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Abstract
The purpose of this study is to investigate the effectiveness of banana trunk as an adsorbent in removal of heavy metals in
aqueous solution. Functional groups of adsorbent were determined using Fourier Transform Infrared spectroscopy (FTIR). Batch
experiments were conducted to determine the adsorption percentage of heavy metals (Cu, As, Pb and Zn). The optimum
adsorption using banana trunk was based on pH difference, contact time and dosage. Adsorption percentage was found to be
proportional to pH, contact time and dosage. Maximum adsorption percentage of Cu, As, Pb and Zn at pH 6, 100 minutes and 8
gram of dosage are 95.80 %, 75.40 %, 99.36 % and 97.24 %, respectively. Langmuir and Freundlich isotherms were used to
determine the equilibrium state for heavy metals ion adsorftion experiments. All equilibrium heavy metals were well explained

by the Freundlich isotherm model with R™ = 0.9441, R~ = 0.8671, R~ = 0.9489 and R™ = 0.9375 for Cu, As, Pb and Zn
respectively. It is concluded that banana trunk has considerable potential for the removal of heavy metals from aqueous solution.
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Abstrak

Kajian ini bertujuan untuk menyiasat keberkesanan batang pisang sebagai penjerap dalam penyingkiran logam berat di dalam
larutan akueus. Kumpulan berfungsi penjerap ditentukan menggunakan Spektrospkopi Infra Merah Transformasi Fourier (FTIR).
Eksperimen kelompok dilakukan untuk menentukan peratusan penjerapan logam berat (Cu, As, Pb dan Zn). Penjerapan optimum
menggunakan batang pisang berdasarkan pH yang berbeza, masa sentuhan dan dos penjerap dianalisis dalam eksperimen
kelompok. Peratus penjerapan didapati berkadar terus dengan pH, masa sentuhan dan dos penjerap. Peratus penjerapan
maksimum Cu, As, Pb dan Zn pada pH 6, 10 minit masa sentuhan dan 8 gram dos penjerap masing-masing ialah 95.80 %, 75.40
%, 99.36 % dan 97.24 %. Isoterma Langmuir dan Freundlich telah digunakan untuk menentukan keadaan keseimbangan bagi
eksperimen penjerapan logam berat. Semua keseimbangan logam berat dijelaskan dengan baik oleh model isoterma Freundlich
dengan R™ = 0.9441 , R = 0.8671 , R~ = 0.9489 dan R™ = 0.9375 masing — masing untuk logam Cu, As, Pb dan Zn. Dapat
disimpulkan bahawa batang pisang mempunyai potensi besar untuk penyingkiran logam berat daripada larutan akues.

Kata kunci: penjerapan, logam berat, batang pisang, pH, masa sentuhan

Introduction
The presence of heavy metals in the water bodies has caused severe health effects to people. Too much ingestion of
copper (Cu) may bring about serious toxicological concerns, such as convulsions, vomiting, cramps or even death
[1] while its deficiency may cause excessive accumulation of zinc (Zn) in human and animals which can reduce the
immune system function. Among other effects include anemia, death of fetuses, liver, pancreas and kidney damage
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[2]. Arsenic (As) is known as a poisonous element and very toxic to human. It can cause cancer and skin disorder
besides non-cancerous diseases such as cardiovascular, pulmonary and neurological problems. Meanwhile, exposure
to lead (Pb) resulted in a wide range of biological effects depending on the level and duration of the exposure.

Heavy metal sources can be natural or anthropogenic in origin. They existed naturally in a small amount on the
Earth’s crust and could not be degraded or eliminated. Higher concentration of heavy metals in the environment
usually comes from anthropogenic activities such as copper (Cu) from electricity conductor, building materials and
various alloys constituents. Zinc (Zn) is one of the transition elements possibly from refining and extraction industry
while arsenic is contributed by human activities such as sewage and toxic chemicals disposals, industrial activities,
vehicular emissions and erosion [3]. Finally, lead (Pb) is possibly coming from several other sources such as petrol,
industrial processing, painting and soldering industries, water pathways and piping [4].

