maximum adsorption was observed
when the pH of the solution for copper and lead reached
5 and 4, respectively.

Then, at higher pH levels to 8, the amount of copper and
lead adsorption remained constant. In a study by Wu et al
in Taiwan, the ability of coffee powder to remove lead and
zinc from aqueous solutions was investigated. The results
showed that maximum removal of lead and zinc from the

solution occurred at pH 5 (34). In a study by Weng et al
in Taiwan, the ability to remove copper by treated black
tea was examined. They also noted that at pHs above 7,
there is a possibility of copper precipitation in the form of
copper hydroxide (26).

At pHs above 7, the removal process is the result of
both adsorption and deposition processes. In a study
by Mazaheri-Tehrani et al in Iran, it was shown that the
optimal pH of adsorption is 4.5 and with decreasing or
increasing the pH, the adsorption capacity decreases
(24). The study of Amarasinghe and Williams in India
also showed that the maximum adsorption of copper
and lead by tea pulp occurs at the pH range of 5-7 and
the minimum adsorption was observed at the pH range of
2-3. They noted that at very high pHs, there is a possibility
of the formation of metal complexes and metal deposition
(2). Therefore, in the present study, pHs 5 and 4 were
considered as the optimal pH for removal of copper and
lead by tea pulp, and at higher pHs, there is a possibility of
removal due to deposition.

Adsorption of copper and lead was rapid at first but
decreased over time. The adsorption equilibrium times for
copper and lead were 45 and 30 minutes, respectively. The
rate of metal adsorption decreased over time, and after
equilibrium, the amount of metal adsorption remained
constant. In adsorption processes, there are initially many
empty adsorption sites on the adsorbent surfaces, so there
is no competition between metal ions on the adsorbent
sites. But over time, available places to adsorb other ions
are limited. Due to the repulsive force between the ions
adsorbed on the adsorbent surfaces and the ions present
in the solution, it is difficult to adsorb more metal ions

CJq. (g/L)

® Cu2+ (single)

W Pb2+ (single)

Cu2+ (competitive)

X Pb2+ (competitive)

0 100 200 300 400 500
C. (mg/L)

log q.

@ Cu2+ (single)
W Pb2+ (single)

Cu2+ (competitive)

X Pb2+ (competitive)

15 25 3
log C,

Figure 6. Langmuir isotherm (a) and Freundlich isotherm (b) for
adsorption of Cu?* and Pb?* by tea waste.
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Table 3. Parameters of kinetic models for adsorption of copper and lead by tea pulp

Pseudo-Second-Order Intraparticle Diffusion Elovich

Heavy
Metals R2 Qe _kz R2 c I_(P R? b a .

(mg.g™) (g (min.mg)") (mg (min1/2.9)") (9-mg") (mg (g.min)")
Cu? 0.99 20.08 0.017 0.30 15.35 0.25 0.59 1.79 10.44
Pb? 0.99 22.47 0.020 0.32 19.44 0.15 0.60 1.05 16.06

Table 4. Physicochemical properties of wastewater from copper and battery industries
Parameters
Type of Industry pH EC Lead Concentration Copper Concentration BOD coD TDS
(ds/m) (ppm) (ppm) (mg/L) (mg/L) (mg/L)

Battery industry 6.3 3.8 55.07 2.6 168 334 1098
Copper industry 4.3 4.2 2.1 5.21 67 179 277

Table 5. Comparative evaluation of removal efficiency of tea pulp with
various adsorbents to removal of Pb (II) and Cu (Il)

Adsorption Capacity

Entry Adsorbents (mglg) Ref.
Pb (II) Cu (Il Cd*?
1 Grape Peels 69 60 - (27)
2 Modified banana } } 16 (28)
shell
3 Corn stalk graft - - 227 (29)
6 Orange peel 76.06 71.21 - (30)
7 Tea pulp 48.54 37.17 - This work

(35,36). Therefore, the adsorption rate decreased over
time until it reached equilibrium.

