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Fig.1 Experimental and measurement apparatus configuration
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Fig.2 Effect of the close-up ring applied to the lens
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Fig.3 Results of the measurement of lycopodium
by the experimental apparatus
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Fig.4 Image analysis results (particle size distribution of flocs),
(a) ALT ratio 0.025, (b) 0.05, (c) 0.10, (d) 0.15 and (e) 0.20
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Image-Based Analysis of the Settling Velocity of Aluminum Flocs
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Abstract

This study addresses the discrepancy between conventional settling velocity equations, which
assume spherical rigid particles, and the actual settling behavior of flocs in water treatment. It
hypothesizes that variations in the ALT ratio (aluminum concentration in coagulant to suspended
solids) affect floc morphology and settling velocity. Aluminum-kaolinite flocs were analyzed under
five ALT conditions (0.025-0.20), measuring diameter, velocity, and circularity via image analysis.
Results showed systematic changes in floc structure and behavior with increasing ALT ratio. A new
settling velocity equation was developed by incorporating ALT-dependent drag coefficient and
effective density, showing improved accuracy over conventional models, especially in R, <10 where
shape effects are significant. While its applicability to real source water flocs and practical design
remains uncertain, the findings highlight the importance of floc morphology in sedimentation
modeling and suggest potential for enhancing predictive accuracy in water treatment processes.

Key words: water purification treatment, settling velocity, floc density function, image analysis,
ALT ratio (Aluminum concentration in the coagulant to suspended solids)
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Table 1 Monthly air temperature and water temperature
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0 20.2 214
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2025 4E 5 A | #fik 1 137 (288) | &iL: 67
50179 (25.3) P 168 (204)

s () AN T EIEFICsE L 72 fE o 134 1E

Table 2 Illuminance, shade ratio, and average sunshine duration

W [1x] 1 1
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Photo.2 The condition of the tank after five months

Photo.3 The condition of Potamogeton maackianus A. Benn.
before planting

Photo.4 The condition of Potamogeton maackianus A. Benn.
after five months
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Photo.5 Radix auriclaria japonica egg mass
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191699 16 23 13 0.3 6.08 31.3
B (732 4.0 16 21 0.7 717 42.1
R w641 1.0 50| N.D. 79| 01 3.31 15.0
SE|701) 1.7 11 15 0.4 478 31.2

Table 4 Nitrogen ion and phosphate ion analysis results
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Analytical Evaluation of the Growth Characteristics of Submerged Plants
Under Shading Using Membrane Treated Water

Marie Uchibayashi’ ", Yu-You Li?, Osamu Nishimura®, Ryuhei Inamori® and Yuhei Inamori®
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Abstract

Submerged plants mainly inhabit oligotrophic waters, and a method for purifying the aquatic
environment that utilizes their functions is known as the buffer zone technique. In recent years,
floating solar power generation has attracted attention, and there is a need to analyze and evaluate
the growth characteristics of submerged plants under light-controlled shading when the water
surface is covered with solar panels. In this study, to achieve advanced water treatment, we
performed direct filtration from the aeration tank on the active sludge process of a sewage treatment
plant using a ceramic flat membrane, and evaluated the growth characteristics of submerged plants
under shading by the filtered water and the coexistence effects with aquatic organisms. As a result,
we were able to confirm the growth of Submerged plant, Potamogeton maackianus A. Benn. Under
low light intensity and the coexistence effects of Snail, Lymnaea Radix auricularia japonica.

Key words: membrane filtration, ceramic flat sheet, submerged plant, the buffer zone technique,
aquatic organisms
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Fig.1 Location of study area: Okoppe-Cho
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Fig. 2 Schematic diagram of food waste reduction and recycling
in Okoppe-Cho
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Table 1 Overviews of the facilities under study

Table 3 Comparative study case
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Table 2 Operational records of major indicators in related facilities
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Table 4 Material flow, GHG emission calculation list
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Fig.3 Food waste distribution rate by food waste reduction
equipment usage category
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Abstract

The introduction of food waste disposers without dedicated treatment (hereinafter referred to as
“DP"), is expected to contibute to the waste treatment sector by reducing the amount of waste and
so on. On the other hand, there are concerns about the burden on sewerage systems such as increased
water quality loads at sewage treatment plants. As part of an evaluation of the optimization of food
waste, the study conducted an impact assessment using greenhouse gas (GHG) emissions as an
indicator in areas where DP has been introduced. It was found that although the introduction of DP is
effective in reducing GHG emissions, there were differences in the effectiveness of this method
depending on the conditions of the relevant facilities in the area when compared with other food
waste recycling methods such as methane fermentation.

Key words: food waste disposer, sewage treatment, solid waste treatment, food waste recycling,
GHG
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Abstract

The Sewage Blue Carbon Initiative aims to conserve marine resources and contribute to
decarbonization through the operation and management of sewage treatment plants to deliver
nutrients to seaweed beds. By promoting seaweed bed growth through nutrient delivery to nutrient-
poor areas, the carbon sequestration amount from blue carbon ecosystems can be increased.
Integration of simple and informative analytical methods can help monitor production of refractory
dissolved organic carbon (RDOC) and labile dissolved organic carbon (LDOC) within dissolved
organic carbon (DOC) in seawater, providing evidence for a major mechanism of carbon seques-
tration in coastal seaweed beds. However, measurement and characterization of DOC is challenging
and often requires major equipment and complicated data-workup, creating barriers for application
to field measurements. Excitation-emission matrix (EEM) has been used to measure DOC in
environmental water samples and is capable of assessing changes in LDOC and RDOC concentra-
tions. In this study, we attempted to monitor changes from marine microbe-assisted degradation of
DOC, a process of DOC cycling that occurs naturally in seawater, by EEM. Since changes in
fluorescent LDOC/RDOC observed by EEM showed poor correlation with changes in bulk DOC,

additional monitoring methods should be used in conjunction with EEM.

Key words : blue carbon, Excitation-Emission Matrix, marine monitoring, dissolved organic carbon

RieSft 2025.6.13  REGZIE 2025.10.7

1. Introduction

1.1 Background

In October 2021, Japan announced its Nationally
Determined Contribution (NDC) goals and aims to
reduce greenhouse gas emissions by 60 percent in
fiscal year (FY) 2035 and by 73 percent in FY 2040,
relative to FY 2013 levels towards the achievement of
net zero by 2050Y. In addition to these reduction
targets, use of carbon—negative carbon capture, utiliza-
tion and storage (CCUS) methods® in parallel are
crucial for meeting Japan's carbon-reduction targets.
With the ocean serving a major role in atmospheric
CO: flux as carbon sink, oceanic carbon sequestration
has been looked into as one of the methods to meet
carbon sequestration targets while requiring low
amounts of land-use®. One method of oceanic carbon
sequestration is called Blue Carbon (BC), which
involves use of mangrove forests, tidal marshes, and

EICA: 30(2 - 3) 32-43

seaweed beds. BC has a potential to store ~8970-
32,650 Tg C globally in their soils and biomass while
providing major co-benefits including enhancement of
fisheries and coastal protection®?.

Recently, the concept of increasing BC value using
nutrients derived from sewage effluent, supporting
growth of BC systems and net carbon sequestered, has
been discussed as part of an industry-government-
academia collaborative project in Japan called the
Sewage Blue Carbon Initiative. Part of this collabo-
rative project involves setting guidelines for growth
and monitoring of BC cultivation systems and credits.

Currently in Japan, a major BC carbon credit issued
by Japan Blue Economy (JBE) is called JBE Credits.
The JBE Crediting system has relatively simple
guidelines for calculation of carbon absorption based
on the area of the seaweed bed and absorption coeffi-
cient determined from the kelp or seagrass species®.
The absorption coefficient is obtained from approxi-
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mate absorption potential derived from the major
sequestration mechanisms including deposition, deep
sea transport, production of refractory substances, and
conversion of more labile dissolved organic carbon
(LDOC) into refractory dissolved organic carbon
(RDOC). While JBE guidelines can effectively capture
growth of BC stocks and help promote conservation
efforts, additional data can be collected for the purpose
of maintaining and improving credit value, especially
considering strong correlation of growth with
nutrients and cultivation conditions®. By monitoring
the evidence of decarbonization, the value of credits
can be evaluated, making BC a more sustainable
business, and as a result, environmental efforts can
progress to meet reduction targets.

1.2 Monitoring for evidence of decarbonization
The carbon cycle in marine ecosystems involves
dissolved organic carbon (DOC) cycling by primary
producers (including macroalgae and phytoplankton),
marine microbes, and physical transport to deeper
layers (Fig.1)”. Microbial carbon cycling of DOC is
indicated by the box outlined with a dotted line (Fig. 1,
center-right). Additionally, DOC derived from pro-
duction by macroalgae is an important source of
LDOC for marine microorganisms (Fig.1, central
arrow). In BC systems, the export of carbon into
RDOC is proposed to be a major mechanism of carbon
sequestration with approximately 40% of produced
macroalgae-derived carbon converted to DOC and
particulate organic carbon (POC)®. Due to the inher-
ent persistence of DOC compared to that of POC and
an additional export of approximately 1/3 of DOC into
deeper layers, conversion of DOC is considered to be a
major mechanism for BC carbon sequestration®.

DOC and POC cycling by marine microbes (excluding phytoplankton) is
shown within box outlined by dotted lines.

Fig.1 Carbon cycling in Blue Carbon/macroalgae marine
ecosystems”.

Due to the major role of DOC production and cycling
in BC systems both by BC stocks and by marine-
microbes, we tried to monitor changes in DOC as
evidence for decarbonization by BC ecosystems. By
measuring changes in DOC and periodic EEM mea-
surements of seawater digestion studies, the aim of
this work was to evaluate if bulk changes in DOC were
observable by EEM. Specifically, we aimed to monitor
microbial DOC cycling to observe changes in RDOC
from microbial carbon cycling and degradation by
abiotic processes in seawater.

1.3 Microbial Digestion of DOC
Degradation of DOC by marine microbes is a
process that occurs naturally in carbon cycling in the

1 and is heavily dependent on diversity of

ocean
marine microbe community, external environmental
factors such as light®*, and transport of DOC to
deeper layers in the ocean'”.

Mechanisms for DOC removal and eventual persist-
ence of marine DOC are attributed to degradation by
microbial communities and abiotic factors from envi-
ronmental conditions'”. Marine microbes digest DOC
in seawater, while DOC is converted in parallel by
abiotic processes at various sea depths including
photochemical conversion and degradation of DOC in
surface waters and pyrolysis of DOC by hydrothermal

12 These parallel biotic and

vent system in deep layers
abiotic mechanisms are unified by physical transport
and mixing (ie. transport of surface DOC geograph-
ically and to various sea depths), making DOC conver-
sion in seawater a complex and interrelated process.
As a result of DOC conversion, the DOC pool becomes
persistent, which is hypothesized to be due to conver-
sion into intrinsically persistent molecular composition
and eventual concentrations below the threshold
capable of further microbial digestions'?.

While many isolated microbial digestion studies
have been performed in the literature, recent work has
found the fate of digestion and abiotic degradation of

B which can

DOC depends on the initial composition
vary seasonally and geographically. In order to limit
the operating mechanisms of DOC conversion, we
similarly set up a lab-scale experiment isolated from
external input of DOC and with limited abiotic
influence by performing experiments in the dark to

decrease effects from photodegradation.
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1.4 Methods for DOC Analysis

Marine monitoring requires sensitivity of the
instrument at the low concentrations of DOC in
seawater and ability to distinguish general groups of
labile and refractory DOC. Practically, there is also a
need for methods lacking major pre-treatment steps
for ease of field measurements. While techniques
including mass-spectrometry and nuclear magnetic
resonance are highly informative about molecular
characteristics of DOC'™, there is a requirement for
major equipment or chromatographic techniques in-
cluding pre-treatment of samples, making it challeng-
ing for field measurements or measurement in remote
locations. One method capable of distinguishing RDOC
from LDOC involves digestion by ocean microbes,
which typically requires long-term monitoring up to
the course of a year'”. While microbial digestion
precisely distinguishes between RDOC and LDOC due
to the difference in bioavailability of the DOC, the
methods are often not standardized, such as pre-
concentration of DOC and growth media used, which
can widely vary rates of turnover. Additionally, the
time involved in this process is a huge drawback for
the development of routine monitoring methods with
typically a greater than 100-day monitoring period to
reach a plateau concentration of DOC'?. A fluorescent
technique called Excitation Emission Matrix (EEM) is
commonly used in analysis of environmental water
samples due to high sensitivity and ability to obtain
fingerprint-like information of DOC without any

1617 EEM spectra contain an

pre-treatment of sample
intensity map plotted versus the excitation wave-
length and emission wavelength, providing informa-
tive maps of DOC in seawater with defined regions for
peaks such as amino acid/protein and humic sub-

stances found in aqueous samples™'.

2. Materials and Methods

2.1 Experimental Methods
Preparation of seawater samples

Seawater was collected and transported from
Kujihama, Hitachi-Shi, Japan in September 2024 with
samples of Kajime seaweed (Ecklonia cava) and
prepared for digestion studies within 4 hours of
collection. Seawater samples were collected from
surface water at less than 1 m depth. The initial sea-
water pH was 7.61 and conductivity was 41.6 mS/cm.
All collected samples were transported to the lab and

seaweed was removed. After that, samples were used
as is or filtered using a 0.2 um cellulose acetate syringe
filter. Seawater sample aliquots for EEM measure-
ments were filtered by a 0.45 um cellulose acetate
syringe filter in advance. When not in use, all filtered
samples and stock solutions were stored in a 5C
refrigerator or freezer in the dark. Frozen samples
prepared for DOC measurements were defrosted and
carefully visually checked for formation of precipitates
in advance.
Microbial Digestion of DOC

To confirm EEM can be used for measurement of
changes in marine DOC, we performed marine
microbial digestion studies and monitoring over the
course of 120 days. Samples without microbes were
used as a control to observe changes in bulk DOC and
EEM peaks solely because of abiotic changes in DOC.
We obtained bulk DOC measurements and EEM was
measured over the course of the study.
Microbial ocean digestion studies

Following transport to lab and removal of seaweed,
200 mL each of unfiltered seawater sample was added
to 3 individual 250 mL Erlenmeyer flasks and sealed
off with parafilm with small holes at the top to allow
oxygen to the headspace. These 3 flasks represent the
ocean microbe containing samples. 3 equivalent
volume seawater samples were prepared as controls
with an additional pre-filtration step through a 0.2 um
cellulose acetate syringe filter to remove any microbes
prior to digestion studies. Erlenmeyer flasks were
placed in a Panasonic PIC-101S shaking incubator at
room temperature (20-27C) on shaking setting 2 out
of 10 (approximately 16 rpm). The window of the
shaking incubator was covered to prevent entry of any
external light and reduce effects of photodegradation.
Aliquots of 5 mL were taken at days 0, 30, 45, 90, and
120, and stored in the dark in a 5C refrigerator when
not in use. Data reported is an average of 3 independ-
ently prepared samples and errors reported are
standard deviations of these measurements.
Measurement of EEM

EEM spectra were measured using a JASCO
FP-8350 Spectrofluorometer with 2-3 mL of sample
pipetted into a 1 cm quartz cuvette. The instrument
lamp was warmed up for a minimum of 1 hour prior to
the measurement of samples. Samples were scanned
with excitation wavelength range of 250-550 nm and
emission wavelength range of 260-600 nm. The
measurement sensitivity was set to “High” with band
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width of 5 nm and scan rate of 2,000 nm/min.
Dissolved Organic Carbon Measurement

DOC was measured for seawater samples from the
ocean digestion studies by TOC analyzer by method
JIS K 0102 22.1 (2019). The measurement company
reported use of Reference 1, which indicates pH was
adjusted and sample was degassed to remove dis-
solved inorganic carbon prior to TOC measurement.
This pre-treatment is performed for samples with
high inorganic carbon content compared to dissolved
organic carbon content. All samples were pre—filtered
using a 045 um cellulose acetate syringe filter to
remove particulates. Samples were measured follow-
ing a 2-4 times dilution. DOC values at the end of the
120-day period were taken from 3 individual samples
and reported as an average value with standard
deviation. Measured DOC values were adjusted to
account for water loss due to evaporation to obtain
reported values.
Definitions of Organic Carbon

The composition of DOC and respective definitions
are summarized in Fig. 2 and Table 1. Briefly, TOC
contains particulate and dissolved components, POC

TOC

‘Poc | [DOC |

HLDOC |RDOC

Semi-Labile
DOC

:. Bulk DOC (Measured by TOC Analyzer) E

e =

Fluorescent DOC Non-Fluorescent DOC
(fDOC, measured via {nen-fDOC, me red

-]

Fig. 2 Categories of carbon contained within TOC and
measurement methods.

and DOC. In this work, measurements of TOC were
equal to those of DOC as all samples were filtered
prior to measurement. DOC is further categorized by
how labile the DOC is with the shortest lifetime group
of LDOC, intermediate lifetime group of semi-LDOC,
and longest lifetime group of RDOCY. In this report,
semi-LDOC and LDOC were referred in total as
LDOC. Contained within these subcategories of DOC,
there are also fDOC, which is observable by EEM, and
non—fluorescent dissolved organic carbon
fDOC), which is not observable by EEM.

(non-

2.2 Data Analysis
Post Analysis of Data

All EEM data were processed using open-source
software, TreatEEM® with the exception of Fig. 4,
which was plotted using 3D Spectalyze Version 1.6
(Dynacom) to generate grayscale plots for EEM.
TreatEEM features Raman and Raleigh (RR) scatter
correction, inner filter correction, and peak intensity/
area extraction with pre-set parameters for Peak B
(tyrosine-like), T (tryptophan-like), A+C (humic-
like), M (marine-humic like), and Humification Index
(HIX-Ohno). The data was imported as a CSV file,
corrected for primary RR scatter, interpolated under
scatter peaks, and then corrected for inner filter
effects with the imported absorbance data. Data was
analyzed using the pre-set peaks and indices part of
the fluorescent indices (FLUO indices tab) with RR
correction. Instrument drift was confirmed by
measurement of a 10-ppm solution of Quinine Sulfate
in 0.1 M H,SOs and comparing intensities of post—
corrected data at 250 Ex/450 Em, 270 Ex/370 Em, and
340 Ex/440 Em.
Evaluation of EEM Data by Fluorescent Indices and Peak
Areas

Post-corrected EEM spectra were analyzed by

21,22)

peak area and selected fluorescent indices shown

Table 1 Summary of abbreviations and definitions of carbon categories within TOC

Category (Abbreviation)

Definition

Total Organic Carbon (TOC)
Particulate Organic Carbon (POC)
Dissolved Organic Carbon (DOC)

All organic carbon contained in a sample
All particulate carbon contained in a sample
All dissolved carbon contained in a sample,

obtained after filtering TOC to remove POC from the sample.

Labile Dissolved Organic Carbon (LDOC)
Semi-labile Dissolved Organic Carbon (semi-LDOC)
Refractory Dissolved Organic Carbon (RDOC)
Fluorescent Dissolved Organic Carbon (fDOC)

Most labile category of DOC, lifetime of hours to days

Semi- labile category of DOC, lifetime of weeks to months
Refractory category of DOC, lifetime of years to thousands of years.
Fluorescent component of DOC

(e. g. fLDOC is the fluorescent component of LDOC)

Non-fluorescent Dissolved Organic Carbon (non-fDOC) Non-fluorescent component of DOC
(e. g. non—fLDOC is the non—fluorescent component of LDOC)
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Fig.3 Hypothesized trends for changes in relative concentration of DOC (non-quantitative) in
seawater samples with and without marine microbes.
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Fig.4 Representative EEM spectra of A) seawater (0.45 um filtered, without microbes) at day 0, B) microbe-digested seawater
(0.45 pm filtered) at Day 120, and C) control seawater (0.45 um pre-filtered, without microbes) at day 120.

Table 2 Summary of Peaks and Fluorescent Indices used to Evaluate DOC##

Entry Peak Name Wavelength (nm)

Interpretation

1  Tyrosine-like (B) Ex=280, Em=320-350
2 Tryptophan-like (T) Ex=280, Em=2300-320
3 Marine Humic-like (M) Ex=320, Em=380-420
4

Older Organics/ Ex=2350, Em=420-480

Humic-like (C)
Humic-like (A)

6  Humification Index
(HIX - Ohno)

7  Peak ratio (A/T)

ol

Ex=260, Em=2380-480
The ratio of peak area of Ex=255,

The ratio of Peak A to Peak T

Tyrosine-like fluorescence

Tryptophan-like fluorescence, fresh-like/labile fDOC
Fluorescence from marine-derived humic substance
Humic-like and older organic compound-like fluorescence

Humic-like fluorescence
Indication of humic substance content or

Em=435-480 to Ex=255, Em=300-345 nm extent of humification.

