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Our research topics in 2020 were as follows.

1) System development of an early warning for COVID-19 centered on wastewater-based epidemiology

2) The development of evaluation approaches for the effect of climate change and land utilization change on natural environments

3) Mechanisms of flood wood generation caused by global warming and forest industry declination

4) The optimization of wastewater treatment and greenhouse gas emission

5) Bacterial community structure in wastewater treatment and anaerobic digestion reactors
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Wastewater-based epidemiology
for COVID-19

The global epidemic of COVID-19 has not shown signs of convergence.
Recently, “Wastewater-based epidemiology” (WBE) has attracted
attention as a measure to grasp the trends in COVID-19 patients. As the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is
the pathogen of COVID-19, is excreted in the feces of infected people, the
number of infected people in the sewage catchment area can be estimated
by measuring the concentration of SARS-CoV-2 in sewage. The
information obtained from sewage can be used for administrative decision-
making, such as requesting behavioral restrictions to the residences.

Prior to this WBE study on COVID-19, the Laboratory of Urban and
Regional Environmental Systems conducted WBE for norovirus through a
jointresearch with Sendai City Construction Bureau, Yamagata University,
and Nihon Suido Consultants Co., Ltd. As a result, it was confirmed that
the norovirus concentration measured at the entrance of a wastewater
treatment plant increased with the increase in the number of norovirus
patients, and now the norovirus early detection system (water monitoring
system) using the sewage survey is in operation. This water monitoring
system continuously measures the norovirus gene concentration in
untreated sewage, and if an increase is observed, we send the information
by e-mail and call for hygienic behaviors to prevent an epidemic of
infectious gastroenteritis. Currently, a website for disseminating
information is in operation (Fig.l), and people who want to receive
information can receive it and the sewage concentration by registering
their e-mail addresses on this website. When the virus concentration level
exceeds a non-epidemic period, the system sends an alert email (Fig.2) to
the registered people with infection prevention measures.

Based on the successful case related to norovirus, the Laboratory of Urban
and Regional Environmental Systems is trying to extend the early
detection system to COVID-19 through a joint research with the Sendai
City Construction Bureau. The question is whether the concentration of
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the SARS-CoV-2 can be measured from sewage in Japan, where the
number of positives is about one-hundredth that of Western countries, and
if it can be measured, can it be used for early detection? Regarding the first
issue, we participated in the COVID-19 Task Force, which was established
in May 2020 as an organization under the direct control of the chairman of
the Japan Society for Water Environment, and tried to improve the method.
We have succeeded in constructing a method that can detect SARS-CoV-2
with high sensitivity. On the other hand, the second issue is still under
consideration. Currently, there are unclear things that do not allow us to
establish an early detection system for COVID-19, including what
percentage of infected people excrete SARS-CoV-2, at what stage of
infection SARS-CoV-2 starts to be excreted in feces, how long is the
excretion period, and do infected people who have no symptoms
(subclinical) excrete the virus. It seems that the cluster-type infection
transmission of SARS-CoV-2 will make the distribution of infected people
uneven in the city, which suggests that we should look upstream of the
sewage pipeline network and in community units and building units. It
may be more effective for SARS-CoV-2 to investigate and find out the
communities and buildings where the subclinical infections have occurred.
In that case, it is necessary to obtain consent from the residents of the
target community and building regarding not only the survey but also how
to handle information when SARS-CoV-2 is detected in the sewage.
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Fig.1 Top page of the water monitoring system.

Fig.2 Registration page of E-mail address for the water monitoring system
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