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Development of Metal-Sulfur Catalysts for Environmentally Benign Energy Conversion
Reactions
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Carbon dioxide (CO-) is a major greenhouse gas contributing to climate change, and its reduction and effective
utilization are key to achieving carbon-neutral activities. Electrochemical CO: reduction to hydrocarbons or chemical
feedstocks could significantly advance this goal. In this study, we introduce a carbazole-based ligand as both a
polymerization initiator and charge transfer site into metal-sulfur clusters for CO- reduction, and polymerize it on an
electrode to create a modified surface. This approach aims to improve electron transport efficiency and develop a
catalytic system for CO: reduction and hydrocarbon production.

Key Words : CO: reduction, environment friendly, energy conversion
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Caged compounds are temporarily inactivated molecules conjugated to a bioactive compound with a photoremovable
moiety. We have previously developed caged acetylcholine with boron-ate complexes that allow the generation of alkyl
radicals by visible light excitation. In this study, we redesigned the molecular structure to develop higher performance
of caged acetylcholine.

Key Words : Photocaged, C-B bond cleavage, Acetylcholine, Choline esterase
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Synthesis and characterization of natural and synthetic lacquer samples: closing the
knowledge gap for the advancement of both traditional and novel applications
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Urushi has long been known and appreciated as a coating and adhesive material for its many qualities such as
durability, stability, natural beauty and gloss. The main limitations to its widespread use are its cost, the time-consuming
extraction and treatment processes, and the complex nature of this cross-linked and heterogeneous material. With this
work, we aim to improve our knowledge of this complex material by developing new urushi-like materials through the
replacement of natural urushiol with synthetic analogs. The chemical and physical properties of the new artificial urushi
will then be characterized by state-of-the art techniques.

Key Words : urushi, lacquer, total synthesis



1. Introduction

The need for sustainable materials to replace petroleum-derived ones has renewed the interest toward a
traditional resin that has long been used in Asian countries, urushi () or Asian lacquer, originating from
the sap of Toxicodendron vernicifluum. Urushi is a natural product, a water-in-oil emulsion composed of
urushiol (60-80%), water (10-30%), gum (3-6%) and enzymes (2-3%). Urushi has a long history as a natural
material for coating and adhesive applications with both practical and aesthetic advantages, but more
recently applications of urushi in fields such as biomedical and electronics have been demonstrated.!*l The
durability, high stability and aesthetic beauty of urushi, combined with its renewable nature, have rekindled
the interest in this material as a potential building block for a more sustainable society. Nevertheless, several
issues limit the large scale production and widespread use of the material, namely the expensive, time-
consuming extraction and refining process and the requirement for highly skilled labor to collect the raw
sap and process it. Moreover, the poorly-understood and complex polymerization process that controls the
hardening of this material and the fact that urushi formulations often include mixtures of several other
components have also hindered industrial applications of this material. With this work we aim to overcome
the aforementioned limitations by replacing natural urushiol with synthetic urushiol analogs, deepen our
understanding of the composition and chemical processes in natural urushi samples and develop new
optimized urushi-based materials for art conservation (conservation of urushi-based artifacts, especially

outside Asia, is still very challenging) and novel applications.
2. Results

The researchers at ICR have been working on the improved synthesis of simple urushiol analogs from
renewable resources,“ according to Scheme 1.

Scheme 1. Synthesis of Urushiol analogs, adapted from ref [4]

enzymatic
degradation
lignin  ———
TBSO TMSCI o

CuBre<SMe,
Licl NH,Clag MeO - - —

HP then HCla
¢ 8 TBSO

1. LIAIH,
2. CBry, PPh,

linolenicacid Bngm EtySiH MeO — — —
3.Mg ¢ - - ]@/\/\HS/WV
TFA HO
MeMgl HO T — —
_
— HOD/WW\/

The researchers at ICR are now focusing on the research on iron-catalyzed synthesis of 3-substituted
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urushiol analogs, as shown in Scheme 2.

Scheme 2. Current strategy to synthesize Urushiol analogs

OMe

R' MgBrLiBr
\©/ OMe
Fe cat R'\©/R
R-Br R'= OMe, H
R"= OH, H

Furthermore, the efforts towards the total synthesis of the target main component of natural urushiol, (82,
11E, 132)-trienyl pentadecylcatechol, are still ongoing, with the development of new methods for the

stereocontrolled synthesis of the intermediates.

3. Future Plans

The researchers at ICR will continue to synthesize new urushiol analogs and then mix them with enzymes,
proteins and gum to obtain new artificial urushi material. The researchers will also continue their work on
the retrosynthetic approach to urushiol and other phenolic lipids, found in urushi and other Asian lacquers.
Tamburini and Bonaduce will also continue the characterization of the new artificial lacquer films by

analytical pyrolysis and thermoanalytical techniques.
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1. Introduction

The urgent need for sustainable fuels and chemicals, coupled with the imperative to mitigate
climate change, has driven extensive research into the utilization of renewable resources such as
lignocellulosic biomass. This challenge is further intensified by the global threat of viral pandemics,
necessitating innovative solutions that address both environmental and human health concerns. At the
Biomass Conversion Laboratory, RISH, Kyoto University, significant progress has been made in
developing advanced pretreatment methods for woody biomass, such as acid-glycerolysis assisted by
microwave irradiation (1, 2). Glycerol, a green solvent and a byproduct of the biodiesel industry, is
utilized in this process to delignify biomass, producing lignin-derived antiviral substances (3). This
delignification step enhances the saccharification process of the cellulosic fraction, releasing sugars
for downstream applications. The co-conversion of glycerol with the sugars released from biomass
after glycerolysis not only increases the available resources for ethanol production but also reduces
the burden of component separation. To further optimize this biorefinery system, we engineered yeast
strains capable of fermenting glycerol (4) to be mixed with another xylose-fermenting strain (5). This
integrated biorefinery approach was successfully applied to sugarcane trash, enabling the production

of antiviral lignin and bioethanol using mixed engineered strains (3).

