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Highlights:

e  Banana plant waste can be used as gas adsorbent.
e The leaves of the banana plant are the most effective in removing pollutants.
e  Removal of gaseous pollutants occurs in less than 15 minutes.

Abstract. Bananas have the highest production rate among fruits in Indonesia,
which leads to the generation of a significant amount of banana fruit solid waste.
In this study, we assessed the potential use of banana waste to remove hydrogen
sulfide (H2S) gas. In particular, the purpose of this study was to analyze the
efficiency of banana waste as an adsorbent for H.S gas. We tested the stems,
leaves, and peels of banana plants as H,S gas adsorbents with varying contact
times. To obtain a microscopic view of the adsorbents before and after the
experiment, we conducted measurements using scanning electron microscopy
with dispersive X-ray spectroscopy. The banana leaves, stems, and peels were
found to have H,S gas absorption efficiency values of 76.52%, 51.83%, and
6.44%, respectively. Based on the experiment, the leaves of the banana plant
appear to be the best adsorbents, with an adsorption capacity of 1.67 mg/g. The
results also revealed that there was a change in the fiber and stomata appearance
of the banana leaves after the adsorption process. Overall, this research indicates
that banana leaves have the potential to be used as effective H,S adsorbents.
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1 Introduction

In 2018, bananas were ranked as the largest contributor to fruit production in
Indonesia, with a total production figure of 7.26 million tons, which is above the
production figures for mangoes, oranges, pineapples, and durian [1]. Banana
production has since increased by 1.42% (101,698 tons) and still ranks first
among the fruit production contributors. East Java is the largest banana-
producing province, with a total production of 2.06 million tons annually,
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accounting for 28.36% of the total national banana production. However, the
export of bananas is not as high as that of other fruits, such as salak, mangoes,
and mangosteen. The high banana fruit production leads to high production of
waste, including skins (peels) and stems. Many researchers have experimented
with waste from banana plants, for example, as innovative food ingredient,
alternative energy resource, or an essential material in water and waste treatment.
Researchers have also used banana peels as antidepressant candy [2] or as an
ingredient for milk drinks [3]. The banana plant can also be used as an
environmentally friendly alternative for long-lasting battery cells [4], as a raw
material for producing bioethanol, or as a complementary material to increase
biogas production [5].

Hydrogen sulfide (H>S) can have adverse effects on human health, especially if
one is exposed to H,S through the air. The lungs quickly absorb the gas [6],
meaning the respiratory system is the body system that is most sensitive to H,S
exposure [7]. H2S at a concentration of 500 ppm can cause pulmonary edema and
even death. It is included in the asphyxiant group because its main effect is to
paralyze the respiratory center, meaning death can be caused due to a stoppage in
breathing.

Adsorption methods can be widely applied to recover specific air quality from air
pollutants if highly selective adsorbents are used. Further, the use of low-cost,
sustainable, selective, and eco-friendly adsorbents could be an effective advanced
technique to recover air quality. Contemporary researchers are showing great
interest in developing new adsorbent materials with excellent properties, diverse
compositions, and high selectivity. Our literature survey showed that over the
past few decades, a variety of low-cost alternative adsorbents have been
proposed, including coconut shells [8], Acacia mangium wood [9], rice husk [10],
pomegranate shell [11], bamboo [12], banana waste [13], oil palm waste [12],
and date stones [14]. A banana plant can produce fruit once in its lifetime,
meaning after fruit harvesting the whole plant is discarded as waste. If this huge
amount of waste can be transformed into useful material, it would be of great help
to banana growers/farmers. Otherwise, dumping this waste into water or leaving
it under humid conditions leads to methane and carbon monoxide gas formation,
while burning it can produce large quantities of carbon dioxide gas.