Indication of the amount of humic-like/refractory fDOC
compared to fresh-like/labile fDOC using humic-like Peak A

in Table 2. For Fluorescence Index, we used the
default software parameters of emission wavelengths
of 450 and 500 nm instead of 470 and 520 nm due to
default ranges set in TreatEEM. Using the EEM
method described, standard solutions of amino-acid
and DOC substances in artificial seawater were
measured including tyrosine, tryptophan, and humic
acid at nanomolar concentration (20-100 nM, corre-

sponding to intensities measured in seawater). Al-
though peak intensity generally correlated to concen-
tration, some non-linearity was observed at lower
concentrations, especially of Tyrosine solutions. Due to
this, in this work EEM was used comparatively for
analysis of trends rather than for quantitative analysis
of fluorescent compounds.
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3. Results and Discussion

3.1 Microbial Digestion Studies: DOC Results

The results of the DOC values at the experiment
start date and after 120 days are summarized in Table
3. The DOC results showed an average of a 29%
decrease in carbon content (1.07 mg/L of 3.74 mg/L
initial DOC, Table 3) in the microbial digested sample
with decrease of up to 4% (0.14 mg/L of 3.74 mg/L
initial DOC, Table 3) for the control sample without
microbes. We can attribute the larger decrease in
DOC value to the effect of microbial digestion, while
slight decrease in DOC value of the control samples
was likely from abiotic oxidative breakdown. The 29%
decrease in DOC in microbe—containing samples was
hypothesized to be due to digestion and mineralization
of LDOC, which is generally digested within several
days to months”. This percentage is slightly elevated
compared to other digestion studies of surface
seawater with 5-20% portion of mineralized LDOC for
undiluted seawater'*** and closer to the values of 5-
45% in studies with pre—concentrated DOC'*#*%’ In
this study, samples were collected with seaweed and
transported to the lab prior to experimental set-up.
This may have introduced some seaweed-derived
LDOC released into the seawater to start with higher
initial DOC concentration (3.74 mg/L) compared to
the general range of 0.5-1.5 mg/L (41-125 pumol/L)
DOC in seawater *1#%2,

In addition to the operating mechanisms discussed
above, the following mechanisms may also affect
measurement variability. Formation of some precipi-
tates were observed after 1-2 weeks in the microbe-
containing samples. Once formed, precipitates con-
tinued to be monitored visually and the precipitate
amount seemed not to increase any further over the
course of the study. While it is unclear whether the
observed precipitates were formed from aggregation
of smaller particulates or dissolved species, the latter
would contribute to the observed decrease in bulk
DOC.

Table 3 Summary of DOC values following microbial digestion

Sample Name Day DOC (mg/L)
09/17/2024 Filtered Seawater 0 3.74
Experimental (With Microbes) 120 2.67+0.11
Control (Without Microbes) 120 3.601+0.67

(error values were obtained from standard deviations of 3 independent
measurements)

3.2 Microbial Digestion Studies: Seawater DOC
Monitoring by EEM

We hypothesized that the trends observed by EEM
would follow the bulk DOC trends for effective DOC
monitoring by EEM. A summary of the hypothesized
trends of LDOC/RDOC (non-quantitative values) is
shown in Fig. 3. After 120 days, marine microbes were
assumed to almost completely mineralize LDOC with
a small increase in RDOC. Since the absence of
microbes could make it more likely to convert LDOC
into RDOC rather than mineralize LDOC, control
samples were predicted to have a slight increase in
RDOC after 120 days with 2 possible scenarios.
Scenario 1 has a decrease in LDOC concentration
equal to increase in that of RDOC from humification,
resulting in no net change in DOC concentration.
Scenario 2 has a decrease in LDOC from abiotic
mineralization of LDOC and some increase in RDOC
from the amount of humified LDOC, resulting in a
decrease in total DOC concentration. This lower
extent of DOC breakdown compared to microbe-
containing samples is attributed to the ability of
microbes to break down low concentration and
molecularly diverse DOC? that would otherwise be
slow, especially in the absence of photochemical DOC
conversion. In microbe digestion studies using mod-
erate concentration (132-208 uM) of glucose and
glutamate (LDOC), 66-78% was mineralized within 2
days, and approximately 93% of LDOC was mineral-
1zed in 120 days with conversion of up to 7% to RDOC

) with significant

(calculated from decay constant
decrease in decay constant from 7-365 days. Due to
much lower practical glucose concentrations in sea-
water, we hypothesized the decrease in LDOC was not
so significant but still possible. Similar to the glucose

0 we expected that LDOC reaches a

digestion study
constant concentration in both microbe-containing
and absent samples. In both samples, the constant
concentration is hypothesized to reaching a asym-
ptotic limit in concentration of LDOC unable to be
further digested or decomposed.

Representative EEM spectra of filtered seawater
samples of ocean microbe—containing and control
sample after 120 days are shown in Fig. 4. Overall,
peak areas in the amino-acid and protein peak region
(region containing Tyrosine-like (B) and Tryptophan-
like (T) fluorescent peaks, Em=300-350, Ex=280)
decreased especially in the microbe-digested samples
after 120 days (Fig. 4B), while in control samples, the
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humic peak region (region containing Humic-like
peaks A, C, M, Em=2380-480, Ex=260-350) increased
after 120 days (Fig. 4C). We hypothesize this is due to
mineralization of fDOC in microbe-digested samples,
while in the control the fluorescent LDOC (amino
acid/protein-like Peak B and T) are abiotically con-
verted to fluorescent RDOC (humic-like Peak A, C,
and M).

Peak areas for Peak B (Tyrosine-like), Peak T
(Tryptophan-like), Peak M (Marine Humic-like),
Peak A (Humic-like), and Peak C (Older organics/
Humic-like) obtained from EEM data measured on
day 0, 30, 45, 90, and 120 are shown in Fig. 5-9.

The data for the Tyrosine-like fluorescence Peak B
(Fig.5) and Tryptophan-like Peak T (Fig. 6), show-
ed a downward trend which flattened after approxi-
mately 30 days for Peak B and 90 days for Peak T, until
the end of the study. We can attribute these results to
potentially higher bioavailability by marine microbes

Peak B (Tyrosine-like)

2500
2000

1500

Peak Area
—
(=]
(=]
(=]
——t
P

500

0 20 40 60 80 100 120 140
Time(Days)
® With Ocean Microbes Without Ocean Microbes

Peak B (Tyrosine-like) areas by EEM for seawater with
and without ocean microbes (0-120 days).

Fig.5

Peak T (Tryptophan-like)

2000
1800
1600

1400

Peak Area

e
o] (=3 [
(=] (=] =1
o o o

P
600 J+

400

QM
°

200

0

0 20 40 60 80 100 120 140
Time(Days)

©® With Ocean Microbes Without Ocean Microbes

Fig.6 Peak T (Tryptophan-like) areas by EEM for seawater with
and without ocean microbes (0-120 days).

of tyrosine-like fDOC compared to tryptophan-like
fDOC. However, no significant difference was ob-
served between the samples with and without micro-
bes, which disagrees with the DOC data (Table 3)
where significantly higher amounts of mineralization
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Fig.7 Peak A (Humic-like) areas by EEM for seawater with and
without ocean microbes (0-120 days).
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Fig.8 Peak C (Older organics/Humic-like) areas by EEM for
seawater with and without ocean microbes (0-120 days).
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Fig.9 Peak M (Marine Humic-like) areas by EEM for seawater
with and without ocean microbes (0-120 days).
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of LDOC were observed from decrease in DOC
concentration following 120 days in the microbe—
containing sample.

In microbe-digested samples, humic peak A (Fig. 7,
with ocean microbes) showed a very gradual, minor
decrease in peak area from day 0 to day 45, followed by
an increase resulting in no net change in peak area
from day 0 to day 120. Humic peak C (Fig. 8, with
ocean microbes) showed a minor increase until day 45
and from decrease of less than 30% between day 45 to
day 120. Humic peak M (Fig. 9, with ocean microbes)
showed a slight increase from day 0 to day 30, followed
by almost no change in peak area between day 30 to
120. From trends of all humic peaks with ocean
microbes, it is considered that significant amounts of
fRDOC were not produced in the 120 days. Con-
sidering the results from microbe-containing sample
LDOC peaks (Fig. 5, 6), the f{LDOC was likely mineral-
ized with little to no production of fRDOC. On the
other hand, control humic peak A (Fig.7, without
ocean microbes) showed a consistent increase that
was nearly linear (R?=0.991). Humic peak C (Fig. 8§,
without ocean microbes) increased again from day 0
to 45, decreased to day 90, and then increased slowly
compared to rates from day O to day 45. Humic peak M
(Fig. 9, without ocean microbes) increased from day 0
to day 45, remained constant from day 45 to day 90,
and then increased again until day 120. Overall, in the
control, fLDOC peaks decreased and fRDOC peaks
increased likely due to humification of fLDOC over the
course of 120 days. It is considered that decomposition
and humification of the DOC occurred by aerobic
oxidation since this control experiment was isolated by
external light, in contrast to photodegradation and
photo-enhanced degradation reported in the litera-
ture'® as major abiotic conversion processes of marine
DOC. With a non—negligible proportion of non-fLDOC
that cannot be directly measured, this may account for
discrepancy between bulk DOC and fDOC results. In
work characterizing coastal DOC by size-exclusion
chromatography, UV, and fluorescence, researchers
found two main fractions with the first comprised of
mainly carbohydrate-based non-fLDOC (20-25% of
total DOC) and the second fraction composed of
humic-like fRDOC (75-80% of total DOC)#. Addi-
tionally, we cannot discount the possibility of cross-
over of fluorescent and non-fluorescent components of
DOC (i.e. non-fRDOC is converted to fLDOC for
example by breakdown of a protein causing unraveling

Peak A/T Ratios (Humic-like RDOC to Tryptophan-like
LDOC)
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Fig. 10 Ratios of Peak A (Humic-like: RDOC) to Peak T
(Tryptophan-like: LDOC) areas by EEM for seawater
with and without ocean microbes (0-120 days).
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Fig. 11 Humification index (HIX-Ohno) obtained by EEM for
seawater with and without ocean microbes (0-120 days).

or depolymerization which then exposes a fluorescent
Tyrosine functional group). Crossover can account for
changes in fDOC composition, requiring further
molecular characterization of DOC to monitor.

To assess the ratio of RDOC/LDOC in the samples,
ratios of Peak A/T and Humification Index (Ohno)
were obtained (Fig. 10, 11). Peak A/T is a direct com-
parison of Peak areas of Humic-like Peak A (humic-
like/refractory DOC) to Tryptophan-like Peak T
(fresh-like/labile DOC), while the Humification Index
(Ohno) compares broader excitation and emission
wavelength ranges and these are often used to
evaluate DOC composition®+?.

As shown in Fig. 10, ratios of Peak A/T indicated
the relative amounts of humic-like RDOC compared to
Tryptophan-like LDOC increased. The peak A/T
ratio in both the microbe digested and control sample
increased, indicating humification of fDOC in both
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samples over the course of the study. The control had
a consistently higher peak A/T ratio and increased
between 45-90 days, since the larger increase in peak
A (Humic-like) in the control compared to the
microbe-containing samples as shown in Fig. 7, and
the Tryptophan-like peak T of samples with and
without ocean microbes decreased as shown in Fig. 6.
This i1s contrary to expected humification and peak
A/T ratios inferred from bulk DOC results, where in
microbe—-containing we observe higher amounts of
mineralization of LDOC and therefore expect a larger
proportion of RDOC to remain after 120 days, resulting
in a higher peak A/T ratio compared to control
experiments. This discrepancy is hypothesized to be
due to larger amount of mineralization of microbe-
containing non-fDOC compared to fDOC, resulting in
a decrease in bulk DOC concentration, but less
mineralization observed by fDOC and a smaller ratio
of peak A/T compared to control. Humification Index
(HIX-Ohno) showed a similarly increasing trend
reaching a constant value after day 90 in the conditions
of the samples with and without ocean microbes (Fig.
11), indicating humification may have been slowing
due to less available LDOC (Fig. 4 at Ex=255 nm, Em
=300-345 nm, Fig. 5, 6) with a higher index value in
the control due to more humification. While HIX-Ohno
excitation and emission wavelength ranges of the
denominator (Ex=255, Em=300-345 nm)
specific to an LDOC peak (Peak B or T) monitored in
this study like peak A/T ratios, HIX-Ohno indices

have known correlations to C/N and H/C ratios in
21,22)

IS not

natural water samples®“”’, but can suffer larger
discrepancies due to inner—filter effects from high
absorbance in this peak region. Similar to peak A/T
ratios, these results also disagreed which what was
expected from the bulk DOC results of higher
HIX-Ohno values in microbe-containing compared to
control.

A summary of the observed changes in bulk DOC
and fDOC as well as inferred changes in composition of
non—fDOC is shown in Fig.12. For simplicity, this
summary assumes no major crossover between fDOC
and non—fDOC and neglects effects from DOC flux due
to decomposition of POC.

For the bulk DOC, we found mineralization of LDOC
was a significant process in microbial-digestion and
minor process in abiotic system (control) seen from
the differences in DOC following 120 days shown in
Table 3. Some DOC can potentially be converted to

_DOC pool(bulk) | A €0 St
LDOC Microbial ~. Possible
P Digestion * RDOC ) 1-(;;’ )
LDOC cO o serve
Abiotic Z z 98>
“a RDOC
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Microbial { Microbial ‘:\
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Fig. 12 Summary of the observed and inferred changes in DOC,
fDOC, and non-fDOC.

RDOC instead of mineralized in both the presence and
absence of microbes, but this is difficult to observe in
the bulk in this study as it would result in no net
change in measured DOC value. In the microbe-
containing samples, the fLDOC peak areas (Peak B
and T) decreased with no major change in fRDOC
peak areas (Peak A, C, and M), indicating that fLDOC
may have been mineralized and converted slightly to
fRDOC. The control followed similar trends to
microbe—containing, where fLDOC peak areas de-
creased to a constant value similar to microbe-
containing fLDOC peak areas. The fRDOC peaks areas
(humic peaks A, C, and M) increased, indicating that
fLDOC was likely humified, which was similarly
observed In microbe-containing samples. Another
possibility is the conversion of fLDOC to non-fRDOC,
which can offset quantification of overall RDOC
conversion. The conversion fLDOC to non—-fDOC is
also considered as another possibility, but it is difficult
to find it out without further molecular characteriza-
tion and identification. It is also considered to be
difficult to reveal the fate of non-fDOC without further
characterization of bulk DOC. Based on the current
measurement results, non-fDOC is predicted to exist;
however, experimental data for inferring its bio-
degradation is insufficient, making it a topic for future
consideration. For abiotic samples, mineralization was
likely minor with a minimal decrease in bulk DOC
(Table 3). Therefore, EEM monitoring of fDOC com-
position for carbon cycling was possible but was not
fully reflective of changes in bulk DOC and the two
scenarios proposed (Fig.3) cannot be judged for this
reason as there is no data for relative amounts of non-
fLDOC and non—-fRDOC. While not included in Fig. 12,
there is the possibility of exchange between fluores-
cent and non-fluorescent components (i. e. decomposi-
tion of non—fLDOC into fRDOC). Additionally, in field
studies of DOC, exposure to sunlight and transport of
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DOC to deeper layers makes it challenging to separate
abiotic and biotic processes in the ocean. Further data
analysis with extensive sampling and database devel-
opment may help deconvolute sources of DOC (i e.
Macroalgae-derived) and provide more information
about sample composition.

EEM can be useful to monitor humification from
both biotic and abiotic sources, especially for field-
measurements where pre-treatment steps are not
feasible. However, challenges remain with measuring
LDOC, especially for seawater with low DOC concen-
tration requiring additional pre-treatment such as
concentration or separation of raw seawater. Specifi-
cally, measurement of seawater with low DOC concen-
tration can approach the detection limit of Tyrosine-
like and Tryptophan-like fDOC especially towards the
end of the monitoring period.

4. Conclusion

In this work, we performed microbial digestion
studies using collected seawater samples over the
course of 120 days and changes in fDOC composition
were monitored by EEM measurements. The results
were summarized as follows:

IIn microbe-containing seawater, an average of 29%
of total DOC was mineralized, hypothesized to be due
to digestion of LDOC by marine microbes, while
control samples showed minimal mineralization of less
than 49%.

- By EEM, fLDOC concentration decreased for both
microbe-containing and control samples, on the
other hand, the fRDOC concentration in control
samples Increased and was almost steady In
microbe containing samples.

- Discrepancies in fDOC data and bulk DOC trends of
microbe—containing and control indicated there may
be differences in transformation of non-fDOC.

- We found that changes in fDOC can be monitored
by EEM, which were inconsistent with the changes
in bulk DOC.

Future work involves further investigation into the
fate of the DOC and monitoring POC in addition to
DOC since POC would play a major role in BC

2 Following testing

ecosystem carbon sequestration
on this simpler system isolated from external inputs of
DOC, we aim to expand this method to more complex
seaweed BC systems for evaluation of carbon seques-

tration. This includes extending this method to moni-

toring lab-scale systems of BC to identify additional
monitoring targets. In field studies, we would like to
confirm if fDOC monitoring is effective for the
complex and open system of BC ecosystems with
interrelated biotic/abiotic processes under seasonal
and temporal variations. In addition to incorporation of
some additional molecular characterization tech-
niques, other considerations include using measure-
ment methods capable of continuous monitoring such
as use of fiber optics and spectroscopic sensors, data-
base development, and transport modeling. Simple
DOC monitoring methods can enable routine measure-
ments for evidence of carbon sequestration and may
guide cultivation studies for higher-value BC stocks
and more effective implementation of BC for carbon
sequestration.
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Table 1 Calculation condition 1 : Sludge resources and conventional products, typical sludge treatment flows, and sludge treatment facilities
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Table 2 Places of conventional products and transportation distances
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Table3 Calculation condition 2 : GHG emission factors for manufacturing, transporting, and using on
the conventional products
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_ 422 |MJ/kgP:0s| ) ¥ ZHRE 18)
1.103 M]J/kg-P:0s | V) > ik 18)
) R - AR 19.669 | M]J/kg-P:05| V) %8k 18)
48166 | MJ/kg-TN | hRFEH 18)
0.070694087| t-CO/G] |#iiEAREL (A FHFLARTL A FliRE #a) | 17)
0.000037 t=CO2/t | IRTTERYE 17)
- 0.00004 t=COx/t | RILAIERIE 17)
0.0015 t-CHu/t | EUTNERIE 72 1A% 17)
0.0017 t-CHy/t | DTN FRA 2 LA 17)
HBTH AT A 0.00196 | t-CO2/Nm? — 17)
S 0.000429 | t-CO2/kWh — 19)
il | kA N2 0 A 0 - — -
) VR AR 0 — — —
— R 2.33 t-CO»/t — 17)
arrHR TIT 26 g-COy/t km — 20)
e | T T R AL K 15.7 g-COy/t km — 20)
W " 4 |mgCH/km| e 21). 22),
B 95 mg-N,0/km 77 ) ¥ GHG HREEREL B P s % 23)
1 CO. -
IR A A A RS 28 CH. - 17)
265 N,O —
Table4 Calculation condition 3 : GHG emission factors for electricity, fuel,
and chemicals on the sludge treatment
o ” S, FGALER | AR | BRRRHISR | SRR
ORI R ST ng% [ t_@gjﬁ; [ t_@gjﬁg o ggﬁ
L e N = - - -
T2 on ot amsm| 5 | ooooss | 0 -
g gems | N UKL BALH 3 0.00002 0 -
HIETARE |y sem coms| 1 | 000055 0 -
E H.
R | BRI & £ L 70
V) UEIERE | R | BRE FALH 2 0.72 - —
(MAP) RN — — — — —
BEIPRERLE | K | R HALES 3 0.11 0.54 -
(FZIRTGIE) | vl | ALl T LEs 7 2.87 0.92 0.19
BEIPREFI | R | fER R T ALEg 7 0.44 0.26 0.05
(RALTSIE) | du/s | 0 KLEE s 5 112 2.05 0.1
JEELF K MERER L ALEy; 2 0.21 0.06 -
(T 2R ZME) | Hoi| R MALEL, 3 213 0.05 0.03
AR A K| FEb R N ALEE 3 0.11 0.54 -
(FZBG) |/ | el O JLEssy 7 2.87 092 0.19
JEELF) K |FERIR P ALER; 7 0.44 0.26 0.05
(RALTSIE) | du/ | BRI QLB 5 112 2.05 0.1
ﬂﬁﬁ&ikﬁﬂ%&?é%ﬁ%ﬁ%ﬁﬂtt%, BE 0 LHELLGENHLFICLY, #/NNIETLES