There are several conventional methods in removing heavy metals from water, which include precipitation, ion
exchange, reverse osmosis, electrocoagulation and nanofiltration [5 — 7]. However, these methods are limited for the
use of large industries since the operational cost is high [8]. Thus, using waste materials as an absorbent over
activated carbon in removing heavy metals is wisely suggested since they are cheaper and effective.

The major aim of this study is to determine the potential of banana trunk as an adsorbent in removal of heavy metals
in aqueous solution. Banana trunk is an agricultural waste generated from agricultural activities. It is chosen due to
the waste generated is rising dramatically which can risk both human and ecosystem [9]. This waste can be
converted into useful products through recycle which subsequently minimize the level of pollution caused by
agricultural burning activities. From previous studies, agricultural wastes are potentially low cost adsorbent as they
are unexploited resources, widely available, environmental friendly and also natural materials that exist in large
quantities [10]. Many research had been conducted such as the study of the removal of Pb (II) by citrus pectin [11]
and adsorption of Fe (I1) using tamarind bark (Tamarindus indica) and potato peel waste (Solanum tuberosum) [12].
The optimum adsorption process was identified as a function of pH, contact time and dosage.

Materials and Methods
Chemical and stock preparation
5 ppm of each heavy metal solution was prepared from 100 ppm stock solution through dilution. The metal
solutions were adjusted to pH 5 using 0.1 M of hydrochloric acid (HCI) [13]. It is recommended to shake the stock
solution thoroughly prior to use and must not pipette directly from the bottle.

Sample preparation and analysis

The samples of banana trunk were obtained from banana plantation in Kuang, Selangor. The trunks were sliced into
small pieces and washed thoroughly using distilled water. The trunks were air-dried for 4 — 5 hours before keeping
them in the oven for 24 hours at 50 °C. Then, the dried trunks were grounded and sieved and ready for FTIR-
analysis [14]. This analysis is to determine the functional groups in banana trunk by scanning the sample from 4000

to 400 cm™* at a 400 cm resolution [15].

Batch analysis

50 mL of 5 ppm metal solution was mixed with 2 g of adsorbent in 250 mL flasks and agitated at 100 rpm for 60
min using an orbital shaker. The experiment was continued to identify the adsorption equilibrium dosage through
mixing the solution with 4 — 10 g of dosage. The suspension was then separated by decantation. Determination of
the rate of adsorption and adsorption equilibrium time was performed by determining the residual metal solution in
the supernatant by allowing metal support-banana trunk fibers sorbent to equilibrate at different pH values of 2-10
for 60 min. Then, at the optimum pH and dosage, metal support-banana trunks were allowed to contact at different
period between 5 — 150 min. The residual metal ion concentration was analyzed using Inductively Coupled Plasma-
Optical Emission Spectrometer (ICP-OES). The percentage removal of heavy metal was calculated as equation 1
below:

Adsorption (%) = (C;—Cs x 100 1)

where, Cj and Cs are the initial and final concentrations of heavy metals present in the adsorption studies.
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Adsorption isotherm

Analysis of adsorption under constant temperature was studied by using Langmuir and Freundlich equations.
Langmuir isotherm assumes that there is an infinite number of binding sites having the same affinity for adsorption
of mono layer and there is no interaction between the adsorbed molecules [16]. Based on the assumption, Langmuir
isotherm represents the following equation 2:

qe = gmﬁggg
1+K.Ce )

The Langmiur equation is transformed into linear form to determine Langmiur adsorption parameters as expressed
in Equation 3 below;

1/g. = (1/gm) + (1/amK)(1/C) @)

where ge (mg/g) and gy, (Mg/g) are the amount of adsorbed metal ions per unit mass of adsorbent and adsorption

capacity, respectively. K| is a constant related to the affinity of the binding sites (L/mg) and C, is a un-adsorbed
metal ion concentration in solution at equilibrium (mg/L).

