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The electrochemical reduction technique is employed to challenge molecular decomposition of the 
SDA packing of PTFE. Infrared ATR spectra of the virgin and electrochemically reduced surfaces of 
PTFE are compared to find that the helix-reversal defect is relatively decreased unexpectedly. This 
accompanies an increase of molecular packing, which is found through an increase of the phonon band 
originated from the CF2 stretching vibration modes. 

Key Words: PTFE, SDA theory, SDA phase, decomposition 
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Low-cost and convenient encapsulation 
for perovskite solar cells using printed circuit boards

MURDEY, Richard James

1
Institute for Chemical Research, Kyoto University

Perovskite solar cells are promising devices to harvest electricity from low-intensity, artificial indoor light sources 
such as white LEDs. Their low cost and high efficiency make them ideal for powering small electronic devices such as 
long-range RFID tags or BLE beacons. To be effective in this role, however, the perovskite solar cells must be protected 
by encapsulating the device in an air-tight package. In this work, conventional printed circuit boards (PCBs) are
examined as backing substrates for perovskite solar cell encapsulation. PCBs have advantages in that the electrical 
contacts for the solar cells can be easily built into the boards in the desired custom pattern. They are also inexpensive. 
The encapsulated devices will be part of a test platform to study the long-term reliability of perovskite solar cells.

Key Words : perovskite solar cell, encapsulation, ambient light harvesting, sustainable energy, lifetime

1. Introduction
Semiconductors with bandgaps from 1.7 eV to 1.9 eV are useful absorber materials for multi-junction tandem 
solar cells and for high-output voltage single-junction solar cells designed for indoor, ambient lighting 
applications. Mixed-composition metal-halide perovskites with multiple cations and anions in the A- and X-sites 
of the ABX3 perovskite structure have emerged as promising wide bandgap absorbers due to their high 
performance and continuously variable bandgap within the desired range.[1]

There are several points to consider when developing solar cells for efficient operation under ambient light.
Some factors are particular to the wide bandgap material, which may have a less stable chemical composition due
to the high bromide content needed to achieve the desired bandgap. Others relate to the materials used in the solar 
cell to efficiently extract the photogenerated charge, which may be poorly optimized for perovskites with wide 
bandgaps. Finally, there is the question of device stability. Although indoor environments are less punishing than 
outdoor use in full sunlight, perovskite solar cells will still quickly degrade in ambient air. Therefore, effective 
encapsulation strategies are needed to protect the devices. These can be implemented at both the packaging level 
(sealing the perovskite solar cell in an external container that includes electrical feedthroughs) and at the device 
level (adding barrier layers within or directly to the perovskite solar cell structure to inhibit ingress of oxygen and 
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water vapor). In the latter case, these barrier layers can also increase the overall stability of the device by blocking 
the diffusion of volatile material out of the cell. 

2. Method and Results
Recently several reports have detailed important progress in both the performance and the stability of wide 
bandgap perovskite solar cells.[2] Meanwhile, we have previously evaluated how the performance of perovskite 
solar cells changes with light intensity and bandgap.[3]

Our perovskite devices (shown above) achieved an open circuit voltage of 1.17 V under 1 SUN for a perovskite 
formula (Cs0.05FA0.80MA0.15PbI2Br) with a bandgap of 1.72 eV. The output from these devices was verified to be 
stable over 100 h operation under 1 SUN, which is equivalent to over two years of operation under indoor ambient 
light in terms of light exposure.

To increase the bandgap of the perovskite to a more favorable value for energy harvesting from white LEDs, 
we have optimized fabrication methods for a new perovskite formula (Cs0.05FA0.45MA0.5PbBr1.5I1.5) with a 
bandgap of 1.86 eV. Despite the wider bandgap, the open circuit voltage of the solar cells is initially only 1.15 V
although it increases to 1.21 V after 100 h operation at 1 SUN. We believe that the high voltage losses are due to 
the excessive recombination of charge carriers at the interface between the perovskite and the C60 electron 
transport later. To reduce charge carrier recombination, we are currently evaluating different passivation strategies 
for the top perovskite surface, as well as optimizing the electron transport material. Passivation typically involves
the solution-based application of small organic ammonium cations. These can stabilize defect sites or react with 
the perovskite to form a two-dimensional isolation layer. We are also evaluating the use of an inorganic barrier 
layer (SnOx) between the C60 and silver electrodes to increase the overall stability of the solar cell.

[1] T. Jesper Jacobsson et al., Energy Environ. Sci. 2016, 9, 1706–1724; F. Peña-Camargo et al., ACS Energy Lett. 2020, 5,
2728−2736. 
[2] K. O. Brinkmann et al., Nature 2022, 604, 280–286; Q. Jiang et al., Science 2022, 378, 1295–1300; H. Chen et al., Nature 
2022 (https://doi.org/10.1038/s41586-022-05541-z). 
[3] R. Murdey et al., Sol. Energy Mater. Sol. Cells 2022, 245, 111885.

Wide bandgap perovskite p-i-n solar cells with MeO-2PACz monolayer hole extraction layers
R. Murdey et al., Sol. Energy Mater. Sol. Cells 2022, 245, 111885.
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Direct Synthesis of Alzheimer’s Disease Drug Candidates from Woody Biomass

Francesca PINCELLA 1, Katsuhiro ISOZAKI 1, Masaharu NAKAMURA 1, Takashi 
WATANABE 2, Liyou HAN 3, Tomohiro MIYASAKA 4, and Satoru FUNAMOTO 4

1
Institute for Chemical Research, Kyoto University

2
Research Institute for Sustainable Humanosphere, Kyoto University

3
Institute for Liberal Arts and Sciences, Kyoto University

4
Faculty of Life and Medical Sciences, Doshisha University

The development of new, effective and practical processes for the valorization of lignocellulosic biomass is a 
crucial step to overcome our overreliance on fossil fuel as source of energy and chemical feedstock and reshape our 
future society in a sustainable green humanosphere. This research aims to establish new methods for the synthesis of 
high-value-added bioactive compounds from woody biomass, specifically the lignin in wood. We have gathered an 
interdisciplinary and international research team from the fields of chemical-, wood-, and bio- sciences and 
technologies to demonstrate the ability of lignin-based functional molecules to inhibit the aggregation of proteins 
that are known marker of serious neurodegenerative diseases.

Key Words : lignin, Alzheimer, drug discovery, green chemistry, woody biomass. 

Lignocellulosic biomass has emerged as a possible alternative renewable source for the production of chemicals and 
fuels.[1,2] Specifically, lignin, a key constituent (20–30%) of lignocellulose, is the most abundant aromatic biomass on 
earth and could serve as a renewable feedstock for the production of high value-added aromatic chemicals 
(pharmaceuticals, organic electronic materials, etc..). Furthermore, considering the increased interest in cellulose as 
source of biofuel, it is of the outmost importance to devise a strategy to make full use of all biomass components, including
lignin, a promising aromatic biopolymer. Recently, we have successfully demonstrated the direct conversion of wood to 
functional imidazole derivatives by microwave-assisted one-pot conversion via diketone intermediates. Based on their 
structure, the obtained imidazole compounds were flagged for their promising biological activity and several experiments 
have confirmed the efficacy of some of these derivatives as tau and amyloid-β aggregation inhibitors, which suggests that 
these compounds could serve as effective treatments for Alzheimer’s disease. Furthermore, the successful synthesis of 
lignin-derived drugs could be a significant step towards a more sustainable pharmaceutical industry and towards a more 
sustainable future for our society. 