Many studies have been conducted on the use of banana plants (Musa spp.) as
bio-adsorbents, which were found to be mainly applicable to liquid waste. Banana
peels can be used for the removal of heavy metals from wastewater, as
demonstrated by Anwar [15], Vilardi [16], Nada [17], Ali [18], and Ali Ashraf
[19]. Bananas are also effective at removing organic substances (especially dyes)
from wastewater, as shown by Stavrinou [20], Danish [13], and Munagapati [21].
Furthermore, the use of bananas as adsorbents of waste gas was demonstrated by
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Shen [22] for volatile benzene and toluene. In Indonesia, several studies have
revealed the role banana peels can play in removing polluting gases, such as those
from motorized vehicles [23]. Sumiyati [24] have listed potential uses of banana
plants for removing gaseous pollutants, including sulfidic acid gas. However, no
research has been conducted yet to assess banana plants as bio-adsorbents to
remove odors from polluting gases, such as H,S. This study aimed to investigate
the feasibility of using banana plants (without conversion into activated carbon)
as an adsorbent of H,S gases. The research was conducted in two stages:
assessing the adsorbent type (fresh leaves, stems, and banana peels) in removing
H,S and examining the best adsorbent to remove H,S. The results are expected to
be applicable on a larger scale, for example for eliminating odors in the waste
industry, determining buffer zones in landfills (as many buffer zones in
Indonesia’s landfills are covered with banana plants), possibly removing the
smells of livestock and agriculture, and purifying biogas from H,S contaminants.

2 Materials and Method

2.1 Materials Preparation

The banana plant components used in this study are depicted in Figure 1. Fresh
banana leaves, banana fruit, and banana stems were cleaned with a damp cloth
and allowed to dry for approximately 15 minutes. Then, they were cut with the
following details: the banana leaves were chopped to a size of 10 mm x 1 mm,
the banana stems were chopped to a size of 2 mm x 2 mm, and the banana peels
were chopped to a size of 2 mm x 2 mm. After being chopped, the adsorbent was
weighed and put into an adsorbent tube until full. Based on this criterion, the
adsorbent mass we got from the banana leaves, banana stems, banana peel was
15 g, 27 g, 32 g respectively. The difference in mass of the adsorbent used was
influenced by the density of each adsorbent.

(a) Leaves (b) Stems (c) Peels

Figure 1 Materials from banana components used in this study.
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2.2 H2S Gas Preparation and Measurement

A schematic diagram of the experimental setup is shown in Figure 2. In this
experiment, we used a standard Erlenmeyer flask (Pyrex) as well as a plug,
tubing, air sampler/impinger (AGS), analytical balance (Mettler Toledo ME 204),
and UV—Vis spectrophotometer (Thermoscientific Genesys 10S). The procedure
for creating the H»S gas used here was modified from Prasetyo [25]. First, 0.18 g
of FeS (Pudak Sci) and 4.5 mL of 1-M HCI (Merck) were reacted. The gas formed
was then left to stand for 1 h to ensure a complete reaction and was then
transferred from the air sampler/impinger to an adsorbent tube and finally to the
adsorbent solution ZnSO4 (Merck). H,S gas withdrawal was carried out with a
constant flow rate of 0.5 L/m for five variations of contact time (15, 17, 20, 22,
and 25 min). In this experiment, measurements were conducted under room

temperature, i.e., 25 °C.
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Figure 2 Experimental setup for H2S adsorption.

The general mechanism of H,S gas removal has been reviewed elsewhere [26].
For the measurement of H>S levels via the methylene blue method using a
spectrophotometer we referred to Indonesian National Standard (SNI) 19-7117.7-
2005 [27]. A solution containing 50 mL of the measurement sample was removed
from the device experiment chain and rinsed using distilled water. The sample
was then diluted to 100 mL with distilled water. Additionally, 50 mL of absorbent
solution was prepared and then diluted with distilled water to a volume of 100
mL (blank).

A 20-mL sample solution was piped into a measurement tube. 2 mL of para-
amino dimethyl aniline and 1 mL of FeCl; were added to each tube, and the
samples were homogenized. Next, each tube was diluted with distilled water to a
volume of 25 mL, homogenized again, and left to stand for 30 min. The
absorbance of the measurement sample solution was measured at a wavelength
of 670 nm, and the concentration of H»S gas was calculated using a calibration
curve.
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2.3 Calibration Curve and Adsorption Capacity

The adsorption capacity is defined as the amount of H,S absorbed per unit weight
of the adsorbent. The Freundlich and Langmuir adsorption isotherms (mg/g) were
used as models. The Freundlich equation is as follows:

logq=1logK+ 1/nlogC.

where: q = concentration of adsorbed adsorbate, C = concentration of adsorbate
at equilibrium (mg/L), K = equilibrium constant, N = empirical constant
depending on the nature of the substance.

