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Abstract

[bookmark: _Hlk135670530]In recent years, studies and analyses on fine particulate matter (PM2.5) have been conducted, and environmental education on PM2.5 has become increasingly important. However, there are few reports on environmental education materials on PM2.5 that can be conducted in a short time. National Institute of Technology, Yuge College (NITYC) is located in Kamijima Town in the Seto Inland Sea, where high concentrations of PM2.5 have been observed despite the island's remote location. Therefore, we proposed and implemented several environmental education programs using a portable sensor for PM2.5 measurements developed at Nagoya University.
First, we observed the differences in PM2.5 concentrations between different fuels when burning rocket stoves. It was confirmed that combining pine cones with firewood as fuel resulted in a decrease in PM2.5 concentration and efficient combustion. 
The cause of the high PM2.5 concentration in Kamijima Town is not only long-range transboundary air pollution but also from local pollution such as field burning. Therefore, we used a portable sensor to measure the PM2.5 concentration in Kamijima Town regularly by bicycle and created a PM2.5 distribution map to analyze the air pollution in Kamijima Town. At the beginning of the measurements, stable readings were difficult to obtain due to vibrations from the road and sunlight. However, using a box to shield the light and cushioning material made it possible to obtain stable measurements. These experiments and measurements were carried out by NITYC students and allowed them to deepen their understanding of the atmospheric environment through discussion and analysis.
Finally, we conducted an outreach class at an elementary school by combining small PM2.5 measurements with traditional gas detection tubes. NITYC students were the main teachers and gave lectures and explanations. The NITYC students and elementary school students who participated in these activities showed a great interest in the atmospheric environment, including PM2.5.
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Introduction

In recent years, air pollution such as fine particulate matter (PM2.5) from China has been attracting attention, and analysis and research on this issue are being conducted in many fields. In this context, environmental education on PM2.5 is becoming increasingly important, but there are still few reports on environmental education materials on PM2.5 that can be implemented in a short-term. National Institute of Technology, Yuge College (NITYC) is located in Kamijima Town in the Seto Inland Sea, has been conducting research since 2012 on PM2.5 measurements and its impact on students' health. As a result, high concentrations of PM2.5 have been observed(1). These results have been reported not only in Kkamijima Ttown but also in most around of the Seto Inland Sea, and research is currently underway to determine the cause.

 Under these circumstances, Nagoya University has provided us with a portable sensor for PM2.5 measurements developed jointly by the university and Panasonic. This portable sensor uses the light scattering method, and because of its high performance and palm-size, it can be used for simple measurements anywhere (2). We propose an educational program using this portable sensor and report on the results of its implementation.


Measurement of PM2.5 Concentration Using a Rocket Stove

A rocket stove is a device that incorporates a chimney, such as an L-shaped pipe into 18-liter square can or pail and uses the natural heat rise to achieve efficient combustion with less fuel and smoke. As such, they are environmentally friendly and have attracted much attention since they were used in the Great East Japan Earthquake. We have studied the development of small rocket stove education materials that can be used in the classroom, as well as their use in times of disaster, such as shower and power generation (3). While rocket stoves are known for their ability to burn various types of fuel, the combustion process differs depending on the fuel used. When rocket stoves are used in evacuation centers during a disaster, there is concern about PM2.5 pollution from the smoke. Changes in atmospheric PM2.5 are long-term, and there are few examples of short-term PM2.5 concentration measurements for environmental education. Therefore, for the education and fuel selection during disasters, we investigated the measurement of PM2.5 concentration changes due to differences in fuels using a portable sensor.	Comment by 野口　隆_弓削: 「発電してその電気をシャワーに使う」ということなら generating electricity for showering
We used a typical rocket stove using a pail and different fuels, including firewood, chopsticks, driftwood, pine cones, and bamboo (Figure 1).
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Figure 1. Rocket stove and portable sensor for measurement of PM2.5 concentration 

[bookmark: _Hlk135745767] The results are shown in Table 1. A significant change in PM2.5 values was observed when the fuel was changed. It was confirmed that the system can be used in the class for a measurement of PM2.5 concentration in a short period of time. While bonfires emit more than 30 μg/m3 of PM2.5, when disposable chopsticks and firewood were used, PM2.5 concentrations were low, around 10 μg/m3, a range suitable for use in evacuation centers. When bamboo was used, combustion was stronger, but PM2.5 concentrations were higher, ranging from 8 to 20 μg/m3. When driftwood was used, PM2.5 concentrations ranged from 20 to 60 μg/m3, which is not suitable for use in evacuation centers. When pine cones were used as fuel, the fire power was stronger and there was almost no PM2.5 emission. Combined with pine cones, the concentration of PM2.5 was less than 30 μg/m3 even in driftwood. Additionally, when the length of the chimney was doubled, PM2.5 concentrations were even lower (Data not shownNO DATE). By changing the combination of fuels and the length of the chimney, stable combustion with relatively low PM2.5 values was possible, and it was confirmed that the fuels 	Comment by 野口　隆_弓削: ?
 can be used sufficiently in evacuation areas.