In order to explore the bioactivity of various wood-derived compounds, we have synthesized new compounds from 
lignin-derived diketone via microwave-assisted reactions. 
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In addition to expanding the scope of 
imidazole derivatives, we have 
synthesized several new quinoxaline 
derivatives, in addition to the previously 
investigated S-Qx (X=CH, R=R’=H) and 
G-Qx (guaiacyl-type diketone was used 
as starting material instead of syringyl-
type diketone 1), and we incorporated
various functional groups in these lignin-
derived compounds. Table 1 shows the 
newly synthesized quinoxaline
derivatives.  

The newly synthesized compounds have then been tested for their inhibitory activity towards tau and amyloid-β 
aggregation. Briefly, the proteins are co-incubated with the candidate compound. The aggregations of the protein and the 
inhibitory effects of the candidates on protein-aggregate are monitored by Thioflavin-T fluorescence.
In the previous report, we had determined that compounds 2t and 2r showed the best performance for anti-tau aggregation 
in the Thioflavin-T fluorescence assay and Sarkosyl-insoluble assay. The compounds showed a bioactivity comparable 
to that of the reference active compound, KT-430, confirming the importance of the presence of a catechol (1,2-
dihydroxobenzene) unit, in agreement with previous results by Miyasaka and collaborators.[3] Considering these 
promising results, compounds 2r 
and 2t have also been tested for 
dose dependency, see Fig. 1. The 
results of the fluorescence and 
Sarkosyl insoluble assay in Fig. 1 
demonstrate that both compounds 
have a dose-dependent response, 
and that the imidazole compound 
2t showed anti-tau aggregation 
effect for concentration higher 
than 3 μM, with the highest 
activity at 10 μM, while 
compound 2r showed anti-tau 
aggregation effect for 
concentration higher than 10 μM, 
with the highest activity at 30 μM.
Furthermore, results regarding 
imidazole compounds containing 
N-heterocycles have shown only 
weak inhibition of tau 
aggregation. For the inhibition of 
the amyloid-β aggregation, the
target compounds underwent sedimentation assay, where the amyloid-beta proteins and the target compound are mixed 
and incubated for a week before separation of the precipitate and supernatant. Both the precipitate and supernatant are
then analyzed by Western blotting to verify aggregation inhibitiomn (expected increase in supernatant and decrease in 
aggregate in the precipitate). The results of this assay did not confirm the activity of compounds 2r and 2t for amyloid-
beta aggregation inhibition, instead compounds S-Qx and G-Qx seemed to be the most promising.
3.

Based on the aforementioned results, we will test the new quinoxaline compounds for their inhibitory tau and amyloid-
β activity and synthesize new compounds based on the bioactivity studies results. 

1) Cronin, D.J.; Dunn K.; Zhang X.; Doherty W.O.S. Relating Dicarboxylic Acids to Residual Lignin Structural Features, ACS 
Sustainable Chem. Eng. 2017, 5, 11695–11705. 

2) Kleinert M.; Barth T. Towards a Lignocellulosics Biorefinery: Direct One-Step Conversion of Lignin to Hydrogen-Enriched 
Biofuel, Energy Fuels 2008, 22, 1371–1379.3) 

3) Soeda, Y.; Yoshikawa, M.; Almeida, O. F.; Sumioka, A.; Maeda, S.; Osada, H.; Kondoh, Y.; Saito, A.; Miyasaka, T.; Kimura, T.;
Suzuki, M.; Koyama, H.; Yoshiike, Y.; Sugimoto, H.; Ihara, Y.; Takashima, A., Toxic tau oligomer formation blocked by capping 
of cysteine residues with 1,2-dihydroxybenzene groups. Nat Commun 2015, 6, 10216.

Figure 1. Dose dependency of the effects of two candidates on inhibition of tau aggregation (A) Th-T
value in 168 hr incubation (B) Biochemical quantification of Sarkosyl-insoluble aggregated tau.
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Biomass Reforming and Smoothing of Electricity Supply-Demand by Variable 
Combined Heat and Power Supply

1 1 2 3,
4, 2

Juro Yagi 1, Keisuke Mukai 1, Satoshi Konishi 2, Hiroyuki Tamiya 3, Sadatsugu 
Takayama 4 and Toshiaki Umezawa 2

       
1

Institute of Advanced Energy, Kyoto University
2

Research Institute for Sustainable Humanosphere, Kyoto University
3

Graduate School of Energy Science, Kyoto University
4

National Institute for Fusion Science

The utilization of nuclear energy is effective from a zero-emission perspective, but the low-grade waste heat is currently 
not being utilized effectively. Biomass-reforming to produce hydrogen is known to be enhanced when steam is 
supplied, so in this work, biomass-reforming by microwave under the steam supply is focused. In this fiscal year, 
construction of the system is completed.

Key Words : biomass energy, microwave heating, waste heat, zero-emission
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Development of Biomass Rapid Pyrolysis Technology  
for Simultaneous Production of Char and Liquefied Products:  

Investigation of Catalytic Effects during Heating at Elevated Temperatures  
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The production of chemicals and functional materials from renewable biomass resources is of great interest. In this 
study, fast pyrolysis of cedar wood powder with pulse current heating was performed to simultaneously produce 
aromatic chemicals and functional charcoal. In order to clarify the influence of the reaction tube material on the 
production of useful substances, metal powder of the same material as the reaction tube, which has a large contact 
surface with the wood powder sample, was mixed with the wood powder sample and heated at elevated temperatures 
to observe the pyrolysis behavior, chemical composition, and micromorphology of the pyrolysis residues. 
 
Key Words : wood biomass; pulse-current heating; pyrolysis residue; scanning electron microscopy 
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1) Honma, S.; Hata, T. et al; Ohashi, Y.; Sulistyo, J.; Watanabe, T.; Yoshimura, T., J. of Chemical 
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Develop an advanced eco-friendly scenario for bioethanol production 

Sadat Mohamed Rezk Khattab1, 1 
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Key Words: Biomass conversion, Microwave, Glycerolysis, Acid Catalysis, glycerol fermentation, Xylose 
fermentation, Hyper-fermenting Saccharomyces cerevisiae, Bioethanol production, Antivirals. 

Introduction 
The necessity to utilize lignocellulosic biomass was driven by the need to find sustainable resources 

for producing the demanded fuels and chemicals while preventing climate change. Accordingly, an 
effective pretreatment method is required to decompose the complex structure of biomass to its monomers. 
In this regard, the biomass conversion laboratory-RISH, Kyoto University has developed an effective 
pretreatment method using acid-glycerolysis assisted by microwave (1, 2). This method can also generate 
antiviral agents, which supports the economic feasibility of the biorefinery and the need for antivirals to 
fight the spreading of viruses and pandemics, which threaten human life (3-6). 