The Langmuir equation is as follows:
1/q = 1/(qmKC) + 1/qm.

In these equations, q = concentration of adsorbed adsorbate, qm = maximum
capacity of adsorbent (mg), K = equilibrium constant, C = concentration of
adsorbate at equilibrium (mg/L).

Based on the above equations, a linear adsorption isotherm curve was generated,
from which the values of the regression coefficient, slope, intercept, and
adsorption capacity could later be drawn. The solution concentration of absorbed
H2S was then measured using the methylene blue method with a UV-Vis
spectrophotometer. We then used a calibration curve, which had been made in
advance, to determine the absorbed H,S concentration.

The calibration curve consisted of five variations of the H.S working solution (0,
5, 10, 15, and 20 mL). The absorbance and concentration results were plotted on
a graph to obtain a linear equation in the form of y = ax + b. This equation was
then used to calculate the amount of measured H>S. The results of the calibration
curve are shown in Figure 3. The linear equation obtained was y = 0.375x + 0.076,
with a slope of 0.375 and an intercept of 0.076.

043
04

j ¥=0375% + 0.076
035 R2= (9965

Absorbanee

0 2 4 6 8 10 12
Concentration (mg/l)

Figure 3 Linear equation of the H,S calibration curve.
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3 Result and Discussion

3.1 Measurement Results of H2S Gas Concentration

The research was carried out in triplicate to obtain a better estimated
concentration value. Table 1 shows the concentration of H,S (mg/L) with
variation of adsorbent type and contact time.

In this study, the concentrations were normalized with control treatment (no
adsorbent). We assumed there would be no adsorption in the control treatment,
except negligible gas adsorption in the adsorption device (tubing, adsorbent tube).

Table 1 Average H,S Concentration (mg/L) after contact with an adsorbent.

Adsorbent Contact Time (min)
Type 15 17 20 22 25
Leaf 1.951+0.513[2.34440.030[7.304+0.193/8.384+0.135/9.131 +0.106
Stem 4.003+0.042/6.644+0.219[7.588+0.028/8.680+0.125/9.501 £0.200
Peel 8.236+0.308/8.374+0.27799.060+0.124/9.357+0.063(10.157+0.104
No adsorbent 8.309+0.1478.847+0.061/9.419+0.0869.938+0.180/10.780+0.112

It was found that the concentration of H>S without adsorbent increased with
contact time, with the lowest concentration being 8.3 mg/L and the highest
concentration 10.78 mg/L. The difference in concentration among the five contact
times was quite significant (one-way ANOVA at p < 0.05), as the contact time
interval given was relatively short (around 2 to 3 min). Several different physical
characteristics were noted when measurements were made with and without the
adsorbents. At the time of measurement, there was a change in the absorbent
solution’s color; the longer the contact time, the cloudier the absorbent solution
became. During the measurement without adsorbent, an odorless white fog
appeared, while when an adsorbent was used no fog appeared. The zinc sulfide
compound caused a change in color and moisture. These results came from the
reaction between H,S and the adsorbent solution (ZnSOs). According to Moreira
[28], the longer the contact time, the greater the adsorbent solution’s ability to
absorb the adsorbate. This is due to the long contact time between the adsorbent
and the adsorbate, allowing additional bonds to form until the equilibrium point
is reached. However, when the contact time between the adsorbent and the
adsorbate is too long, the adsorbent saturates and the adsorbate is released.

3.2 Bananas Adsorbent Characteristics

Observation of the adsorbent’s characteristics before and after the measurements
was carried out to support the research results. Before the measurements, the
banana leaves were bright green and looked fresh. After the measurements were
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made, the most noticeable difference was in the leaves, which appeared paler and
some of the pieces had turned brown (Figure 4).

(b)

Figure 4 Banana adsorbents before (a) and after (b) the adsorption process.