2. Aim of the second stage

Further enhancement of this scenario by focusing on:

1- Developing another environmentally friendly delignification approach using versatile

peroxidase (\VP) for lignin removal.

_12_



Engineering Baker’s yeast to co-utilize acetic acid and convert it to bioethanol, replacing the
use of sulfuric acid with acetic acid.

Expanding this scenario to produce other bio-based chemicals, such as 2,3-butanediol.
Generating a single-cell yeast capable of converting acetic acid, xylose, glycerol, and glucose
into bioethanol, eliminating the need for mixed engineered yeast cultures.

Utilizing RNA-transcriptomic analysis to identify key limiting factors during the co-

fermentation of glycerol, acetic acid, xylose, and glucose in hyper-engineered strains.

Results and Discussion

1-

EControl BVP

The delignification of rice straw using
versatile peroxidase (VP) in a membrane

bioreactor is an environmentally friendly

Concentrations

approach that removes 35% of lignin during

pretreatment. This process resulted in Glucose Biothanol

improvements in glucose and bioethanol - —
Fig. 1. Improvement of saccharification, and

production, increasing yields by up to 1.5- | fermentation yields, glucose, and ethanol,
respectively, using VP treatment.

fold and 1.4-fold, respectively, as depicted in
Figure 1 (6).

Co-utilization of acetate and its conversion to bioethanol using engineered baker’s yeast to replace
the uses of sulfuric acid with acetic acid was studied. The engineered strain accelerated glucose
fermentation by 342% while co-utilization of acetic acid. In addition, near theoretical ethanol

production was obtained (Fig. 2). The engineered strain enhanced flocculation to be separated by
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................. 5 25 15 10
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Fig. 2. Time course profiles of co-utilization of acetate while glucose fermentation between
native yeast (black) and engineered strain by this study (red). Glucose consumption, and
bioethanol production (a), acetate, and cell growth (b). The control strain was abbreviated to C,

while the recombinant strain was R.

normal gravity, which enhanced the production process (7).
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3- The biorefinery scenario was further

= = = {ucosr = & ={lyeerol . 3
expanded to explore the production of other 2 * T~~~ ‘ﬂhﬂ:‘ = ;'
bio-based  chemicals, including 2,3- _E » 1 - - ’ E
butanediol. In this context, the development al T = e
of the first recombinant baker's yeast capable E 1 L / L 5 _?E
of converting glycerol in combination with ) . _._-:-\—T"'_'_' mensr RO N i
glucose into 2,3-butanediol marked a " ¥ iy " ™

significant milestone. The efficiency and | Fig. 3. Conversion of glucose and glycerol to
2,3-butanediol by engineered S. cerevisiae.

capability of this engineered yeast strain are

illustrated in Figure 2, showcasing its potential in biotechnological applications for sustainable

chemical production (8).

4-  We further engineered a hyper-yeast capable &0 &= Glicoge o—Xylose 9
] ] . - —8— Ethanol ——(ilycerol
of converting acetic acid, xylose, and £ 50 - i Sl <
glycerol along with glucose into bioethanol, Tﬁ_j 40 L 7 ;
] =
achieving a conversion efficiency exceeding = = 3 6z
95%. This hyper-yeast was developed by .= 20 S 's
g =
heterologously integrating acetic acid and = !¢ 4
; ; i ] 3
xylose metabolic pathways into a glycerol - S Tl S ol 1
fermenting yeast. The resulting strain Time (h)

eliminates the need for the mixed cultures | Fig. 4. Time course profile of fermentation
capability of hyper yeast to ferment glucose,

used in the previous work. Figure 4 | glycerol, xylose, and acetic  acid
simultaneously.

illustrates an example of the co-fermentation

progress of acetic acid, xylose, and glycerol with glucose (9). The hyper-yeast presents a promising
solution for the application of an acetic acid-catalyzed glycerolysis biorefinery scenario.

5-  RNA-transcriptomic analysis is a valuable tool for identifying limitations in fermentation rate and
efficiency. Through this approach, we identified several transcription factors that constrain
glycolysis and fermentation rate in the hyper-yeast during the simultaneous conversion of glycerol,
xylose, acetic acid, and glucose. We anticipated that overexpressing these transcription factors

will further enhance the fermentation rate (Ongoing study).

4, Conclusion

We have developed a promising biorefinery scenario utilizing acid-catalyzed glycerolysis. Following
glycerolysis, antiviral lignin is produced through a simple precipitation step using acetone. This acid-
catalyzed glycerolysis process enhances saccharification, allowing the hydrolyzed sugars and glycerol to
be efficiently converted into bioethanol. This conversion is facilitated by an engineered hyper-yeast capable

of simultaneously fermenting glycerol, xylose, acetic acid, and glucose.
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Biomass Reforming and Smoothing of Electricity Supply-Demand by Variable
Combined Heat and Power Supply
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This study focused on converting biomass resources with heat/electricity from nuclear energy. Specifically,
microwave pyrolysis/gasification experiments of biomass in a steam atmosphere were conducted, assuming that heat
generates steam and electric power is used for microwave oscillation. Cellulose was used as a simulated biomass
sample, heating via microwave at 800 °C for 2 hours in steam atmosphere. As a result, secondary char formation in the
reaction vessel was obviously less, compared to the campaigns without steam or heated by electric furnace. Magnetite,
used as a microwave susceptor is found to be functional and reusable when it is used in the steam atmosphere.

Key Words : Biomass, microwave pyrolysis, steam, fusion
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Development of Biomass Pyrolysis Technology for the Simultaneous Production of
Char and Liquefied Products
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In response to the depletion of fossil resources and growing environmental concerns, rapid pyrolysis technology
utilizing unused woody biomass has gained significant attention. This study investigated the applicability of liquefied
products and pyrolysis residues obtained through the thermal treatment of Abies sachalinensis wood powder mixed
with copper or titanium powders. The results demonstrated that copper addition increased pyrolysis residue yield, while
titanium addition enhanced weight loss. These findings highlight the distinct roles of copper and titanium catalysts in
woody biomass pyrolysis and provide valuable insights for the efficient utilization of pyrolysis residues and liquefied
products.