Table 1. PM2.5 concentration changes due to differences in fuels
	Fuels
	PM2.5 concentration
(μg/m3)

	Pine cones
	~ 5

	Chopsticks / Firewood
	~ 10

	Bamboo
	8 ~ 20

	Driftwood
	20 ~ 60

	Pine cones + Driftwood
	~ 30



Creation of PM2.5 distribution map of Kamijima Town

Various causes of the high PM2.5 observed in the Seto Inland Sea have been considered, including the influence of the region's geography, pollution from nearby factories and ships, and transboundary pollution from the continent. In addition, open burnings  are still being conducted in Kamijima Town, which is considered a local source of high PM2.5 concentration. Therefore, to analyze the causes and construct a more experiential environmental education, we measured PM2.5 in Kamijima Town using using a portable sensor and  create a distribution map of PM2.5 concentration. Conventionally, the creation of a distribution map using the portable sensor is done by walking, which requires time to measure a long distance. In addition, cycling is popular in Kamijima Town. Therefore, in this study, we measured once a week at a rate of 6 to 7 minutes per kilometer by bicycle around a cycling course. Initially, there were many cases of sudden increases in the measurements. we  considered to be caused by the sunlight and the slight vibration of the bicycle due to the road. To resolve this issue, we created shade by placing the device in a box and used a mat made of glass wool to reduce vibrations, enabling more stable measurements (Figure 2). The PM2.5 concentration and GPS date stored on a tablet device  were processed in Excel, and a distribution map was created using the web service GPS Visualizer (Figure 3).
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Figure 2. The PM2.5 measurement by bycicle
 
Based on the distribution maps, we discussed with the students to deepen their knowledge of the atmospheric environment. The following is a brief summary of the results.
   ・Higher PM2.5 concentrations were observed in areas near the port, as well as in secluded areas and uphill locations.
   ・High PM2.5 concentrations were observed at the waste treatment center and the sewage treatment center.
・The difference in PM2.5 concentrations between high and low was more clearly observed in winter than summer.
・Locations suspected of open burning  showed higher PM2.5 concentrations.
・In higher altitude areas, higher PM2.5 concentrations were observed.


  These results were reported to the elementary school students as described in the next chapter, and not only the NITYC students, but also the elementary school students deepened their knowledge of air pollution in Kamijima Town.

[image: ]
Figure 3. A example of  the distribution maps created

Outreach class  by NITYC students at elementary school

There is only one elementary school  on Yuge Island, where NITYC is located, and environmental education in remote areas is limited. In addition, there are few reports on hands-on atmospheric education for elementary school students on PM2.5. Therefore, NITYC students  conducted  preliminary learning on PM2.5 and delivered outreach class using portable sensor. The lessons were held for fifth-graders in 2021 and 2021. The lesson content was proposed by the students. The participating  students were   first- to third-year students of the science club and students involved in the experiments in the previous chapter,  in addition graduates of its the eElementary sSchool. It was a refreshing activity for the students who taught.
The class was conducted in a lecture format, combining an introduction to the atmospheric environment of Kamijima Town with experiments. Gas measurements included measuring PM2.5 concentration using portable sensors and measuring the concentrations of carbon dioxide, oxygen, and carbon monoxide using gas detection tube devices (GasTech). Atmospheric measurements were conducted not only in the classroom and schoolyard but also measuring car exhaust and incense smoke (Figure 4,5,6).
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Figure 4. Lecture by NITYC students
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Figure 5. Gas measurements using gas detection tube devices
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自動的に生成された説明]
Figure 6. Atmospheric measurements in schoolyard and  car exhaust

The results of the questionnaire from outreach class is shown  in Table.7. As a result, a large number of students indicated that their interest in the environment and science was promoted, and none were not. Because  the elementary students  had not  learnt about the composition of air and how to measure gases , so it can be seen that the majority understood the lecture, although some students stated that it was a little difficult for them to understand. Some of the free-response statements from the questionnaire are shown below. It is clear that the students took the lecture seriously.

・I was surprised that the concentration of PM2.5 was high even in Kamijima Town, which I thought was clean.
   ・I enjoyed using the gas detector tubes and portable sensor.
・the PM2.5 concentration increased due to car exhaust gas. It made me think more about environmental issues.
  
[image: ] Figure 7. Results of the questionnaire from outreach class

Conclusions

NITYC　defines "remote island engineering" as activities to solve problems faced by remote islands from an engineering perspective in cooperation with  local communities. These activities aim to develop human resources who can contribute to the "safety and security" of the local community through research and education in a wide range of fields, including disaster prevention, IoT, robotics, energy, logistics, environment, and welfare, as well as volunteer work for the community(4, 5). This activity is also an activity to learn about the atmospheric environment of Kamijima Town, to share information with  community and to find solutions to the problem. Based on the distribution map, it is possible to use it for controlling sources of PM2.5, such as field burning. In the future, there is an expectation to develop an application that can inform users about locations where high concentrations of PM2.5 are predicted by integrating it with real-time atmospheric conditions. This application can be utilized in activities such as cycling and jogging. In addition, disaster prevention and the environment are very closely linked. In a disaster, water availability is important, and at the same time it is necessary to know the water environment. Air pollution is also a concern in disasters, and this activity also involved measuring PM2.5 in combination with rocket stoves. This activity is part of a series of activities that also take water environment and other disaster prevention into consideration, and will be continued in the future. 
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