T@kl@@N@V THEHT LB 254 L,
GT— 5 OFFIMEICER, REL im0 % GHG HR
Rz CCTHA L, Table 4 IR L7z, FEmfiHE
&, 7= M) o REEESEL Y, M

NTw5 EHEREINDL, bET,

T’ﬁ ENBINE L7z,
R A E R iR O B R

A RE R A DA
FR 288 A IR AV ¥ — kO GHG HRH R £ % SCHK

X B L U ERER S H % GHG
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Table5 Calculation condition 4 : GHG emission factors for manufacturing, transporting, and using on the sludge

treatment
N H OH ¥oofil B 5 % Ok
ER 0.000429 | t-CO»/kWh - 17)
A FHl 2.75 t-CO2/kL - 17)
5 KK A 0.00196 t-CO»/m?* - 17)
= TR 6.5 t-CO»/t — 24)
IKEEALF B 1) A 1.2 t-CO»/t 50% 24)
0 kg-N,O/t-wet |¥elE (Hotgikr) 25)
- 0.0184 | kg-N:O/t-wet 4§21 GHiREHEE) 25)
ZINE N -
ERAHE 1 00005 | ke-NaO/towet |08 (Jabes) %)
. 0.0312 | kg-N.O/t-wet | At 25)
= — — e
JET R OLF— ik o 0.0097 | kg-CHs/t-wet (%(EB*E{E ‘ - 24)
0645 | kg-N.O/t-wet |5 FE4EH] - FMBIURY (RiR) | 24)
0.96 kg-CHs/t-wet - 26)
b
EARAL 0.27 kg-N,O/t-wet - 26)
AT 0.133 t-CH/t-dry - 24)
- ) 14 mg-CH+/km - 21), 22)
Thes ¢ ’ !
Wk R 25 mg-N.0/km — 23)
ST AL AT A F 1.977273 - HH A BT A B 17), 27)
i TR 1.74 - — % B FET AR B 27), 28)
1 COz -
TSR B A HE AR 28 CH, - 17)
265 N.O —

PEHEIEE L2V oL L, HHICEES GHG HEH
®IE, Ry 7)) —EEOZH0 & Lz, Bkl
9 GHG #Eth &1, feR# M LM Ui L, H
WEEEEEE (30km) 124t EWHETOWMEIILHS
GHG #HEHM R xsE U CRBE L 720 B, LT AF
B L WAL ZAFEEIAR B AL AT A Ok 1 S LEE
NHHS LIZRELZREHT 522 & 2% L, GHG
FEHEIERT E L 2o 720

F72, FAEEEOGMAAIEWERLS % B
R DT, AR X OREEALS FAE L 22
7225 GHG HEH & OBl 5 %2 Z R L, Eko GHG
P E AR E L 72 B ICH W 721255 % Table
57BN IIRT . HALIZHE S HiREE S IOV TIE, it
RIGIRALGEE OIS BT 5 A ¥ V54 kB X Ol
RO GHG #EHEHIR S & L ClE L 72,
(3) TERBSETAEEREOFIAICHES GHG B4R

R

(1) BX 2) TEHLNZHEREDNS, HAHHE
H720) © GHG BEHEHIHA# % AGHG & LTk (1)
DEBNEHL,

AGHG=[Px+Ux+Tx]— [Pr+Ur+Tr—Pp]
X (D

72720, Py HECRBEMEAREOREIMES
GHG #Ei & [t-CO./ (t, MWh, 1,000 Nm®)]
Uy PR AL O MR
GHG #Ei & [t-CO./ (t, MWh, 1,000 Nm®)]
Ty DERBL AL O R D
GHG #Ei & [t-CO./ (t, MWh, 1,000 Nm®)]

Pyt FAGHE G HAL = OB 24

GHG #Ethii: [t-CO,/ (t, MWh, 1,000 Nm?)]
U FAGEG AR DO RIS

GHG #Ethii: [t-CO,/ (t, MWh, 1,000 Nm?)]
Tr: FAGEG I AR Ok (2

GHG #Ethii: [t-CO,/ (t, MWh, 1,000 Nm?)]
Pyt GRS AE S

GHG #Ethii: [t-CO,/ (t, MWh, 1,000 Nm?)]

2oV, AL AR OBA1E 1,000 Nm®, iH

HALE
FEEOYE1E MWh, ToOMOREIt & 5,

LA A
Z 2 T AGHG BB OFHE 2 5 TKERFEOH
BRI E X3 2 72356 O T KEHEOIEER D &
¥ 72 GHG HlisE IS5 248 TH ), AGHG 287
7 ADWE T T KEEROARFIHPES, ~ A F A
OB EIHERBE G OFIHIERL L 72 D

2.4 LCC DHEFE
(1) TREERENEDFAFICHAL TOARRNZDOF
RIS LCC

WS & O A b & T IKE G IO A R F AT F)
HLTWERE GO B, FEH72DHRT A A 1,000
Nm®, X 1MWh, X b2V, V) o —
Mepe, ALEMEE 1t IS s, R, k2 kD
I M ERAEL, BELTEMEKDOLCC & Lz, Bk,
D2 A MIEEAMME L, Table 6 Z/R L7,
LR Ol ARG L, KB THWHRERO S
HH s (T-N:3.1%, P.0s5:3.63%)7 & %0 55
E b L HIEAHAEDLELZ EIZLY, ALK
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Table 6 Calculation condition 5 : Unit cost of the conventional products for LCC estimation

TEFI i W A% oM | B | SCo oWk | %
HTh A A KTHAEAHH A AR 4| 21154 | F/m® | 29) | ZELAwWw
wOA KFBIESHESHE 35.8~36.4 | FH/kWh |30), 31) | &L 2w
XU | RAY N A WTERAR | 547 M/kg 32) | ZET A
) R V) R T IR T BT 273 M/kg 32) | EETS
— R EAE e PN il 43310 M/t 33) | EETD
L= MR [P 42 [P T i 26.96 M/kg 34) | EELARW

rHE LT, B, 1EREGMOBEIZESL I TO LT
Mo ax M, BAMGICHZ SN TWS Z L ZHiE
& L7z Bk A M, #T A A L ESRUIME G E
THEEME, (LFIEENI ARSI < TONESEREA %
MELFE Lo ¥AY N2 U YH, V) VB
— ML, WOEERT (EN& A O FEEE) o
Mt CoiEE, o L IZEWNEXHESE (30 km)
At BYHECHERE T A2 e e L, EEaC
B IR CED 5 H i Z & o HEER]E g R
(LLF, HEEREE R LIRS I2EDOWT, FEM O
HEIAMNEEIE L7 HYPTIE, Table 4 1278337
WA % FHE L7z,

(2) ERERICKBTITRKEEROERFAICHED LCC

2.3(2) THELT > — Mikr s TR,

QUGS 2 & 124K LT L 72 Table 1 ©O~@
IZHMT 5 1B 2 8E L, DERBEGEA A RO
R LT LEMISHILT A, MLTASE, )&
JR, BERCE - BEIRE - IERRIH A BRYE L2k
B (GG, wAbHR, BEHIK, a3 RA ) &
FEDTDIZ LR BE B, k) a2 M e
B L7z BEITHES LCC & L TEIBAL M OB %
BLUOHREHEE AGELERL) %2, BHEOHO
BB L 0558 L 72 FKLIRY; CoMEEke, i
KIBREZSED AN M2 HVCHRE L7z, BRI,
fEHIAR % 258 L 2B Mg L, ZE L2Vl

BEAESCRR O FER TR L7 4-fli & L, BEREE B &
OHEFFE PR 1, 2023 EF 2B AREHFEL LT
BRHBEBOREFORFETRET I L —F =% EE L
Too WIBAFERMOMAL X UM I 0 2B HIEE
DF, NHIGFTIN R E T D T AKEEROA R
# UC Table 4 [Z/- 380 & L, EAN#EATHE (30
km) 7207 4t W HE Tk T 5 2 & &2 L CHEE
HEERICIEDOWTEIE L7ze LT AR B L O7H
LA ASETEN D H B IHAL T A O, WLE P F
b LR E»BRHET A Ex2HEL, LCC TR L
Lo 7z,

F 72, FAREEFROAMFRIAECHIRLS %I
RO LTI, MR X ORELIL % HHE L 72 #ik 2
M5 LCC OFIE % ZR L, IO LCC A L
720 BN V2B %S % Table 7929 2R3,
TR AT IR O RE ) R FERRE) R0 U CRIEFH
BB LXLCC A RL 2720, FHEHE T ol % 48
ELLBEDEERT Yy Ve LTOREERETH
% Z &, LCA OFEREF) THEE OB T O 515
FEOERIKTICHbELLEELRENTBYY?,
TR ERDEENH D Z LB ETILEND 5,
(3) TERBUS ETAEEENFAICHES LCCIERRIR

(1) B 2) THSLNHBRIZLY, LCC o)
22X 2) oLBVREEZIT-72,

Table 7 Calculation condition 6 : Unit cost of the Sludge resources for LCC estimation

FARE R EIRALE i I BI% #ofE HOf7 | SCk
WMok W GERRER) Y=0.607Qd"0.539+5.835Qd0.385  |Qd : FHmi# A5 IR m*/year | 37)
WALY AR | AL o (it Y =10.4Qv"0.437 Qv : BrRsE m¥/year | 38)
HALTASEE | (b A GRS Y=0.171Qd"0.390 Qd : FHHE AR m®/year |37)
HAY vy (HEFHEELT) Y =0.283Qv"0.302 Qv : IR m¥/year | 38)
- i‘éﬁtﬁ‘x%é?é?&m §- =29 Y =4.8485E70.7556+0.0407E'1.288 | E : MRS M FE LM kWh | 25)
AL A SEE R (HEFFE L) | Y=0.0296E+5.9964 E S E MR kWh | 25)
) A 1) y@ﬂx@%ﬁﬁ (k%% - MAP) | Y=1.9888V+107.98 Vo HEAPEEARLEE | T mid | 9)
) ) VR (RERREEREY) Y=0.1334Va+0.6595 Va : HFEK S Fm¥d | 9)
RIEL: S e a9 Y =228 55Xd"0.4974+64.741Xd°0.391 | Xd : ERTLILEIA G | wet-t/day | 25)
BT B |75 VRN R i (HERR A FRLY) Y=1.8113Xd+91.479 Xd : SEMLELRE K5 e | wet-t/day| 25)
NEAHRI it a i Cltak ) Y =206.94Xd"0.6123+64.741Xd"0.391 | Xd : 4EHMLHEBL KGR | wet-t/day | 25)
WAL GEFHEEEL) Y=1.8778Xd+105.9 Xd : SEMLELRE K5 JEE | wet-t/day| 25)
— IV RA Mtﬁ&ﬁﬁ (FEREY) Y =13.943Xd"0.650 Xd : kBt wet-t/day | 37)
O VR MU GRS | Y=1.925Xd°0.932 Xd : ik wet-t/day | 37)
ik sy 16,000 M/t-wet | 25)

U
B HOK Ly 8,000 M/t-dry | 25)
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ALCC=[Cx+Cm] —[Cct+Cu+Crr—Cpn] K (2)

72720, Cy: GERELE O M AR
[T-M/4 - (t, MWh, 1,000 Nm®) ]
Cory : DERBL AT R OBRIZMEH T A b
[T-M/4 - (t, MWh, 1,000 Nm®) ]
Cet FAGEEIRAY 2 b 0> B 25 28 47 i
[T-H/4 - (t, MWh, 1,000 Nm®) ]
Cu  FAGEE IR O A F5E T
[T-M/4F - (t, MWh, 1,000 Nm®) ]
Core: FREEFEHENEOHEIZAED T A B
[T-M/4 - (t, MWh, 1,000 Nm®) ]
Co RS IZHES 3 A T
[T-M/4 - (t, MWh, 1,000 Nm®) ]
HALEIZ DWW T, b7 AR o4 13 1,000 Nm®,
HALT AREOR AL MWh, Z0MmOBEIEt LT 5,

ZZTALCCIITEREFOFH 25 FTKEERDOE
A E X2 7256 O T KEFHEOIER S &
72 LCC HIAICH Y T 238 TH b 77 ADY;
R TKREEROENFHAPEN, ~ A FADLEIX
TERBMOFIHAPER & 2 50

2.5 TKRKEZFEOHBEMRDED /- GHG HIEE &
LCC OFHF &
23BLV2412BWTHA L7 GHGHEHEB X
LCCIZET X, TERBRADOF NS TKREERD
BRI ESH 2 72860, AGHG B X U8 ALCC
Al & LT, TAKEFEO/IBE D GO/
BB R Z IR L7z B, RE OIS}
MO OEA L ED72,

3.00

2.6 TRKEZENHAMEMDED /- GHG HEHE S
LU LCC DLETOHIERIR
2.3BL02.412B1) 5 AGHG, ALCC & #EH
WZHEED X, TKHROBEIZREFRIA 2 5% L7236 12
BWT, TKEFHEDIIBE D &7 GHG Hil=
BLUOLCC OEETOHIBREZ AL 720

3. MR EEE

3.1 GHG HHENHERR

Fig. 1, 2|2, fekBmoBMFHED 720 © GHG
PEi®E, BIXOUOTAKERFEROHEMAHESHZ) O
GHG & & UG H N R L7z F 72, (5L
S E S GHG HEH & % 22 L5z 1IEBE O GHG HEH
2B LU0 (1) THRE L/ AGHG 27~ L 72, Fig. 1
ERHEALEEYS . Fig. 2 (& ih/ N ALES CoRE R %
Yo GHGHREEOWREZ A3 {3570, Hit
H AR, LT AEEOHEAITZ 21 1,000 Nm?®
H720), MWh H7z0)IZFEE L7z,

ZZ2T, Fig.1 BXU'Fig.2lc7ay M &17o 7,
KHBEB L O/ NBRALIRS; 12 81 5 TKEEIROH
FFHEED AGHG IZE B 5 &, /NBIEBALELY 12
B L HEAET ZAFH X 6,171 [t+-C0O2/1,000 Nm®] @
AGHG & 72 ) TKEEIEDS, HAL A A EILKHAE
WLER S C 1,764 [t+-CO2/MWh], /N B WLER 3 C©
1,680 [t+-COs/MWh] @ AGHG & 72 ) MK EEIFEHE
L& orze LT AR, ERBEOHETH A A D
R A% GHG HEHEHIW 5 12N 2 T, LR
DIFANZ &0 FARFREDR Y, Bk RO L
Brod 2 & U3k B X Ot sk o GHG #EH =l
WD e LTHEONz. ML AKEIL, itk

RANENIRIS
2.50 ° °

2.00
AGHG=1,764

1.50

D GHGHEE [t-CO,/ (tEZ(EMWh) * ]

BB R 9Y T (a5 X

fedz) mRE
m S FTRILF— m BE Em
B AR Wit BR
o IEPRGHG 0 AGHG

* D
1.00
L)
. . e~
0.50 O
1) o
J-lé o . . L
IH\M o
B 0.00 - - oSN =N 5
E IEBKGHG=-1,764 D
B _ O
-0.50 N
02 & & o & | o & | D i |08 & |08 & | 08 iz
E @ | ® @B a8 [T [T @ | ® a8 &
# oo & m (& m | | oK o & o | b
& & <& <& % & % & % | # % | & %
= = = A A = = =
BEHRRE | REEMFIR | BFZRRAE | BFRRRE | USERNE | ERAE BEAIFIR AR
WIRER AR MAP 31 JZARR IR RGBT
BFIARSE

AL A S EIE MWh, 1Ak t

) VAR ORI e

Fig.1 Comparison of GHG emissions from using the sludge resources (Large Treatment Plants)
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Fig.2 Comparison of GHG emissions from using the sludge resources (Small or Medium Treatment Plants)

mn DEI O[22 % GHG HFH = HIE 122 T,
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DA T BT e, BEEENOERIZHR S T AL
F—HHkB LT LIV F—HKD GHG HEH = HI
g, /NS LERES G AL T AR & AR LRR
fis D AN £ B BEKTFIR O O &I L b
GHG HEH BB D8 B & 72 o 720 B AL,
WVERIE R 2 D, 052 [t-CO./t] @ AGHG & %
D TAKEGEREDEN & 72 o 720 BEFEHFIH O A |2
WP bLLTEMENIERSNL Z L6, BEHEMED
GHGHEHEZEEB L o/, A N2 v
B OFGEIZ A D GHG HE = % TAREEFICRERT
52 EDREPE LN,

T2 BB R 1L, KRB ALIE Y, Cid 12~14
[t-CO./t], H/NBBLELE ClE 0.82~2.0 [t-CO./t]
D AGHG &7 ), FTRKEBEIEME 2D, —fkix

DERIZ 225 GHG FEttii 2 BT g & 7 o 7285 2%,

/N ALER S TR TG IR DI AL % LY R0 72
C L X B HIEAN R DTz RS OB
IRBLERS; % 05 LT L & BRAL - B2 D [T
MAEMEIZ BT 5 COFEm DRt 2> 72 & 2 5,
W DR 2 ZREAEY, AROMA L LET 5 &,
IEPR O PEH T HRALRAMEG e H 720 049 kg, 11.7 kg
HI S 7z ity LT\ %o Falgaxdi, mRALRRIEOE
73 - REHHR GHG HEHE AR & W7z, ek LB
2Ry 5 & GHG HEMEOHNKICEM T 5 £ E 2 5
N5

U EFEAIE MAP B % 5E L T 0.18 [t-CO:
/t] ©AGHG & %= ) PAKEEREN B E o720 )
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27 % GHG HEHEE S 720 HR S L /ze —75 T, K
MAP (3EEHEZ HAyE LT, FIEHY) Fo5MtL
L TS ORI L D56 036 5 KA
THBI L UChlt U7 TARLES; TIEEE 2 A L 72
PR TR Z#ET R v N NTHRERZT> T2
&, triko> LCCHEIZH I L2 BB E 12521 T
BEZEEBL W arolzZl &b, WRETHEITHAED
FEILE LTzs 2B, B MAP OF#EFHEE LT,
KEIY, RHEOBRESE, SN TER S HLs
A, BERIBEEAZ I\ B HCIEE 2T O, FelgERedi o
IR X 2 EHRO GHG #E & 7Y MAP [BIIC X
% GHG HEh & 2B e 5- 2 2 WD H 5 0%, A
AT T RERPEONTES ML Tt
©, GHG P &A% 8/ NG S T 2 TTREMED S %
HICHBESDLEDPD L.