My collaboration with Prof. Takashi Watanabe was fruitful in engineering a safe microbial cell 
factory, Baker's yeast, which can convert glycerol with glucose to an industrial level of bioethanol (7). I 
have previously developed efficient xylose-fermenting yeast (8, 9). Last year, we reported here an 
integrated biorefinery method to produce antiviral agents for encephalomyocarditis virus (EMCV) without 
causing cytotoxicity from lignin of sugarcane trash (SCT). Besides, the production of bioethanol from 
sugars of SCT using two mixed cultures of the abovementioned yeast strains (Fig.1).  

In this study, the glycerolysis efficiency reflected in the enzymatic saccharification, which reached 
99%. As a result, the total recoveries of sugars reached 89% of theoretical biomass sugar. The xylose-
fermenting yeast and glycerol converting yeast fermented all released sugars with glycerol. The 
conversion efficiency to ethanol showed 96% of the consumed sugars and glycerol. Interestingly, the 
ethanol titer reached 10% as an essential for industrial perspective. 

With a simple rinse of 
the pulp after glycerolysis, we 
recovered 27% of lignin as an 
antiviral agent (7.9% of dry 
SCT). The antiviral has 
inhibited 
encephalomyocarditis virus 
(EMCV) replication in L929 
cells without cytotoxicity. 
These findings promote to 
accomplish the following 
points:  
1. Broaden the utilization of

other lignocellulosic
biomass resources such as
Kudzu /
(Pueraria montana var
lobata).
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2. Generate a hyper single yeast
factory that could co-ferment
glycerol, xylose, and acetate
with glucose for efficient
application of bioethanol (Fig.
2).

Methods 
In this study, we studied the 

biorefinery of sugarcane trash 
(SCT) and Kudzu as abundance 
renewable sources of 
lignocellulosic biomass in Asia, 
tropical, and subtropical 
countries. The SCT used here was 
imported from Thailand, while 
the kudzu was collected from Uji campus, Kyoto University. Compositional analysis was determined 
according to NREL Laboratory Analytical Procedures (10-12). Glycerolysis of SCT was carried out in 
Microwave with H2SO4, and alum for 30min at different temperatures (100-150 °C). Glycerolysis of kudzu 
was performed at 140 °C. Following glycerolysis of SCT, soluble sugars was recovered by filtration, then 
antiviral was fractionated by organic solvent and tested as described elsewhere (6-9). 

Enzymatic saccharification was carried out using Cellic® Htec2. Sugars was estimated by HPLC and 
the aminex columns HPX-87P & HPX-87H. Fermentation at this stage was conducted by two 
abovementioned recombinant stains: xylose fermenting yeast and glycerol converting yeast. 

Results and Discussion 
The compositional analysis of SCT, and Kudzu showed over 55 % of biomass are sugars as presented 

in Fig.3. These sugars were fermented with glycerol to bioethanol with conversion efficiency reached 96%. 
It is also possible to fermented to other bio-based chemicals. Fig. 4A shows the residual pulp of SCT after 
glycerolysis at 
different 
temperatures. 
Reaction at 140 °C 
showed the highest 
total recoveries from 
glycerolysis and the 
enzymatic 
saccharification 
(Fig.4B). 27 % of 
SCT’ lignin was also 
utilized for production 
of antiviral (7.9% of 
dry SCT). The 
antiviral has inhibited 
encephalomyocarditis 
virus (EMCV) 
replication in L929 
cells without 
cytotoxicity. These 
integration strategies 
represent essential 
step for enhance the 
economic feasibility 
of biomass utilization. 
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Conclusion 

We created a comprehensive biorefinery scenario that would use lignocellulosic biomass to produce 
bioethanol combined with antivirals. These encouraging results encouraged the pursuit of completing the 
second stage of the hyper fermenting yeast construction using the three steps shown in Fig. 2. 
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We have been measuring environmental radioactivity in real time using KURAMA-II (Kyoto University RAdiation 
MApping system-II) to investigate its contamination around Fukushima Prefecture due to the nuclear power plant 
accident occurred in 2011. In our research, in order to solve the problem of GPS positional error in forests and 
mountainous areas, we will perform 3D mapping by camera photography at the same time to provide highly accurate 
positional information. Although KURAMA-II has been used in the past, the application of photogrammetry is a new 
method to be introduced, and this is a research and development of a new measurement technique. 

Key Words : Great East Japan Earthquake, Radioactive Cesium, KURAMA, photogrametory 
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Revegetation and sustainable use of deteriorated grass fields left after tropical deforestation has been an important 
issue in Southeast Asian countries. This study seeks to develop grass plants optimized for a sustainable production of 
biomass in deteriorated grass fields. Based on the knowledge obtained by model experiments with rice, we are working 
on the selection and breeding of sorghum lines with higher lignin content. The high lignin content biomass is promising 
as a raw material for carbon sequestration in combination with energies which do not emit carbon dioxide.

Key Words : Grass biomass, lignin, carbon sequestration, sustainable biomass production
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The Vietnamese Mekong Delta (VMD) faces riverbank erosion. The present study attempts to quantify the long-term 
eroded sediment volumes from the riverbank and riverbed in the entire VMD using remote sensing (RS) and historically 
measured bathymetric data. To verify RS results, we conducted a field survey from October 2021 to February 2022 (21 
days) to track the bank coordinates and measure the slope along approximately 1,200 km long of the main river. We 
found that the riverbanks near the estuaries are alternately eroded and deposited; however, erosion is dominant. We 
also found that the riverbank around the brick factories is typically stable; however, some places also suffer from severe 
erosion. Riverbank erosion is more significant on the islands than on the mainland. Riverbed incision is dominant 
throughout the entire VMD. 
 
Key Words : Vietnamese Mekong Delta, riverbank erosion, salinity intrusion, sustainable development, sand mining, 

sediment reduction 
 
 

Introduction 
The Vietnamese Mekong Delta (VMD), the world's third-largest delta (Fig. 1), is one of the world's most essential 

deltas in rice production and fisheries. It is home to approximately 20 million people whose livelihoods depend mainly 
on Agro-aquaculture, which contributes 18% of the GDP in Vietnam. The agricultural production of the VMD depends 
primarily on the variation in natural flow regimes and fine sediment flux from the Mekong River, which runs through six 
countries from China to Vietnam before emptying into the East Vietnam Sea (Fig. 1). However, the sustainable 
development of the VMD is challenged by various environmental pressures and challenges, as shown in Figure 1, 
including riverbed incision, riverbank, and coastal erosion, flow regime alterations, fertile sediment reduction, and salinity 
intrusion. 

 
Figure 1: Vietnamese Mekong Delta and effects of different drivers with pictures 
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The VMD is facing severe riverbank erosion and salinity intrusion, affecting the livelihoods of millions of people (Fig. 
1). According to the statistics, riverbank erosion incidents have been constantly exacerbated in the last decade, from 100 
sites in 2010 to 680 locations in 2019. Salinity intrusion has also significantly increased frequency, magnitude, duration, 
and affected extent. As a result, later events tend to surpass the prior ones. For example, salinity intrusion in 2016 was 
the most severe event over the past 90 years, affecting 12 out of 13 provinces in the VMD (>2 million ha in area). However, 
it was surpassed by another catastrophic salinity intrusion event in 2020. We have conducted various field surveys in 
Vietnam and installed different instruments for turbidity and salinity, which can be typically seen in Fig. 2. 
 

 
Figure 2: Location map of measurements stations of turbidity and salinity installed at the Mekong Delta and pictures of 
instruments installation activities. 
 