Key Words : rapid pyrolysis technology; woody biomass; copper and titanium catalysts; pyrolysis residues
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Exploration of Transdisciplinary Future Research for Environmental
Radiation Analysis and Recovery in Fukushima Prefecture
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The Fukushima nuclear accident, triggered by the Great East Japan Earthquake, has underscored the enduring need for
research on environmental radioactivity. Since 2011, we have held 14 interdisciplinary symposia to foster collaboration
among researchers and discuss disaster prevention and mitigation strategies. In 2024, the 538" RISH symposium,
renamed in 2021 as the "Support for Fukushima and Radiation Mapping Research Meeting," convened in a hybrid
format, featuring 84 participants from Japan and abroad. Topics included innovative projects such as a Space Balloon
initiative and international research collaborations, alongside updates on the KURAMA-II (Kyoto University Radiation
Mapping System-11), a tool for real-time environmental radioactivity measurement. To address challenges in GPS-
denied environments, such as forests and mountainous areas, we are exploring the integration of Sony’s SPRESENSE
multi-IMU add-on board. This technology, featuring 6-axis sensors, enables precise posture and positional tracking,
promising to enhance KURAMA-I1I’s applications for monitoring environmental radioactivity in remote regions.

Key Words : Fukushima, Radioactivity, KURAMA-II, Real-time monitoring
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Observation of Vertical Distribution of CO2 Concentration Using Drone
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Measurements of vertical COz profile were tried by using drone and tower. From the observed data at the tower, vertical
CO: profile could not be deduced because the bias between sensors measured separately appears to be unusable. To
investigate the effect of the rotors of the drone and the time lag of the response of the sensor to the observed data using
drone, accurate vertical CO2 profile must be deduced from the observed data at the tower. Measurements using drone
were implemented at several different ascent speeds. When the ascent speed exceeds 1m/sec, abnormally high
concentrations were recorded at the beginning of the flight. This trial identified several issues that need to be resolved
for the next.

Key Words : carbon dioxide, COz, sensor, drone, tower
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A holistic approach to quantify, assess, and predict the impact of sand mining activities
on geomorphology and sediment budget in the Vietnamese Mekong Delta
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The Vietnamese Mekong Delta (VMD) is one of the world’s most important rice-exporting regions but faces several
water-related challenges, including sand mining activities and severe riverbed erosion. Previous studies primarily relied
on cross-sectional bathymetric data from a single-beam acoustic Doppler current profiler (ADCP) to investigate these
riverbed changes. However, the distance between two adjacent cross-sections often ranged from hundreds to thousands
of meters, leading to potentially low accuracy in the interpolated results. To improve this accuracy and better understand
the impact of sand mining on riverbeds, we utilized a multibeam echosounder to measure riverbed elevations along 40
km of the Tien River in the VMD in June 2024. This reliable measurement examined riverbed elevation's spatial
variation and determined optimal cross-sectional intervals for bathymetric measurements. The deepest point, located
near the right bank, was found approximately 1 km upstream of the My Thuan Bridge, with a water depth reaching
nearly 53 meters. Notably, deep scour holes were often found near areas experiencing significant riverbank erosion.
This research is a valuable reference for selecting appropriate cross-sectional intervals for future geomorphological
studies using single-beam ADCP methods.

Key Words : Riverbed elevations, bathymetry, riverbed incision, scour hole, Vietnamese Mekong Delta.

1. Introduction

The Vietnamese Mekong Delta (VMD) is one of the most important rice exporters in the world. However, it is
threatened by several pressures, such as riverbed incision, riverbank erosion, water shortages, and salinity intrusion (Binh
etal., 2020, 2021; Loc et al., 2021; Vu et al., 2024). Riverbeds in the VMD have rapidly incised, from 16 cm/yr in 1998-
2014 to 50 cm/yr in 2014-2017 (Binh et al., 2021). Drivers that cause large-scale riverbed incisions include river damming
(Binh et al., 2020) and sand mining (Hackney et al., 2020; NG and Park., 2021). The Vietnamese government predicted
demand for sand from riverbeds in VMD to be around 2.1 to 2.3 billion m® in the 2016 — 2020 period and projections
stand at 1.5 billion m® by 2040. However, how to accurately estimate sand extraction in the VMD remains a big question
and scientific literature shows that the volume of sand mined is likely to differ significantly from official statistics.
Therefore, there is an urgent need to examine novel approaches to assess heavily anthropogenic activities such as sand
mining for sediment budgeting in VMD. There are various contradictory numbers evaluated by conventional approaches,
in which the most common method is from official statistics through mining licenses. Government reports often do not
include illegal mining, so the total volume is often underestimated compared to reality. Other research used remote sensing
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data, but the available time, resolution of the image, and validation data from the field survey have also limited the
applicability of this method.

Previous studies of riverbed incisions in the Mekong region have used mainly cross-sectional bathymetric data
measured from single-beam acoustic Doppler current profilers. Thus, Riverbed bathymetry was generated by interpolating
riverbed elevations from hundreds to thousands of meters apart cross-sections. Consequently, the accuracy of the results
is limited, which can be improved by using a multibeam echosounder. To improve this accuracy and better understand
the impact of sand mining on riverbeds, we utilized a multibeam echosounder to measure riverbed elevations along 40
km of the Tien River in the VMD in June 2024. We aim to 1) examine the spatial variation in riverbed elevation and 2)
determine appropriate cross-sectional intervals in bathymetric measurements in the VMD with reliable interpolated
geometric results. This reliable measurement examined riverbed elevation's spatial variation and determined optimal
cross-sectional intervals for bathymetric measurements. These will be important input datasets for various deep learning
models to predict geomorphology change and sediment budget. It will support authors in quantifying and assessing the
sand mining budget; predict the impact of sand mining on the bank collapse, geomorphology, and sediment budget; and
assess the impact of sand mining and its related consequences on people's livelihoods in the economic and social aspects.