REEAHTIE, EFRALEREIC & & RMABALERL; 13
—0.02~—041 [t-CO2/t] ® AGHG & 7 1) HER %

A5, HU/NBUBALERS Gl AL TR O IEEHRIH Tl izl
% 2 RA MEIiE 1.94 [t+-COy/t] @ AGHG & 7%

D TIKEEEAD, FEREROFHATIE, —0.6 [t-CO.
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HBREEOEER S L LT T-NH 31%, P05
3.63% DFBINZ BT 2 LR O #E 1225 5 GHG
PEH &2 017 [t-COx/t] TV, EIFAL7E &z
(222705 GHG HEH & D 20% FEEEAS T X\ /20,
PERBLDDENL & 7 o 720 FERBBOLFRHE, 2
VARAMERIE LTEERSEE AR L TV LEHET
DHFEFUZBT B v - BREEEZSEZL LT, A%

B oK E LT o IZ )5 GHG HEH & % 3R
L7z —/T, WKY ABIERED X512, BRI
¥ ) v BROFIB G EISRD N84, F
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GEDPKD LN WIGESE RIS U THekEm L
L CRETREEEOMEIRE X OEH S5 GHG #E
WEIZEL L, ARETIRY v - BFEOSHESE &
LCEBMEEH W2 &0, TGO EEFHIZ
£ % GHG R = HI A KIS A R D S
5o TBEIEHR, RALHRTHEHT 2546, i
225 GHGHERE AR E < 2D, GHG ¥ =
DOFECTIEIARFN o7z e RSN b, /2, 21T
SRR L7722 B, AREFZECTIIRRIE OB £E L
NI EELTWBEH, IRIZBEHIRREOEF LI X
LEH R LA, —BE L CRILHE RO IEEF]
HEZRTL &, BHRMmz RALRBICER T L2 LT
AGHG=26 [t-CO./t] EiFE SN, T 5 GHG HIH
BIEDPESNBRERE e olze — T, HFTRIRMO
fEARR D, WO ROBREREEZZE LA
TV F s BLOEHEY 2 ZETE TR
BT LLEND L.
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Fig.3 Comparison of LCC from using the sludge resources (Large Treatment Plants)
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Table 8 Estimation of GHG emission reductions in utilization of
sewage sludge beyond the boundaries of the sewage

industry
AR A RHBALEY) AGHG oA
HAL T A% — 1,764 t-CO/MWh
TR AR — 0.517 t-CO2/t
[T W IG5 14 t=COx/t
TR AL G 1.18 t=COx/t
) EEFI MAP 0.183 t-CO2/t
JIEVELFI aYRA b —0.024 t-COx/t
JIEEF HEIR5 R —0.277 t-CO2/t
AR KA B —0.405 t-CO»/t
ARG (R | AGHG oA
HALAT AR — 6,171 t-C0./1,000 Nm*
WAL A5, — 1,680 t-CO/MWh
TEREE AR - 0.517 t=CO»/t
TR W5 0.819 t=CO»/t
TR AL e 2 t=CO»/t
BRI I YAKRA R 1.94 t-COx/t
JIEERF FEIRG R —0.603 t-CO»/t
JEAERF RALTH B 0.0712 t-CO/t

Table9 Estimation of LCC reductions in utilization of sewage
sludge beyond the boundaries of the sewage industry

HRIFIH T CORBEALELY,) ALCC H
HALA A5 — —=105 | THM/4 - MWh
LR B — 5.47 FH/AE -t
[ TR 720 Sl —156 FH/AE -t
TR RALTH IR —169 FH/4E -t
V) V& IEFIH MAP —2580 FH/4E -t
JE A} IR —112 TH/4E -t
A} W —91 TH/4E -t
HEAEF AL R —136 FH/4E -t
FHROFVH 5 (h/NRBLERYS) | ALCC H A7
HAL A AR — —444 | T-H/4F - 1,000 Nm?
AL A%EE — —149 | THM/4 - MWh
TR B M - 5.47 FH/AE -t
TR (20 Sl —162 FH/AE -t
TR RALTH IR —185 FH/4E -t
JEARLF aVRA —47 FH/AE -t
JE A WG —200 TH/4E -t
JEE}F FALTE R —366 TH/4E -t
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Fig.5 Estimation of GHG emission and LCC reductions in
utilization of sewage sludge beyond the boundaries of the
sewage industry (Large Treatment Plants)
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Fig.6 Estimation of GHG emission and LCC reductions in
utilization of sewage sludge beyond the boundaries of the
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L, Fig.5 6 [Z T KEFHEDHNILER O & 72 GHG
PEHiE & LCC OFHliASF%Z2 7u v b L, AL AR
BNIR L 720
KIEBLBLG ClE, BERCEMAIHYEE 1 KR, &R
{LILEEIC & & FIERFI 2358 3 RIR, ) & IHA
(MAP), LA A5, BILBEFI 23 4 RERIC
FLEAHT Bz, F/NEIBLERYS ClL, BERE AR
AEE LRI, WAL AFH, LT A%E, BERRE

FIH, IEEFIH (2R AN, RALHTR) 135 4 %R,

RERLRIE (FZJR7578) 1348 3 RIRICALEAT T S5 i
Reholze BBINLOMEIE, TEREMOFHIC
95 FAKRERBEOEDFHOEEZRLZLDTH
D, FARE7 -0 (B 2 (ZEIREFI &5
BEHD) #RL725DOTIE AW EICHE SNV,
#1RIBICHED T SN TWAEHERNL, FhEFHE
DINTEEZ GO 7N EDHER SN, 5% D EADME
SN DM & L CREITTRE T o 720 RWIFETIZRE
Y3570y MIBWAH, FE2RBIMEDITHNT
WAHEF O E L TIE, LCC TIETARBEFRENI
HEEBE FOTMERDH Y, GBI A NIREHMERL
7-F ¥, GHG Heth= % #If 3 2 Bl S S L ZE T d
HIEDNBTHN5,
FARBIMED T SNTWS D DI, GHG HEH

BT T AREFEDINTEI Z &3O 723 AL S 1,

S LCC k¥ % 720, HIeEHEOWTeIZ & 2 E

WO, B o - S8 - ELBHIE O AW E
EEZOLND, HALT AFKETIZARFIZ L 2485
B OB/ N DH o 7255, & 5 IZHT 4 O EMits
BHHIE (FIT) 12X 53 MNEUG2EB L 2o
722 &b, LCCAMET A ENMHRETH S, 1)
VEEFHE (MAP), BERMFIR T, EBAKEEDE
ML TWBAEY DR AT AFEICHED  FREHIE
IZEEDW AR E ) FEERAERLHT ANE A SITB Y,
LB OB & 7 2 B S TR - B 0038 AR
FAFIZE D LCC 2T 52 LAMHEETH 5o

FIRRICMWED T SNTWS L DI, GHG HEH
BB X O LCC Ol T, TARBEFHEDOIEBE
BEOIREPEON LW D E o7, I, B
BRI FZEETER) 2BV THE 7O A0 )
F—RTAMPREVERBESIN-ZEICEDEER
SNDHD, — T THUNEBRLE 12 B1) 2 55RO
BRI X BRI FBr o 3l ASh 38 S AUE A DS A T W
L2ENBY DL PN EEHTAZETT
KREEHEDOIEEB D SO TREIEONDL LIk
LA FeED D 5 o

TKEFEONIEBA R HL7-DDOFE L LT,
H—RoF 7%ty bOoOZHEREDH 5, GHG
HEHHIEZ 27 LYy PELTCHRIAFTHL -2 LYy
N2 E D), AGHG 227 LYy PTHRIFTAHZ &
WCT&Dh, TV—Dh—Rre2EEL LI ]-TV—2
LYy MEIEDHR T, 2021 SEEEORLE4H & L THE
HE 72816 M [t-CO,] Z#FEELTBHY, KBFZET
AE 24T - 72 GHG HEtiE B X O LCC D £ 7 % 5Fiff
I BWT, TAREEBEOAERFIEFIE L, wR
PR TH IR RE 2 WY MET L 72 TR ML R B |
HARETHIEDRRICR D EHRINS,

GHG BEH &, LCC DAt o s # Mt 5 2 & b
HE SN D, 1) ¥ BILEAT X RT A LELEFE T OR i
KEARRHAE B E LTn-2 b, SREeREOM
(LA, S, SMI2EF IO EHE ()
YNR=2) I E® L ERNEROE A % 40% (2021
0 25%) F TR A BUMF HIZAS AR R R L
B RMICTRENTW DAY Z & GHG #EE =, #%
BRGNS S, ISR E~OFR, Y —F 25—
I3/ I —DOWESEZHRAHWT 5 LE)H 57
ZEehS, BEEETOmHGRE®EIEL LD
GHG it = DS o BBt fr, & IFEAE ORI D 728
DEWEFMERE VO BLUE T, Hi- i Ty V&
RO E AT 2 = LW REE B b F72, ML
DR, FHEIBREE o B IR b HE S
TBY, FIEREAMFAPLETH S,

R CTHE LTIk ), TAEFEO/NEE
kD EO7RFEICOWT, GHGHIEEB X ULCC D
FHfEIC LD &, —EoEE/LA KONz, 72, T



F4ik TEICA] % 30 %

52 3405 (2025) 55

AEEIROFNFIHENZ A L T 728 2 fER F i
ELTTPREEBREROHEMFAMERBKT 52 L1280,
TARALERY A5 A5 5 B SR FF OSMERER S &
DIZPRIZOWT, OB I IERE T 2 2 &
bEbE TR koo —HT, FIHLIZEHBEE
i, EHEEEOHKNSH S Z L, TARE TR
fisx T OB E R L T WEOREN K- TH
D, XYFERBICHLREERERRTL720121,
e L CIEHIEE 2 S5 2 LD D %o

3.4 TKEFRXDNMEMOED - GHG HFHE S
LU LCC D2ETDHIEIIR

& -5l OFFE (2023 1) 12 &0 EIN TR

VTG Je O IR BT 2 920 L T 2 R /KALERY; 13

RHBALERS A 7 B pr, /BB ALER 13 13 BT IS

LEEoTwiz, BHFAHERNS ., FH - FED

ZENZIG U CHETEREAE, EEAH 2 147 L T

TOGEERN L TVWD I EICHET 2ULEDH B,

B HEMREFI %2 47 o T B FRILER 2 35\ T— Mg
EORBEZATH 2 LI D PAREFEDOIHTEB S &
72 4x[E T O GHG #Ei & 5 & Y LCC D HI ) 1&
ZNE Table 10 D &5 56 15 t-CO2, —68 f&H
TdH 720 GHG HEHEFIERN A E15 517258, LCC
DHIBEIRNEFF S N WG R & 7 o 720 BREMERERE D
LCC B R R B 7 B Hefit DFE A, AAE TIIERE
STV WBEATt R 7> S MM LIt R~ 0 3¢ B B 12
L2 EBRBEFORMEEET H5FI2L D, LCC DHl
BANRPEONDL EHEREIND, £z, TREGHED
AR 2 AT 912 EHS7, EE 21T > TWw b
WUER S5 3R B AL IR C 61 &, /AR ALEEY; ©
338 i 1), FEATEIRE AR 354,000 [t-DS] T
HbHIENL, FREEBREOHNFIMEAT> T
TR T HAMREIN D GO 7R ERE 5 2 &
MU RETDH %o

Table 10 Estimation of GHG emission and LCC reductions in
utilization of sewage sludge beyond the boundaries of
the sewage industry in Japan (Utilization of Sewage
Sludge as Solid Fuel)
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Study on Quantifying Methods of the Effects of Sewage Sludge
Utilization Including External Contribution Based on
Greenhouse Gas Emissions and Life Cycle Costs
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Abstract

The sewage treatment process consumes large amounts of energy and produces significant carbon
emissions. On the other hand, all Japanese sewerage industry has been to achieve carbon neutrality in
2050. Effective utilization of sewage sludge is essential for achieving the carbon neutrality in
sewerage industry. In addition, the utilization of sewage sludge can contribute to the reduction of
greenhouse gas emissions (GHGs) and life cycle costs (LCC), including beyond the boundaries of
the sludge treatment facility, called external contribution, in case of replacing as conventionally used
resources. However, few studies have focused on sludge treatment for GHGs and LCC for external
contribution in sludge treatment facility. In this research, the reduction of GHGs emissions and LCC
effects of using sewage sludge as a substitute for resources that rely on imports from overseas were
evaluated based on the case of the effective utilization of sewage sludge.

Key words: sewage sludge, external contribution, utilization, greenhouse gas emissions,

life cycle costs
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HE RIS

HHBLTHEDY,

KT DKEZNEKT 24

2.2 T2ty FOBE

HTHbo RIFFETIE, B ‘iﬁ’i’ﬂ%bi, Sentinel-2 7 4 ] {4
T8 KEBMT -5, 2o TICART -5 %
Table 1 Input dataset for machine learning models
7 S A fr W TR
MAX | MIN |Median| Mean Std VIF
B1(443) FillH &8, R OEOFEBNTELN, 1 (443 nm) 12 B} % 220 K4 0071 0005 0015/ 0017| 0.008| 114.25
B2(490) TH %L, 2RI OEEOFEBTE L, 2 (490 nm) |2 BF % F A 0074 0.008| 0019 0.020] 0.009| 343.06
B3(560) FilH A, R OMEOFEBRNTEL N 3 (560 nm) |23} % FHi KA 0104 0.009| 0.027| 0029 0.011| 606.13
B4(665) TH %L, 2RI OEEOFEBTE L, 4 (665 nm) |2 BF B K LT 0076 0.005| 0020 0021| 0010 614.38
B5(705) FillH &8, R OMEOFEBNTELN, 5 (705 nm) |2 B4F % Ff S k4 0111} 0.007| 0025/ 0028] 0012 85851
B6(740) TH %L, 2RI OEEOFEBTE L, 6 (740 nm) |2 B1F % FH S 0.066( 0.004| 0013 0014 0.007| 1719.80
B7(783) FillH A #HE, R OMEOFEBRNTELN, 7 (783 nm) |2 3B1F B FKIF T 0.076( 0.003| 0013 0015] 0.008| 1740.79
B3(842) THH &R, 2R OEEOHEBNTHS 8 (842nm) 254 2 KRGIH T — 5 0.063] 0004 0013] 0014 0007| 57402
B9(865) FillH A #HE, R OMEOFEBRNTELN, 9 (865 nm) 12 HB4F B i LT 0.057| 0.003| 0010/ 0012| 0.007| 872.37
B10(945) TMH AR, 2R OEEOHEBNTHL ML, 10 (945 nm) 1254 2 R HT7— 2 0.067| —0.014| 0.003] 0.006| 0009 11.93
B11(1610) FilH A, LR OIEOHREBNTHE SNz, X2 F 11 (1610 nm) 1281 2 EFE T — 4 0.049( 0.000{ 0.010/ 0014 0.013| 651.26
Sentinel-2 7t | B12(2190) FHHEEE, ZRUHOEEORERNTE S, /5 F 12 (2190 am) (254 5 EHE 0163 —0005| 0024] 0037] 0033] 50308
W% —5 Chl-a OWULASSRV ARG E (665nm) &, WIAGHOIEARSMER (705 nm) OO,
(EAEBME) | SBBAND AV (740 nm) O FUFE A e U784 0.50 | —0.01 0.14 0.17 0.09 91.20
3BAND= (1/Rrs(665) —1/Rrs(705) ) *Rrs (740)
G(560) /B (443) Green (#%)/Blue (%) /¥> Foltse 3.68 0.89 1.73 1.84 0.44 3.34
G(560) /R (665) Green (#%) /Red () /3> Foks 182 0.71 1.44 142 0.19 280.42
R(665) /NIR(705) Red (#%)/NIR GE#AL) 73> Folts 1.02 0.49 0.76 0.76 0.10 953.20
IEBUEAEA TGS NDVI (Normalized Difference Vegetation Index)
HiiAE O fEHERTE 2 0 5 FR 18 CREHEZAI 13 NIR A58 < 5O L, Red % 3 < WIS 5 M5t 2 FIA
NDVI NIR—Red 046 | —0.13 0.21 0.20 0.10 20.04
NDVIZW
kI AIHE % NDWI (Normalized Difference Water Index)
ARI A kB3 B HRER TSR Green & HOBAAYSUSF L, NIR % 5 < WIS 2 454 & R
NDWI 090 | —0.50 0.04 0.12 0.34 5.18
NDWI=%
Ave Temperature_l Day Before FHHORH GBZ 1 HE) OVEiRE 31.60 150 | 1000 | 1214 792 867.54
Ave Temperature_3 Days FMHALEE LT, #F 3 HEOTIYRE 30.80 1.07 9.73 | 1223 8.01 981.52
Ave Temperature_7 Days FilH A L#E L LT, #@FE 7 HEOTEIRE 29.93 206 | 1023 | 1211 7.85 | 1631.25
Ave Temperature_14 Days FMH AL LT, #7314 HEOTPIGRE 29.04 254 | 1031 12.03 7.73 | 1859.10
Ave Temperature_30 Days TFlH A L#E & LT, @35 30 H M o TFiE _ . R 2823 304 | 1037 | 12.03 747 712.70
: TN o T 5> s O, BRI
Max Temperature_l Day Before FUHORHE (B 1 HMH) ORARE 37.40 6.30 | 16.00 | 17.66 7.73 880.09
Max Temperature_3 Days TFilH AL LT, #FE 3 HMORKIRE 37.40 760 | 1860 | 19.96 7.86 606.13
Max Temperature_7 Days FHIH AL LT, #ME 7 HMORKIRE 38.00 | 1250 | 2040 | 2154 702 | 1171.15
Max Temperature_l4 Days TFilH A L#E L LT, @35 14 HIM R KIRE 3800 | 1250 | 21.70 | 2241 7.08 | 140557
Max Temperature_30 Days FMH AL LT, #8330 HEORKRE 3800 | 1290 | 2310 | 2378 7.12 709.04
Precipitation_1 Day Before FHUHORH (821 HE) O&&HHKE 42.00 0.00 0.00 147 5.44 2.29
Total Precipitation_3 Days FMHALEE LT, #F 3 HHOAFHEKRE 95.50 0.00 0.00 542 | 11.92 3.85
Total Precipitation_7 Days TFUHAILEE LT, #BF 7 HEOAHKE SRS IS & B IR 2 SRR A | 140.50 0.00 450 | 1404 | 21.09 991
Total Precipitation_14 Days FHHAEEE LT, #3514 HHEOAFHEKE 152.00 0.00 | 20.50 | 3346 | 33.20 27.18
T8 Total Precipitation_30 Days TUH AL LT, #7230 HE oA MK E 389.50 200 | 73.00 | 833l | 68.66 39.41
(BT | Direct Solar Radiation_1 Day Before FMHAOMA GBE 1 HM) o AR H 3270 | 000 | 1873 | 1659 | 1119 | 1830
Direct Solar Radiation_3 Days FUHAILELE LT, #F 3 HEOAFEHHHHE 93.54 042 | 5193 | 5058 | 21.96 40.35
Direct Solar Radiation_7 Days FMHALEE LT, #F 7 HEOAFHEREH 209.62 154 | 11864 | 11527 | 36.80 129.76
Direct Solar Radiation_14 Days FUHAILEE LT, @3 14 HEOAFEH:H Y 33278 | 4952 |229.85 |224.87 | 60.89 291.73
Direct Solar Radiation_30 Days FMH AL LT, #8330 HEOAFHEREH 4 67572 | 103.18 |459.33 | 449.50 | 108.04 17318
Ave_wind_1 Day Before TFMHORH (B2 1 HMH) oTgEE 3.10 0.90 1.80 1.87 0.58 132.40
Ave_wind_3 Days FWH A LT, 8k 3 HMOTHEE W75 7 by DR ko 347 | 100 | 187 | 188 | 043 | 28935
Ave_wind_7 Days TWH &ML LC, B3 7 HEOTIRE SIIRA R, KROBE L& L9514 340 | 120 189 | 192 | 034 | 86113
Ave_wind_14 Days FMEFREEE LT, 8% 14 HHOFHRE HRIF 324 | 136 | 196 | 196 | 029 | 144426
Ave_wind_30 Days TFMH AL LT, #8330 HIE Ty 275 1.55 1.94 198 0.25 | 1077.53
Max_wind_1 Day Before TFHHOBH GBE 1 HE) ofckaE 8.00 2.20 3.90 4.06 1.20 102.97
Max_wind_3 Days FlH A L#E L LT, #FE 3 HM R 9.20 2.50 5.20 5.20 1.35 168.88
Max_wind_7 Days FMHAEEE LT, #3357 HEORKMHE 10.30 3.40 5.80 597 1.37 346.87
Max_wind_14 Days Tl H AL S LT, P 14 H M o KR 10.50 450 6.70 6.87 1.36 321.45
Max_wind_30 Days FMH AL LT, #8330 HE OfAmH 13.00 4.70 7.60 7.78 1.50 153.19
Previous Measurement CHL TFHH AL LT, 2008 ) PR EN Sz, & H L3l Chl-a i 130.00 | 19.70 | 4870 | 53.88 | 2313 23.76
Previous Measurement SS TlH% L R DTG S e, b B LV gEil SS 49.00 | 260 | 1570 | 1644 | 6.38 2312
Previous Measurement pH TFUHAIEEE LT, ZRE ) RNCEN SN, fDH LIl pH 9.66 758 8.28 8.34 0.38 | 2378.60
KEF— ¥ Previous Measurement DO FMHAEEE LT, 2L PENCEN S, &L H LI DO 17.10 6.11 1140 | 11.24 207 260.43
(i ;:EU‘ETQ Previous Measurement TN TFHH AL LT, ZhE ) PENCEN S, ROH LWEN TN 2.50 0.45 0.99 1.05 0.37 21.20
Previous Measurement TP TFRHZMEREE LT, Zhd ) gl Sz, b H L vl TP 0.99 0.05 0.08 0.09 0.05 7.32
Previous Measurement Water Temperature | Tl H # 268 & L€, 20X 0 PIRNCEN Sz, e #H LW IIKiR 31.80 280 | 10.75 | 14.07 7.94 163.81
Previous water transparency FRHALELE LT, ZRE ) PANcgE Sz, fied B L WIZIER 7.80 1.39 6.15 515 1.99 13.72
Previous water depth FUHAILEE LT, ZREDPRNCEN SN, T LwEilbkE 157 0.25 0.66 0.66 0.15 53.21
M OFHE (sin)
70074 ) afETIH % 1EOM LA (1~365) 124H#, & 6 IZmUITEE B % 72012 sin (243
Seasonality_sin 1.00 | —1.00 — - - 56.05
Seasonality_sin=sin (27 X L) d: LIS BI 28 B
365" (1 1H:1, 12 H 31 H:365)
R 77— & -
SEROFEHEIE (cos)
70n7 4V a2 1EOM@ELH (1~365) 1224k, &SI ZET 572012 cos 124
Seasonality_cos 1.00 | —1.00 - - - 89.17
Seasonality_cos=cos (27X 7= d ) d: LB 238 L1 ;i, N
3657 (LA 1H:1, 12 H 31 H:365)
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DOFEMIE Table 1 127R7