Field Survey 
We conducted a 21-day field survey within the period from October 2021 to February 2022 to monitor the bank 

coordinates and measure the bank's slope(s) along the main river, covering approximately 1,200 km river long (Fig. 3). 
We found that the riverbanks near the estuaries (about 50-80 km from the river mouth) are alternately eroded and 
deposited; however, erosion is dominant (Fig. 3). Erosion takes place even in some vegetated areas (see the right picture 
in figure 4. Riverbank erosion is more significant on the islands than on the mainland. This is because the geographical 
setting of the islands is unstable and newly formed due to sediment deposition.  
 

 
Figure 3: Spatial coverage of riverbank measurement from October 2021 to February 2022 with locations of the bank 
slope and coordinates campaigns and typical erosion patterns in the vegetated area and along the river banks in VMD 
 
3 Riverbank erosion estimate from remote sensing 
Fig. 8 shows the spatial variation of riverbank erosion rate (m/yr) from 1998 to 2020 extracted from Landsat satellite data. 
We used deep learning techniques to delineate water from land to identify the bank line. We then used Digital Shoreline 
Analysis System (DSAS) plug-in in ArcGIS to estimate the erosion/deposition rate. The erosion/deposition rate was 
calculated as the slope of the linear regression line from 1998 to 2020, in which at least two additional riverbank lines 
between 1998 and 2020 had to be included. 
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Figure 4: Spatial variation of annual riverbank erosion/deposition rate from 1998 to 2020 using Landsat satellite data 
 
Figure 4 shows that erosion is dominant compared to deposition within the VMD. The maximum erosion rate is up to -
21.4 m/yr compared to a maximum deposition rate of up to 51.6 m/yr. Erosion is more pronounced in the Tien River than 
in the Hau River where deposition is mainly dominant. In the Tien River, erosion mostly happens in the upper part (i.e., 
upstream of My Thuan), while erosion in the downstream region is also significant. In the Hau River, erosion occurred 
mainly on the right bank, while deposition happened mostly on the left bank. 
 
4 Riverbed incision estimate 
We collected bathymetric data in 1998 and 2020 to estimate the incision rate of the riverbank. First, the point cloud of 
bathymetric data (in terms of cross-section data) in 1998 and 2020 was interpolated using the Kriging interpolation method 
in the Geostatistical Analyst tool in ArcGIS. Riverbed incision and deposition rate were then estimated using ArcGIS's 
Geometric Change Detection (GCD) plug-in. Figure 5 shows that riverbed incision is substantially dominant compared 
to deposition throughout the entire VMD, with a maximum incision rate of about -1.2 m/yr. Generally, riverbed incision 
is more significant in the Tien River than in the Hau River. In the Tien River, riverbed incision is very high in the Co 
Chien branch, while other branches also experienced high incision. In the Hau River, the incision is more in the lower 
part (i.e., downstream of the Can Tho hydrological station) than in the upper part. 
 

 
Figure 5: Annual riverbed evolution in the VMD from 1998 to 2020. 
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Floods and fires occur alternately in the tropical peatland of Indonesia. These compound disasters should be addressed 
in an integrated manner including the socio-hydrological aspects. In this fiscal year, we clarified the accuracy of fire 
estimation using satellite data as well as the most suitable index to be used in the tropical peatland. We also investigated 
the possibility of using one hydrological model to address both floods and fires. The results show that the use of satellite 
data in fire index could give similar performance with the observed data. We also clarified that the use of soil moisture 
in the Peat Fire Vulnerable Index (PFVI) is important to estimate fire in the tropical peatland. Further, the preliminary 
results show that the RRI model show promising results to be used to estimate fire risk in a humid tropical basin.   
 
Key Words : tropical peatland, compound disasters, floods, fire, remote sensing, hydrological model 

 
 
1. Introduction 

 
Humid tropical river basins in Southeast Asia harbor half of the world’s tropical peatlands (Mishra et al.,2021). The 

role of tropical peatlands as major carbon sink is vital in regulating climate and protecting it seem to be one of the potential 
nature-based solution for climate change mitigation (Smith et al., 2019). In contrast, these peatlands are also seen as a 
viable place to grow crops and timber to gain economic growth. Usually located in between rivers, the tropical peat swamp 
forests are most of the time flooded and wet in nature. The water-log condition slowed down the decomposition process 
preserving most of the carbon biomass in the form of peat. Once deforested and drained for growing crops and timber, 
the dried peat can be easily burned. This has caused major peat fires in the world and triggered numerous international 
problems. 

Productive farmlands and timber located on the peatlands, especially those under big companies are currently regulating 
groundwater level - low enough to grow crops but high enough to prevent fires. However, there are some areas within 
plantations which are frequently flooded and drainage is not economically viable anymore. These areas are usually 
abandoned as an open land or covered by shrubs/grass. Due to low maintenance, these abandoned area experienced fires 
and floods alternately. Due to climate change, more frequent and deeper floods are expected to affect the land use in the 
downstream part of major river in humid tropical river basins. Simulation using land use model showed that most of the 
farmlands which occupied most of the area will turn into shrubs/open land (Yamamoto et al., in prep.). As the abandoned 
area will increase in the future, so does the area prone to fire. 
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Fig.1 (a) Floods (Sentinel-1) and fires (Min. of Env. & Forestry) happened alternately in tropical peatland (b) Number of fires may 
increase in the future due to floods and land use change which in return, causes higher floods due to land subsidence.  

 
To date, most of the peatland study did not consider peatland as part of river basin rather as one separate hydrological 

unit. Further, most of the climate change impact studies consider only fires or floods while the above explanation showed 
that it is important to address both them simultaneously. Therefore, overall objective of this study is to understand the 
impact of climate change to the floods and fires risks in the tropical peatlands as an integrated part of major humid tropical 
river basins. This goal will be achieved through the following stages: 
1st Stage: Understanding the temporal and spatial pattern of fire and soil moisture using in-situ and remotely sensed 
hydrological data; 
2nd Stage: Developing hydrological model which can represent present floods and fires risks simultaneously; 
3rd Stage: Assess future floods and fires risks using GCM variables. 
During this fiscal year we completed the 1st Stage and obtain preliminary results of the 2nd stage. This report explained 
these results. 
 
2. Study Area 

 
The study area (Fig. 2) covers Indonesian peatlands in Sumatra and Kalimantan islands. The climate in these peatland 

areas is humid tropics with 2,745 ± 565 mm of annual rainfall (JAXA GSMaP) and average maximum daily temperature 
of 31.2 ± 1.7 ºC (ERA-5 Land). Most of the peat swamp forest were deforested leaving only 30% of forest cover in 2015. 
This region has two different patterns of rainfall (Aldrian et al., 2003). Central Kalimantan and South Sumatra have one 
long dry period, while Riau, Jambi and West Kalimantan have one short and one long dry period. The region experiences 
several episodes of fires and mostly due to exceptionally longer dry seasons and annual floods. 