2. Study area and methods

We measured riverbed elevations along 40 km of the Tien River from Cao Lanh to My Thuan Bridge (Fig. 1) via a
multibeam echosounder in June 2024. The swath of each measurement line in the longitudinal direction ranged from 20
m to 100 m, depending on the water depth. The measured data were quality-checked and processed to determine the water
depth. Riverbed elevations were calculated by subtracting the water surface elevations from the water depths. The results
represent the geometry of the riverbed in raster format.
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Figure 1. The highlighted study area in the VMD from Cao Lanh to My Thuan Bridge.

3. Results

The river was shallow near the riverbank and deeper toward the thalweg, depending on the setting of the river sections
(i.e., the thalweg tends to be in the middle of straight river sections but toward the outer bank of meandering river sections).
The mean cross-sectional depths in the study area varied from over 10 m to over 50 m. The deepest location was
approximately 1 km upstream of the My Thuan Bridge, with a water depth of almost 53 m (Fig. 2). Some deep scour
holes of variable sizes were detected. The locations of scour holes coincided with the locations of severe riverbank erosion.
This confirmed the numerical results of Binh et al. (2022).
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Figure 2. River depth variation around the deepest scour hole in the study area approximately 1 km upstream of the My
Thuan Bridge.
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Integrated modeling of hillslope regolith development and subsurface hydrology in
mountainous watersheds
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This study established a model for weathering zone development with aim of incorporating ground conditions into
hydrological modeling to express rainfall-runoff characteristics of a mountainous watershed. By formulating the
mechanical strength reduction of bedrock due to weathering and linking it to topographical proxies that can be analyzed
via a geographic information system, thickness mapping of the weathered bedrock became possible. Verification of the
spatial distribution of the thickness as well as physicochemical properties of the weathering zone remains as a future
task.

Keywords: weathering zone, strength reduction, rainfall-runoff characteristics, hydro-geomorphic modeling
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Tropical peatlands in Indonesia, predominantly situated in lowland areas of major river basins, are facing escalating
risks of consecutive flooding and fire disasters in the recent decades. However, compounding disasters, where floods
and fires happened at the same place in the same year, rarely happened — about once in 10 to 20 years. The NEX-
GDDP-CMIPE6 projects the increasing consecutive dry days (CDD) and 15-day rainfall and as such the compounding
disasters are likely to be intensified in the future. This report presents the field survey and monitoring to verify the
occurrences of compounding flood and fire on the ground as well as to understand the uncertainties in the future climate
datasets on the intensification of compounding floods and fires in the future

Key Words : tropical peatlands, floods, fires, compounding disasters, climate change

1. Introduction

Tropical peatlands in Indonesia cover approximately 11% of the country's lowland area. The majority of these peatlands
have been drained and converted to croplands, primarily for oil palm plantations and acacia cultivation. Due to their high
carbon content, drained peatlands are highly susceptible to fire. Conversely, as part of large river basins on the islands of
Sumatra and Kalimantan, tropical peatlands are periodically subjected to flooding. Interannual variability, such as the El
Nifio-Southern Oscillation (ENSO) and the Indian Ocean Dipole (I0D), amplifies the magnitude of floods and fires,
typically occurring once or twice per decade.

Our observations, based on satellite imagery and fire data provided by the Ministry of Forestry of Indonesia, reveal
that floods and fires can co-occur in the same location within the same year (Figure 1), a phenomenon observed
approximately once every 10-20 years.

— - < § - - 2
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Figure 1. Batanghari River Basin (left); flooded areas (blue) and peat fire areas (red hatchi'ng) at the downstream section of the
Batanghari River Basin during the rainy and dry seasons of 2015, respectively. The pink background indicates peatlands (right).
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In a previous report, we presented preliminary findings on rainfall analysis using the NEX-GDDP-CMIP6 SSP3-7.0
dataset and river basin-scale simulations to understand the intensification of floods and fires as compounding disasters in
tropical peatlands. The SSP3-7.0 scenario indicates a robust increase in consecutive dry days (CDD) and maximum 15-
day rainfall (RX15d), suggesting an escalation in compounding disasters from 1-3 events under present conditions to 5—
6 events in the future.

This report builds on those findings by presenting the results of field surveys conducted to verify the occurrence of
compounding disasters in tropical peatlands, focusing on the Batanghari and Musi River Basins

2. Methodology

To confirm the occurrence of compounding disasters in tropical peatlands in Sumatra, Indonesia, we used remote
sensing data (Figure 2) to identify recent instances of such events in the Batanghari and Musi River Basins. Between
September 20 and 27, 2025, we visited these basins and conducted Focus Group Discussions (FGDs) with local authorities
and fire watchers to better understand the nature and impact of these events.

Figure 2. (Left) Inundation and Fire Extent in downstream Batanghari River in 2024 based on Remote Sensing data
(Right) Location of monitoring tools in Seponjen Village

During the field survey, we installed some instruments to monitor hydrological conditions and the connectivity between
peatlands and rivers. Some of the instruments were installed for a year and collected some data. The instruments installed
so far are 2 rain gauges, 1 river water level gauge, 6 observation wells, 5 soil moisture sensors and 1 flow meter located
in the canal (Figure 2).

3. Results and Discussions

We conducted a one-hour FGD in Seponjen Village to gather insights into disaster knowledge and societal behavior,
particularly among farmers, after extreme events. Participants noted that extreme events, such as major floods or fires,
occur approximately once every ten years. After such events, crops often fail, and farmers may need time to recover
financially, leaving their land untended. However, some farmers emphasized the importance of replanting immediately
after a disaster, believing that another major event is unlikely within the next decade.

In early 2024, the downstream area of the Batanghari River Basin experienced a three-month flood. Although the
average flood depth was less than 1-meter, significant crop losses occurred. During the dry season, many areas were
covered with dried vegetation, increasing the risk of fire.