BRET—¥E LT, 201741 H» 5 2022 4F 12 H
¥ T Sentinel-2 (Level-2A 70 ¥ 7 ) W&, 5
BEEI% UTORAZ ) —= 7L HRMERZ TV,
EOREN 120 B (BRA = 274%) % #E L 72
% B, ﬁmﬁﬁmnﬂﬁAﬁ@®@$7ﬂyﬁbé
FIR L, KRB oL b R - 72,

KET— 2120, KA IE KIS O 7K E SE 4
BB L ORI ZER OE 7 HRFEFHAR LA N6
A AW T— % 05, Chl-a gk, Kik &Y
(SS), &%k (TN), &V ¥ (TP),
pH, ZKiE, EIHE L= ICRAH L 72,

K& T — 2121, KT o LEBIMETE L0 Il
MRS BT O T — & % F\ 720 1 R I BE O #1H)
ExFIZ, ®E1H2S 30 HIZb7 A EEIH T

EFR= (DO),

FrEA AN Lo, FREIIE, W, BWE, HiR,
JHEZ L T»b,
ETVHESL, Bl aoTr -5 2Ra L, H—

@ﬂm%rthf% L7720 ZAUREBIHL S TIEAS
RLBbLhEmEET—% 25, IREVIEEHFHZ €
TNWFEHEIEL7-20TH D,

3. M %" F A

3.1 FMEMSKEFINETILIT) XL

AKEfFEClE, ChlraigEx#EET 5720, MEB L
OIERIZ O] 7V T X 4 % 5 6 FiE#EE L,
NS R HCTHELZETVOMRER L 72,
HAL727)V T XL EEEEIFE?, ) v D EYEsY,
Z vV EYEPY % JERIEFEE LTI, 75 A
7+ LA R XGBoost*®, LightGBM*# T& %,

Table 2 Summary of Hyperparameter Settings for Random Forest, XGBoost, and LightGBM

R - HE T U AT TR Random Forest XGBoost LightGBM
. - K (o 2= o A R n_estimators n_estimators n_estimators
fERT S PGEARDE (=7 = A7 4 2 7 /3% 2 TR | 11507300 500, 10001 | [100,300,500,1000] | [100,300, 500, 1000]
T VY L —F R 1000 1000 1000
max_depth max_depth max_depth
HEAROEBROGEE [3,5,7,9, None] (3,5,7,9] [3.5.7.9, —1]
3 None (ZHIBE7Z L ¥ —1ITMIBEZ L
T VN — TR None 7 9
P O S B e N S LR min_samples_split min_child_weight min_child_samples
P/ — R & 55ES 5 DI B /N > TV [3.5.7] (1.5, 10, 30] 710, 20, 40]
T VY L —F R 3 1 40
B ) A N Y LR min_samples_leaf min_child_weight min_child_samples
® - FEBRERAT ¥ TAR [1,2,3,4] [1,5,10,30] [10, 20, 40]
A AN RS N S 1 1 40
bt e s ks A A L o Lkl (S~ 2 max_features colsample_bytree feature_fraction
BFREATH) REEORAR (7> 5 4H) [“sart” log2, 1.0] [06,0.75,08] [06,0.75,09]
A AN RS S log2 0.6 0.9
- - subsample bagging_fraction
SREFBTDBEOTF— 5 TH 2 T v K X [0.6,0.75,0.8] [0.6,0.75,0.9]
T VY LY —F R - 0.6 0.75
- learning_rate learning_rate
N 122 N (2%
BAFERLIFMCRTT 2 (FEAT Y T 8 [0.03,0.05,0.07,0.10) | [0.03,0.05,0.07, 0.10]
A AN RS N S - 0.05 0.07
HIAY reg_alpha lambda_I1
L1 EHIE % [0,0.5,1,5] [0,0.5,1,5]
A AN S - 1 0
i reg_lambda lambda_l12
L2 ERIE * [0,0.5,1,5] [0,0.5,1,5]
T VY LY —F R - 0.5 5
_ o, = colsample_bytree feature_fraction
ROABID OF) SR TR - [0.6,0.75, 0.8] [06,0.75, 0.8]
T2 Nt —FHER — 0.6 0.8
o o e num_leaves
1 RKORDPFETLHRRDIEDE X X (31, 63, 127]
A AN RS S - — 127
DA b S B - R P g A colsample_bytree feature_fraction
P67 YT ALRIRREOHE X [0.6,0.75, 0.8] [06,0.75,08]
T VY LY —F R - 0.6 0.8
Ik B S ) A o N subsample bagging_fraction
SEPE7 YT ARBREY Y TN ORS 8 [0.6,0.75, 0.8] [0.6,0.75,0.9]
T2 hH—FER — 0.6 0.7
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VIF (i RER) AT ofE%, Table 1 127
#Y), VIF 2510 #i@B# 3 2 Er L FrEL, £
BEIEEES RS N2 20, IEAMLEZFO) v VREYE
BLOT v VR FHENRE L7,

EWFEET VOB R E LT, BREOWE” T
REENZ3WET—7I12L 5 Chl-a iBEHEET IV
L HESE | 72, ANHFZE Tl Sentinel-2 # 2 W{% % W
C, Chl-a OUINASEVREHERE (665 nm) &, BRI
MEGVIE AR EE (705 nm) DO RFFED I, Kt
MR (740 nm) O G R % 3 URE» HHEE &
1To 770 HEEREDOFMIZH 72> Tl, Sentinel-2 1
HWHEFRBOFEUNT— 22308 (N=14) THho7:72
o, FEMHOFIR 3 HUAOT—% S L 72,

3.2 EFNFEBENAIN=INT A —2DFEL

ETNVOT =¥ FHIZBWTIRIIET =12 LT
5 EIx8 #=MGE (5-Fold Cross Validation) % 5 L
720 7 — % 1064 14 % 80% : 20% (2 4r-E L, Ff#
T—=%% 811, TAMNT—=%% 213 U41ER L7z
A8=8F X =5 Of#ELIZiE, 75 a—F%
30 3 1) AT L 726

V) JERB LT v VERIZOWTIE, FhER
EHMLRE o 205 b L7285 A — 7R EITV, §#
R ) v VEYFTIE 0.01~100, T v v HETIE
0.0001~1 & L7236, i a=0.07, «=0.0078
Wb BiF e ag xR L7z,

FEMEETIVIE, TNENOELE RN IN=3F
A —=F BB GRE LTz wmi#%/87 A —4% % Table 2
VRS o 78T A — % OFEIMPNTIEREFA T, Fheh
DEE/INT A—=F HRKFL LTV b, IO DHRIEI ST
A—HFL, KEBRIICL > THELN Y Fale
(MSE) /e b labghbed LTEEL, £

72, TRCOETFVERIZBWCEE Y — FRREEL,

FEMEZHLEL T b, %1213 Python @ scikit-
learn, XGBoost, LightGBM 74 77 1) & H\ 72,

3.3 ETFIDOEFSERN & REERME
ETIWVOTFHENI T 2 KHEEE O BB 2 E =12
SEHi9 5 72%, SHAP % I\ 7255 FEfRAT % 9206 L
720 SHAP IF, H#AZ2MHBRERTIZIRZ SN Ik
B R B E M OMEEH* ZE L, 4 0k
BMEOFGEOFMATREEL % 5,

WA R ETVOTFUREILT A M T =213 9 %
R?% MAE, RMSE # H\WCIbig L 72,

4 HREZR

1.1 BEFIVOWTEFEELLS
Table 3 IZ/R T, ETFNOHEREE XTI

Table 3 Performance evaluation of each machine learning model

s o 23 o TANT—Y
el R R? MAE RMSE
@R 0616 11685 15.797
0 VR 0616 11668 15.792
oL 0618 11668 15.756
SUFLTALAL 0.940 2.836 6.256
XGBoost 0.947 1952 5.830
LightGBM 0.940 2.245 6.229

‘*‘E%@tj?ffBANm 0.560 12.90 1656

Lo THRER DR SN0 EARNR—ZDIEHIE
TV R>094 EBOTEHWHEEZ R LD L,
MIEET IV R =062 B LOBFORFHEREET VR
=056 OFEFEIIRERTH o720 ZOH T XGBoost
75, R?*=0.947, RMSE=5.880 % EZkk L, AWIETHRE
DOMHREZR R L 720

CONEEAEDERIL, Chl-a i L BERFMOE
MEZ IR 2 B RETRINS 5, M7 T ~
7 N O, KT B REINE, AEIEIC X
LA & g, JEASD 72 S T e - BIEIR R
&, HAaHE T A TIEHETE 2V, BEK
A N—A LT LT, 29 L EE M OB R
HER % T — 7 b5 TE L 720E W TG IC%8%
B0, =7, MR RGES 20 E TV TIERED
BEhotzbEZ NS,

BAEONFEETIVOREPEIE - 28R E LT
2, BrilioEWRENEITONS, EROLKX Es
DEC X B IREWE L, Chl-a O E TSR
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Abstract

Satellite remote sensing enables the measurement of the horizontal distribution of surface
chlorophyll-a (Chl-a) concentrations in lakes. Numerous algorithms have been developed in previous
studies to estimate Chl-a concentrations from optical imagery. However, short-term environmental
fluctuations remain difficult to monitor due to limitations such as low revisit frequency and high cloud

cover.

In this study, we developed machine learning models that incorporate both satellite optical data and
in-situ observation data as input features to more accurately estimate the temporal dynamics of
Chl-a concentrations in Lake Kasumigaura. The results demonstrate that decision tree-based
approaches provided improved estimation accuracy compared to the method of previous studies.
These findings highlight the effectiveness of machine learning techniques for time-series prediction

of Chl-a concentrations.

Key words: Chlorophyll-a, lake, remote sensing, in—situ dataset, machine learning
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HHESEOME s OO T AV all X AW TH Lk
PR SN D, F 720K 630 nm 22 5 660 nm ff£ T
VX EEES Anabaena \IWINE — 7 DSHERR S L7228, B
I Aulacoseira | Y — 7 DSHERR S N Do 72,
CNIEEEI RO REOBRTHL 71T =V
L BWIRDOE L B L TW5bH I EDHEE S N5,
DEDZ EDE 9D AR MVEENHHH L2
15 % FH TR 430 nm AT TOWRINOF 8 L )
Fh L)W, PR 660 nm T TOWINOE L D B
B E D) DOHBSRETH 5 Z L AVRIB S N7z,

BAZS L 72 SIS CHUS L7 4 R EO 9 AR
7 MV % RGB IZEM L7200, B X UGFHM
FElZ X D HUS L 72 #4E 0 RGB W% % Fig. 3 12/R 3,
LED St SATHE 2 2 ms DUF, 71 2 7 OFT R
% 20ms LT & L72RMIRZICX D, Uroglena X
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R [nm)
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Fig. 2 Acquired spectral images of algae at an illumination
wavelength of 630 nm and the average absorption
spectrum of square regions.
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Fig.3 Various types of algae acquired by a spectral imaging
microscope and a conventional optical microscope.
Cryptomonas 7c £ OB Z B 5 W HIZ BT HHEHE
RLEETORGHRT L Z25ZRI T L% 5% H
BRIRECHIFTTRETH D Z & MR L 720

3.2 ALC & 355837

AL SN XY §RSGOFEK, KIFETHERILL 72
K, B & OB BRI SE T A W R AR PR R & D 4
BINT R A REHOEER GG LT — 4% &
FT AT IZ & 2 BB O EW 4 O B % F kit L 72 5Ff

#ik % Table 1127-9 o FFiid X Y @K% DB,

KIETEELL 727k, B X OB OREEMEZ I L2 A
A7 N OVIES 16849 LD W, Y H K O K TH (%
L 72 WG OFE I H W TW v 8194 AL % &7l 7 — %

Table 1 Classification results of algae in a raw water by AL

| LRk JIE T FRBLE A
BEWEME | Anabaena 3336 94% 99%
Phormidium 71 83% 88%
Microcystis 131 89% 93%
Aphanocapsa 59 59% 90%
HHEE | Aulacoseira 254 91% 90%
Synedra 46 87% 80%
Fragilaria 172 86% 97%
Asterionella 46 76% 92%
Cyclotella 182 81% 86%
Nitzschia 59 78% 71%
ot Mougeotia 79 77% 95%
Uroglena 56 82% 92%
Dinobryon 21 76% 94%
Cryptomonas 152 82% 79%

ELTHGW . RSN A R EMAOEEHIZOW
TEHWHHEB L OEEGENMEOND 2 L 2R LT,
CAUBASE L7 BEMEE IS X D BUS L 72 ARY N OVEIE
POEENEFO 70T 7 )L a REREMEAO 7 4 O
DT = EOMEONEME BE O A RN I
ROTEHAHHNCEFG LT DE I EITREEIND, &
[\ D FEAfAS R TIR AW IZ X o T IS SEEE RIS
Ao 7272 DI F-iRt RS 70 <, MRS EEAME < 7
LRSI Nz CNOSOEBEICEH L TET—7%
DYLTE & ML TH 5o

3.3 SKIBORERKICEDRED ML > KEE

2023 4F- 9 H~2025 4F 3 HIZ Y /K512 TR 1 AT
kR CTEMAICERIL S 172 JFUK % v TR L 72 B
FICXDBEEEEDO N Y PRS2 ERE L 2455 %
Fig. 4 |27R”¢ . Medd &K CoOXFTEMEEIZ L 55T
WOWPERAM TH 54720 OFE S 100 um/mL %
AL LT, B LBEMEIC LG T— 525K
B 72l E HAL cells/mL ZHH L 720 KEKDEEIR
| X2 TR Anabaena 137 AEIZEE L T,
SHICE=2%z2T, 11 HZ»TTRATHETOD
b L ¥ R2SEKE T oY Mm@ £ 5 BHERI & B
FELZHEMEEIC L DV ES NIRRT WETHER L C
Wb & ERERR L7z BEEEEE Aulacoseira |20V T D
FEIC P LY FiE 2 2OFHIIC & 85 R Tl W ETHE

BLTWALZ LEZMERL.
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Fig.4 Trend of algae measured by a spectral imaging microscope
and visual measurements using an optical microscope.
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L0, B LML LFHEMEIC L 2R
Anabaena & B:H Aulacoseira @ 7Tl F 1300 Wil
TR L TWBLEZ LG, B LRI L > T
HOML Y P2 BREWRETH H 2 EAVR SN, %
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fFCTX 5,

B

AR 0 51272 ) kS £ OKEH, 85
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1) BAKERS « FREERTTE, 2011 4ERR (2011)
2) FKIEES: KB AT LB A AEYEEOEBIELE 0

3)

4)

R B9 A W9, TR AR S BRI e O 4 f R
4 - fERE I RGeS (2013)

WARTBAR, BFHET, FRMES, FEEoL, amEm, il
M : ARZ MVA A=V U X BEEoH, %71 s
W RF AN NE S (2024)

BPHE, WBABK, RS, O, SnEm, Bl
Mo A7 MOV L AL BN & 7B - BREE - AR
B LU, A 6 EEEESE OKENZERES) il
# pp.792-793 (2024)
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DRXE T 5 —F— W
(T 101-0041 SEECHR-F-X X #H HZE MM 1-25 JR #7145 €)Y E-mail: yamaguchi-dabide@metawater.cojp)
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¥ Cranebio
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B =
FKASETIL PFOS K U PFOA % /KE/RERMEL L THIM T 2 METSHEATB Y, SRidfmkE
R COREDV S LB LU EBESINL, L Lehs, —RWERESTETH S
LC-MS/MS 12 L 2B X EH LB L 2 OFMEET 5720, KEHEEIZITKE 2EHEPH
PHEEZLNL, TH LT s, DNAA Y FIZISH L-HANZ L), PFAS Ot % #

fEOMAEIIAT) Z EATE BT EWE L7z,

F—"7— R :PFAS, DNA #7773, KEHEE HKEFREE 775~ —

[RIESfF 2025.7.24

. & U & I

PFAS (2B L 72 BRI I SR T 7o >, TR
DOKRETIE, BE, KEEHBEEREHE L 2> Tw
% PFOS L U PFOA Z/KEFEH#EIHHIZED L Z & &
holVe 2O L2 end, KEFHELX b
DOYE DO W TRRACKIGIZ BT DA DI IKIE R &
KB ORH R &, B L OMENLEIZRL DL
MESNDL, LA LGS, PRASHEEE LTE
BHH5NTWALC-MS & 5\ ik LC-MS/MS &, =%
RERELOFMEEST L7290, KEFEREZIZITK
EhEHEHrLEEZOND,

INbEERELT, DNAF /527 /0y —D%
B CISHA A ST 5 DNA U 4 3 ol = i
vy, PFOS K OF PFOA DA % i 522 #1247 9

CENTEL AR TAZ EE Lz, O/,

Cranebio #E&t: (BLF [Cranebio #1:] w9 ,) &
OIFEBFZE (LU [ARIZE] & \v9o) 12X - THEM
LTHBY, KETIE, FOWEmErHmEd5s,

2. DNAAVAHI&ICALAEF/BEGEKD
B=E

DNA # 1) % 3 &%, 2006 4F 12 P. Rothemund 2
o THEEN/ZDNA S/ 727 /0y —D—FfTh

EICA: 30(2 - 3) 70-72

5o 7000 bp ##8 2 5 DNA % 20~40 bp #EZE D H W
DNA T ) 7272 A THED I/ fE R % i3 51
MTHY, 4 RICIKOBEEREZIEY B3 2 LA
Thb, 72, WEDY VX7 ER/NGT, FEDR
FIOKEE (=7 M) IHETHEMEHERL, &
BERBER LI EIZE > THEPEILT 25T Fi7-
LI ENTELY,

Cranebio £ TlZ, T oOFMrZIGH L7-F / kEfk
WV, HIER Y A VAR {HEICHRET S LN TE
LA A EBASE L 720 Fig. 112F /Ao % R
o ZOWEERIL, DNA &V F I THIE SN2 21
O, WMEH LEFEETA-OE, =7y MIHEE
TLT7 7<= EEDY =7y MIEET H—ARH
DA DNA X1 RNA), FEGEEIEH T 2 8%
(rEftE S N72RETIEIAREN) TR S Tnwb,
SEKICF o EEAERERINL, RRAKFD S —
Ty MNBT T —ICHET AL, HOESHITR
MEEET 5, FOEEICLY, SEEE SN TWEE

A% % (M)

% & (R TEE)

Fig.1 Concept of DNA nanostructures
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FosEE LR L, ERKICHIN L 225 R
TER LTRSS 22 - Th b, €L T, 5
WEAR— I T+ DA AT THREL, =7V bD
M2 HEICHEETCEL Y 7 by T2 L7z,

ZHLZlICEoT, B ARllERE T LB L ST

22 BRI X ) Ty — &y FoEnRER AT
AT ENTELY, KIfETIE, ZoffAEZHNT
PFOS F U PFOA ORHBIZE Y fltr 2 & & L7zo

.M R A&

3.1 F/IEBERDIEE

K72 Tlx, %4 PFOA OMEIZELY M A, %
22128 VT PFOA & DA HE SN TWE T
Ty —%%# 12T, PFOA LG 5 IaMEEY)
DT TI<—%ikat Lize WIZ, TTI¥~—%F /1%
RO O B\ HEAE T SN 2 e 217> 720 Fig.
2%, 77y —m BT W E K )
5REAKTH L, “HMOWICENZENEE SN
MO EDOF N7 Ty~ —%Rg L s ->TH
D, PFOA DT Iy~ — ST HE, oA LErS
LOMEEDEPNLHETER L T0D, ZLT, 80
B LOKEENHEINL L, Fig.1 TRL7ZLIHIC
WAL L CrE DALl CRlElE S, BRI
LEERE R HESE L 72, PFOA DML, EEFE NG
fLL7-IRE TR 2RI L CRLEE, 205t
SR A HIE T A TR R L 72,

