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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 (H S) 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
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Highlights:  

 Banana plant waste can be used as gas adsorbent. 
 The leaves of the banana plant are the most effective in removing pollutants. 
 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 H2S gas. We tested the stems, 
leaves, and peels of banana plants as H2S 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 H2S 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 H2S adsorbents. 

Keywords: adsorption; air pollution; gas; odor; plant. 

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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Highlights:  

 Groundwater withdrawal is the major cause of land subsidence and usually occurs in 
rapidly developed and highly populated areas.  

 Land slope, sediment type, lithology, wetlands, river networks, and land gradient have 
a direct influence on subsidence susceptibility. 

 The high correlation between predicted land subsidence susceptibility and slum areas 
shows that the occurrence of land subsidence has a high relationship with residential 
activities and land surface properties.  

 
Abstract. Land subsidence is a geomorphological event that affects Earth’s 
structure and physiognomy. This phenomenon occurs when the groundwater 
volume changes and results in the movement and sinking of sediment. Several 
studies have been conducted to identify major causes or factors that may lead to 
land subsidence. It was found that land subsidence intensity is influenced by 
several factors, i.e. terrain slope and aspect, land use, soil moisture content, and 
distance to a river. Population density contributes to continuous changes in land 
use. Deep investigations of factors that contribute to land subsidence such as 
population density are important. This study investigated the relationship between 
land subsidence and population density contributing to continuous land-use 
changes. The study area was a highly populated slum area along the Musi River 
in Palembang, Indonesia. Factors that have high contributions to land subsidence 
were considered in developing a land subsidence susceptibility map. Susceptibility 
analysis was done using the Analytical Hierarchy Process (AHP) method. Land 
subsidence features were associated with slum features and the result revealed a 
significantly high correlation (r = 0.844) between actual land subsidence areas and 
the developed susceptibility map.  

Keywords: Analytical Hierarchy Process (AHP); land subsidence; land use; Multi-
Criteria Decision Making (MCDM); slum. 
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Highlights:  

 Movement time and throughput were analyzed for two modes of interaction (direct 
pointing and indirect cursor). 

 Distance of target and difficulty level were considered. 
 Direct pointing may be the best option for interacting with a stereoscopic target.  
 The results contribute to the understanding and designing of effective user interactions 

in stereoscopic environments. 
 

Abstract. The development of virtual environment research has reached the stage 
of human interaction with three-dimensional (3D) objects. In this study, Fitts’ 
method was used for such interaction in a virtual environment, and the 
applicability of Fitts’ law in 3D virtual environments was also considered. An 
experiment was using two modes of interaction (direct interaction and indirect 
interaction) that utilize different techniques depending on how users interact with 
a 3D object. Both interaction techniques were applied with three indexes of 
difficulty and three egocentric target distances (distance from the user to the 
target). Movement time and throughput were measured for each interaction 
technique. The results showed that the direct pointing technique is more efficient 
for interaction with targets close to the user, while the indirect cursor technique 
may be a viable option for targets further away from the user. The throughput was 
found to be significantly higher for the direct pointing technique compared to the 
indirect cursor technique. The results of mean movement time were highly 
correlated with the targets’ index of difficulty for all interaction techniques, which 
is supporting evidence that Fitts’ law can be applied to interactions in 3D virtual 
environments. Based on the results, developers of VE applications may relate to 
these findings in designing proper user interactions.  

Keywords: direct pointing; Fitts’ law; human interaction; indirect cursor; movement 
time; throughput; virtual environment. 
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Highlights: 

 Microplastics were found in beach sediments with an average abundance of 154.7 ± 44 
items kg-1. 

 White color (44.94%) and fiber shape (95%) were dominant characteristics. 
 Polyethylene terephthalate (94.7%) was the most abundant plastic type. 

 
Abstract. The distribution of microplastics at Mai Khao beach, Phuket, Thailand 
was studied. A total of 12 samples from four sample sites with 0.5 m x 0.5 m 
quadrats were taken at the intertidal zone during March and July, 2020, and sorted 
into two size classes (>300 µm and 20 to 300 µm). The mean abundance of 
microplastics at Mai Khao beach ranged from 44.08 to 68.7 items kg-1 d.w. for 
>300 µm and from 90.6 to 106.1 items kg-1 d.w. for the 20 to 300 µm range. White 
(44.94%) and blue (23.60%) colors, and fiber shape (94.5%) were dominant in 
particle counts; and based on µFTIR analysis the dominant polymer type was 
polyethylene terephthalate (94.7% by number count), with considerable fractions 
of cotton and cellophane. The microplastic characteristics suggest anthropogenic 
activities as possible sources. Notably, the abundance of microplastic found in the 
study area was definitely higher than at other sites investigated along the west 
coast or Phuket. Significant differences in the abundances of the two microplastic 
size classes were observed (p < 0.05), indicating that the microplastics in Mai 
Khao beach can accumulate in the marine food chain and transfer up along the 
trophic levels. Therefore, urgent attention should be given to the contamination 
problem, with a proper management system and a public awareness campaign, to 
reduce the effects of microplastic on organisms and ecosystems. 

Keywords: beach sediment; Mai Khao; microplastics; plastic waste; Phuket. 

1 Introduction 

Plastics are purposefully manufactured for various target applications, such as 
personal care products, electronics, or food and beverage packaging, etc. The 
contamination of the marine environment by plastic is a major environmental 
concern and has recently been the subject of an increasing number of studies [1-
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