Adsorption capacity of copper and lead (in single and
competitive adsorption mode) increased with increasing
heavy metal concentration, but its removal percentage
decreased. The decrease in heavy metal removal
percentage can be explained by the fact that adsorbents
have limited adsorption surfaces and when adsorption
surfaces are filled by heavy metal, adsorption is limited.
Therefore, with increasing initial concentration, the
removal percentage of both heavy metals decreases. The
increase in adsorption capacity is due to the increase in
concentration gradient and the driving force created by
it because the concentration gradient and the resulting
driving force increase with increasing initial concentration
of heavy metal (37, 38).

In both single-element and competitive two-element
adsorption, lead adsorption is greater than copper

=

25 4

20

q, (mg/g)

600 800 0

400

adsorption. This result is consistent with the results of
other researchers on the adsorption of heavy metals by
organic matter. For example, Park et al. (2016) in South
Korea studied the adsorption of various heavy metals
on biochar prepared from sesame straw and their results
showed that in both single-element and multi-element
competitive adsorption, lead adsorption was greater than
copper uptake (38). In China, Inyang et al examined the
ability of two types of sewage sludge to adsorb lead, copper,
nickel, and cadmium, and their results showed that lead
uptake by both types of sewage sludge was higher than the
uptake of other metals (39).

Uchimiya et al in the United States studied the
stabilization and uptake of heavy metals (lead, copper,
nickel, and cadmium) by soil in the presence of biochar
organic matter, and the uptake of lead and copper was
maximum, respectively (40). The results of the study of
Inyang et al in China showed that the uptake of heavy
metals from aqueous solutions by peanut biochar was
in order of nickel < cadmium < copper < lead. The
higher adsorption of lead compared to copper may be
due to the higher electronegativity of lead. According to
the electronegativity series, the sequence of adsorption
of heavy metals by different adsorbents should be in the
order of < chromium < cadmium < copper < lead, as
the results of this study for copper and lead follow this
series (39). The prediction of higher lead uptake compared
to copper can be explained based on the Misono softness
parameter presented by Sposito in the United States (41).
Based on this parameter, the adsorption prediction is

* LR 2
/,‘/
*

@ Cu2+ mPb2+

q, (mg/g)

@ Cu2+

Pb2+

t (min) 0

10

4
. | In(t)
12 20 30

Figure 7. Pseudo-second-order (a), intraparticle diffusion (b), and Elovich (c) models for adsorption of Cu?* and Pb?* by tea waste .
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based on the first hydrolysis constant, which is higher for
Pb. The Misono softness parameter is an indicator that is
determined by the ionic radius and the ionization potential
of the metal (41). In Malaysia, Ashraf et al investigated
the removal of lead, copper, zinc, and nickel from banana
peels. Lead removal efficiency was higher than copper,
which is consistent with the results of this study (42). A
study conducted by Ghasemi et al in Iran showed that the
high removal efficiency of cadmium by tea wastes is an
effective and cost-effective method for removing heavy
metals from aqueous solutions without the need for any
chemicals. The reason for this finding, as can be seen
in the results of this study, is the fibrous and networked
nature of the adsorbent tissue (43). A study conducted by
Patil et al in India showed that tea waste is a bioadsorbent
with a high adsorption capacity of pharmaceutical
contaminants, which confirms the adsorption power of
tea waste as a bioadsorbent (44).

Conclusion

According to the results of this study, the use of Iranian
tea pulp due to its high capacity to adsorb lead (more than
40 mg/g) and copper (more than 30 mg/g) can be effective
for wastewater and water treatment. Also, the presence
of heavy metals and other cations affects the adsorption
capacity of metals by tea pulp and the competition of
different cations reduces the efficiency of tea pulp for
purification. Therefore, when using tea pulp on a real
sample, the issue of competition between other metal
cations should be carefully considered so that the applied
amount of tea pulp is applied correctly and the refining
operation is highly efficient and economical. As a result,
the use of organic matter such as tea pulp is an effective
and inexpensive technique for removing heavy metals
from contaminated water.
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