The assumption of Freundlich isotherm is the adsorption energy of a metal binding to a site on an adsorbent depends
on the vacancies of the adjacent sites and it is expressed by the following equation 4 [17]:

1/
Qe =KpCe ™ )
In linear form, the Freundlich equation is expressed as follows:
log qe = log K + 1/n logC ®)

where g, the amount of metals adsorbed per unit mass of adsorbent (mg/g); C. is the equilibrium concentration of
metal ions (mg/L) while K¢ (mg/g (L/mg)*™) and n (dimensionless) signify the adsorption capacity and adsorption
intensity respectively. It can be defined as the adsorption or distribution coefficient and represents the quantity of
dye adsorbed onto adsorbent for unit equilibrium concentration. 1/n is the heterogeneity factor and n is a
measurement of the deviation from linearity of adsorption. The values indicate the degree of non-linearity between
solution concentration and adsorption. The interpretations are as follow: If the value of n is equal to unity, the
adsorption is linear; if the value is below unity, this implies that adsorption process is chemical, if the value is above
unity adsorption is a favorable physical process.

Results and Discussion

Characterization of adsorbent

Based on the FTIR spectrum of banana trunk biomass shown in Figure 1, three different absorption peaks were
detected. The peak at 3400.84 cm™ represents the O-H functional group. The absorption band at 1624.01 cm™
occurred for primary amine N-H functional group while the carboxylic acid (-COOH) group were detected at
1054.52 cm™ wavelength. Previous study had stated that hydroxyl and carboxylic acid groups played a major role in
the adsorption process [18]. According to [19], the hydroxyl group is highly effective towards adsorption rate and
efficient through the exchange with metal ions. Meanwhile, the carboxylic acid group is relatively high adsorption
rate due to the presence of more negatively charged groups on its surface [20].

Effect of adsorbent dosage

The effect of adsorbent dosage on the removal of selected heavy metals was investigated and shown in Figure 2. At
the initial stage of batch experiment, the adsorption percentage of heavy metals increased with increasing of
adsorbent dosage. This is probably due to the fact that by increasing the adsorbent dosage there will be numbers of
active sites available for the adsorption of metal ions. However, further expansion of adsorbent dosage (> 8 g) did
not significantly affect the percentage removal of heavy metals due to overcrowding of adsorbent particles [21].
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Hence, the optimum dosage of banana trunk biomass for removing metal ions from liquid phase was 8 gram.
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Figure 1. FTIR spectrum of banana trunk biomass (4000 cm'1 —400 cm_l)
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Figure 2. Graph of adsorbent dosage versus adsorption percentage

Effect of pH

Figure 3 shows the relationship between the adsorption percentages with pH for all the four heavy metals. The
results obtained showing that there was a rapid removal of metal ions followed by slower adsorption process until
the optimum pH was reached pH 6. It was noticed that the adsorption percentages for all four metals remained
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constant as the pH increased beyond the optimum level. The tremendous metals removal as the pH increased is due
to the reduction of competition between protons and metal cations for the same functional groups and by decreasing
in the positive surface charge resulting in a lower electrostatic repulsion between the surface and metal ions [13]. It
was recorded that the adsorption was at the least at the initial pH 2. The low adsorption percentage at the pH 3 and

below is because of the H' ion competing with the metal cations for the adsorption site available whereas at the
higher pH, the adsorption site is not active.
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Figure 3. Graph of pH versus adsorption percentage

Effect of contact time

Optimum pH solutions were used for the determination of adsorption equilibrium time. Investigation of the effect of
contact time in removal of heavy metals using banana trunk is explained in Figure 4. The removal of all four types
heavy metal is increased with contact time until the optimum state is reached which was at 100 min. By extending
the contact time beyond the optimum state, the process of removal of heavy metals was not significantly effective.
On the other hand, the adsorption percentage was decreased due to the accumulation of metal ion species [22].
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Figure 4. Graph of contact time versus adsorption percentage
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Equilibrium studies

