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Abstract Heavy metal pollution is one of the significant concerns in Bangladesh. Due to complex behavior, heavy
metal requires specialized treatment; among them, adsorptive retention from aqueous solutions proved as a costeffective technique. This study investigates the usefulness of used tea leaves for adsorptive retention of Cu2+ ions
from synthetic wastewater. Series of batch experiments identify the factors affecting adsorption, such as the
adsorbent dose, agitation time, and the initial metal ion concentration. Maximum 95.1% Cu2+ retained on used tea
leaves within 120 minutes of agitation time. The equilibrium data show compatibility with Langmuir and DubininRadushkevich isotherms. High retention capacity proves used tea leaves as one of the excellent alternative
adsorption materials.
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1. Introduction
Environmental damage by toxic heavy metal is a global
problem, as these are non-biodegradable (e.g. [1-9]).
Generally, metals that have a density of greater than 5
gm/cm3 are known as heavy metals (e.g. [10,11]).
Particularly notable hazardous heavy metals are arsenic,
chromium, copper, mercury, lead, nickel [8]. The toxicity
of heavy metal causes a significant health risk to the
human as well as other terrestrial and aquatic communities
(e.g. [11-20]).
Heavy metal contamination is also a challenging crisis
for Bangladesh. Environmental stress in river bounded
Bangladesh is growing fast with rapid industrialization
(e.g. [21,22,23,24]). Lack of environmental consciousness
among both polluters and enforcers, almost all factories do
not use effluent treatment facilities and dispose of
untreated wastes directly into nearby water bodies. As a
consequence, the water qualities of the rivers are getting
polluted gradually (e.g. [25,26,27,28]). From different
investigations around some critical industrial zone,
including some river, Buriganga, Korotoa showed a higher
amount of metals contained in the soil and vegetables of
that area and also in the water, sediments, and fishes.
Among the studied heavy metal, the most dominant
are As, Cr, Fe, Ni, Cu, Cd, Pb, Mn, and Zn (e.g.
[6,20,22,24,29,30,31,32,33,34,35]). So considering the
threats, there is a need to increase the popularity of a
remediation process with a locally available adsorbent so
that industry and other responsible sectors adopt it directly.