Figure 5 shows the differences in the banana leaf adsorbent with and without HS.
Before contact with H»S, many leaf fibers can be seen crossing the leaf epidermal
cells and the stomata are still visible. After the H,S had passed through them, the
leaf fibers were no longer visible. Thickened leaf epidermal cells could be seen,
so that their striations became visible. The stomata were damaged, as marked by
the presence of elements attached to them. From the scanning electron
microscopy (SEM) observation results it can be concluded that the H»S that had
passed through the banana leaf adsorbent caused it to deteriorate.

Several other studies based on SEM analysis about the role of stomata in
capturing air pollutants have proved this. For example, 500x magnification SEM
showed that fine particles smaller than 0.1 um were able to penetrate leaf tissue
through stomata [29]. Song, et al. [30] found the fine particles for up to 2 um
(1000x magnification SEM). In addition, Zha, et al. [31], using 1000x
magnification SEM, found that capturing air contaminants, i.e. particles and
PAH, could be facilitated by grooves surrounding the stomata.
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(c) Before adsorption (d) After adsorption

Figure 5 Changes of fiber (a)(b) and stomata (c)(d) before and after adsorption.

33 Overall Adsorption Isotherm

Based on the calculation results obtained using the Freundlich and Langmuir
isotherms (Table 2), it was found that the banana leaves had a consistently large
adsorption capacity, whereas the banana peels had a small capacity. In particular,
the banana leaf adsorption capacity reached 16 to 22 times that of the banana
peels. However, differences could be seen among the results of the different
adsorbent types when using the two isotherm models. When the Freundlich
isotherm was used, the results regarding the adsorption of leaves and stems were
almost the same, but when the Langmuir isotherm was used, the values of the
adsorption of leaves were more than twice those of the banana stems. Based on
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these results it can be concluded that banana leaves have the greatest potential for
use as H,S adsorbents.

Table 2 Average H,S concentration (mg/L) after contact with an adsorbent.

Adsorbent Type Freundlich Isotherm Langmuir Isotherm
R Capacity (mg/g) R  Capacity (mg/g)
Leaf 0.94 1.6750 0.90 1.4310
Stem 0.92 1.6761 0.87 0.6384
Peel 0.58 0.1063 0.42 0.0635

According to Viena [23], banana plants are usually used as adsorbents to reduce
pollutant gases and can reach an adsorption capacity of up to 952 mg/g. However,
in such a case, the bananas are usually prepared in the form of activated carbon.
The analysis results of the efficiency of each obtained adsorbent are shown in
Figure 6.

Removal efficiency (%)
I

Contact time (min)

--o--lEAF — o STEM —— PEEL

Figure 6 Removal efficiency for H,S adsorption.

The banana leaf adsorbent had the highest efficiency at a contact time of 15 min,
with a value of 76.52%. However, as the contact time increased, the absorption
efficiency of the H,S gas concentration decreased slowly.

The efficiency value decreased quite drastically for a contact time of 20 min, from
73.51% to 22.45%, and finally, the lowest efficiency was reached at a contact
time of 25 min (15.30%). The highest absorption efficiency of H,S in the banana
stem adsorbent reached 51.83% at a contact time of 15 min, while the lowest
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efficiency of 11.87% was observed at a contact time of 25 min. The least
significant decrease in efficiency occurred between contact times of 15 and 17
min, with a difference of 26.93%. This result indicates that the saturation time of
the banana stem adsorbent in absorbing gas was 15 min and that when the contact
time for H,S absorption increased past this point, the efficiency decreased. The
efficiency level of the absorption of H.S gas for the banana peel adsorbent
fluctuated significantly. The highest efficiency of 6.44% was observed at a
contact time of 25 min, while the lowest efficiency of 0.89% was observed at a
contact time of 15 min. The fluctuations in the data were caused by the unstable
condition of the adsorbent. One of the factors in this is the wet nature of the
banana skin, which also has mucus on its surface.