TS H < —

PFOA 45+

Fig.2 DNA nanostructures with aptamer for binding to PFOA

3.2 FAMED PFOA BEKTF A

RESE L 72 / K&K % Fvy, PFOA 237 7% ~—
kA L7z EDORNIRE L PFOA IRE O MR % R
N7z PFOA FEHEFEE 2 B K SN L CalRbk &
L, PFOAEE% 10nM 5 10 uM 1A% L 72, &
FK 10 uL (2 F 7 HEFER D EEE 50 nM IZFREE L 7218
W25 ul iR L720b, IE % & &R 25 ul
WL, 30 0HOFEHEEEY L — b)) =¥ —%
FWCHlE L 72,

F 72, FIEEOWMD S T o % B
LT 5728, PFOA #EE 10 uM D511, 386
FEOEID S —E W & & OFOETREE & M%E L 72,

4 HREER

PFOA #FE L 36 O MR % Fig. 3 1R, %
Jix PFOA 4 T TR 841, PFOA R & 3860k
FE L OBICAHBD A DNz, 2L, F / iEEERIC &
% PFOS OIS EN SO N2 L2z, 3t
JE7» 5 PFOA ORENIEBTE L2 L ZRIEL TW
5o
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KA SEEREE (- 0 nM)
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OnM 10nM 100 nM 1uM 10 uM
PFOARE

Fig.3 Relation between PFOA concentration and light emission
intensity (30 minutes after reaction)
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TEE 2RI L Th S BRI —ED TR 5
Nize T, PFOA R T 7¥ X —12HEET 5 L,
B B I ol L - R I EE T A 2 L AR
LTBY, RIFZECTHEEL7HEIZL > TPFAS O
HE AT HEIC 2 5 2 LB RIBLTW5, B,
TR X —ERBICE—2 ), ZORITEE
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bib,
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3,000 r

2,000
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Fig.4 Reaction time dependence in light emission intensity
(PFOA 10 M)
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F O PFOA Offi W e HiEEMRET Lz, F /fE
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2. HEIFRMOBE, i

2.1 FEIHEMOBE

FIEL 7R 7T u -t A0 7 10— % Fig. 112,
K ONMFF2—7) OEHE% Photo. 1 |Z/8F, AL
R, SEAFIHBER - EERR - ST, ERRSR
¥y BBRIEAMITE Y v E LTEHLTWS, T
R[Y v, £EDO % 1mg/L FBETEIRT LI L
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REMEEZTEEE LTWb, AR5 ¥ 7 12iE, mibie
HED DA A SN TV S, IF5 5 » 71, DO
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EICA: 30(2 - 3) 73-76
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Fig.1 Demonstration facility overview

(memirni |

Photo.1 Bio-Tube

2.2 BEFEICH T BEMLSS, £ DO EsIC L B8
SESE (F70787) OHIE
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Fig.2 ® 15 CHTZOEAKEH D ASRT 1£42 HTH
h, X1 TEHE SN2 WLRRFFIC L2 % ASRTI0.7
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Fig. 2 Nitrification rate of suspended sludge in carrier process

H (6=135) XX LFm AT TH o728, FEHE
o tae ) 2 A L T, BiEH RS E W
ASRT Thffbae /12 F L7coi%, HMAKH THGH L
CrERE DL DY, BERERIEE L i e o s S
72720 EERHR B

Oxa=0620.65exp (—0.0639T) A1

Oxn - AL RER 0257 ASRT (H)
8 A T-N OEMmABIK 3 5 HIERE (1.2~15)

C D%y ASRT TiFlEHROEALEE ) 28 3 % 4
BICE D, R70x 213K MLSS Ttz d 5 2 & 2F
WReL e bo ZD720, HHEHIRD NN & % KK
TE, VEREEV LR b, BIZ, FiEHIRTH
{LALEEASUTRE & 72 % 7280, K DO T EFE AT HE &
%0, DO L OENKEL 2B omEMEE
WY T&b, COLEMERNV LI L L,
MEMIEEND R DI L OMBEHREIZID, B
BRENV R TE, T TEIOHERATREE 2 B

3. £ ff W &
3.1 FF 71— K, HE
FIEEE, BT AT K LE L > & — PRk AL

PR CEM L 720 sk OMZE % Tablel (2, FHHEiK
'H % Table 2 |27~ T, [Alfiax DN 7 0 — 1% Fig. 1
WRL72EBY THDH, THRKLHERGEE, 17502
x4 ZHOEEI S TH B, EERERIZZ DT D 2

Table 1 Facility Overview
SRH - 4351 - 8 (2 ith/RH1)
%Rk &= 129,000 m*/H (16,125 m*/H)

Table 2 Planned Water Quality

et B 57:‘/ 7 A &&iﬁ’@k’%’f
(EH) (G)
BOD (mg/L) 124 9
S-BOD (mg/L) 62 —
COD (mg/L) - 10
SS  (mg/L) 54 5
T-N (mg/L) 32 10
T-P (mg/L) 3.8 0.5

ith % FEREM & RF AR & L THEME L 7o FEREHIR
Fig.1 70 =R L7258 » 7 © DO &t Hw,
s >~ 7 @ DO HlfNC & ) #id e dE 2 i L7z,

3.2 EIMEHER

(1) ASRT ERE1EIRR

FEREIA R D KR & MLBLIRIE % Fig. 3 12779 DO I
FEEEh 1 mg/L, AR 2 mg/L % HAZZ, MLSS &
FEFEM 1000 mg/L, #F R 1750 mg/L % H R 2 E iz
L7z6

WK D NHANICOWCTRE & 12 HK»2S5 2 H
KFE TOHIMIZEIEM TR o N7z, s &
OFEiFt oo B2 &Mt E Tz, NHi-N
DA RS N7 O FEFEM O ASRT (X 24 HFE
BEC, et b L7z x> ASRT 1x 36 HFEE T
ol FEIEMIZBWT 12 ARD S8 L 72 LBk
NHs-N &, 1 ARZHEISHEA LT 55, 2o
Kii& ASRT IZKE 2 LT ON o7 Lo
T, ZoMMoKIRIE, WLEAY v 2Ty bT
LEIF D ASRT 72572 LHEE SN Do KitiFkIZB W
T, AL ASRT 36 HEE L L, DA oHIRIE
24 HRE L35 2 6T, LI BIFIZITDNLAS
LEZ DR D FEIFT NHAN OBREDSR S /2
Mo 1268 L% ASRT 25 7~8 HFEE T
Hol-olzxt L, FEiIED ASRT #°24~36 H TRUIF
R LILBR DS BETd o 72 D1, Bk oA DR F &
EZHbN5b,

(2) ENESLVBEMNRS XEIBMHRNOHE

FEiibith & xf B o EER AL E L T IO W T,
BHEDB L O COHHEDOHIIRA R % Mat L7z, &
H5AM% Table 3 127" 9, FEREM F 72135 R D 5
v, WREEO §MIZHEH L& L THELIT- 72,
Table 4 (SRR LR T FFRITIIEEEEH R
R EROBIEY 2L L7z, b, &
AEFABR CIL EREL O AR % [ /CGEEE L 724, AR
Tl En s L, o R & RS EM AL 72,
FRICAOND L )2, KEHRYOEDEIL, i
it 0.133~0.163 kWh/m® 1% L, ZEEEih 0.116~0.154
kWh/m® T& 1, & MLSS, & DO i##z§ 5% 2 & T
5~15% OBITHIWIN RS RO N7ze Tz, B
iR 02 kWh/m?, 7EBR=UAE L 28 1% 0.3 kWh/m®
I LT, EEMOE N =X KIFEIZ/N S 2o 72,
CO:¥EH &I, TEBRNANILIiE % 100% & L6
WG TG IR 1X 96% & 7 B FEFEIMIZ 50~60% &
70, FEEETEVEG RS X OEBR AL S o0 L
THHEED COHHETH ), BHREFICKRE(HF
5CE5 70k ATHrEEZ LN,
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Fig.3 Processing Status
Table 3 Calculation conditions (Applied to all ponds in the west series)
N0 0 FIE6) Fft@
VO A (8 k) By 7/5~8/26 8/27~9/13 9/17~10/31 11/1~12/4
KPR | SEREML | RPEEQh | SEREMR | RPFEGh | SEREMD | RPFEGL | SEREMD
AT E m®/H | 101,948 | 100,998 | 116,060 | 115,365 | 100,488 | 99,160 | 98.012 | 105,534
Ko | Rk 0.27 0.26 0.26 0.26 0.28 0.26 0.29 0.27
LG ER — 1.21 1.21 1.32 0.91 0.87 0.89 0.66 0.85
KIS IR C 29.2 29.0 29.1 289 272 27.0 23.0 22.8
p /‘L\y MLSS mg/L | 1850 1,068 1,700 990 1,786 1,027 1,900 1,440
$EAF DO B mg/L 1.8 1.0 2.0 13 17 1.0 2.1 1.1
s # >~ 2 |BOD| mg/L | 63.3 63.3 41.0 41.0 51.7 51.7 57.8 57.8
K H A T-N| mg/L | 208 20.8 16.5 16.5 21.3 21.3 19.8 19.8
= K BOD| mg/L 2.1 2.8 1.7 0.7 17 27 3.0 2.6
T-N| mg/L 49 6.2 4.2 54 71 7.8 6.3 7.0
e TREE m®/H | 519,939 | 480,090 | 480,695 | 418,708 | 484,317 | 426,208 | 397.811 | 363.101

) HEHARE 0,408 kgCO»/kWh (B 2023 4R 1)
N.O @ PEiE? (kgN.O/m®) 15 0.000142, =5EEALER 0.0000117, HEHIFR%L 265

A5 v HEbE?

(kgCH«/m?) fRuE:

;, FEALER 0.00088, HEHIFREL 28
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Table 4 Calculation results (Applied to all ponds in the west series)

- s o FMO~® ESUATRGY PGB
PR (810 R T | EEE | e | midka

A7F (MWh/4E) 4744~5988 | 4,459~5,042 — -

7uvy 76%~82% | 77%~80% - —

o g | IR 10%~13% | 119%~14% - -

BhE T T | EBREYT 49%~11% | 5%~7% - -

ERERA S T | 29%~3% 206~3% - -

KEY ) OBHE (KWh/m®) | 0133~0.163 | 0.12~0.15 0.200 0.300

S 100% 85%~95% — —

E N 0.054~0.066 | 0.047~0.063 |  0.082 0.122

KELY 0 N,0? 0.003~0.003 | 0.003~0.003 |  0.038 0.003

CO. HEH & AZ Y 0.025~0.025 | 0.025~0.025 |  0.025 0.025

(kgCO»/m’) & st 0.082~0.094 | 0.075~0.091 0.144 0.150

[ 55%~63% | 50%~60% 96% 100%

4. ¥ & &

FHAR DS ASRT TG e s+ = AL iE
B9 AR AL, K MLSS, K DO &z % 179
K70t ADERBEFRERZ 1T > 720 FEAEABROKE
W, T ASRT 27 HEE TH - 72K, A7 0o+
A1X ASRT 2.4~3.6 H DM TEIF 22 i LALEE AT g T
Ho7zo FMLSS, DO Eifizx {7 2 & T, s
E B L CEIEIL 5~15% OHIERN MR SNz

T 72, CO.FFHE IAREE G R E B & UTEERAGHL

Bz L CEORETH - 72,

z E X R

1) HAETFKED
Jif (2019)
2) BHEA, EISSEE  TAEICBI SRR E~Y = 2

A
nz= -

KB SR -

TV, PR 284 3 (2016)

3)  HARTAEFEAMEMN WG IEEE O S T 4OV F — Ll

(B9 B EdlE R, 2014 43 0 (2014)

ARHRES & R 2019 4Z
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(T 700-8530 fILididL R 3-1-1
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FILRFEREEH T E-mail: nagare-h@okayama-u.ac.jp)

N2, A

S
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(T 700-8530 R lTide <t 3-1-1)
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BT B EE O RIEIED S I, SR C ORFEA BT ICHEN S 5o HKk oL
EREOAHE R 5720, BRAMZEST 5 —7, RRICL > TRFEMA Y v b EL L TEE
LT, BllEEz2 O EEZE L Tvbe ARKRTIIZORB D200 4 LB Tl {§E2

RS S LI Y AT A OWTHET S,
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[Ri&S{F 2025.7.25

1. & U & I

FMFE L 1x, LA HbT, MWOREL DK
Etk (BEN) CTHWEEETLHETH LY,
BRI RN TIT b B 720, i - [ROE
v, BTENCEE L2INES IR TE 5,
K- EEMEHEZ IR CTE 5 LW FIELRH Y, 4B
W COEREREDTERE L 2 5720, FIEFHAEDLA
LTws?,

T YNBIY: ) [ INEEARY - & 52y 5
BRI OB LI L SRTWwWb, SR ToRE
HEOK TEHPERELYHWNELZLDTHLHY, K
EIREIIIBRY 5B ), SBEEBOFLEN D LHHTn
MPICEERN ARG IR & RS 2 S SR E o8
Lo TWb, T/, TEWFEZE L 72 R ORER
O ELHREE 2o TV b, E512, HERM
R (BFREE) T, BEMICE D R S O IEERT
AR OEREBLO—HER->TEY, BEANO
HRHBEINTVD,, BEFHIIE, InooffEE
5 LoD R E 2 EH 52 TR L LTHHIFES N
TWwhY,

BTN, B e WA 5 ks, iR
LaWHE (PFRL) 05556, BEOHE, HIiC
EEEE SR S OHEKRET A, BB OREAT
b, BT DAL L A S I E R O A
fibi, ZOBUIHIKRDPSAET Do Rifkl2 L > TEDS
DEEDHDH LD, FEEBTHORFEIEREIZTKD 10
BRELZLGEDH VMO TEVY, 200,

K - PR &,

EICA: 30(2 - 3) 77-79

KEZVETH> THREICHGZ2AMIIRE L, @
Y LSBT H B o

ARWFZETIE, FEFREPROMBEHA & LT,
BT AW REE R, &5 ICEM I iE Y &
HEOT-ODOFMEZRE L Tnb, TAREEELRD,
BEETOHKLBIEROBCEMBTEBINS 72
B, FEHETRE R B A ST 5 72D I IX B R ORI
MEEZERT 2B TH DL, €D, KFZETIE
WLER & [E RIS E E O AL BIg L T\ 5,
B, KW TIE, MlEEE LAY Iy AR
(Haematococcus lacustris) % Fvy, 2 27U & A DAl
EWEE L TCRROBETH LT AY X v F v 2k
LI ELTVD,

A NIy HAIFREO—TETH 5, B 2B
HCIEEA VKRR 2k L RSO T 5, 2O
MR L IIE N TV B, BREESE DS R0 AL
5 EABITHEE 2L LB ok aile [y 2o 4
Rl NEZT B, SHICEUENENTEE, TAY
XA F SIS ERE S AVBE RIS LT .
COREE VAN v,

T AL XA F O L EER T EHO LD,
ATy ADMEE L IRRE TR EH T 5 L8
Wb, TDID, FEEFIMOBAEWDIHAT S Z
ExBhET 5, B DWVIZRADE U786 108 HIKEE
wETELUENH L, LU, AW THRET L 7-&
HIREED RIS & TN 2 EH T H720DRF#E L AT
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2. HASEAEEER

2.1 #*vJ > mErEREER

TAY X F AFPRILERH ), A~ Ty
B 2T AR EY) 2 A b L ASM R IZB W TR
THET LGN ZEME (ROSs) #fFHET 5720127
A XY FUEEETLESDOILTWAEY, 22
T, N My A ADPEALA ML R ED S B DT
EZwheFE 2, VK AE RO TR 2
MyszEE L

EEROMER, kBT AV ICRREEINLZ LK
D AR b s 2k, sV AT A FidiEikEl
ARG E O T AN S Wb O OEEH I & AR
THY, AV NLENHPEHRTE LN L, &
A MIBWTUHEREI 2L T4V Vit E
THIENHLNE RS T2,

CORRLY, MOBAEMORADELI2EI2IE,

ANY NIV H AT A NOEEBIZELEEZDBI2Y
T =S RBEMTAIETAT Ny 7 AL
WOBED 2 ARNEALL, FODOHIZHUANT NI Y7
A& WERENCR LA R S8 5 2 & TELEESY
FHTEXLDOTREVWHhEEZ SN,

2.2 fHBIRREHIMHSEER
TOMENIBIT L4V v e 7B 5REEYFEB T
Lo, Mgz b 50ERT 2REICEILEE
LHEPLETHL, LoL, ATy BARED
£ RS CHIREELAZIL S 200, oMz
KIS D TE oz 22T, HAIDLEZRHW
7o B T BE R O T BEVE 2 e L 720 OFER, IR,
#k, HO LED Jox 87 2% Otm T WA E) TG
T5H5ZET, MBOEELELIE) LT ENHL 2
o7z,

2.3 fHBIRRERREEALT

SR L > THREREZHIE L ) 522 EHS 2
WZholzb o0, KK S HVIE0L A0 A FOIKEE
THY Y ZHRIML 2 ZMICRE Ry A -V %
B2ZTLEHIZ LI b, 2070, fMgsy A M
o TWnbZEEMEL, ZOLTEH Y Y E2HINT %
LT RETH D, 22T, HMIBEREOZREFIMIZ
DWTHRRT L 720
R, BARAZ 2 =TV Ay N T =7
(CNN) N— 2 TR S N7ERBEE 7V T X 4
YOLO (You Only Look Once) Ver. 3%” & i L 7=,
AFFCHEK A 700 M, )V AT A K658 fH, A b
479 R DHIAE % & e 355 MO MR % 5478 S 472, 44
&N 115 OB B % F & L akAE B O F-ifi &
otz kB, SV 204 K VA FOZFEREDOH

fi% 9 BBOBVIEBRCHRMT 2 2 LN TE 0,
3. AT NI YHRBEEYIF L

3.1 YATLIER

DLEOBEFEREZ D &1, AT Ty H AR E LR
EBIDLLODOY AT AEMELZ, HMEL Fig. 112
RY o VAT AIFEEDIZODINA F) T 75— DA,
Y% B S4 5 UE (Adafruit NeoPixels LED Strip),
FO {5 % B 9 4 72O O BEMEE (Olympus CK40),
E 2R PC, BAMEEER % PCIZHY AL 720D
71 A F (Allied Vision 1800 U240C), #* " > 3§44 %%
(+—=v b SFG-1210M), % L CHZRZHI#S 572
WO A4 7aay ba—F5— (Arduino Yun) % Tt
WENTWwWh,

S IZ v 72 LED &7 — 7RI LED F v 725
BEIN/ZL0T, 7075402500 - BEERTEIC
BTHTE D, THUXYMRIEEOSIE AT o BHK
SR E OB BEMSE Y Voo SIS TERT AT
L, 7U— v IVIZIRIGAA I Fe 3 %,
T U=V )VANDEED 72O DR T OHEE) 51k,
B OWFE 1L PC L Python A2 1) 7 M2 X o THs
PEE, HHNEIvAraar ha—F5—%4 L CH
BIcH#Eziio7, 470 ay ba—J—136iKE
ORI, FIHT—EDEEX 1T —J, PC 25
DEFSZELLEAEICOARFEEZFITD L5 Tar s

L EfE L7z,
ﬁpiclures
=L, €@
, signal
_"| microcontroller |
4

s
&

@ i control
— i

: I - |ight%medium
= bioreactor

Fig.1 Culture system of H. lacustris

3.2 IEEXER

FROVAT AEHCEEEERYFER L2, )T S
7 — 1 ZIERm o N3, ~ A Mg E AR, FrED
BEfI A 2N L 7-06, KIs# L7ttt L
CTHAEIRAE 2 Bl%% U720 %), BRadmid s A Mg
HTH0RICHRT LR EREL TV, KEBICKE
AL, EAREITEL 2 RO ERR S 7z, B
SRR ORBE,LS S, MIEATY A b ORI E
L LHEGE L CTWA 2 EDRERE S 7z,
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VERIEY T KONV A RT 2 0 BISEARES  SCImPEA SR Core Sensing F— 4

(T 601-8551

HH I X EEREE OFAT 2 E-mail: yudai kameko@horiba.com)

B =
HARER LY, FEIEERBER TR 70 22857 ¥ =7 OMHBNOHLEIEIZ B 5 R4
W TH Y, FFIZEREIEICE VT, SRETHES 5 L SIS 2 HIENIHE & 2B 720,
Wi 2 €= 4 1) Y TR R T b, AR TIX, Fur F—=7F¥ 1 VvE> F (BDD) &z
MW7 BEALFES T, D oMt g 1] e 2 AR PR RE R IR OB 2 Hr7z I L 7ze K
FE#Tld, BDD Bz 7 REE R O W E B, MHREREh, 72 5 I LR IZ B
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F—TJ— R ¥ AYEY NEM WMERESSE, KLy X b)) —,
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Fig.2 Sensor schematic diagram