Inquiry for most cost-effective and efficient treatment
mechanisms has been going on. Removing constraints of
available technologies, researchers are interested in
complete remediation of toxic heavy metal with readily
available inexpensive adsorbents. Several authors studied.
The adsorption of metal ions such as chromium, lead,
arsenic, nickel, copper, cadmium, and zinc from effluents
using different agricultural waste: like Rice husk, peanut
hulls, tea- waste, fruit peels.
An investigation by Bailey et al., [36] reported highest
adsorption capacities for lead, mercury, chromium, and
cadmium respectively 1, 587 mg Pb/g lignin, 796 mg Pb/g
chitosan, 1, 123 mg Hg/g chitosan, 1, 000 mg Hg/g CPEI
cotton, 92 mg Cr3+ /g chitosan, 76 mg Cr3+ /g peat, 558 mg
Cd/g chitosan, and 215 mg Cd/g seaweed. Daifullah et al.
[37] examined adsorptive removal of Fe, Mn, Zn, Cu, Cd,
and Pb using sorbents made from rice husk, and efficiency
was 100%. Agarwal et al. [38] evaluated the effectiveness
of Tamarindus indica seeds (TS), crushed coconut shell
(CS), almond shell (AS), groundnut shell (GS), and wall
nutshell (WS) as a low-cost adsorbent. According to
the study, the adsorption capacity (qe) of hexavalent
chromium followed the order: TS>WS>AS> GS>CS.
Amin et al. [39] proposed a treatment system utilizing rice
husk for the retention of arsenic and achieved 96%
efficiency. Gao et al. [40] investigated the removal of Cr4+
by rice straw; obtained sorption capacity was 3.15 mg
Cr4+/g rice straw. Rocha et al. [41] experimented removal
of Cu, Zn, Cd, and Hg ions using rice straw. The order of
retention was Cd>Cu>Zn>Hg. Prabhakaran et al., [42]
conducted a study for the adsorption of Cr4+ using spent
tea and coffee dust, and uptakes resulted in 44.9mg Cr4+/g
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tea dust and 39.0 mg Cr4+/g coffee dust. Anagement [43]
showed that the efficiency of Coconut husks and Palm
Kernel fiber for Cr4+ ion removal were 91.14% and
84.89%, respectively. Biiyiikgiingor et al., [44] carried a
study to determine the potentiality of nut, Turkish coffee,
waste tea, exhausted coffee, and walnut shells as a sorbent
of Al3+ the adsorption were, 99.5, 99, 98, 96 and 96%
respectively. Çay et al. [45] studied the adsorption ability
of tea waste for the removal of Cu2+ and Cd2+. The
reported capacity of per gram of tea waste was as 8.64 ±
0.51 mg Cu2+ and 11.29 ± 0.48 mg Cd2+ for single and
6.65 ± 0.31 Cu2+ and 2.59 ± 0.28 mg Cd2+ for binary
systems respectively. Malkoc and Nuhoglu [46] carried
out batch adsorption studies of Ni2+ on waste tea resulted
in 15.26 mg Ni2+ /g waste tea. Furthermore, Malkoc and
Nuhoglu [47] also experimented with the efficiency of
waste tea in a fixed-bed column adsorption test. With an
increase of initial Ni2+ concentration from 50 to 200 mg/L,
the adsorption capacity increased from 7.31 to 11.17 mg/g
waste tea. An investigation by Murugesan et al. [48]
revealed that tea fungal mats removed 100% of As3+ and
Fe2+ and 77% of As5+. Amarasinghe and Williams [11]
showed maximum metal retention of 48 mg Cu2+/g tea
waste and 65 mg Pb2+/g tea waste.
This study mainly focuses on the efficiency of a locally
available adsorbent for the retention of heavy metal from
industrial effluents, and its applicability in Bangladesh.
The reason behind the selection of used tea leaves as the
adsorbent was mainly because of their low cost and
availability. In Bangladesh, copper has received attention
because of its increasing pollution rate and impact. So this
investigation aimed to remove the excess concentrations
of the Cu2+ ion from aqueous solution in a cost-effective
manner without much effort and time. The work also
expects a solution for the management of used tea leaves
by ensuring their value-added application.

2. Materials and Method
2.1. Adsorbent

2.3. Adsorption
A series of experiments (Table 1) were carried out for
adsorption of heavy metal on used tea leaves. In a beaker,
a known weight of used tea leaves was added with 100 ml
of synthetic wastewater (solution of known metal ion
concentration, namely Cu2+); then, the mixture agitated in
a magnetic stirrer. The required amount of sample was
taken from the beaker at known predetermined time
intervals. Then the sample were filtered and the
concentration of concerned heavy metal remaining in
suspension were measured by UV spectrophotometer. All
tests conducted at room temperature.
Table 1. Full Factorial Design of Batch Tests for Cu2+ Ion
Initial concentration (mg/L)

10, 15, 20, 25

Adsorbent dose (g/100ml)

0.25, 0.50, 1.0

Agitation time (minute)

30, 60, 90, 120

PH

5.4

2.4. Analysis
Samples were analyzed using a UV spectrophotometer,
then retention efficiency of metal ions was determined.
The following equation was used for calculation.
=
Re

Ci − C f
Ci

× 100%

(1)

Where Re refers to retention efficiency, Ci and Cf
represent the initial and final metal ion concentration
(mg/L).
The quantity of heavy metal adsorbed on used tea leaves
was calculated using the following well-known equation.
qm
=

Ci − C f
w

×v

(2)

Where qm refers to adsorption capacity (mg/g). w
represents the weight of adsorbent (g). v represents the
volume of synthetic wastewater (L).