 

 
Fig.2 Study Area 

 
3. Methodology 

 
3.1. Fire Index 

The objective of the 1st stage of this research is to understand the temporal and spatial pattern of fire and soil moisture 
using in-situ and remotely sensed hydrological data. In order to achieve this objective, we attempted to answer the 
following research questions: 
1. How fire spatially and temporally distributed over the ISEA region? 
2. Can fire index using satellite data has similar or better performance compare to observed data? 
3. What is the most suitable fire index to be applied in tropical peatlands of ISEA region? 
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3.1.1 Data 
Fires in peatlands predominantly occurs underground with low intensity burning and produce large amounts of 

particulate matters. Relatively smaller burned area which are frequently covered by clouds made detections harder in this 
area. Here, we use burned area from moderate resolution imaging spectroradiometer (MODIS) MCD64A1 C6 available 
from November 2000 with 500 m resolution. The product integrates 1 km MODIS active fire (MOD14/MYD14) 
detections with the 500 m reflectance data. The improved algorithm of C6 detects increased burned area particularly for 
fires between 21 ha to 100 ha. Further, study conducted by Vetrita et al. (2021) shown that MCD64A1 C6 shown better 
accuracy compare to the higher resolution FireCCI41, even though the detections are still underestimated by roughly half 
of the burned area. In this study we sample burned area within 10 km radius of BRG monitoring stations from 2015 to 
2020 in order to relate to observed data. 

The observation data for rainfall and soil moisture were obtained from 32 monitoring stations of Indonesian peatland 
restoration agency (BRG) The 10-min interval data were converted to cumulative daily rainfall (mm/d) and average daily 
soil moisture (cm3/cm3). We filtered out data which are out of physical range of measurement. For daily average air 
temperature data (ºC), we use data from 21 monitoring stations of Indonesian Agency for Meteorological, Climatological 
and Geophysics (BMKG) located on/nearby the peatlands. Data availability varies from 1 April 2015 – 9 July 2020.  

In this study we compared 3 fire indices to find the most suitable fire index to be used in tropical peatland. To calculate 
these indices, we used rainfall, air temperature and soil moisture data. We analyze the performance of a few satellite data 
and compare with observed data from BRG and BMKG stations.  

The chosen data are the JAXA Global Satellite Mapping of Precipitation (GSMaP) Operational v6 for rainfall, 
European Centre for Medium-Range Weather Forecasts (ECMWF) Reanalysis 5th Generation (ERA 5) for maximum 
daily temperature and soil moisture retrieved with Multi Temporal Dual Channel Algorithm (MT-DCA) (Konings et al., 
2017) from SMAP L2 9 km. The SMAP radiometer employs L-Band frequency which enables soil moisture retrieval 
through moderate vegetation cover, regardless of cloud cover and day or night. 
 
3.1.2 Fire indices 

Here, we compare the accuracy three fire/drought indices, namely KBDI, soil moisture and PFVI to represent fires in 
the tropical peatlands. We calculated the indices based on the satellite data at the location of 32 BRG stations and fire 
occurrences within 10 km radius from the stations. The performance of each index is estimated using Area Under the 
Curve (AUC) of Relative Operating Curve (ROC). 

Developed for Florida State, USA, KBDI is a proxy of cumulative soil moisture deficit by estimating the net effects of 
precipitation and evapotranspiration. 
                                      (3) 
where DF is drought factor and RF is rainfall factor. The index is calculated by updating the previous day KBDI value 
(superscript t-1) using daily drought and rainfall factors (superscript t).   
Here, we use the improved DF proposed by Taufik et al. (2015) to fit the conditions in the humid tropics: 

                                                 (4) 
where  is daily maximum air temperature (°C) and  is average annual rainfall (mm/year). After dry day(s), at least 
5.1 mm of rainfall is needed to reduce the drought index.  
                       

           

(5) 
where  is daily rainfall (mm/day). 

Instead of using KBDI as a proxy, the progress in fields measurements and remote sensing technology opens the 
possibility to directly use soil moisture as fire index. Krueger et al (2017) argued that measured soil moisture is a better 
predictor than KBDI for large growing-season wildfires. Dadap et al. (2017) used satellite soil moisture to predict burned 
area in tropical peatlands. Here, we compare the effectiveness of using satellite soil moisture directly as fire index. 

Further, Taufik et al. (2022) argued that in the wetland ecosystem such as tropical peatlands, the fire occurrences are 
influenced by groundwater level and soil water retention characteristics. He proposed to add a groundwater/soil moisture 
component in KBDI. The newly proposed index is called the Peat Fire Vulnerability Index (PFVI): 
                            
 (6) 
where WTF is water table factor which represent the contribution of groundwater table to the moisture content  of the 
peat’s surface layer: 
                               (7) 
where a is weighting parameter for WTF, b is correction factor, (h) denotes moisture content as function of groundwater 
table depth h. Taufik et al. (2022) assumed pressure head in the top soil is equal to the water table depth and used van 
Genuchten equation to convert water table depth to soil moisture content. In this study, we directly use soil moisture 
content, instead of groundwater table depth. 
Further, PFVI employs 30 cm of available water capacity which is different to KBDI (8 inch/20.3 cm), thus DF in PFVI 
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is: 

                                      (8)    
For model parameterization (a and b in WTF), instead of using observed drought index (DIobs), we optimize them by 
maximizing AUC of ROC. Due to the high heterogeneity of peat characteristics which is exacerbated by development of 
drainage, the use of DIobs cannot accurately describe fire occurrences. By using fire occurrences directly, we improve the 
accuracy of PFVI in describing fire risks over a large area. The limitation of this method is that it cannot be used in area 
where fire did not happen. 
 
3.2. Hydrological Model for Fires and Floods Assessments 

Hydrological models are often used as a tool to assess the risks of floods by simulating discharge and inundation extent. 
However, due to the importance to address both extremes, as part of the 2nd stage of this research our intention is to extend 
the use of hydrological models to simulate soil moisture for fire risk assessment in the future. There are two important 
aspects need to be assessed i.e. whether the hydrological model can represent the rainfall runoff process in the humid 
tropics and whether the model could produce the soil moisture realistically. 

This study uses parameters from laboratory analysis of 69 out of 91 soil samples and use them in the RRI model to 
simulate rainfall runoff of a large river basin in humid tropical region. The objectives of this study were: 
(1) to understand the characteristics of soil properties in humid tropical region through a large number of soil samples  
(2) to understand how far we can represent a large-scale river basin process and storage-discharge relationship by directly 
using the measured soil parameters in the RRI model.   

We chose one of large river basins with tropical peatlands i.e. Batanghari River Basin. The area of the basin is 43,960 
km2 with annual rainfall of 2021  247 mm. The basin, especially the lowland area, is regularly flooded. In years with 
longer dry season, the basin suffered from forest and peat fires. 
 
3.2.1. Field survey on soil characteristics 

The National Research & Innovation Agency (formerly Indonesian Institute of Sciences (LIPI)) carried out field 
campaigns collecting 91 soil samples at 37 sites located in the river basin (Fig.3) at depth of 0-10 cm during May 2015 
to August 2016. The sampling locations were determined with stratified random method all over the basins to represent 
the major landscape units of the basin. The disturbed soil samples were used to determine particle distribution and organic 
content. The undisturbed soil samples were used to obtained bulk density, hydraulic conductivity, and SWRC at matric 
potentials of 0 hPa, -10 hPa, -100 hPa, -330 hPa, and -1,500 hPa. All laboratory analysis was conducted in the laboratory 
of Indonesian Soil Research Institute (ISRI). 