82 TAYE Y FEmE 7 HRREESE

FEUEE el 5E

4. FF I 5 &
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it sy |NOX N UV, it 7 > 7 GROTD)

J U NH-N & (FIESS, BUG 8 > 27 &l o A4 3T)

U g | BRI N8 7 1 5 X8 &
e (R 5 > 7 #i: - %)
TRt | 8.0 m X 49.4 m X ARIKIE 35 m X4 it

RFEit o il e il 2 A IE L C R Bt oo Jil s i e il
RHETHHELE LT, IRE TICHREMIE (hio
BRI R OAEREITE) AKEMIE Gl O
AT DRI IE) ZHE L7z ARERE T H
DAREIBERFETH 5720, FEMHILEDOAZ
ro7z0 AL, AT OB R 2 FEF it 12
M BEC, ARBOZEREE 0 L COREERL S
ZiT, EbOREREMERETLLDOTH S,
DT oz HwT, SREmOTFRE L artRE T
TORELZ) A CTREREMZ#HE L/ (HEH
0 208)0

AFl_xeleFl_req X Ml
AFZ_set:(AFl_mq_'_AFZ_req) metal_AFl_set

T T, AF o \XATPRE R B, AFo o 1315
HAREM, AF_ . \$RFRMOFHFE SRR G, AF,.,l&
RFEM OB PERAE, M OIHERE, Mow A
FHTH D,

2.2 HEEB—EREOERRSE T

6L H~FMTHE2ADH 5, &ix > 7 F
v AWM 2B < 220 HOMIM, RFbE 1-4 R, B
fith 2 1-1~1-3 & & L 2B — 3G IS & 2 Eii
TEML 720 FBOBGEMIL, 44 MR L OREGTH
BRI S AT 2% H o7z i & 92 L 72 A 4 47
4 H~5M64E3 HD9) b, A TRSEOKEFHIME
D NI O KL o & FEE D LA D S BE
L7z (Table 2), 7272L 1-3 D&, 4HI64E 11 H
S HIZHEE AT L (BHIZELMEEIIRE) -

Table 2 Parameters for operational condition of the multiple-train
control in the demonstration

1-1 % 1-2 % 1-3 5% 1-3 5%
(11/5 Z=5i) | 11/5 ZHtR)
IR 0.96 0.82 0.97 1.04
Rk 0.96 0.87 1.00 1.06

2.3 #IfEEE S L UIEKE DA A&

B — G Tk, At~ R E TR DK
Bt o —5HlME B L OWHEOKE 2 2EICiEs 2 &
*HEL LTWwb, 72720, ARhik Tldihdo Lk
BaHEL TWinizd, WEKEOFEMIZ 15 4
RO HIKE % BRI LR E 7o v A0 B L 5
B AV & e L TAT o 72

HIEERE 2 MEE S A48 & LC, (Rt~ B i
TOZNKE L 7 —5HIME (NOx-N 2, NH,-N 2
FE) OHFEMEDELY A7z, BEEICOVWTIZEE
ERED DS, EPNT L 2HAEL L TWnb,
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WEAKE DR O 720, 4F1 645 H~4H 742
HIZ2FTI9H, 11 HZB&H 1~3 MOMHE TRF 13
[ OFKFAEZIT > 720 1 REALEIB T2 B1T 5
WERE L, 1 RBUGY v 7 4 KO3 7 Lt
KEERTDDER Do 1 RORMEHMIE T &
W I C 2B SR I 4 KR DT KT w b
Bk % 1T\, BOD, &%% (T-N), & ~ (T-P)
e L7z (CFKERBRZ: 2 ) o
3. £ ff & R
3.1 HIfEEEE DR

FAEHIMIC BT 2R (1-4 R) 1239 2% K R
it (1-1~1-3 %) OKE+x v —HllEDZE (HF
YE) 122w, % Fig.2 12, WIRSESME
M) L LY (RKE—#/IME) % Table 3 127K
T WIETESEE, Ly Yondhng, 012w &8
W E R T 5

T~ Rt O, £2 mg/L OHEEFHN
TRERIHE L 720 BRI 1-3 RI2DOWT, FlfhY
B SR LT NOx-N i EHE <, NH,-N
BENEWIRITH Y, A LI kL 72
ZEND, TORKNITIEROFEMIZH D & HETL
11 HS HICEEAZEE L7z TORE, HIHME
(NOx-N &3 X OV NH,-N ) Ak L 72,
BARIIZIE, 1-3 %D NOx-N & o M M FI9E 134
HEI® —1.1mg/L 5 —05mg/L |2, NH,-N i
ZOMEFIHMHEIZ 1.0 mg/L 75 0.7 mg/L ([ZCLHEH
R5MN72 (Table3)o TDOT L5, HHGh—IEHIH
WCBWCHEHY R HARET A I EPFELEF R 5.

SRIOFFHAMIC BT, FERh LRI o
FEEOEBEELZL > VT L722 25, WDk
iicBnwTdlLry ik 1~2mg/L BETH - 72
(Table 3), Ziud, Fi% E%E L CRYERY % h
T, HADBEZEOEEHNFZOHEFHIZINE>TEY,
eI e K E BREBN R <, ZE L 7= Hl#E Ak L <
WAHEZLERLTWS, TOL »IiL, HAERRALE

Table 3 Evaluation result of differences in NOx-N and NH+~N
concentrations between reference train and extended

trains
-1% | 1-2% 1-3% 1-3 %
(4I00) | (4IR) | (11/5 L) | (11/5 BARE)

g5 1-4 Ko | Wl | _ _ _
NOx-N itz || 06 | 703 L1 05
(mg/L) LYl 15 1.3 1.2 1.2

i 1-4 e o | HIH

NHAN R | 0.4 0.4 1.0 0.7
(mg/L) Lryl 22 15 1.7 1.0

E7 0t A0 BIEMHEUKE 2 %% L GERRT & 5 #iH
NTHY, FERFMEO R WERIL XLV TH DL, B
U, BCh2HlHMREOZER TR TE 2L
EZ2ho

3.2 ALIBKE DEH

SHMO6HFESHIH~FMT74HE2H 2 HORILY
Y7 4o A e X5 32,596 m®/d (24,403~
73908 m*/d), % ¥ 7 @ HRT Z¥3¥ 85 h
(37~113h) THh o7z 4 13 M DOFRKF A DR,
T Tk B T o MLER K 1X BOD 283 6 mg/L
(3~12 mg/L), T-N 28 F 3 112 mg/L (8.6~134
mg/L), T-P 73 1.09 mg/L (0.63~1.42 mg/L)
THY, WTFhoBEHIZBW TS HEKE (BOD:
15mg/L LI'F, T-N: 20 mg/L LL'F, T-P: 3mg/L LA
) e L7ze T72, EFBEEROFIHMEIL 68%
(RHDOADEE 72%) T ) B & HEET
Holze TOZENE, SEOFEFHH ORI~
M O NOx-N i E AL L O NH,-N REZEIE, B
FERIGHALILEE 7' 0 A DIHEUK B IZSHE e e B % 5 2
Lotk E2 5o

4. & B

HAERAELELZEE 7o A0 ICT - AL HI#EIC L 25
FEALFREAT D EFERAM I B VT, 4o b 1tz
RF, b3 thE R E L — 35 25 9
H R ERL, SIS & UK E % 55 L 72

| = NO-NBREDE (1-1F:—1-4F%)

+ NOx-NEEDE(12F —1-4F)

« NOx-NRBEDE (1-3F —1-4%) |

2
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3
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Fig.2 Time course of differences in NOx-N and NH,~N concentrations between reference train and extended trains
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FORER, A~ B T AR, MLSS iR
HHEAAFEE 2 S 12 BV, BIICH 20 BTG
ZELTEN (REM~EEMmE O NOx-N BB
JONH,-NEEZOL ¥ Uik 1~2 mg/L #£), H
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LT L wERR L

# o
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2 E X |
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VIREE KA 27T HARE A CERIRM S R

(T 141-6028 FHRALJII X KIE 2-1-1 ThinkPark Tower E-mail: Nakata-m@mb.meidensha.cojp)
2 NJS
(T 105-0023 EGTERHEIX 2 1-1-1 E-mail: yukinori_masuya@njs.co.jp)
VIR BT KER
(T 730-8586 )i BT A X [E[ZRTE M 1-6-34)

VIVETH R R T KERR T ACE xR
(T 273-0014 T-HEEAVE T w5 N 56)

B =
A LR SR AR IS X 2 Hffr 8 AN 21T 7K E 5 B Ol BT kAR e A B SR &

LIRE L 2o T h o BB D 7280,

PIRE D/ 7N T fRIK LS OMERE B 2 E BT 5

TSR R CH 5o EESIZETGEED B-DASH 70 ¥ x 7 MERBEF L LT Al %
T L 72 T K U s B O e ) SR e |2 B 5 2 SE3FRRZE ) % 400 3 4R EE A & 4 5 4R E LS
B BOE R AT 2 5 250 L, FBC AL SRR A 1 5~ AMEED LI 2175 720 ATHT
1%, ATIC X 2B 0/ Ny OHIRAL & SISO R 2 T 5o

F—T7— K ANTHIRE, PR, BT A 52 A, TR, SEREREZE

FEiES=fF 2025.8.20

. & U & I

TAREGEIZB T, DT ER LR FHBR AR E O
RIS PE O Feffr B AE D22 CHEE BB 9 5 $Afr
AR AN E AR E ZIEE oo T\ b, TR
B OB BN & R S8 2120, sl o
SN KL 2 E T & RSO RS L) BE
L BEHEMALE TN TN DB, FEE S, ERmE
@ B-DASH 7u > = 7 PEHMBFEFEL LT TAL %
TG L 72 T RALER G @ 8 A 0 Je ) SR Heatr 12 B 9
% EAEWITE | & 4 A1 3 AEEE D © 4 Al 5 4F BE |2 E - Fe Al
BUOREWIZEFT A b Ise &Rt 2 2l F, FERLBEGIZB W
T Al Z 72 3E 0 A & 2 AR D FEHIM ISR %
i U720 AFR CIEARFERBLILREZ BT 2 BT & O
T KL ERS N O AT AL J OVSEALER S 12 B 1)
LB R ERET 5o

2. £ B A &

2.1 AI#REEDIER

TKALIRS O EHRAEF T, A HTRE R & AE
YH=DORONDLEMENLT Y IZHEDE, B
Fealr & A3 REBs & ks W CRAM 2RI 2 T LTw»

EICA: 30(2 - 3) 94-98

o TOL) MM EDOEE IO A% Al TH
B 25720, REFFECIRHR 7ot A 2 HHENIZ 4 D
DAIEY 2= VIZHE L TEREL L, BAERMIZIE
[T (R AL EE AT (b IS AT [7K 8 330 AT &z
BlEALl THY, ZoEEE T Fig. 1 12R7. %
EV 2 VOBERUTO®E) TH 5,

- HSALEE AT ¢ PRt oo WSAE o AT L, ALEE

RO BERBEE OJMEEZ BT 5,

CRPISCHIT AL ARE T — 7 0 S BUIRZ 50H7 L,

HETE SALA EIKR & A% 7ok 5% o B % W HL -
RT %o

CEERARAE AL HICHIE AT ASHROR L 2ot e s
DX, BRNLB R RME LCEB - RET
%o

CKEFE AL BAEOBIER O AL SRR L 78
VE2AT o 72358 ONF RO MP K % B3R5 T Fill
T2,

KRG oL, ®FoEET—% OKE, =
%) &, T ORI BRI L 7R E &
ALIC & o TBI#EAF T, HIWRIL o T #AL & i o
Vv EHBTLEICHL, INICLD, ALICES
HAY AL L TCORMEHEZIT) & &b, BE
DORFERA OFAMRAIZ & HRT 5o FEREWFZEIL, L E
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Fig.1 Configuration of the Al inference system

HPEE K& IR >~ & — K ORGSR AL
THEMLCe 77V MIFEELIZAIV AT LAY
—EHEME, KEOHHER, BGET—-5Fx )TV
A NTHNT L, MR 22 EBn i A & 0 A Bl L 72,
AFTlE, ILETEHKERFE 5 — f@%i@
)L, FRICERH RO A% A D P AT I
U C, ZTOREFELFMEREZFERT 5,

2.2 ENEEFS

I B TR KGR EA £~ ¥ —OZE % Tablel (2
Yo WBLRFNE 6 RFNZ N THBY, 1RIT 4
H 2 iSRG K ALEE, B D) 2 it AR PR e i T AL
HLTW5E, 25006 5 RITHED B
6 RIS LI EEZ R L T b, 14205 3
REFR, ARPL 6 R EWHRELTBY, Zhth
AL TH 5o TARIEBEANIIHHRNTH 525, FEW

DB LV MAKEDIERT B, FEREO T 1X
202345 H8H”H 10 H3l HE L7z, EirIM o
MATEZH % Table 2 2777

Table1l Overview of Hiroshima Seibu Water Resources
Regeneration Center

TARHERR T ey

oE R 6 %5 (BR, WHAR)
L s - ¢/ ) R P R 1

o g7 A (HR) A - AL - Bk
LU N | 334,670 m*/H (Z&fK5HH)

Table 2 Fluctuations in inflow volume during the demonstration

period
AKE (m®/h)
E LN /A I
"R 14,000 0 3,610
[ 22,400 0 6,560

2.3 EiAE

HAREATE ORI T AT ) Y I, ZEHEH
FER BB E D/ Ny OFGELZEZE L, AL
WO RTH HEAFHEE 2 #E L7z, FEIETIE 12

(B PTG e,

OFEAEHHE (2% DO i, 34 DO i, 2 RiR%
HRERE, 3RBEHRERE, AR EARE
E, BIKZDOSENE PACIEATERE, REAKRZD

RS PACHEAERE, 4 RREERE, 54A%
JRERE, 4RREHRERE, b RRRFHRERE,
VERRHE AZRERE) Z Rl R & L7z Sl 12
BT, 1 H2M (9K, 16 ), RS ATIC X
L2 I o WO T R e 7Y v
ATV, AL O L 7= W 22 241412 D W CEF L,
BT E SN 0% EHEEEE L TR L. 2b,
RFEFEIZ BT 5 HEAREIE, @E0HE L FRIC [LE
%mﬂ%?*ﬁkﬁﬁéﬁ | OREHEGFERY O B A
(T-N, T-P, BOD, SS, KEWH#) #i#E5552
Ll L7 FHEMIRIICBIT 5 AT HSE L L 7285 RO
e T d 5 —FRiE, AL R 520 L P i
R OBSREME IEE~NOBH 2 FAE L 2EEa & L
HEE % 80% ML 2% E L7z,

2.4 HHRETILOBERZE

RIFZEDO T ISHIME AT I2IE, XA VT Ry T —
2 (Bayesian Network, 2L F BN) %= H w72 #fm€ 7
Ve FEHE L Twb, BN L, FERZHEOSMA S K
AR EAIMIEEEE 75 7 (Directed Acyclic Graph,
DAG) & LTEBTIMEIMETVCTH Y, HMEK
DT 5 RPHESR R ICES CHTa Yy 7 s
{LL, PHEELZRRTICBITAEERELXIBT A1
WAL LTENTWS, 72, BN IZHHEREIZBITS
FHAREEZMGECE L L WO EZFELTBY, bk
Feffr 812 £ 2 FIWRI O T HALIC £ 2 kAR~ O &
Tﬁk EHAMBEIECEATTH B M LRE L7z, BN

& B EEHI B ORI & 7 B K EEALE R O HE R X
f\4 ADEHICEOE, [FHariex] & [LE] »5
OWEEEOBEWERTH L [FHEMER] 2EEIHT
Tav A Thb, ZOEMIE, LToX—-1TERSN
5o
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B2 X 72052 A O Z =

(ADSEE X 7-B5 I ZBOF = 2R X ADKE = 5 FE)
BOi#E = A%

(=D

R—1 EZHEFOHEEHVL EX—2 kD L)
ICRBTE 5,

BAME X 722 A OF S L FHBHER=

(JCEE X AHHIHERR)
BOF iR

(X=2)

COMERTHWS N TELERIZLTOM®EY) Th
50
- HFiHEZR (Prior Probability) @ #IERIREEDHE A &

L3RS Il — 5 2155 OBR T

JEK A D3FEAET RO L,

- U (Likelihood) : fEMDIE S % 7”§ o B 2 1E,
[EIKA (RIEY v 7O DOMMEFLTw5S) | &
VI EMEOTT, [BHIFERB (LBEKEEFRED
WML Twa) ] 298Il & 5 &4 & iERTH
5o

- R (Posterior Probability) © f#& 0 7k o
DR ITRT o FRFERE LEE XA XOEHT
MAG LR, Flshs, Bl XD
2o LWIEROMERTH 5,

XPHIWT AT Cld, [HEKREERSEML Tw 5]
v BUIER GElomES=1L%) 2572 & T,
(S ~ 27 @ DO AMET L TWwWaA] &) IREEDSE
KTHDHEEO YW O (A=) ZHEHL
L DHE2S LR (FEMEE) 28304, Z0FE
BEERDS, HEiE B DK EELORAKNEH 2 T 572
DO, BHNHWHEE 25, 2O BN ET VO
i, FRRow#IcEo%x, EMEROMRLT— 5 »
LOFHEREMAGDLELNA T )y K7 Ta—F
TiTo72. 9, #WEMNE~Oe 7)) v 7 THLN
TR AR, ETVOBEKE %D BN OERKEE
(/—FExzvY) Z2EEtL7. COKRRKT, g

WrcEr 52 2K EZOREBEREERL, U2,
X RAEGE A OFRE T H B IR ULELR R {5 R LEE R
RN L7DAREROWER 70 A, EELEES
HE L TETIWVOMEITHARAT KRIZ, O
D%/ — FH OGRS L EEbT 5720, il
TR U 2 A& L 72 S -4 2 =3 (Conditional
Probability Table, CPT) % %4 L 72o CPT @ #&HfE=
&, FIIUE LRl — 5 128D R AE
HIickoTHEW L. 20 LT, 7= 725 TidEz
ENROHLRBRAOXIER, Eim B ORI 72 F
WZDWTIE, B0 & R 2 FF OB MR DS ZE OEE
AMSE MBIET A LW ) B TR LTELIT- 72,

3. MR EEE

3.1 L IR Al O#EGRET IV
FRT O A &R CRESE S LRSI AT O R
BTV, BUAFESRE - HIWRLE - S ErE o 3
6% bENENATYT 4y T —2 (BN)
ELTHEEEIN, ZOHEZ Fig.2 1273, 20
gL, PHREATE SO KE G20 @i IRI 2 2
WL, IREE2 i L CHEr 2 70t 2 28R L
725D TH b,
L E BIESRE (AE)
7T v NN =R EERER R Eh LA LN
LHF=5FWMOPIBTH D, 728 21L, [HUik
KA AVERE ] [ROSHE MLSS] [tk &g &k
EE] [pH] [FE=] [ATRIZEERR] 2 2320
@D AT NS L, BN o¥esmo 3 m s % 5,
INHOBIIESRIE, EBOMRIIBIT LI
RETE T 2720 ORI E 7 5,
<8 28 HITIRILRE  (FRRRE)
BEOBINT — % 26 L, ERRKI R 25 i
(f - [TP LA% &) [BOD LHEE] 2 &) %
WETLHETHLD, IEAMTES [T E72L
WEAEDSEAL L 29 72] &\ o 728 A B 2 T
AT B ICAHY T 5. BARMICIE, & [HIWRTR
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Fig.2 Example of correspondence judgment for DO setting
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MOEREINLILEE NS XDOEHTHAEL, £
neEho TR ors5 L s, $4bbE
BEEEEINT 5,
<55 3 JE ke (W)
i T S N OHIRILE A L, &
M LEL L SN L B EX RET 2B TH S,
7o 213 TDO Bl ¥/ A | 7 & ol
Wrasz T ENSE, ZOREIE, FE2RBTHEL
SN K FIRIRIL O F LR 2 Hr 7z aEi & LT
AL, 0 7 BRI EDS 2% Y Cdh 5 FiilER
BT,