Langmuir and Freundlich isotherms were used to describe the equilibrium state of metal ions adsorption. The
uptakes occur on a homogenous surface by monolayer sorption without any interaction between adsorbent
molecules is described by Langmuir isotherm. This isotherm assumes there are no transmigration of metal ions in
the plane of the surface and uniform energies of adsorption onto the surface. Langmuir isotherm constants were
obtained from the plot of 1/g, against 1/C,. Heavy metals (Cu, As, Pb and Zn) adsorptions that follow the Langmuir
isotherm model are shown in Figure 5 whereas 1/g. was plotted against 1/C, and straight line was obtained for all
studied heavy metals. The Langmuir parameters, g, and K_ were calculated from the slope and interception of the
isotherm as recorded in Table 1. From the Langmuir parameter, the adsorption capacities, (), were identified in

the sequence of Cu > Pb > As > Zn.
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The Freundlich isotherm describes the adsorption onto a heterogeneous surface. In Figure 6, when log C. was
plotted against log qe, straight line was obtained representing that metal ions adsorption has followed the Freundlich
isotherm model. Freundlich parameters which include n values and K¢ values were computed from the slope and

Figure 5. Plots of Langmiur isotherm for all heavy metals examined

interception of the isotherm.
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Figure 6. Plots of Freundlich isotherm for all heavy metals examined

Metal ions of Cu, Pb and Zn were favorably adsorbed by adsorbent since the n values are greater than 1. N values
less than one indicate that the metal ions were not favorably adsorbed by adsorbent as shown in As adsorption.
Table 2 shows the comparative evaluation of heterogeneous adsorption capacities onto various adsorbents.

The linear coefficient (R?) was calculated to examine the fitness of the two isotherm models in the linear form. It is
noted that Freundlich model describes the adsorption more successfully than Langmuir model where R? values of
Langmuir model for all investigated heavy metals is higher and closer to unity compared to Freundlich model.
According to Nady and Iman [23], if R? and K_ < 1, it is shown that metal ions are highly favorable adsorbed by
prepared adsorbent. Thus, in this study, it is confirmed that banana trunk is effective in removal of heavy metals
from aqueous solution.
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Table 1. Langmuir and Freundlich parameters and correlation coefficient for the metals examined

Heavy Metals Langmuir Isotherm Freundlich Isotherm
Om KL Rz n K|_ R2
Cu 3145 4.04x10° 09441 1.03 0.12 0.9785
As 1.75 9.70x10° 0.8671 094 1.63x10% 0.8721
Pb 3.51 0.25 0.9489 1.04 0.76 0.9829
Zn 1.36 0.15 0.9375 1.04 0.18 0.9726

Table 2. Comparative evaluation of heterogeneous adsorption capacities onto various adsorbents

Metal Adsorbent Heterogeneous References
adsorption capacity
(mg/g)

Banana trunk 1.03 Present study
Banana peel 1.31 [24]

Cu Rock melon activated carbon 0.59 [25]
Potato peel 1.86 [26]
Banana trunk 0.94 Present study

Pb Banana peel 1.40 [24]
Orange peel 3.88 [27]
Poly (vinyl alcohol)/chitosan 1.69 [28]
Banana trunk 1.04 Present study

As Orange peel 4.27 [29]
Banana peel 1.35 [30]
Banana trunk 1.04 Present study
Banana peel 1.58 [24]

Zn Potato peel 1.74 [26]
Canola 1.85 [26]

Conclusion

In the present study it is proven that banana trunk has potential to be an effective and economically feasible
adsorbent in removal of heavy metals. Three (Cu, Pb and Zn) out of four heavy metals achieved more than 90 %
removals whereas As removal was only 75.40 %. In the batch experiment, it has been shown that the percentage
removal is highly dependent on pH, contact time and dosage. The highest percentage removal for all investigated
heavy metals was found at optimum pH 6, 100 min of contact time and 8 g dosage. The effectiveness of banana
trunk as adsorbent in removal of heavy metals is confirmed by FTIR result that has detected three functional groups
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including hydroxyl groups, carboxylic group and amine groups which played a major role in adsorption. The
equilibrium adsorption data is best represented by Freundlich isotherm model compared to the Langmuir isotherm.
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