The H»,S absorption efficiency values from the three adsorbents contrasted
significantly with one another. The banana peels had a relatively small and
fluctuating efficiency of H,S absorption (<6%). From the fluctuating efficiency
results it can be concluded that banana peels are not an optimum adsorbent media.
Banana stems had their highest H»S absorption efficiency (51.8%) at 15 min of
contact time and their lowest efficiency (11.87%) at 25 min of contact time. The
banana stems thus showed a significant decrease in absorption efficiency when
compared with the banana peels. According to Rodriguez [32], banana stems
have fiber consisting of 60% to 65% cellulose, 6% to 8% hemicellulose, 5% to
10% lignin, and 10% to 15% water. Hemicellulose is highly useful and can be
applied as an adsorbent to remove oil, heavy metals, and pollutants [33].

The adsorption efficiency is also influenced by the length of contact time in the
adsorption process. Based on the research results it can be seen that the best
adsorption efficiency was obtained at 15 min. This is because the adsorption
process reached an optimum state at this time. After 15 min of contact time, the
adsorption efficiency decreased due to the lengthy contact time between the
adsorbent and the adsorbate, which caused the adsorbent to saturate and the
adsorbate to be released. At the same time, the adsorbent works inefficiently
before the optimum conditions are reached. Based on the three adsorbent types
and the five contact times used in this study it can be concluded that banana leaves
are the best adsorbents and have an optimum contact time of 15 min. The fiber in
banana leaves has a higher density than that in banana stems and peels. Moreover,
banana leaves have more stomata when compared to branches and peels. Stomata
are an important pathway for air pollutant uptake in plants [34]. Thus, having
more stomata means having greater potential to absorb gaseous pollutants. The
ability of stomata to absorb gas was also investigated in Wei, et al. [35], where
sulfuric acid gas could be captured molecularly by the stomata in addition to
being captured in the stem and bark. This was confirmed by Tiessen [36], who
found that stomata facilitate the exchange of gaseous pollutants. This also
explains why pollutants are found in the stomata [37]. The rate of gas exchange
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permeability depends on the degree of stomatal opening at 4 to 10 nm [38]. Due
to the deposition of pollutants in the stomata, there is a reduction in the average
stomata pore area [39].

The absorption capacity increases as the surface area of the absorbent increases.
For example, Hoang, et al. [40] revealed that the uptake of air pollutants in
polyurethane rice straw was about 3 to 4 times higher than that of artificial pure
polyurethane due to the higher surface area. Huang, et al. [41] found that
molecularly imprinted polymers (MIPs), which have a higher surface area than
other adsorbents, gave the best results in capturing gaseous pollutants. Various
banana plants in Indonesia have a higher number of stomata on the abaxial
surface. Auliya, et al. [42] reported that some banana plant leaves can have 21-
42 stomata/field of view based on SEM analysis.

Based on the results of electron-dispersive X-ray spectroscopy (EDX) without
H,S (shown in Table 3 and Figure 7), the fresh banana leaves were found to
possess several constituent elements, including C, O, N, K, Mg, Cl, and Si. In
fresh banana leaves, the lowest weight percentage value belonged to Si, which
had a percentage atomic weight of 0.07, and the highest percentage value
belonged to C, which had a percentage atomic weight of 65.47. In the results of
EDX with H»S, all the same elements were found. However, there was also an
additional element, S, which has a percentage atomic weight of 0.24. The
presence of S confirms that H,S was adsorbed into the banana leaves. Further
research is needed to analyze contact times under 15 min. In future work,
adsorbent cutting should also be homogenized so that the adsorption capacity is
evenly distributed.

Table3 Average H,S concentration (mg/L) after contact with an adsorbent.

Element Without H,S With H,S
% Atomic weight % Atomic weight

C 65.47 67.68

(6] 28.53 17.54

N 4.64 5.92

K 0.71 3.66
Mg 0.42 0.14

Cl 0.16 4.75

Si 0.07 0.21

S — 0.24
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@®
A_without H2S
B. With H25

Figure 7 EDX graph results before and after H,S adsorption.

4 Conclusion

Based on the experiment in this study, three banana components, i.e. leaves,
stems, and banana peels, had H,S gas absorption efficiency values of 76.52%,
51.83%, and 6.44%, respectively. Banana leaves having the highest absorption
efficiency may be caused by the presence of stomata in the leaves, which is
supported by changes in the appearance of fibers and stomata in banana leaves
after the adsorption process. This study showed that banana leaves have good
potential to be used as adsorbent of H»S gas.