We visited two locations where floods and fires occurred within the same year:

Figure 3. Survey Location based on FGD and remote sensing data.
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1) Location near Kumpeh River, a tributary of Batanghari River (marked by a green arrow in Figure 3):

This area experienced prolonged flooding in early 2024, leaving visible flood marks on oil palm trees

. Fire marks were also observed on untended land adjacent to well-maintained oil palm plantations. FGDs revealed that
the fire originated from the untended land but was contained due to canal-blocking measures and fire suppression efforts
such as installing sandbags by plantation managers.

2) Location near Batanghari River (marked by yellow arrow in Figure 3):

This area also experienced prolonged flooding in early 2024, followed by fires during the dry season. Fires affected
three villages, covering a total area of approximately 927 hectares. The burned area showed clear flood and fire marks,
with the peat surface hardened and forming a charred crust (Figure 4). The area appeared unsuitable for cultivation, though
its maintenance status could not be determined.

(b)

Figure 4. (a) Fire scene (b) Flood mark in the survey location near Batanghari River

To understand the connectivity between Kumpeh River (peat river) and groundwater in the peat, we collected data
during the dry season the prolonged flood. The data shows that the peat river oscillated daily with water level difference
more than 1 meter during dry season, most probably due to tidal effect. During the high flow and floods, the river water
level did not oscillate. Some small canals with depth about 60 cm and bigger ones with 1-meter depth were built in the
monitoring sites. These canals were built by the local farmers mainly to define boundary of their farming lands. During
our visit these canals were filled with water, however, the water did not flow.

Based on the groundwater observation in the area with distance about 175 m from big drainage canal and 1 km from
the peat river, the average groundwater level was around 20 cm below the ground. In dry season when monthly rainfall
was less than 100 mm, the groundwater level dropped below 30 cm and in prolonged dry season where monthly rainfall
was less than 100 mm in two consecutive months, the groundwater level dropped below 50 cm. In short period of river
flooding, the groundwater level is relatively stable and does not fluctuate following the river water level. Only during the
prolonged flooding where the river water inundated the ground uniformly, groundwater level was following the river
water level.

River and Groundwater Level at Seponjen Village
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Figure 5. Observation data at Seponjen Village

4. Conclusions

Based on the field survey in September 2024, we verified the occurrences of compounding flood and fire disasters in
the peatlands in Sumatra Island, Indonesia. The inundation and fire extent from remote sensing data was useful to
understand the location of disasters. It is, however, could not detect a smaller fire event. Whether or not the human
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activities are intensifying the flood and fire cycle, should be further investigated through questionnaire survey.

The observation data shows that the groundwater level 1 km inland from the peat river is relatively stable and does not
follow the fluctuations of river water, except when it was uniformly inundated by the river water. The connectivity of
peat and peat river should be analyzed further using data from other monitoring wells.
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Sediment disaster risk assessment in debris flow fan
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In this study, a method for evaluating the spatial distribution of the risk of damage within a sediment disaster warning
area is discussed, and the optimal evacuation method for debris flows is also discussed. As a result, the spatial
distribution of the risk of damage from debris flows based on the results of numerical simulations of debris flows under
multiple conditions with different sediment discharge volumes by varying the maximum erosion depth is shown. The
possibility of selecting the optimal evacuation method for each individual house is suggested using the spatial
distribution of the risk of damage from debris flows.

Key Words : Debris flow, Sediment disaster, Risk assessment, Evacuation, Numerical simulation
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Integrated understanding of water-sediment dynamics in forest catchment
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This study aims to establish observation system at Shigaraki forest catchment for understanding integrated water-
sediment dynamics. A hydrological and meteorological observation system has been already installed at the target area
in 2012. In this study, timelapse cameras were newly installed to monitor slope surface flows on hillslopes. It was
successfully observed that slope surface flow was generated during heavy flood event. Regarding understanding
sediment dynamics, a LIDAR launched on an UAV was utilized in this study. Several trial experiments were already
carried out and a digital elevation model was created. The result was highly comparable with the existing DEM and the
former one may tend to capture more detail feature of elevation.

Key Words : water-sediment dynamics, surface flow, UAV LiDAR

1. [FCHIC

PRITBAK OHEREIZ L0, BRI AT 28 L3tk 0 — i 721) Cle < PRIk &R TR 5 et & 7e o 7272, )l
HEIEII R E B LooH 5. ZHUTEEY, KEHIZEWER & — (KL 7> A TIERE B~ O EH N KD LT
D THUE, BOKERZR T ARIERESO LK EDO AR BT, SEEREO LHEICE L TH, ¥ A TIEHIPKEREZ D
SHE IR b5 &I L, BKENEZITEELZ b, KETWEFEAMIERT IVLENHH72DTH
5. ZOXIRBRESEZD L, K LWEREEZZNENIEOFRTIT R —KE LTHRADIVERH Y, KITH3E
LW EO LY —EOWBRAF R TH S, ZORBEEMR D, F—illcB8W Tk LwEiiEsz —kE L CBllT
DR ORI 2 B LT-FRIEEN A LB & ST 5.

PRIR AR A %G L T DA K OB D & ik b O LW PR EOF B TIIAR+5TH Y, FHkNE o Lo
2SR OREBLETH D, ITHFEIT R — 12k D T4 X —HlE2FH Ui R & 555 S 4, il Biiid7e & o
SEH A REER KIRIZ BV TR & T — Z DSIE T X, SRR F - LIPENEOER A FEEL 720 o0 dh 5. U
E XY, WIEIEKICE T HHATHIE O FZBUZ AT T, F—Hikiz WK - P ENE DR A RO ) e 8L AT &
SIS 5 2 L 2 ARMEEO R & 5.

_39_



2. EANFEBEARFIE

EFH O, AFSEREE L = P OY MUBRENAIZE L LT, AEAFERTERTOAF 3 MU BLINETIC T H 5 24, 6ha O
BRI, B L KRR L ORIOK « B - “RALIRBEOZIRZ B 254 UV — 2/l Lic. BAEICED ETI10FU LD
BRERD DY, 2o, KB TRIERBOZIDET MLIZEWY A TE Y.

