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Realization of Safe and Secured Water Cycle System Supporting Healthy
Society and People

Hiroaki Tanaka' 2, Yoshihiko Matsui®
'Kyoto University,” Faculty of Engineering, Shinshu University, *Hokkaido University

Chemical substances that cannot be removed through conventional water treatment—such as PFAS—as well
as pathogenic microorganisms including antimicrobial-resistant bacteria and viruses, have been recently
detected in the water circulation system, raising concerns about human health risks associated with various
water use. To create a safe and secure water environment and ensure resilient public health in future society,
this initiative envisions a comprehensive approach to water that circulates between people, society, and the
environment. It aims to ensure the safety of water used daily for drinking and consumption, as well as the
safety of water discharged into the environment through human and societal activities. The goal is to build a
society where everyone—from children to the elderly—is unconsciously protected from various health risks
associated with water. Under the JST MIRAI Program, technologies for water infrastructure have been
under development. Proof of Concept (POC) 1 focuses on identifying critical control points and clarifying
actual health risks. This includes defining critical control points within the water circulation system,
elucidating the nature of these risks, and implementing wastewater-based epidemiology to build a society
resilient to infectious disease threats. POC 2 involves developing methods to control health risks at these
critical points to acceptable levels. These two POCs are being developed in close coordination with one
another.



PURYT L MR- A - R OEB ] & BT AR ANEF )

SY1-2
TAEFZOHDELE

B
(PSP 52 STaE s A il

Fox OWFGE T N—TIE TR BELNDAREAEGERZFIHA L, BYUEDE B HF oD%
DFEBDOT-D, FAREZOMHEFTDIEICR Y HATE -, AAHTIZZNE TOREOEZ R
T 5,

RS FER R FATHERE L CU 2 2020 45 10 A, WA IRKETI KAV ¥ —TO FKREFHE
AL — kL7, #5HA-&) OBETEICHATKEERL TKFOFH 2 v F 7 A )L A% PEG
EBAEIZ L > TR L, DA /LVANG RNA 2 L, U 7V % A A PCR(qPCR) & EHE L7, & O
By BYEDF 3IE~F 6 ICB W T FATOFMa o v A L ZADEGFE & FUSRE I
WHBBAR N BIER Sz, £72. FARTO T A )V A& nF-EN I BT DD DG £ D
FHBRAMCAEITHDL I EURTIENTE, INOLOREEZIT T, SR E, K&
Uy —F == — FERFE, BIOEMREN R IR & HE L TR R OB T K
JLBRESC O FAKEFREZ MG L T D, FTARFOFE o v A L ABE T EORAERRIZS
o548 A £ 0 A KR PR Lop i e R B ik BB S BRI BT 28 o % —HP I8 W T—fi%iZ
NABENTWS, ZOHP OFERITETELPODOER bE . BERND b ES COFBIKYE
DWMEBNEREREZEZ TVENE I DOMHRE LT TR —_A T AT —F 2FHICBRENT
BOEBERIERIEE 2> TWA L D2 W72 WTW5, £72. Fox X FAREROHE 2
(31T D FEANMME R ORI E LY COFZIGYE DRI BIGH L TWD, ZORES T3
T 5,

Wastewater-based epidemiology (WBE) implementation in society

Masaru lhara
Faculty of Agriculture and Marine Science, Kochi University

Our research group has been working on the social implementation of wastewater-based epidemiology (WBE)
to help build a society protected from infectious disease threats by utilizing public-health information derived
from wastewater. In this presentation, I will provide an overview of our achievements to date.

In October 2020, while I was at Kyoto University, we launched a WBE monitoring program at the Otsu
City Water Reclamation Center in Shiga Prefecture. We collected influent wastewater five days a week
(Monday—Friday), concentrated SARS-CoV-2 in wastewater using the PEG precipitation method, extracted
RNA, and performed real-time PCR (qPCR). As a result, we observed a strong correlation between the
concentration of SARS-CoV-2 genes in wastewater and the number of newly reported COVID-19 cases during
the third through sixth waves of the epidemic. We also demonstrated that viral gene concentrations in
wastewater can serve as an effective early indicator for the onset of community infection waves.

