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Japan’s ambitious water research 
programme makes progress – Part 1
Japan’s ambitious eight-year R&D initiative with an overall budget of Japanese Yen 4.5 billon (US$38 million) has been 
underway since 2009 covering a wide range of innovative water-related technology and systems development. Here 
is an update.

THE CREST PROGRAMME
Japan Science and Technology Agency (JST), a funding 
agency for the R&D projects, acts as the core executing 
agency for the Government of Japan’s “Science and 
Technology Basic Plan.” The research and development 
program, CREST was established in 1996, the inaugural 
year of Japan’s first Science and Technology Basic Plan.

Each CREST area has a defined mission called the “stra-
tegic objective.” This strategic objective is determined by 
the Ministry of Education, Culture, Sports, Science and 
Technology (MEXT), taking into account Japan’s current 
Science and Technology Basic Plan as well as reflecting 
upon relevant international development and research 
needs. JST then declares a specific “research area” on 
the basis of the “strategic objective.” For each CREST 
research area, relevant research teams (ten to 15 teams) 
are assembled via a ‘Call for Proposals’. Then, the projects 
are selected by Research Supervisors assisted by Area 
Research Advisors who are the experts in the selected 
research field and appointed by JST.   

In 2001 and 2009, respectively, the MEXT identified 
strategic objectives in water research areas and based on 
them, JST established the follow-
ing CREST water research areas.

The 2001 Strategic Objective: 
Formulation of a water cycle 
calculation and use system 
• The JST CREST research area: 

Hydrological system model-
ling and water resource sys-
tem (Project ended in 2008). 
The research is supervised by 
Professor Katumi Musiake, Pro-
fessor Emeritus, The University 
of Tokyo. 
 

The 2009 Strategic Objective: 
Development of innovative tech-
nologies for realising sustainable 
water management by mitigat-
ing water problems intensified by 
climate change
• The JST CREST research area: 

Innovative technology and 
systems for sustainable water 
use (Project started in 2009 
and wil l end in 2016). The 

research supervisors are Shinichiro Ohgaki, President, 
Japan Water Research Center and Professor Emeritus, 
The University of Tokyo; and Mikio Yoda, Senior Chief 
Engineer at Hitachi Limited Infrastructure Systems 
Company (See Table 1 for more details).

NEW CONCEPT IN INNOVATION IN SCIENCE AND TECHNOLOGY 
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The CREST water use research area 
is a new concept in the realm of sci-
ence and technology innovation. 
Finding broadly effective solutions 
to the water crisis as a societal 
challenge requires a research 
approach that transcends disci-
plinary boundaries. The water use 
research area aims at catalysing 
societal innovations by designing 
new technological systems and 
services in response to existing 
social issues. This is in contrast with 
conventional approaches to in-
novation, as shown in Figure 1, in 
which discoveries and inventions 
are considered to be a primary 
motive for innovation, followed by 
their application to society.

CURRENT CREST WATER USE 
RESEARCH AREA (2009 – 2016)
To carry out the current CREST wa-
ter use research area programme – “Innovative technol-
ogy and systems for sustainable water use,” a total of 17 
projects were selected (Table 2) on page 20.
The duration of research projects typically spans five years, 
with each having a budget of approximately Japanese 
Yen 200-500 million (US$1.7 to 4.2 million) per project. With 
over 600 scientists and engineers working in these CREST 
water research activities, the whole system works like a 
“virtual research institute” under the direction of research 
supervisors.  

 As schematically shown in Table 2, the 17 selected 
research teams are pursuing their research activities 
related to the CREST Research Area entitled, “Innovative 

Technology and Systems for Sustainable Water Use”. The 
research topics cover diverse fields.

Each project above is being carried out with the goal 
of contributing to “innovative science and technology”, 
of “solving societal problems”, and of “industrial devel-
opment” based on solid science and technology. By 
the nature of these research objectives and funding, a 
broader understanding of the societal impact on water 
and its utilization was emphasised.

The following seven projects among the 17 funded 
projects listed in Table 2 (on page 20) are discussed in 
some detail in this section.

GROUNDWATER EXPLOITATION, EFFECTS, AND MANAGEMENT
For the sustainable use of groundwater resources, this 
project (#12) aims to develop new technologies relating 
to both quantity and quality aspects of groundwater 
resources. For a precise understanding of the flows, a 
well-validated 3D groundwater flow simulation model is 
essential. For this purpose, new technologies are being 
developed: such as the frequency changeable electric 
resistivity exploration method to evaluate the aquifer 
structure without any boreholes and a new groundwater 
age-tracer for the precise age evaluation for the recent 
decades range which can be used to validate the 
groundwater flow model. The groundwater contamination 
with nitrate-nitrogen caused by excess fertiliser and ma-
nure application is acknowledged worldwide and needs 
to be remedied. Thus, it is necessary to understand the 
pollution mechanism to prevent groundwater contamina-
tion and in-situ degradation process of nitrate-nitrogen. 
New environmental technologies are being developed 
including reduction in nitrate-nitrogen loads before 
groundwater recharge, on-site removal of contaminants 
from aquifers, the evaluation of natural attenuation of 
nitrate-nitrogen in the aquifer, and simple and effective 
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equipment to improve groundwater 
quality after pumping.

