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Our research topics in 2019 were

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

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

3) The optimization of wastewater treatment and greenhouse gas emission

4) Bacterial community structure in wastewater treatment and anaerobic digestion reactors

5) Water infrastructure and enteric virus evolution
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Water disinfection in the SDG era

United Nations Sustainable Development Goal 6 (SDG6) is to supply all
people globally with improved drinking water and sanitation systems by
2030. The development of sustainable water infrastructure that is easily
installable and maneuverable is essential to achieve SDG6; simultaneously,
eliminating users’ health risks is mandatory. The World Health Organization
(WHO) has recommended sanitation safety planning (SSP) for managing
human health risks in wastewater reclamation and reuse. SSP is a scheme
for the safe use of excreta, wastewater, and graywater. SSP has adopted the
hazard analysis and critical control point (HACCP) approach, which was
originally developed in the food industry as a tool to prevent food-borne
diseases. The HACCP approach is useful for identifying potential hazards
in water-treatment processes and determining preventive/corrective
actions to reduce the risk to health due to hazardous contaminants.

When SSP is to be applied to wastewater reclamation and reuse, the
behavior of pathogens in water is quantitatively predicted by mathematical
models, and critical control points (CCPs) are determined. However, the
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Fig.1 Coefficient values of A for the inactivation rate coefficient & of norovirus. Alphabet a is an intercept value of a link function of
A (=a+b(pH) + ¢ (temperature) + d (virus concentration unit) + e (water matrix) , and b to e are the coefficient values of explanatory
valuables of pH, temperature, unit of virus concentration, and water matrix (buffer: 0, environmental water: 1), respectively.
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Fig.2 Predicted inactivation curve of norovirus with free chlorine and chloramine.
Solid line: 50%tile, dashed line: 25%tile and 75%tile, shade: 95%tile.

prediction of virus inactivation efficiency in water has several problems
due to the complex composition of wastewater matrix and the different
sensitivities of enteric viruses to disinfectants. Wastewater quality, such as
dissolved organic carbon (DOC), suspended solids (SS), pH, and
temperature, can vary among wastewater treatment plants (WWTPs) and
even within a WWTP, depending on the day and season, which results in
the varying efficacy of disinfectant decay and inactivation of the efficiency
of enteric viruses even in the same disinfectant dose. Furthermore,
inactivation efficiency can differ among the genotypes/strains of an
enteric virus.

In this study, we focused on disinfection using free chlorine and
chloramine, and tried to construct a predictive virus inactivation model
using water quality information. We firstly conducted a systematic review
to obtain the inactivation efficiency of enteric viruses (norovirus,
rotavirus, hepatitis A virus, adenovirus, coxsackievirus, and echovirus) as
well as water quality information. We applied a hierarchical Bayesian
model using water quality parameters as the model variables to train virus
inactivation efficiency datasets, in which the hidden effects of differences
among disinfection tests and genotypes of a virus species were taken into
account. We then validated our model’s applicability to the newly obtained
datasets in this study.

We constructed inactivation models for norovirus, rotavirus, poliovirus,
adenovirus, coxsackie virus, and echovirus, but here, we only introduce
the model for norovirus because of space limitations. The inactivation rate
constant k, Hom coefficient m, and dilution coefficient n were used to
follow a log normal distribution. Except for the Hom coefficient m for free
chlorine, the hierarchical Bayesian model gave a better fit than the
generalized linear model. All of the coefficient values had the same sign,
except for the intercept a of the inactivation rate constant & (Fig.l).
Increases in pH and temperature lead to a clear reduction of the inactivation
rate constant k. On the other hand, the inactivation rate constant k increases
when plaque assay is used instead of quantitative PCR, and when a buffer
solution is used in the inactivation experiment, rather than environmental
water and treated wastewater.

The inactivation curve of norovirus in treated wastewater was predicted
under the conditions of an initial chlorine concentration of 1 ppm, pH of 7,
and 20 °C (Fig.2). It is assumed that plaque assay was used to measure the
reduction of infectious titer. In this prediction, the 2.5, 25, 50, 75 and 97.5
percentile values of k, m and n were used. When the 25th percentile values
were used, the predicted log reduction value of norovirus is 0.8 log when
the contact time with free chlorine is 1 min, while that with chloramine is
400-fold lower. These results indicate the importance of free chlorine for
inactivating norovirus in treated wastewater. Thus, higher doses of free
chlorine are required when the ammonium concentration in treated
wastewater is high.
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