Building on these findings, Hiyoshi Corporation, Water Agency Inc., Kyoto University, and Kochi
University are continuing WBE surveillance in collaboration with Shiga Prefecture at multiple wastewater
treatment plants. Since August 2023, the results of SARS-CoV-2 monitoring in wastewater have been publicly
available on the website of the Research Center for Environmental Quality Management (RCEQM), Graduate
School of Engineering, Kyoto University. The website has attracted significant public interest, and Shiga
Prefecture has noted that the wastewater surveillance data are an important resource for verifying whether case
numbers reported from sentinel medical facilities accurately reflect the real situation.

Furthermore, we are expanding WBE applications to detect antimicrobial-resistant bacteria in urban
communities and to identify livestock infectious diseases at agricultural sites. These results will also be
introduced in this presentation.
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Potential of vacuum-UV-based processes
for economical PFAS drinking water treatment

Taku Matsushita !, Taiyo Akuto 2, Nobutaka Shirasaki ', and Yoshihiko Matsui

"Faculty of Engineering, Hokkaido University, ° Graduate School of Engineering, Hokkaido University

This study aimed to develop an economically feasible drinking water treatment train for PFAS removal by
combining a vacuum ultraviolet (VUV)-based advanced reduction process (ARP) with nanofiltration (NF) or
ion exchange (IX) treatment. Experiments demonstrated that VUV-based ARP decomposed PFOS more
rapidly than UV-based ARP; however, even after optimization, VUV-based ARP alone could not achieve the
energy efficiency considered economically viable (EE/O < 2.5 kWh/(m?-order), the electric energy required to
reduce PFOS concentration by one order of magnitude in 1 m* of water). Therefore, a combined treatment
approach was investigated, in which PFOS contained in NF concentrate or IX regenerant was decomposed by
VUV-based ARP. The combination with IX was found to be more energy-efficient than that with NF.
Nevertheless, high concentrations of nitrate and natural organic matter (NOM) in IX regenerant significantly
inhibited PFOS degradation. It was suggested that if these inhibitory substances could be reduced to one-tenth
of their original concentrations through pretreatment, the combination of IX and VUV-based ARP could
achieve PFOS decomposition at an energy consumption level considered economically feasible.



YR TT L2 UHBULTEWE ORI &) A 7 GO #T R

FEULEMEORESIT & U R 7 FHlDOHT R

New Developments in Environmental Analysis and Risk Assessment of Emerging Chemicals
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Comprehensive screening of additive-derived compounds leaching from tire tread

Tatsuya Kunisue, Rumi Tanoue, Kei Nakayama

Center for Marine Environmental Studies, Premier Institute for Advanced Studies, Ehime University

Tires contain additives such as vulcanization accelerators, antioxidants, crosslinking agents, and scorch
inhibitors for organic rubber. It has been revealed that 6PPD-quinone (6PPD-Q), a transformation product of
the antioxidant N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine, exhibits acute lethal toxicity to several
salmonid fish. Recent studies measuring chemicals in tire particles have confirmed the presence of
transformation products other than 6PPD-Q, raw materials, and impurities. However, information on the
environmental fate and ecotoxicity of such chemicals is still lacking. The present study conducted a leaching
experiment using cryo-milled tire tread (CMTT) to simulate the leaching of additive-derived compounds from
tire particles into rainwater. Then non-target analysis of the chemicals leached into water obtained from the
above leaching experiment was performed by using a liquid chromatograph-quadrupole time-of-flight mass
spectrometer (LC-QToFMS/MS). We also analyzed changes in the peak intensity of each compound detected
depending on UV-degraded CMTT, and water temperature and duration of the leaching experiment.

As a result, non-target analysis revealed the detection of vulcanization accelerators, antioxidants,
crosslinking agents, synthetic raw materials, and their transformation products and impurities in the CMTT
eluate. By verifying with standard substances, which are commercially available, 31 tire additive-derived
compounds were identified with confidence level 1. When the peak intensity of each compound detected was
analyzed by changing the water temperature and duration of the leaching experiment, many of the identified
tire additive-derived compounds showed similar peak intensities at 24 and 96 hours, but their peak intensities
were higher at 40°C than at 25°C. This result indicates that the amount of tire-derived compounds leached into
road surface runoff increases in the summer when road surface temperatures are high. No peaks of almost tire
additive-derived compounds were detected in the UV-degraded CMTT eluate, suggesting that they were
decomposed by UV irradiation.
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