ABFZERRE T3 Z OB #A 2 flkfse Lo, FNE COMETEER & L C Lm0z i, £oglfleE7 1
A ER Y fATe. KRENREDBIANT, BEAE DA & MERr L >0 \ICHER RS O FTREME 2 WGt 3 2. TRVE B OSBRI,
BHHEANT L LT R — Tl L e T A X — Bz T 5. o — 5807 A 2 — BT, MR TERT 2 Al
BOTHE en OFETHREEROFHHATRETSH 5

3. KRB DE=HDOMRER IR DKRET

(1) BRAHBRIZS T528EMmERR

MRV RT3 E A v 2 2 ITEIL, KA vy 2 llBWTREESR L HEERE A E 2 TR D O & 4 3E
WCZITET Z S X o TREND FIUICENT TOWMIIMEOEMEZHET 5. RHEERIT FIRICHD 9 1220 T K
SYEMNEINL, BENf L L 2 A THRERARAET D, BHIEZ 5 LT VoERIEFICITE RS, K FiET
FHRL S T B A [E - AS A O TEOERE b U < IIAFJEE B & ORI S Ui IR & e 5 & TR ERGE A AT
I, ARBFETIE, FMAIEICHEE L, REERETT LV CHAINIMEBHTROREE XA LT T AN A TITE > THRE
SNTREREHIRT 5 Z L2 X o THMBIRERTEHE T L ORI 2 RGeS 5.

) b}
K1 ERTEZZA LT TATAT [X2. 20224 8 HDEMIFICK G X U —(EDOKLELD
(@) FHHBIFB L (b) PIMHICERE L2 A LT
ATI AT & o THRE S =REiito—4l.

(2) BALSTRAASIZEBERAADIERSZER

FEMBEIROB T A LT T AHATHZRKITRT. RBHATIZE=EM 12 KIcL 5B M THY, &
MORREEREE () OBMOMELZE L CHRERIREIX 10 oM E LTWA. ZERIMBE S n OIESGT — % &4
AT5Z L TT_RTOTERAADL (EKRMEO/NSREHOEE D T, WHHRAIZRONARWIIE) 2225 2 &850
HETHDLZ NG, BRFHET ABREHET L TV 2802 0 A 7 ORESTTOFG &+ 5. PiEmshickuye, +4
ICRIERER AL 2D 2 E N ARERKAD OEKEBOKRE I 2 SE1C, MER T 72 AN A RE2#EICFET 5 4o
DOREMGIRERN A T HRETDHZ LI LT

WEIZ ORI BIZHE LT A T EHOTEREME RO -2 X 2 17T, BEEO X HIZ, KHH L THOKRFZIRN
WD Z &, KAEDH I EROFE TIEETO X 5 MR mEAHEIC A LN N Enbod. 2o X9 2
13H DL ERNREOBRICULT A ON D Z &0 b, BREEZ AN E L CHRMHFRICS W OB ERIEICA A8l
WF =2 LiphZ EARgEnz?.

4. FA—VEES A4 F—Z2AV-LREBEHR

TWEIRE ORI T T AH81%, Fa—2 28 DJI 40 Matrice 350 RTK, T A % —723 GreenValley International ft
® LiAir X3 ThDH. ZHNETIZ, BHITORATREEOFAMERE, BEERERER, E5ENTH L5 TR & RITREE Of
BEEL TS, ZROEBRRITICL Y, MG EEEAET 2720101, Fa—r O 380 2 U — Lo
MEAEAT O MEN D D Z EWNbhole. T, BEEE S LICHELTWD & Fr—r b ar b —7 OBENREL T
LES>TOTHS.

WIRNER O LW ENRBA R T 572 DI, Fre—rOFTEE A RN D 50m FREICHRET D2HERHD. LnL,
GRIZIT 30m B H X D BE O TR NGEAET D720, BEREEZET D EEFOERT —ZIZESNT Re—rofR
TREZRETHIEIETERY. 220, TR e — BT 4 4 —ICk v, JRFEWICIIT 5 Digital Surface
Map ZERLT 2 Z & 2B TS, TTICEHNITKRZTEBY, ol T =X O 2D T\ D,

_40_



LiDAR - GS]
¥ [ -]

- 1]
l A =10

3. Fo— Uo7 44— & [E PR Digital Elevation Model (DEM) & ZFh & DZE.

— 5T, tE&T—4 (Digital Elevation Model: DEM) FRBREIMHI S EH L TV 5. ZHUIIMIREENRIETIrEian
n, ST ORERE LT, 3N [E - HIFEBEAS AR LTV 5 bm A% 5 D DEWY & D el 2 ow3 . [R5, [F - HuF
D DEM & T R — #7444 —I2 X % DEM X, &/ T/, EBARD CRAFHMIEMICH D 2 ENRTEND.
Fo, K=l T A 4 —I2L D DEMOFFD, LVEMAREEZ R TETCWDILICHLEZITOND. 4%, LDaE
AT 2 TETHS.

5. BhHYIC

BEE MU BUHIFT I BT A ARMIRIRIC BT, ARSI Z kT 5 & & big, Bl & U CRinmRE 4 Bth L
Fe—## 7 A 4—I2 X2 LWEEOIRICET 2 28088 Lz, R IIHEDIE R T2 0D, &K
EET VERWERERTHF IR 2RERGECEHATE 2 LHBHIMEEZEH L T PETHD. Fo— 8
TAX =L DBINEERE L71E00 TH D, EWEEOIRISSH L 9 2 E COEET — % OB G o BHiE
ThHbd. EHRDHKL WO ERE ZED, M5 EARRIC I 5 LSO IESC, TDR EIC X ARl o L
VR O TR T 72 IC B 5 F LTV D . 5%, B DA BIHE A 2 il CofE R & Hlg Lo, Skt &
TR DAERE < P 7 v A B RATINS TRIFTRE R BUEE T LV ZBIR L, K- LibaE — IR L 48 2 72 A 3AE 21 & Jitis Ak
OHHEIZETHHERZHREL NS TETHD.