O 3EHEEICL 5T, KB THAMREL LENS
HEMERZIEREH S 2 2 LT, Hifizr—L~N—2
TIERZ ENBWEM L FR M ORI, R H
OB TE 2HRmPWREL 25 $72, K
BN £ 7V 70 b A & B9 1288 LT LT
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’RTDETIVTIE LR L, HOMRMELIRRTE S
[FLBHTBEZ: AT (XAD ] & L THERET 5 2 & % Bk
Th, THITLD, BBREMESED LD IR T,
A} 2 AR R 2 T LT 5 OO0 % BARIZHE R
CENTE, HiRAROFELE LTOEMLIIFFCE
%o

3.2 XIS AT OFF

R AT OVERE R, —3CE % H W CRRi L 72,
SEAffifG S A HERIE H L 12 Table 3 1R $ . FEEFHIH
OB IZBWTIE, 27K 3 %0 DO ixEs
Wr— RO HIEMTH S 80% IZFHEL & Wv )i
BDER SN2/, U T 2 v 7 OUtE % Fi
L7zo 2 M L3570, BE0EET— %
DHREOT, BHENREERWICEE L T b EYF
B - W RES A ANAXL, EIZUTFD4o
DOEFZRHWEME L CTEFIVIEML 72, O @
e BRSBTS ) v B O E o
Vv, @BIROEEREIEE SAE D E R S

Table 3 Agreement rate for each item

H H —

2;%D0 89% (235/263)

352 DO 90% (236/263)

2 Rk i 98% (259/263)

3R i 98% (259/263)

R A 97% (256/263)

SrECHE PAC 1A 99% (261/263)

TR SAE PAC JEAR 100% (263/263)

4 SRl 99% (261/263)

5 Rl 99% (260/263)

4 SRl i 98% (257/263)

5 Rk i 98% (257/263)

PSR UL A SR 97% (255/263)
& Fh 97% (3059/3156)
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D5 2 & T, BGORMICENL - EEE0 W
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Fig.1 Evaluation target area and water level gauge
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Fig. 2 Configuration of water level prediction DL-CNN model
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Table 1 Input data for pseudo runoff analysis

O A | O | QIfE |t | G AR | OFE | OFF |(OFRAK | OHERE| OF RS OASLE | @AFLI2pY
5 [ha] [%] [mim] [m] [mm] [%o] [m] [(m] [mm] [m]
0 1 6.08 68 7 46 1100 15 0.013 0 2400 10
0 2 0.11 68 7 44 1000 1.6 0.013 0 2400 10
1 3 551 68 7 45 3100 1 0.013 0 2400 10
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Fig.1 Morphological changes of dewatered sludge during drying in a bench-scale kneader
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Fig. 2 Comparison of moisture evaporation rates between
laboratory-scale and small pilot-scale tests
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Fig.4 Correlations between EPS concentrations and moisture evaporation rates: (a, b) total EPS, (c, d) S-EPS, (e, f) bound EPS
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Fig.5 Mechanism of adhesion layer formation and inhibition of
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Fig.3 Carbonization furnace operation data

Table 1 Examples of biochar properties
TIRGIRREEH AR DN A T DO PEIR B

HOH Sy il RS
Ko 2.1 wt% JIS M 8820
JR3C 61.3 wt% JIS M 8812

I 13.8 wt% JIS M 8812

i 58 R 22.8 wt% JIS M 8812
Bt 0.77 wt% JIS M 8819
EE 3 2.78 wt% JIS M 8819
W 31.1 wt% JIS M 8819
) 7.20 wt% JIS M 8814
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Fig.5 Status of wastewater discharged from compost

HE60cm

70

65

911 9/16 SJI'N 91"26 IO‘II ll'.IVG 10/11 10/16  10/21 10/26  10/31
—— A) 125%E -+ B) 25.0%E - O HRE

Fig. 6 Deep temperature during compost testing

60CIZEL T2,

3. NMFAxDEMBHICKZRIESRER &
J-7 LTy REBREIC DWW T

3.1 NMFA®ICEDXHTsTIIya>

WA FRIEAT T4 723y varyHiilfo—o7Th
Hbo WA FYAFORFIIZEDF F vl v IUTME
WosrRET COr & L TRATIZE S 28, jRfbLH %
T, EicE O, KEIREZELFHET LI LR
CERHIME CREIIZ 120 F~1 THEEL S DN TV 5)
peFoF IHRIcEE S (Fig. 7).

IR LY HRBO HMEDZ
B770—FIREMMRREI<S M

Fig.7 Image of negative emissions?

3.2 J-ULTy MEIEDHERR [AG-004 /N1 F %
DEMKEH ]

J-7 LYy MHIEE X, BERETA (CO, % &)
OPEH IR RLTI R 2, E GRISEEY - By -
BMOKEL) 78 [27 LYy b ELTCHIEL, T
WEITE2HETH L, Ritx T2 71T v M)
BEETRETH Y, SEREAL DT HEORSE
BT AP E 2 FEWIHIR L2 b DL AT Ik
BTE b, BEFHOHEHD—DTHD [AG-004
INAFROEWEH] & LTNAF RO -7 LTy
N EEFED HEFR AR E SN TV A,

3.3 KRTHENOHEE
INA F ROFEMA~OIEH I & 5 REFEEIZOW
TUTFICEDEEL,
UkFiIrE=]=
O7uY s NERBZEDO CO. IFEE-Q@ 70y =

NERZ X B CO, HEH &

O7uy s MEitRD CO. I =
=FHIBICHAS NN FiE () XREGEE
X100 4EF2 D jr BFRAFHE X 44/12=200t (ONA F
) X0.35 (RFESGHZE, Fig.8) x0.65 (100 44
WERAE, Fig. 8) X44/12=4 166.8 (t-CO,) /4

@7ayxr PERIZE S COHEH EMyy
=EMpn+EMp;s=0+7.0+6.8=13.8 t-CO-/4F-

EMp : 70 ¥ =7 MEHE, EMpy: 702 =7 |
FEHHE (U4 L0729 0), EMs: Y0¥«



118 TGRSR AN A T i DRI BT 5 J-7 LY w FERREIZDWT

) AROUSACLICBRT AR RSB RILN100FEORFIEFE]

= 100450
/e nne
=lod

R 0.89
A2 MRS A 0.77
WIE RO/ A AR potves 0.80
i 0.778 0.65
IS APREE 0.38 (#53f2) /0.09 (H2R4E)
AR 0.77 (#53#8) /0.52 (HAYE)
ARUER% EIAHIE 0.65 (3443#8) /0.28 (#i24k)
DM@/ (A2 B - FRDSHE 0.49 (#53f2) /0.13 (HRYE)
AOEHHE 0.74 ( 0.40 (#
[ mimse- FASEEE | 0.35 (B9R) /0.07 (HAIE) |
Fig.8 “Carbon content” and “carbon remaining rate after 100 years” for each type of biochar®

A AR LIk AR
Wk B wms
T ! Bn | .
) = IS el | Ko |
ST @ L ama AR
o : | |7 et | ma& RIBHIER | )
' FUATARS 2,
a) JHARBEROBERLS b) A ARNMBRRARMILDTO (| €) JAAKOTRCLZIOZIINE || 0) A AKEMRBOSMIESTO
ToZr ) PES RN SIPMEE RIS T IR SN
= 0 t-CO2/fE 7.0t-CO2/4E - 6.8 +-CO2/¥ - 0 t-CO2/%¥
FAEEREORMT 6L 6EFE || PROSERACHISIZLF- || SSFrSSEFTTORMERN || /14 AHREREBCAN TR
UTURERTED. /1 7nss || AREEmy, L. BROAOMROSCOZEY || MIALLTRATIRD. EE
OROCHECRETSRRTRS || @l #ERAR FAIENRON || BESE. ERUNDRERR L TRNC R
WROCOZMERMR EON T . || MTHY. HERODAIR TR WY SECHRCRETSFIRTR
TITHRUUT SRR QUIRBCCRIEY B YO DD
£ 3CO2BHMNE k.

Fig.9 Project indirect emissions

F OAKER 2k = (Fig. 9)

HEoT, R7uy 7 MIBITHEM 200t D/NA
TR & 5 RFFHEIEITRROED .
UkFEirEE]=
@D 166.8 tCO»/4E—(2) 13.8 tCO»/4=153.2 tCO»/4E

3.4 J-UL Ty FEIHDF N &R

J-7 LYy FPAIMOFIEIZKE L 22050, T3
7Oy b OEGFHEEIT, FORICIEH %
L, 2L Yy A E 2 %0

K70y s NTIEKRINFAEIEE 2D, C2X,
SHEICERE L LT2024F 1272y 27 b
BERHEE ATV, 20254E 1 AICHE 63 MO FRAERE &
WCBWTEO LN, (Y7 b [EBRUETH
AT T TNV EYERT L7205 FikEFH L7
CO Hljf 7>y =7 b )

TV NOREE R DEEBERDIERRNA KK
OHFRITKILFLEIE T 5,

7 LTy MZXDELPEE— BRI EF BT 5
BSRIOHEHL, B IES BTG BRI &
LCTEILT %,

4. SHEORHF

EIRNINA F IR FREIAGH L 2BERRDOE= S
VU TRV, J-2 LYy MHEOE= YY) v
ITVD D, FEHIR DS DAEPE A~ D 528
% &, HAFEZELEERICE o TOBPHOAE
WeELTORCBEFORSEZRIEL T, TOIY
FAZEUT, FH 100t LD CO, B & 128
AR, TEGERLHEEGROME, 512
BEREOREAPPHFEI N TV D,

SEOBEE LTIRGREZERE L2, B
BHEIZ L) BMOKENEZ &H 2~ ¥ — (FAMIC)
ANOEFFEEE Lrvwe, HROREESLHTEAN T
X\,

LA LW 6, R 5IE S D TRER O E
BTERWT EH 6 EEESRDHE L, SEFHLT
b 5o 2EEREIT T T HGHER 2 T 5 BRE A
WAOEAE L TH 5 ) 720, FBESRHEN W20
JERRE I L 22 v L, OB MAZ L L
AR LT ) 2 TIRGREZER & LN T F
KERE L7ZHREOE SRS TE LW LT RER
METH L.



458 [EICAL 58308 #2- 3605 (2025) 119

Z E X |

1) 2019 4B IPCCHA FTA >~

2) MFEEE AT TATII vy a yERICOWT (AUBE
AE/INA Fj/ TN —H—K ), p.6 (2023)

3)  BRMOKEER N RO IR 7 0 <5 3HF  (2025)



120 BERNER O BESEA BRIV 7 BERI R O Foe 5

B OERAL

(MEFER)

BAZADERFIR ICE U - RARR DR EREEDTEEIL

MHEAE == Y, Pl

w2, % A ik =9

VAT G R KRB B 2EREZe R BREEAR T B
(T 525-8527 B EETHHE 1 T H 1-1 E-mail: ce0057hv@ed.ritsumei.acjp)

(T 525-8527 ¥

(T 525-8527 WHR

DATARRERSE R BETAARRZeRE  BEREEET S
R ECETHEEE 1 T H 1-1  E-mail: ce0044re@ed.ritsumeiacjp)

ISR BRLSAED  BREEERTT LR

AT B ® 1 TH 1-1  E-mail: shashimo@fc ritsumei.ac.jp)

B =

AR, N2 B ) BEZEY & D,

BEIEMBERIE R O EAL, BifE Ok L WIFBCRD,

%ﬁiﬂhﬁ@?ﬁ@%%“ﬂt LT, BEEWRIEOHE 2 2 N84 - £1LDRKDO 5NT 0B AR

TIE, BEHRERRE 2B B EEEEDE

BRI 2 A L7z BRI, BERIfERR O fx

FE% Hif ﬁW)Ea‘E)’ZHwR RHBEBEAERR £ COMMEScZE R L oRaBeEzREL, MILEND

BEHIE R D B RS I 7t &
217,

F—7— N SRR,
BRI 2025.9.2

WECIRDL, @, sE#E,

. & U & I

ﬁﬁ NEEAZRE D BRI = O, BESEW LR
(LT, ﬁﬁ%z>®%ﬁm HIGRORE LI
hﬁ,mﬁgﬁﬂ ROREMS LR E LT, BEEDL
HOFE LR - 92 HEE L, R » O
B R 24T > T 2 EARD LT W AY
29 L7z - £ffbo 1o LT, &4, av e
F— MR T ER MO I KBRS 2 B L,
ST BB EEE R TR T ARG S
TW5h?Y, 29 LI WwWTIE, BEEFZEY 12 &
D, TOa A ROBREAROKFERRIVREN T
Lo UL, KBUSBEHGEZRANOMAEIZL-D, ILE
FHIC R SBERNG R Of A FIR 2 EEm ISR T 5729
DFi=t A por N R éﬂfwscw AWFFECIE, L
PR B SBEEIfG A A 12 B DA B E 0 R b
B RGET L7z,

GABEEDEAFES—ARET 1

2.1 HEBEEDEZLA

FHIES & © At e 25 O B S NARL % 2 0 2 BRIC W 72
[BAEE] 28 L, MERI»LMERT TORRME
bER LT, B DM, BEAIf R & s
M4 2 BIGR O W ECRIL, ﬁﬁ&%ﬂm
BERTE R D RE R, BEHFERL I BT A TADFEHE,

X E TOMHE,

PRE L CEEEREZER L, FRTOBECEEOMY S IOV TE

UNF %5

EICA: 30(2 - 3) 120-123

BERI R & MEFPE LY 2 B O N =R, 2 E 8
L CRA N E g § 5 BRI i & @F%F&@ﬁ
Ko EBYIERL 720

Atiz(Lti+Bi+ di+Rti+Hti+Pti)

CZC, AR, i BEIERERR A 5, L, BEREDG R & HE
FEHT 2 BIGEROM BOIE oM, d BEHER
ERBIBBERI R £ COMBEDM L, Ru: HEIZBIT S
BEHR R i OB DR, Hy: t4EIZ BV D BRI
DT HDIEEE, Pyt A2 BT 2 BEAI R & ME R

92 HIBERD 2022 950 NARA R, TH D,
FARIE AL LB A AR L L7,

2.2 H—XXZT 4«

PRI % 2025-2050 4F, WG HbIRo—pFl L LTk
Barer—1 (LFKE) FB%ZHY) T, Table
11273 B L RPN 0 S BERI % 2 7K S s B L2k L 72
KBRS E T A EME L, T2, %
oG E D iRk, 2022 £ R 5TM@LTw
BEFMGERRY & L, BTEZPHREL TV D ikl own

T, Ffiskx e ﬂ%tttoﬁﬁmﬁﬂﬁn
5 BIROERE, 2035 4E, 2040 4E, 2045 4, mw
EDOPELREZ 40 TPV, 2050 4EBF 4 C HAZ 0 i ik
B AT L) ICERTAI & LT,

72, 2000 FEFCOBHAENDTF YT ELT
Table2 127”9 2 5V F % /EK L, 2050 4F F T



a=E e
TR Al

[EICA | % 30 &

52 3405 (2025) 121

LR AR D BEENE 7 & K HEBEEN i R D I A% 1Y 72 Jt i
H A2 HERT L 720 KRBUBBERIG R D ALELRE ) & Ak
R b o iR OBEHIEDTEBE L v X ) ISR E O
RaPfE L7

Table 1 Incineration facilities

3. FRRUEE

3.1 BREWGRAER VAKEEFERDIEEARE
MR BT A 2050 4 F TOREEW = O

WERA Fig. 1 1R To 2050 FOHMEETE1E, 2020 4D

55 77 ton/year (2, 71U+ A (BAU) TH 20%

o s % B | A0 457 ton/year, YU F B (ZAEHD) T
1 RS ) — kv 5 — L 50% A D 26 7 (ton/year) L7z o720 WEND Y
2 | WL S HTHIRSE - 8 — B 111 24357 FH FHIIBWTY, MINTERPIEHHOE AR E
T A <. T 2R DBEEN 55 L PR T IRAL O e
5 %?ﬁﬂ?ﬂ(%(%*ﬁiﬁ% é‘;%{fﬁﬂ(% ﬁ%@iﬁ%b: J: ) Tlﬁm&@f$@ﬂ?%@%$%‘fﬁiﬂﬁ
6 | AR R AL A T A DEALTHEEZ NS, TOFRENLS, £2F )%
T |ERE ) ey s — AR 2B B KB RERE O Z > )+ A (BAU)
8 |Hfs ) — vy — 5 1 ) o — 2 o
0 | PN AL B L | Bt T L1800 (ton/day), ¥FUAB (SHRD) TL10
10 |HEZ)—2vrbr s — FHE (ton/day)& L, \—ﬂ%%llﬁl[”%bzﬁu-f;fﬁ/ﬁ\j—%f:
11 |#Riliz)—vtr s — P O, BEHMFE 1 oML, Y4 A T5H00 (ton/
12 |7V = >y s — 312D S AN Tich day), ~7 Y+ B T400 (ton/day) & LC, HMisxo
13 |HEpEdeib s ) — vk v 7 — HREL w5 A LG 2 e .
) L R A T AT ALY ) — S BT F— S e T2 HRE Lz,
NI
15 | SRHIRFHHE s ) — b 5 — b 3.2 EHERDBSBLE
f; igji‘;;jf;i;y ?ﬂ’j i 3 O 5 o BB 55 FE D B 5 B % Fig. 2 20 5 Fig. 4
¥ 2] 12 ) — — bt g . G PN St T
18 71)‘_“/’1’_’»‘/’7‘_"ﬁijﬁﬁfj ﬁ‘ﬁﬁi] b&—f\‘j_o Flg. 2 J: D, 2035 ﬂ;‘@;ﬁ/[‘{j\% 'F_EBE!: L&bb
19 |70 =2ty 5 —hbo—REETEBEELI R | 5 b o TlE, ¥ 5 V4 A (BAU) TlI AL 7 Mifk, >+
20 |FREHHRTEEY Y & — i B (THFA) Tl AL 8 sk iashb & &
A WAy ey s Botr, BBHIRRICOWTRL &, BREROIZH
W20, WD), MRBEE, NS E LS e
Table 2 Scenario details DFEELBEERL Lo TWh, BEHKEIZOWTIE,
I rvas s s KBS NBIBE IR 2 R 5 & & 4 & B e R A
FIGER (BAT) n, Fl, THAORBENPKEL, INOLPKRELRE
AN TSF NI , g ey e 5 5 oz A
A S NEEA O % B 18 L - BEEY =R F L ole SEHEEABTEICOWTIE, HikER
cay (NP RUBEGEASBT DR | HE L v— 5T, &R MR 2 BB O
B T W E A S % iR & L 7 B " . = . -
vryr  [WEAROBREMRE LERRDE ) ) mpaskonBE 20, SOEEEIIRE 2
WS LN AFERE R o720 T2, VF ) FICL B
LT = BEH B2 T SES: 0 L Kvdnins =HET
mittH sERH s R® nfERI™ wEFAT  sREN
®EHEH wE/EH ®EOT m FISET B EHT ® EBERT
RAHET SRR cEBE cRRiT wnEE o FmRAR
R AKEE] CEWET = E{ERSRE
60
50
§ 40
2
2 30
]
&/ 20
EN
10
0
2 212 212 22 212 212 212 2
g |3 28| 2|3 2|18 B|§ B8|5 £
S 30 e 3 ) HR 3 R
(Y] N) hJ) (9] (Y] M) 1]
2020 2025 2030 2035 2040 2045 2050

Fig.1 Estimated amount of waste incineration by 2050 in each scenario
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Table 1 Ashfall distribution scenario

Case 1 ‘ Case 2 ‘ Case 3
Scale Houei Eruption
Continuous time 15 days

Wind direction | Prevailing wind from west

Prevailing wind from southern west

Changeable south wind

Distribution area

(main) Chiba, Kanagawa

Kanagawa, Tokyo

Yamanashi, Shizuoka, Kanagawa

Features Similar to Houel eruption

Huge damage to people and assets

Large change in wind direction
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Fig.1 Distribution of ashfall (Case 1)
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Fig. 2 Estimated amount of disaster waste due to the collapse of
wooden houses with rain and without ash removal

The amount of disaster waste (t)
0 10,000

= W T D o

(A : Predicted crater)

Fig.3 Estimated amount of disaster waste in case 1 with rain
and without ash removal in every district
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Fig.1 Fluorescentimage (Nile red staining, after spatial coupling)
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Fig. 2 Relationship between MPs content and MPs fluorescent
area in particle sizes of 106-425 ym
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Fig.3 Relationship between MPs content and MPs fluorescent
area in particle sizes of 425-850 ym
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Table1 Results of MPs fluorescent area and projected area
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Types Particle MPs Fluorescent Projected Fluorescent area

of size  content area area /Projected area
plastic  (um) (mg) (mm*  (mm?) (=)
PP 9.50 4.58 2.08
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PS 3.54 2.38 1.49
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