Acknowledgement

This work was funded by Direktorat Riset dan Pengabdian Masyarakat,
Kementrian Riset dan Teknologi/Badan Riset dan Inovasi Nasional Republik
Indonesia No. 225-101/UN7.6.1/PP/2020.

146



Promising Adsorption of Sulfidic Acid Gases Using Wet Banana
Plant Adsorbent (Musa spp.)

References

[1]  Central Bureau of Statistics, Statistics of Indonesia’s Annual Fruit and
Vegetable Crops, 2018.

[2]  Gurumallesh, P., Ramakrishnan, B. & Dhurai, B., 4 Novel Metalloprotease
from Banana Peel and Its Biochemical Characterization, Int. J. Biol.
Macromol., 134, pp. 527-535, 2019.

[3] Batista, A.L.D., Developing A Synbiotic Fermented Milk Using Probiotic
Bacteria and Organic Green Banana Flour, J. Funct. Foods, 38, pp. 242-
250,2017.

[4] Huang, S.R., Chung, C.H., Leu, H.J., Sim, C.Y.D. & Lin, C.Y., The Living
Banana Plant as A Long-Lasting Battery Cell, Int. J. Green Energy, 13(7),
pp- 650-654, 2016.

[5] Guerrero, A.B., Ballesteros, 1. & Ballesteros, M., The Potential of
Agricultural Banana Waste for Bioethanol Production, Fuel, 213, pp. 176-
185,2018.

[6] Collins, J. & Lewis, D., Hydrogen Sulfide: Evaluation of Current
California Air Quality Standards with Respect to Protection of Children,
Air Toxicol. Epidemiol. Sect. Calif. Off. Environ. Heal. Hazard Assess.,
2000.

[71 US EPA, Hydrogen Sulfide 7783-06-4, Integr. Risk Inf. Syst. Toxic.
Summ. Hydrog. Sulfide, pp- 1-17, 2003. DOI:
10.1002/0471701343.sdp13953.pub2.

[8] Dwivedi, C.P., Sahu, J.N., Mohanty, C.R., Mohan, B.R. & Meikap, B.C.,
Column Performance of Granular Activated Carbon Packed Bed for Pb
(II) Removal, J. Hazard. Mater., 156(1-3), pp. 596-603, 2008.

[9] Danish, M., Hashim, R., Ibrahim, M. N. M. M., Rafatullah, M., Ahmad, T.
& Sulaiman, O., Characterization of Acacia Mangium Wood Based
Activated Carbons Prepared in the Presence of Basic Activating Agents,
BioResources, 6(3), pp. 3019-3033, 2011.

[10] Sahu, J.N., Agarwal, S., Meikap, B.C. & Biswas, M.N., Performance of A
Modified Multi-Stage Bubble Column Reactor for Lead (I1) and Biological
Oxygen Demand Removal from Wastewater Using Activated Rice Husk, J.
Hazard. Mater., 161(1), pp. 317-324, 2009.

[11] Ghaedi, M., Tavallali, H., Sharifi, M., Kokhdan, S.N. & Asghari, A.,
Preparation of Low Cost Activated Carbon from Myrtus Communis and
Pomegranate and Their Efficient Application for Removal of Congo Red
from Aqueous Solution, Spectrochim. Acta Part A Mol. Biomol.
Spectrosc., 86, pp. 107-114, 2012.

[12] Rafatullah, M., Ahmad, T., Ghazali, A., Sulaiman, O., Danish, M. &
Hashim, R., Oil Palm Biomass as A Precursor of Activated Carbons: A
Review, Crit. Rev. Environ. Sci. Technol., 43(11), pp. 1117-1161, 2013.

147



[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

(22]

(23]

[24]

Haryono S Huboyo, et al.

Ahmad, T. & Danish, M., Prospects of Banana Waste Utilization in
Wastewater Treatment: A Review, J. Environ. Manage., 206, pp. 330-348,
2018.