  

Fig.3 Sampling locations and saturated hydraulic conductivity in the river basin 
 

3.2.2. The Rainfall-Runoff-Inundation model 
3.2.2.1 Overview of the RRI model 

The RRI model is a two-dimensional, distributed hydraulic and hydrological model that simultaneously simulates 
rainfall-runoff and flood inundation (Sayama et al., 2010). At a grid cell where a river channel is located, the model 
assumes that river and slope are positioned within the same grid cell. An interaction between slope and river is calculated 
based on overflowing formula depending on slope water level, river water level and levee height conditions. The model 
has several options for runoff generations mechanism to simulate lateral flow. At grid cells with relatively higher slopes 
such as ones in mountainous region, the lateral subsurface flow can be calculated based on storage-discharge 
relationship11) and the saturated excess overland flow is calculated by the 2D diffusive wave approximation of a shallow 
water equation. In flat area, the runoff mechanism can be governed by infiltration excess overland flow where infiltration 
rate is calculated by the Green-Ampt model and the overland flow is calculated by the diffusive wave approximation.  
At a river grid cell, river discharge is calculated based on the 1D diffusive wave approximation. These runoff generation 
mechanisms can be coupled with groundwater module to represent aquifer contribution to the discharge. The groundwater 
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module is an additional layer beneath the soil layer with vertical exponential decaying function of hydraulic conductivity 
and lateral flow following Darcy’s Law (Sayama et al., 2015).  
3.2.2.2 New storage-discharge relationship in the RRI model  

 
Fig.4 Slope runoff diagram in the latest storage-discharge relationship 

 
As mentioned earlier, this study uses the latest storage-discharge relationship in the RRI model (Sugawara and Sayama, 

2021). The diagram shown in Fig.4 describes the slope runoff used in the model, where  coordinate is parallel to the 
bedrock/impermeable layer and -coordinate is vertical to the bedrock. Water storage  and lateral discharge  are 
defined as follows: 

 

 
where  is volumetric water content,  is hydraulic conductivity,  is soil depth,  is slope angle. Brooks Corey and 
Mualem model is used as the function of SWRC and hydraulic conductivity described in equations (3) and (4) below. 

 

 
where  is effective saturation rate,  is saturated water content,  is residual water content,  is water entry 
pressure,  is pore size distribution index, and  is saturated hydraulic conductivity. The model assumed that the 
rainfall which infiltrates to the soil layer is instantly distributed.  
3.2.2.3 Model setting 
The RRI model was set up based on earlier model set up (Yamamoto et al., 2019) including DEM, soil map, soil depth 
(3m), rainfall and evapotranspiration inputs for the entire Batanghari River Basin with 1 km resolution. In order to 
understand how far we can represent the soil storage in large river basin of humid tropical region, we use the RRI model 
to represent runoff mechanisms in all grid cells in the basin without bedrock groundwater module. We run two simulations 
for four years (2010 – 2013) using Brooks Corey parameters ( , ,  and ) obtained from data samples and from 
default setting of HYDRUS software (based on Carsel and Parrish, 1988 ). We use two years warm up period (2010 – 
2011) in both simulations. We compare the results of the remaining 2 years. We increase the saturated hydraulic 
conductivity  from the soil sample and HYDRUS software two magnitudes higher to represent other faster subsurface 
flow in the basin such as pipeflow or preferential flow. 
 
4. Results and Discussions 
 
4.1 Fire Index 
4.1.1. Using satellite data for fire predictions 
The accuracy of satellite data usage in this region was sometimes questioned due to several reasons such as the thick 
vegetation cover (for soil moisture retrieval) (Takeuchi et al., 2016) or complex topography and intricate configuration 
of islands (for rainfall) (Argueso et al., 2020). The satellite rainfall is also known to underestimate the consecutive dry 
days as it tends to overestimate low rainfall. During the evaluation of the performance of satellite products in the 
tropical peatlands we also found out that the all satellite rainfall cannot detect CDD higher than 2 weeks while observed 
data showed much longer dry days. The soil moisture retrieval in Sumatra and Kalimantan islands was possible after 
deforestation as only 6.7% pristine peat swamp forests remains (Miettinen et al., 2016). Only 15% of the region has 
Vegetation Transmissivity less than the commonly penetration threshold for microwave remote sensing (Ulaby, 1986, 
Dadap et al., 2019). The comparison with observed data shows that the daily fluctuation of soil moisture can follow the 
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observation patterns, particularly for stations located in thin peat layer, even so, the satellite data value is constantly 
below observation.  
 
Given the above circumstances on the performance of satellite datasets in the region, this study attempts to clarify 
whether using dataset in fire index can give similar accuracy in predicting fire compare to using observation data. We 
carried out experiment to understand the performance of index using satellite data, and observation data, and also the 
combination of satellite and observed data i.e. observed soil moisture + satellite rainfall and satellite soil moisture + 
observed rainfall.  With limitation of observed data period, only 4 stations in West Kalimantan experienced fire in 10 
km radius.  

 
Fig. 5. ROC of PFVI using observation data (continues blue line), satellite data (continues red line), combination of observation soil 
moisture and satellite rainfall (dashed blue line) and combination of satellite soil moisture and observed rainfall (dashed red line) 
 
The performance of fire index using satellite data is comparable, if not, better than the index using observed data as 
shown in Figure 5. The AUC of index using satellite data ranged between 0.994-0.954 while the one using observed 
data has wider variation (0.999-0.659). Even though in two stations (BRG 19 and 20) the index using observed data is 
slightly better, however the performance is significantly worse in the other two stations. This results lower average 
performance compares to the performance using of satellite data. The experiment using combination of satellite and 
observed data shows that the use of satellite rainfall improves the index performance regardless of soil moisture data 
used.  
 
4.1.2 Best index for tropical peatland  

 
Fig. 6 Comparison ROC of KBDI (pink), Soil Moisture (blue), PFVI (purple). Grey lines are ROC for each station and coloured line 

are average. 
 
In average, KBDI and PFVI have excellent performance based on AUC (Fig. 6) while soil moisture has good 
performance in the tropical peatland. The AUC for KBDI is 0.923 (0.705 - 0.97) and for PFVI is 0.937 (0.822 – 0.984). 
On the other hand, using soil moisture directly has good performance with average AUC of 0.846. While AUC for 
KBDI and PFVI in each station never less than 0.7, the AUC for soil moisture can be as low as 0.388. This indicates 
that in some locations, using only soil moisture to estimate fire risks may not be as accurate. 

 
Fig. 7 comparison of indices in 5 regions 
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Fig. 7 shown comparison of indices in the 5 regions (see Figure 1). All indices showed excellent performance (AUC 
>0.9) in most regions except in Riau and West Kalimantan. The AUC for soil moisture index in the two regions is 
around 0.6 which indicate that it should not be used as an index. Particularly in Riau, using KBDI as index is 
significantly lower than using PFVI. The AUC of KBDI is about 0.8 while PFVI is above 0.9. This indicates that in 
Riau province, it is important to use both weather and soil moisture information for fire risk assessment. 
 