BEXH

1) B8 7ay =7 b https://hywr. kuciv. kyoto—u. ac. jp/fluxsites/index. html, (2025/01/14 fif3%)

2) Choi Seonjun, FHTFE K, @EFA, SZJIEEA: Difference of slope runoff characteristics in equifinal
parameters of a rainfall-runoff model: A case study in the Shigaraki experimental catchment, /K3« /K&
TR 2024 AFFERFJE R R B R, PS-2-45, doi: 10. 11520/ jshwr. 37.0.307, 2024

3)  [EEHFERRE: https://www. gsi. go. jp/, (2025/01/14 R

_41_



A2 RO TRFRRMO MK EKIZE T 1=
RREBAIBIZRE & ETDERAL

Atmospheric observation study and its practical application for fire disaster prevention
in tropical peatlands in Indonesia
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This study conducted atmospheric and hydrometeorological observations at 10 private homes and surrounding areas
in Riau Province of eastern Sumatra, Indonesia. We discussed a relationship between areas that do not receive frequent
rain during a dry season and fire cases by using a weather radar with high spatio-temporal resolution. It was found that
the areas where it rarely rains during dry seasons in March 2023 and 2024 vary from year to year depending on the
direction of the wind, and that this also characterizes the locations of fires. We compared atmospheric and
hydrometeorological conditions in areas where there were reports of fires and in areas where there were no reports of
fires during a dry season in July 2024. It was found that the air was hotter and drier in the areas surrounding the fires,
although the calculated evapotranspiration was slightly lower. A relationship between rainfall information and air
pollution caused by peatland fires was analyzed. In the case of fire in March 2024, it was found that there was a
possibility of detecting peatland fires earlier than the timing reported to the local fire department, by using air pollutants
and rainfall values. In the future, we will consider an effective air pollution monitoring network for the early detection
of peatland fires, while also monitoring air pollution using smartphone apps in conjunction with air pollution
measurement equipment.

Key Words : tropical peatlands, fire, atmospheric observation, hydrometeorological observation, air pollution
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Unraveling the origin of hepatitis B virus from human-primates transmission
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Hepatitis B virus (HBV) is a serious health issue for humans and has also been found in non-human primates (NHPs).
However, it is not clear how often HBV jumps between species or the risk it poses to humans. In this study, we tested
237 NHPs from 10 species and 65 of their human caretakers across four Indonesian islands for HBV infection. For the
first time, we found HBV in East Javan langurs (Trachypithecus auratus), with 2 out of 46 langurs testing positive.
HBYV was also commonly found in gibbons (17/68), less so in orangutans (6/50), and humans (5/65), and absent in
macaques (0/73). Genetic analysis showed that the HBV found in langurs is closely related to HBV in gibbons,
suggesting recent transmission between these species. The fact that langurs and gibbons are distantly related genetically
but still share a similar virus hints that HBV might be able to infect a wider range of hosts than previously thought.
These results highlight the risk of HBV spreading between species, including to humans, and the need for strategies
that protect both humans and primates, especially in areas where they interact closely, such as in Indonesia.

Key Words : Hepatitis B virus, non-human primates, langur, cross-species viral spillover, One Health, Indonesia

1. Introduction

While global vaccination efforts have reduced its burden, hepatitis B virus (HBV) remains a major global health
concern in humans, causing severe liver disease and cancer with high mortality rates. HBV belongs to the
Hepadnaviridae family and has a unique, circular DNA genome that evolves rapidly, giving rise to 10 genotypes
(A-J) and over 40 sub-genotypes (1). These genotypes differ in their geographic distribution, disease progression,
and clinical outcomes.

HBYV is not limited to humans; infection has been documented in a variety of non-human primates (NHPs),
including chimpanzees, gibbons, orangutans, baboons, macaques, and even New World monkeys in the Amazon.
Among hepadnaviruses, primate HBV is considered the youngest lineage in the family tree. HBV-related viruses
are also be found in bats, rodents, and birds, in a more diverse phylogeny. The Hepadnaviridae family is estimated
to have been infecting vertebrates for over 200 million years, and evidence of ancient HBV in humans dates back
4,500 years (2). In addition to its long evolutionary history, HBV appears capable of crossing species barriers. For
example, crane HBV can infect duck hepatocytes, while human HBV can infect chimpanzees, tree shrews, baboons,
and Barbary macaques. Cross-species genetic mixing of HBV has also been reported, such as between chimpanzees
and humans in East Africa.

Indonesia, known for its rich primate biodiversity and close human-primate interactions, is considered an
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HBV-endemic region. Hepatitis B surface antigen (HBsAg) prevalence in the general population ranges from 2.1%
to 10.5%, with carrier rates between 5% and 20% (3). Since 1997, the country has implemented universal infant
vaccination programs to control HBV infections. However, the cultural and ecological proximity between humans
and NHPs in Indonesia raises concerns about cross-species HBV transmission. For instance, human HBV genotype
J, discovered in a Japanese individual who lived in Kalimantan during World War 11, is the closest human strain to
those found in NHPs (4).

In this study, we screened HBV infection in 10 NHP species and their human caretakers across four major
Indonesian islands, aiming to uncover evidence of cross-species HBV spillover and assess its potential risks.

2. Methods

Samples were collected from NHPs and their human caretakers at three distinct facility types: zoos, ex-situ
conservation centers, and in-situ conservation areas within national parks. The locations spanned the Indonesian
islands of Java, Bali, Sumatra, and Kalimantan. The NHP species sampled in this study included langurs, gibbons,
orangutans, and macaques. Langurs were housed in ex-situ conservation centers dedicated to langurs, residing in
enclosures without the presence of other species. Gibbons were kept in enclosures accommodating either pairs or
family groups, although some centers were not exclusively for gibbons. Orangutans lived separately in individual
enclosures. Macaques were sampled from both zoos and ex-situ conservation areas within national parks. Samples
were also collected from human caretakers in conservation centers.