Danish, M., Hashim, R., Ibrahim, M.N.M. & Sulaiman, O., Optimized
Preparation for Large Surface Area Activated Carbon from Date (Phoenix
Dactylifera L.) Stone Biomass, Biomass and Bioenergy, 61, pp. 167-178,
2014.

Anwar, J., Shafique, U., Salman, M., Dar, A. & Anwar, S., Removal of Pb
(11) and Cd (1l) from Water by Adsorption on Peels of Banana, Bioresour.
Technol., 101(6), pp. 1752-1755, 2010.

Vilardi, G., Di Palma, L. & Verdone, N., Heavy Metals Adsorption by
Banana Peels Micro-Powder: Equilibrium Modeling by Non-Linear
Models, Chinese J. Chem. Eng., 26(3), pp. 455-464, 2018.

Nada, A.M.A., El-Gendy, A.A. & Mohamed, S.H., Banana Leaves as
Adsorbents for Removal of Metal lons from Waste Water, Carbohydr.
Polym., 82(4), pp. 1025-1030, 2010.

Ali, A., Saeed, K. & Mabood, F., Removal of Chromium (VI) from Aqueous
Medium Using Chemically Modified Banana Peels as Efficient Low-Cost
Adsorbent, Alexandria Eng. J., 55(3), pp. 2933-2942, 2016.

Ali, A., Removal of Mn (Il) from Water Using Chemically Modified
Banana Peels as Efficient Adsorbent, Environ. Nanotechnology, Monit.
Manag., 7, pp. 57-63, 2017.

Stavrinou, A., Aggelopoulos, C.A. & Tsakiroglou, C.D., Exploring the
Adsorption Mechanisms of Cationic and Anionic Dyes onto Agricultural
Waste Peels of Banana, Cucumber and Potato: Adsorption Kinetics and
Equilibrium Isotherms as a Tool, J. Environ. Chem. Eng., 6(6), pp. 6958-
6970, 2018.

Munagapati, V.S., Yarramuthi, V., Kim, Y., Lee, KM. & Kim, D.S.,
Removal of Anionic Dyes (Reactive Black 5 and Congo Red) from Aqueous
Solutions Using Banana Peel Powder as an Adsorbent, Ecotoxicol.
Environ. Saf., 148, pp. 601-607, 2018.

Shen, X., Record-High Capture of Volatile Benzene and Toluene Enabled
by Activator Implant-Optimized Banana Peel-Derived Engineering
Carbonaceous Adsorbents, Environ. Int., 143, 105774, 2020.

Viena, V. & Wardani, S., Application of Banana Peels Waste as
Adsorbents for The Removal of CO, NO, NOyx, and SO; Gases from
Motorcycle Emissions, in Materials Science and Engineering Conference
Series, 334(1), 12037, 2018.

Sumiyati, S., Huboyo, H.S. & Ramadan, B.S., Potential Use of Banana
Plant (Musa spp.) as Bio-sorbent Materials for Controlling Gaseous
Pollutants, in E3S Web of Conferences, 125, 3015, 2019.

148



Promising Adsorption of Sulfidic Acid Gases Using Wet Banana

[25]

[26]

(27]

(28]

(29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

Plant Adsorbent (Musa spp.)

Prasetiyo, H.B., Development of Hydrogen Sulfide Gas Sensor Based on
Lead Acetate Dry Reagent, Undergraduate Thesis, Faculty of Mathematics
and Natural Sciences, Jember University, Jember, Indonesia, 2002.
Mandasari, W., Sitorus, B. & Jati, D.R., Manufacturing and
Characterizing the H.S Gas Adsorbent from Natural Zeolite, J. Kim.
Khatulistiwa, 3(2), pp. 112-119, 2014. (Text in Indonesian)

Indonesian National Standard (SNI), Exhaust Emissions — Non Mobile
Sources — Section 7: Test Method for Hydrogen Sulfide (H,S) Level by the
Methylene Blue Method Using Spectrophotometer, SNI-19-7117.7-2005.
(Text in Indonesian)

Moreira, R., Peruch, M.G. & Kuhnen, N.C., Adsorption of Textile Dyes on
Alumina. Equilibrium Studies and Contact Time Effects, Brazilian J. Chem.
Eng., 15(1), pp. 21-28,1998. DOI: 10.1590/S0104-66321998000100002.
Ottelé, M., van Bohemen, H.D. & Fraaij, A.L., Quantifying the Deposition
of Particulate Matter on Climber Vegetation on Living Walls, Ecol. Eng.,
36, pp.154-162, 2010.