4.2. Hydrological Model for Fires and Floods Assessments 

 
Fig.8 Textural class distribution of 91 soil samples (samples inside red polygon (69 samples) were used in this study) 

 
4.2.1 Field survey on soil characteristics 

The particle distribution of soil samples shows that the river basin is dominated by clay (62%), clay loam (10%) and 
sandy clay loam (8%) (based on USDA classification). The fractions of other soil types are less or equal to 5%. This is in 
line with the FAO soil map used as default soil map of the RRI model. The textural distribution is shown in Fig.8. 

 We obtained Brooks Corey parameters ( , ,  and ) for each soil class texture by fitting the volumetric water 
content and matric potential data to the reference SWRC (Fig.9 and Table 1). 

The SWRC parameters obtained from humid tropical river basin soil have significant difference with a default SWRC 
parameters with soil data primarily obtained from the temperate region (Carsel and Parrish, 1988). The soil in the river 
basin has in general 19%-50% higher saturated soil moisture and lower residual soil moisture compare to the typical 
temperate soils. 

 

These results are in line with previous studies in tropical region (Matthews et al., 2014 and Rustanto et al.,2017). The air 
entry point in clay and clay loam are lower compare to the temperate soils. The pore distribution density  of soil 
samples is higher in clay and clay loam types indicating higher variation of pore sizes in the tropical soil. Based on the 
difference of saturated and residual soil moisture values, the soil in the humid tropics should be able to store more water. 
However, a higher air entry point, particularly in clay soil, indicates that once saturated, the soil requires more suction 
head to start desaturate thus may remain saturated longer. 

 
 
 

Fig.9 Comparison between the measured SWR curves and default SWR curves (Carsel and Parish, 1988) 

air entry point  

larger  

smaller  
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Table 1 Brooks Corey parameters based on soil samples and HYDRUS software 
Parameters Sandy Clay 

Loam 
Clay Loam Clay 

Observed parameters 
 0.496 0.547 0.562 
 1.12E-19 1.22E-4 3.13E-3 

 -0.138 -0.689 -0.598 
 0.189 0.274 0.259 

 0.979 1.24 1.26 
Default parameters (Carsel and Parish, 1988) 

 0.398 0.366 0.475 
 0.068 0.075 0.09 

 -0.281 -0.259 -0.37 
 0.250 0.194 0.131 

 0.861 0.851 1.22 
 

4.2.2 Model simulation 
  The first simulation was carried out to understand how much RRI model can represent differences in terms of soil 

water storage of a large-scale basin in humid tropics by contrasting simulation using observed parameters and default soil 
parameters obtained in the temperate region (Table 1).  

In both simulations, the RRI model is able to follow the pattern of observed discharge, even though the Nash Sutcliffe 
Efficiency (NSE) values can still be improved (Fig.10). 

One of the reasons of low NSE value is that the simulation could not reproduce the stable baseflow in dry season (low 
rain period) which in observed hydrograph is maintained stable at around 300 m3/s. Without the baseflow, the simulation 
hydrograph cannot follow the slow and smooth rising rim.  

The simulation using observed parameters results in higher NSE value (NSE: 0.151) compare the one using default 
parameters (NSE: -0.538). The simulation using default parameters has higher fluctuations compares to the one with 
observed parameters. One of the reasons of the higher fluctuation in discharge is the difference in Brooks Corey 
parameters ( , ,  and ). Based on these parameters the  (Table 1) is in general lower in default soil 
compare to observed soil.  During the rainy period, soils with lower  can be easily saturated and produce more 
discharge. During the recession period, both simulations show that discharge decreases similarly in high to medium 
discharge. However, when the discharge is below 2,000 m3/s, the recession in simulation using observed parameters is 

Fig.11 Soil storage in dry period (11 August 2012) using observed parameters (left) and default parameters (right)

Fig.10 Hydrographs of observation (Obs) and simulation results using measured (Sim-obs) and default (Sim-def) parameters 
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milder than the one using default parameters. This can be because the unsaturated discharge in simulation using observed 
parameters is higher than the one using default parameter due to the difference in Brooks Corey parameters.  

The model is able to show the clear difference of distribution of soil storage in the basin between the two simulations 
using tropical and temperate soil parameters (Fig.11). The soil storage using observed parameters has more homogenous 
pattern compare to the one using default parameters. The soil distribution using default parameters show distinct 
difference between soil types thus results in conspicuous soil pattern in the soil storage distribution, particularly between 
clay and other types of soil. As mentioned in the introduction, earlier studies on tropical soil highlighted the uniqueness 
of clay soil in the tropical region which shares some similarities with other type of soils in the region. Fig.9 shows that 
the SWRC of the three tropical soils (black dashed) is relatively similar, however the SWRC of the temperate soils (blue 
dashed) shows significant difference between clay and 2 other soil types. 

This study shows that simulation using the RRI model can directly use measured soil parameters obtained through soil 
sampling and the model is able to show clear differences in soil storage distribution of different types of soils. 

The second simulation was carried out with groundwater module to enable stable low flow during dry period. The 
hydraulic conductivity in groundwater layer and the recharge rate is to be slightly less than the saturated soil conductivity. 
This setting is in line with the findings from monitoring sites in the same river basin where the groundwater flow through 
a weathered bedrock along the hillslope or flow below bedrock appear at the foothill of a hillslope1).  

The simulation hydrograph shown in Fig.12 gives a significantly better NSE value (NSE: 0.45) compare to earlier 
simulations using only soil layer. In particular, low flow during the dry season and recession during rainy season are 
closer to observed value compare to simulation using only soil layer. This is in line with earlier studies in the basin where 
(Yamamoto et al., 2019) shows improvement by using additional groundwater module in addition to green ampt for runoff 
generation process.  

Soil storage during dry season (Fig.12) is much smaller compare to ones without ground water model. Since the model 
assumes that ground water recharge rates are constant regardless of soil water amount, most of soil storage recharges to 
groundwater during dry season.   
 
5. Conclusions 
5.1. Fire Index 
Based on the results, this study shows that the use of satellite-based data in PFVI can give similar, if not, better accuracy 
in predicting fires compare of field-measured data. Even though the period and number of stations used in this study is 
limited, however, it can give fair assessment of the data reliability for fire management. This study also compared the 
performance of three fire indices in tropical peatlands of Indonesia. The results show that PFVI is the most suitable index 
to be applied in the region. 
5.2. Hydrological Model for Fires and Floods Assessments 
This study shows that the advancement in the RRI model which uses soil parameters directly in-dicating high potential to 
be used in humid tropical region. The NSE value resulted from the simulation improved significantly from the application 
using Green-Ampt and groundwater module. The ability to clearly differentiate soil storage distribution with different 
soil properties shows high potential for the future use in fire risk assessment. 
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The characteristics of channel deformation were discussed using two-dimensional bed deformation analysis, and the 
optimal planform of the Bago River was examined from various viewpoints such as flood control, natural environment, 
and cost of river regulation works. As a result, it is considered that the most effective river regulation works is to 
maintain the current meandering planform of the Bago River as much as possible. 
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This paper describes the detail of experiment for wave-dissipating performance of dense mangrove-layer at first. The 
experimental results demonstrate the applicability of the dense mangrove layer (Greenbelt) to reduce the coastal wave 
and tsunami energies. Secondary, the field survey on the mangrove characteristics and local landscape condition proper 
to them are carried out in the Iriomote Island, Okinawa Prefecture, Japan. The local society performances needed to 
the development of mangrove projects is discussed finally. An additional movable seawall to protect the first wave of 
tsunami is proposed for the coastal protection as the combination with the greenbelt.