Used tea leaves (chosen as the adsorbent)were collected
from a food court (local name 'tong') located in SUST
campus Sylhet, Bangladesh. Additional color, dirt, and
other contents were removed. After rinsing with distilled
water, leaves were oven-dried at 60°C for 24hours. The
leaves were crushed in a grinding mill to increase surface
area. For preservation, leaves were kept in an airtight
container at room temperature. Then the preserved leaves
were ready to use as an adsorbent. Characterizations like
moisture content, volatile matter, ash content, and particle
size of used tea leaves were determined.

2.5. Adsorption Isotherm

2.2. Adsorbate

The physical properties of tea leaves used in the present
study indicate that adsorbent prepared and handled
appropriately. The moisture content of tea leaves was
1.67%. It demonstrates that this adsorbent with low
moisture content expected to swell more, thus accelerate
pore size expansion for adsorbate uptake. The amount of
volatile matter was 94.8%; this is due to the presence of a
higher percentage of the volatile organic compound in

For Cu2+ standard solution, 3.93 g of CuSO4.5H2O was
added in the 100mL of distilled water in a container then
raise the volume to 1,000 mL. The initial concentration of
the standard solution of Cu2+ was 1,000 mg/L. Working
solutions prepared by adding water to a concentrated
solution.

Isotherm model defines the nature of adsorption [49].
So to get an understanding of the design and analysis of
the adsorption process, it requires a relevant isotherm
model that fits the equilibrium data. The present study
used Langmuir and Dubinin-Radushkevich isotherms model
to analyze the adsorption mechanism.

3. Result and Discussion
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most of the agro products. Higher content of volatile
matter reported as a favorable property that is responsible
for the development of microporous structures. Ash is a
measure of inorganic impurities in the carbons. The tea
leaves showed 1.8% ash content, which indicates good
quality of adsorbent. The pH of used tea leaves was also
favorable as higher or lower pH affects the adsorption
process and even influence the pH of the treated water.
The particle size of used tea leaves determined by the
sieve analysis method (Figure 1). The average particle size
was in the range of 0.15 mm to 0.3 mm.
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30 minutes of agitation, retention was found at a higher
rate in each test set which indicates more available vacant
sites at the beginning of the time than a successive time.
After a 90-minutes retention rate was found almost the
same for all concerned initial Cu2+ concentrations, so 90
minutes of agitation time was the optimum agitation time
for Cu2+ Adsorptive tests (Figure 2). One trend was noted
that as the initial concentration increased, the adsorption
decreased. Due to a higher concentration, many unadsorbed
ions were left for the same adsorbent dose compared with
a lower concentration. At a lower concentration higher
number of available vacant pores causes higher interaction
between adsorbent and adsorbate (Figure 2).

Figure 1. Particle size distribution curve (Tea Leaves)

Batch tests were carried out with 100 ml solution of
desired Cu2+ concentration (10, 15, 20, 25 mg/L) at pH 5.4
with different adsorbent doses (0.25, 0.5, 1.0 g) for
different agitation time (30, 60, 90, 120 min). In Table 2,
four events show results for four different initial
concentrations 10, 15, 20, and 25 mg/L, respectively. In
all tests sets the amount of Cu2+ adsorbed per unit weight
of tea leaves at equilibrium state (qm) decreases with an
increase in the number of tea leaves. Because at a higher
dose, the system reaches equilibrium at a lower
concentration.
Table 2. Adsorption of Cu2+ At pH. 5.4 And Different Adsorbent
Dose.