Song, Y., Maher, B.A., Li, F., Wang, X., Sun, X., Zhang, H., Particulate
Matter Deposited on Leaf of Five Evergreen Species in Beijing, China:
Source Identification and Size Distribution, Atmos. Environ., 105, pp. 53-
60, 2015.

Zha, Y., Liu, X., Tang, J. & Zhang, Y., PAHs in Foliage Dust of Typical
Tree Species with Urbanization Gradient in Nanjing, China, Pol. J.
Environ. Stud., 27(3), pp. 1359-1370, 2018.

Rodriguez, L.J., Cardona, C.A. & Orrego, C.E., Water Uptake, Chemical
Characterization, and Tensile Behavior of Modified Banana—Plantain
Fiber and Their Polyester Composites, Polym. Compos., 37(10), pp. 2960-
2973, 2016.

Kudaligama, K., Thurul, WM. & Yapa, P.A.J., Effect of Bio-Brush
Medium. a Coir Fibre Based Biomass Retainer on Treatment Efficiency of
an Anaerobic Filter Type Reactor, Journal of the Rubber Research Institute
of Sri Lanka, 87, pp. 15-22, 2005.

Treesubsuntorn, C. & Thiravetyan, P., Removal of Benzene from Indoor
Air by Dracaena Sanderiana: Effect of Wax and Stomata, Atmos. Environ.,
57, pp. 317-321, 2012.

Wei, X., Lyu, S., Yu, Y., Wang, Z., Liu, H, Pan, D., Chen, J.,
Phylloremediation of Air Pollutants: Exploiting the Potential of Plant
Leaves and Leaf-associated Microbes, Front. Plant Sci., 8, pp. 1-23. 2017.
A. Tiessen, A., The Fluorescent Blue Glow of Banana Fruits is Not Due to
Symplasmic Plastidial Catabolism but Arises from Insoluble Phenols
Estherified to the Cell Wall, Plant Sci., 275, pp. 75-83. 2018.

Hamidah, D. Putri, H. Purnobasuki, Correlation of Lead (Pb) Content
Towards the Number of Stomata on the Plant Dracaena Marginata

149



[38]

[39]

[40]

[41]

[42]

Haryono S Huboyo, et al.

Tricolor in Some Places of Surabaya City, E3S Web Conf., 153, pp. 1-7,
2020.

Kvesitadze, E., Sadunishvili, T. & Kvesitadze, G., Mechanisms of Organic
Contaminants Uptake and Degradation in Plants, World Academy of
Science, Engineering and Technology. World Academy. Scien. Engi.
Technol., 55, pp. 458-468, 2009.

Grantz, D.A., Karr, M. & Burkhardt, J., Heterogeneity of Stomatal Pore
Area Is Suppressed by Ambient Aerosol in the Homobaric Species, Vicia
faba, Front. Plant Sci., 11, 897, 2020.

Hoang, A.T., Le, V.V., Al-Tawaha, A.R.M.S., Nguyen, D.N., Noor, M.M.
& Pham, V.V., An Absorption Capacity Investigation of New Absorbent
Based on Polyurethane Foams and Rice Straw for Oil Spill Cleanup, Pet.
Sci. Technol., 36, pp. 361-370. 2018.

Huang, Y., Su, W., Wang, R. & Zhao, T., Removal of Typical Industrial
Gaseous Pollutants: from Carbon, Zeolite, and Metal-Organic
Frameworks to Molecularly Imprinted Adsorbents, Aerosol Air Qual. Res.,
19, pp. 2130-2150. 2019.

Auliya, 1., Hapsari, L. & Azrianingsih, R., Comparative Study of Leaf
Stomata Profiles Among Different Ploidy Levels and Genomic Groups of
Bananas (Musa L.), IOP Conf. Ser.: Earth Environ. Sci., 391, 012037,
2019.

150