Key Words : Greenbelt, Mangrove, Sea wave, Tsunami, Movable tidal wall, Hydraulic experiment, Field survey
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Development of wastewater-based epidemiology for psychoactive substances in Japan
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Drug use data in many Asian countries are taken from government-based self-report surveys or police arrest statistics, 
which lack credibility to base drug policies. We aim to develop an objective method to measure drug use by quantifying 
amounts of excreted metabolites from wastewater. Here, we validate the methods by measuring concentrations of 
thirteen psychoactive compounds sourced from manholes using ultra-performance liquid chromatography with tandem 
mass spectrometry (UPLC-MS/MS) in Japan. We detected seven out of all compounds, including methamphetamine, 
thus providing the opportunity for chronological and geographical monitoring of illicit drugs and other psychoactive 
substances. We will continue to develop technical guidelines and project future studies in Indonesia.

Key Words : wastewater-based epidemiology, psychoactive substances, LC-MS/MS, Japan

1. Introduction
In recent years, many state governments in Asia have been politicizing drug issues, which has led to 

human rights violations (1-2). Further, drug policies in Asia have been diversified, especially regarding 
marijuana use, from the implementation of legalization in Thailand to the plan of criminalization in Japan (3). 
Upon making drug policies in those countries, data on drug use are oftentimes taken from self-report surveys 
or police arrests statistics. However, such data are highly prone to biases, and are not credible enough to 
investigate legitimacy of the policies (4).

Therefore, this research aims to develop a method to objectively measure chronological and 
geographical trends of drug use within the catchment area of wastewater treatment plants by quantifying 
amounts of metabolites in wastewater (5-7) in Japan. This will be the first wastewater-based epidemiological 
study for compounds including illicit drugs in Japan and will serve as the first trial of our long-term research, 
in which we plan to apply the methodology to Indonesia.

2. Methods
Here, we developed and optimized a procedure for determining drugs and their main metabolites in 

wastewater samples by using solid phase extraction (SPE) and ultra performance liquid chromatography 
coupled with tandem mass spectrometry (UPLC-MS/MS). Drugs and metabolites to be measured are 
methamphetamine, tetrahydrocannabinol (THC-COOH), etizolam, flunitrazepam, zolpidem, diazepam, 
methylephedrine, bromovalerylurea, tramadol, caffeine, paraxanthine, cotinine, ethyl sulfate.

The analytical conditions for UPLS and MS/MS are described in Table 1. Similar analysis conditions 
were set so that pharmaceuticals and personal care products (PPCPs), which have been done previously, can 
also be analyzed at the same time.
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Table 1. Analytical conditions for UPLC-MS/MS.

To investigate the optimal pretreatment method for analysis, we conducted addition and recovery 
experiments using multiple variations of the following variables: sample preparation, cartridges, sample 
conditionings, cartridge washing, and reconstitution. The methods are listed in Figure 1.

Figure 1. Schematic procedure for the determination of drugs in wastewater samples using an SPE-UPLC-
MS/MS-based system.
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From the above preliminary test, we decided on the optimal pre-treatment method for drug samples to 
be as described in Figure 2.

Figure 2. Optimized procedure for sample preparation.

Samples were collected from spot water sampling sourced from manholes located in a city. Manhole 
conditions can be seen in Figure 3. Samples were collected on two days; in eight separate locations on 21 
November 2022 and nine locations on 9 December 2022. Water sampling time is sunny or cloudy (rain from 
0:00 am to 3:00 am on the day, based on Japan Meteorological Agency data).

Location A Location B              Location C                         Sampling containers

Figure 3. Condition of manholes where water sampling was conducted (left three photos) and water sampling 
container used (rightmost photo).

3. Results
Quantitative mass spectrometry analysis was performed in multiple reaction monitoring (MRM) mode 

by analysing the fragmentation products of each drug and its analogue, if available, with good linearity at 0.5-
100μg/L. The conditions for MRM are listed in Table 2.

Using various cartridges as outlined in Figure 1, the recovery rate results for each compound were 
determined as listed in Figure. From the results, it was decided that Oasis HLC and Oasis HLB Plus + NH2 
cartridges were optimal for sample recovery, except for TCH-COOH, THC-COOH-d3, ethyl sulfate, and ethyl 
sulfate-D5, which showed poor recovery. 
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Using the optimized analysis methods, we finally determined the concentration for each compound as 
shown in Figure 5. Paraxanthine and caffeine were detected in large amounts, most over 20,000 ng/mL from 
all collection points. Cotinine was detected in moderate amounts, most over 500 ng/mL from all collection 
points. Tramadol and methylephedrine were detected in small amounts, most over 100 ng/mL from all 
collection points. Methamphetamine and zolpidem were detected in trace amounts. Meanwhile, etizolam, 
flunitrazepam, diazepam, bromovalerylurea, THC-COOH and ethyl sulfate were not detected from all 
collection points.

4. Discussion
Being a compound found in commercial drinks, it is expected to find paraxanthine and caffeine as the 

compounds with the highest concentrations among the thirteen compounds tested. Cotinine, an alkaloid found 
in tobacco, was also detected in substantial concentration. Additionally, methylephedrine, tramadol, and 
zolpidem were detected, all of which are sold as over-the-counter or prescribed medicines. Notably, the only 
illicit drug detected in the current measurement was methamphetamine, although it was present in trace 
amounts. The detection of this substance may provide the opportunity for monitoring over time and comparison 
between different sampling locations and areas.

Several methodological improvements are necessary for future application. For example, alternative 
surrogates for each drug to be measured will be needed. Oasis HLB and MCX have similar recovery rates, and 
thus, Oasis HLB can be analyzed simultaneously with other compounds of interest, such as PPCPs. However, 
ethyl sulfate and THC-COOH are difficult to collect with Oasis HLB, and thus other cartridges will be 
necessary to analyze those compounds.

Table 2. Conditions for multiple reaction monitoring of mass spectrometry.

*Numbers in bold are target ions and non-bold are confirmation ions.
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Figure 4. Recovery rate for the thirteen compounds analyzed and its analogues.
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Figure 5. Final results of compound concentration from all sampling points at both collection days.
Bar graphs of the same color gradation in the same sampling month represent the same sampling location.

5. Conclusion
We have developed and optimized a procedure for determining drugs and their main metabolites in 

wastewater samples using SPE and UPLC-MS/MS. Using samples from wastewater in Japan, we have 
validated the methods and detected seven out of thirteen compounds analyzed. We will continue to develop a 
technical guideline for the measurement procedures, and hope to implement it in Indonesia, where drug issues 
are highly politicized and the data on drug use are only sourced from the government.
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An increasing number of financial institutions perceive the global pressures for decarbonization as an economic 
opportunity to provide green finance and support sustainable business model innovations of their customers. This 
research aims to investigate how financial institutions have changed their business model to reduce climate-related 
financial risks and phase out coal, taking Japanese financial institutions as a case. Through literature review and semi-
structured interviews, we find that some local banks have developed organizations to estimate the carbon emissions of 
their customers and engage in their business model transformation. However, a lack of value propositions among the 
customers blocks them from capturing carbon emissions reduction value through consulting and green finance. 
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