1.0

0.50

2.19

1.83

8.37

4.22

2.24

1.84

8.37

4.22

2.25

2.23

4.21

3.53
3.54

4.21

8.27

6.47
6.48

8.3

1.79

1.37
1.37

1.79

3.48

2.72
2.72

3.52

6.24

4.88
4.88

6.46

1.34

0.95

120

0.95

1.35

0.25

1.0

0.50

0.25

1.0

0.50
2.69

90

1.84

2.71

4.80

0.92

qm (mg/g)

1.84

0.93

1.81

qm (mg/g)

3.73

1.82

qm (mg/g)

The amount of adsorbent is also a vital factor in
adsorption. The adsorbent dose study showed that an
increased amount of adsorbent increases the percentage
retention of Cu2+ on leaves. It credited to the number of
the increased surface area resulting from the increased
amount of tea leaves. Maximum 95.1% retention
efficiency obtained at 1g tea leaves /100ml for 10 mg/L
initial concentration (Figure 3).

25

3.73

60

3.72

30

3.71

qm (mg/g)

4.83

1.0

0.50

0.25

Time
(min)

0.25

Initial Concentration (mg/L)
15
20
Adsorbent Dose (g/100ml)

10

Figure 2. Effect of agitation time and initial concentrations on
adsorption of Cu2+ onto used tea leaves: 1.0 g of adsorbent mixed with
100 ml of solution at pH 5.4 and room temperature

Influential parameters such as initial concentration
agitation time and adsorbent dose were checked to
determine optimum condition for adsorption. Adsorption
tests as a function of agitation time for Cu2+ showed that
equilibrium established at 90 minutes of agitation time for
all initial concentrations with all adsorbent doses. At first

Figure 3. Effect of adsorbent dose on adsorption of Cu2+ onto used tea
leaves: at 120 min of agitation time, 100 ml of solution at pH 5.4 and
room temperature

Maintaining optimum parameters in all experimental
sets remaining concentration of a copper ion in solution
was within the permissible limit by The Environment
Conservation Rules, 1997’ Bangladesh [50]. (Table 3).
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Table 3. Permissible Limits and Health Effects of Various Toxic
Heavy Metal

Table 5. RL Value Indicates the Adsorption Nature of Cu2+ Ions
The initial concentration of Cu (mg/L)

RL

Adsorption nature

10

0.09

Favorable

15

0.06

Favorable

20

0.05

Favorable

25

0.04

Favorable

Standards for Waste from Industrial Units (mg/L)
Bangladesh Standard

Metal

Copper (as
Cu2+)

WHO

Inland
surface water

Public
Sewers

Irrigated
Land

Inland surface
water

0.5

3.0

3.0

0.05-1.5

This Study examined several isotherm models to define
the nature of the interaction between adsorbate and
adsorbent. Among them, equilibrium data of Cu2+
adsorption tests were fitted better to Langmuir isotherm
and Dubinin-Radushkevich model (Figure 4 and Figure 5).
Langmuir isotherm achieved the best fit with equilibrium
adsorption data of Cu2+ which has the highest
determination coefficient value, R2 (Table 4). RL value
(Table 5), is an essential parameter of the Langmuir
isotherm indicates adsorption for all initial concentrations
of Cu2+ was favorable. From the Dubinin-Radushkevich
isotherm parameters calculated apparent free energy for
Cu2+ was 2, 236 kJ/mol. Higher energy indicates it, may
be a chemical ion exchange process involved in the
adsorption mechanism.

4. Conclusion
The proposed treatment system proved that used tea
leaves can be utilizedas an excellent alternative adsorbent
for heavy metal retention. Throughout this paper, the
retention of Cu2+ particularly from industrial wastewater,
was highlighted. Adsorbent dose, agitation time, and
initial concentration of metal ion are the main operating
conditions that influence the degree of retention. Isotherm
studies also validate the present adsorption process.
Excellent retention of Cu2+ ions achieved without any
pre-treatment of used tea leaves. Used tea leaves subjected
to adsorption resulted in maximum 95.1% retention of
Cu2+ ion within 120 minutes of agitation time at pH 5.4.
And the adsorbent dose of 1g was proved sufficient.
However, this process can perform at a low cost, so the
treatment system is appropriate for the industrial sector to
apply. It may also be suitable as a homemade approach
because of its simplicity in operation & handling.
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