Blood samples of 3-5 mL were drawn from each subject and stored at 4 °C for at most 72 hours before
being transported to the laboratory. Sera were separated and stored at —80 °C until analysis. DNA was extracted
from 200 uL of serum. Sample DNA was subjected to nested PCR method using primers reported previously (5).
All HBV DNA was quantified using quantitative PCR (qPCR) (6). Amplicons were sequenced and complete
genomes were assembled from PCR fragments and curated manually. Phylogenetic trees were constructed using the
neighbor-joining Tamura-Nei method, with bootstrap resampling performed 1,000 times.

Ethical approval for this study was obtained from the Health Research Ethical Clearance Commission of
the Faculty of Dental Medicine Airlangga University.

3. Results

We collected a total of 237 blood serum samples from non-human primates (NHPs) and 65 from their
human caretakers. The samples were tested for HBV infection using a nested PCR, which targets specific regions
of the HBV genome. HBV DNA was detected in langurs (2 of 46 samples), gibbons (17 of 68), orangutans (6 of
50), and humans (5 of 65), but no infections were found in macaques (0 of 73). Additionally, follow-up samples
were collected from a small number of individuals (five langurs, one gibbon, and one orangutan) 1-6 months after
the initial tests. One langur, which initially tested positive for HBV, later tested negative, suggesting the infection
was temporary and resolved on its own. None of the animals showed clinical symptoms, and none of the human
participants reported signs of liver disease, such as nausea or jaundice.
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Figure 1: HBV viral load (log copies/mL) in all samples that tested positive by nested PCR, grouped by species. An asterisk (*) indicates
an undetermined viral load. The second L3 sample, collected approximately six months after the first, also tested negative for HBV by
nested PCR.

When we measured the viral load, langurs had relatively low levels (mean £ SD: 2.55 + 0.14 log

copies/mL) (Figure 1). In contrast, gibbons and orangutans exhibited much higher viral loads (6.49 £ 1.62 and 5.25
+2.95 log copies/mL, respectively). Human samples generally showed low viral levels (2.82 £ 2.69 log copies/mL),
except for one individual with a very high viral load (6.8 log copies/mL) and another with undetectable levels, which
could indicate occult infection.
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Figure 2: Phylogenetic tree of full-length HBV genome sequences from NHPs and humans in this study, alongside representative
sequences from GenBank. These include all known NHP species naturally infected with HBV and all human HBV subgenotypes.
Horizontal lines and the scale bar represent the number of nucleotide substitutions per site. The tree is organized by decreasing branch
order, with background colors indicating the host species. Samples from this study are marked with black circles, while GenBank
sequences are labeled with their accession number, host species, and country of origin.

We amplified the full HBV genome from all langur and gibbon samples, four of six orangutan samples,
and two of five human samples. This is the first time the complete HBV genome has been sequenced for langurs.
Interestingly, the langur HBV sequences were closely related to gibbon HBV, indicating a recent transmission event
between these species (Figure 2). The genetic tree we constructed for Javan gibbon HBV revealed two major
clusters, with each cluster including one of the langur HBV sequences. Javan gibbon HBV formed a distinct group
separate from Kalimantan gibbon HBV and was similar to a sequence from a gibbon sampled at Perth Zoo, whose
parents were captured in the wild in Java in 1959 (34).

Kalimantan gibbon HBV, on the other hand, was positioned between Javan gibbon and orangutan HBV.
We also report the first HBV sequences from Sumatran gibbons, which were distinct from Javan gibbon HBV and
instead grouped with strains from wild and captive gibbons in mainland Southeast Asia. Orangutan HBV sequences
from our study clustered with previously identified HBV from Bornean orangutans in East Kalimantan. Lastly, the
two human HBYV isolates were identified as genotypes B and C, the most common genotypes found in Indonesia.

4. Conclusions

Our discovery of HBV infection in langurs marks the third documented case of HBV in an Old World
monkey species in the wild, following reports in macaques and baboons. Old World monkeys are generally resistant
to HBV infections, making such cases exceptionally rare. In contrast, gibbons consistently exhibit high HBV
prevalence, as confirmed in this and previous findings (7). Their high viral loads suggest a heightened susceptibility
to HBV replication. In captive environments, the clustering of infected gibbons can amplify outbreaks; for instance,
one primate center in our study reported an HBV prevalence of 82.3% among sampled gibbons. Although it remains
unclear whether HBV transmission occurred from gibbons to langurs or vice versa, the higher prevalence and viral
load observed in gibbons suggests them as the more probable source.

Although our study did not detect HBV transmission between humans and non-human primates (NHPs),
zoonotic risks remain significant, particularly in regions like Indonesia, where human-primate interactions are
frequent. Laboratory studies have shown that HBV strains from gibbons and orangutans can infect human liver cells
(8), emphasizing this potential risk. Reverse zoonosis is also a concern, as evidenced by human HBV genotype A2
infecting a South African baboon (9) and genotype D infecting a Mauritian macaque (10). Routine surveillance is
critical, especially for primates rescued from human settlements or kept as pets, as well as their caretakers in zoos
and rehabilitation centers. Despite conservation efforts, illegal wildlife trade continues, with surveys in 2014
revealing the sale of langurs and gibbons in major cities in Java (11). A smuggling attempt involving East Javan
langurs was intercepted as recently as November 2024 (12). Strengthening enforcement and expanding surveillance
are essential to mitigating these risks.

Our findings emphasize the need for cross-species HBV risk mitigation using a One Health approach.
Recommendations include HBV vaccination for individuals living or working closely with NHPs and for animals
in captivity or rehabilitation, particularly gibbons, to reduce the likelihood of viral spillover.
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Development of a platform for collecting and analyzing educational big data to realize a
sustainable society
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Education plays a crucial role in realizing a sustainable society. This study aims to achieve this goal through
“Sustainable Development of Education (SDE)” and “Education for Sustainable Development (ESD).” Specifically,
for SDE, improvements in education are carried out by utilizing an educational data collection and analysis system. For
ESD, data-driven SDGs education is implemented. In particular, advancements in Al technologies, such as generative
Al are expected to provide interactive support for both SDE and ESD.
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