Progress
A sophisticated 3D groundwater flow 
simulation model has been devel-
oped in the Kumamoto aquifer. The 
model focused on an area where 
effective artificial groundwater re-
charge using abandoned rice pad-
dies has been conducted for the last 
ten years by the Kumamoto City and 
prefectural government agencies. 
The results clearly showed that a 
change in the surface water system 
created a significant effect on the 
groundwater resources under the 
monsoon climate environment. 

With respect to groundwater qual-
ity issues, a model of nitrate behavior 
has been proposed to understand the 
detailed mechanism for the natural 
decline of nitrate concentration over 
the Kumamoto aquifer environment. 
Spatial distribution of occurrence of 
denitrification in Kumamoto aquifers 
has been deduced using nitrate iso-
tope ratios. The most significant deni-
trification zones in the study area were 
identified as well as assessing the 
dominant denitrification processes 
responsible for reducing nitrate con-
tamination using redox parameter el-
ements, multi-isotope methods (δ13C 
+ δ15N + δ34S), and identification 
of bacterial species. Processes and 
mechanisms of groundwater nitrate 
attenuation were elucidated by an 
interdisciplinary approach including 
hydrology, isotope geochemistry, and 
microbiology.

Future Development
The developing of an unsteady 3D 
groundwater flow simulation model 
for nitrate pol lution behaviors is 
planned by coupling the information 
regarding nitrate. 

PUBLIC HEALTH PROTECTION THROUGH 
MONITORING NOROVIRUSES IN MUNICI-
PAL WASTEWATER
Annual cases of infectious gastro-
enteritis average some 5-10% of the 
population in developing countries, 
and Japan is no exception. The goal 
of project (14) is to establish a new 
surveil lance system for infectious 
gastroenteritis in a society based on 
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water environment is developed us-
ing the next-generation sequencing 
technologies and the non-PCR-based 
molecular detection methods. By fre-
quently monitoring urban wastewater 
with the new detection methods, 
early warnings can be issued at the 
onset of an infectious disease before 
it becomes an epidemic. This system 
would also help to understand the 
ecology of human pathogens circu-
lating in the community. 

Progress
Novel molecular methods are being 
developed for identification of viral 
pathogens using next-generation se-
quencing, detection of viral genome 
using loop-mediated isothermal am-
plification (LAMP) method, and direct 
detection of viral RNA without amplifi-
cation. Monitoring of viral pathogens 
in wastewater, together with clinical 
surveillance of infectious gastroen-
teritis has been conducted since 2012 
in a city in Japan. Noroviruses were 
selected as target pathogens in those 
studies. The monitoring demonstrated 
that wastewater monitoring could 
identify 3.5 times more genotypes of 
noroviruses, and that temporal and 
genomic dynamics of noroviruses 
were more clearly illustrated than 
using clinical surveillance at a clinic. 

monitoring pathogens in municipal 
wastewater. For this purpose, rapid, 

highly precise, and exhaustive detec-
tion methods for pathogens in the 

REVIVAL OF PADDY WATER FOR 
GROUNDWATER RECHARGE
In 2013, “Water for Life’ – United Na-
tion’s Water Best Practices Award” 
was awarded to the City of Kuma-
moto for “the long-term efforts to sus-
tainably manage their groundwater 
resources in the Kumamoto region”(1). 
The population of Kumamoto is a 
little over 700,000; however, Kuma-
moto is very unique because it is the 
only Japanese city of this size where 
groundwater is used 100% percent 
as their tapwater source, while other 
cities in Japan use mostly surface 
water for their municipal water supply. 
In the past 40 years, more than 100 
observation wells have been continu-
ously monitored in Kumamoto, and in 
recent years, the observations show 
water levels declining. It is also shown 
that the hydrogeological structures 
in the middle stream area of the Shi-

rakawa-River have been confirmed 
to have a higher recharge effect on 
the local aquifer which is used as the 
source of tapwater. Since 2004, a proj-
ect called “artificial water ponding in 
abandoned rice paddies” has been 
conducted to increase the ground-
water recharge rate in this region. This 
has met with excellent results.

The CREST research group at Ku-
mamoto University confirmed that the 
groundwater recharge through the 
middle stream area of the Shiraka-
wa-River where this water ponding 
system is being practiced, accounts 
for around 40% of the total ground-
water recharge to the target aquifer. 
Moreover, the rice paddy land use in 
this area resulted in a 10% increase in 
the groundwater recharge proving 
the “artificial water ponding” system 
is quite effective.

Both the groundwater observa-

tion well records and the amount 
of the spring discharge tended to 
decrease in the last 20 years, but no-
ticeably recovered in just a few years 
after the implementation of “artificial 
water ponding in abandoned rice 
paddies”, and at present, are almost 
stable.
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These results showed that municipal wastewa-
ter monitoring is useful in investigating norovi-
rus epidemics more easily and cost-effectively. 
Future Development
This study will be useful especially in resource-
limited regions where nation-wide clinical 
investigation is not easy and the surveillance 
system of gastroenteritis is not well established. 
Applying this approach in such regions would 
enhance understanding of the global trans-
mission of noroviruses. Novel molecular detec-
tion methods that are being developed will 
be applied to the wastewater monitoring to 
detect noroviruses more rapidly and precisely. 

RISK REDUCTION OF INFECTIOUS 
GASTROENTERITIS THROUGH MONITORING 
NOROVIRUSES IN MUNICIPAL WASTEWATER
Norovirus is one of the most important caus-
ative agents of acute infectious gastroenteritis. It is esti-
mated that the virus causes 3.7 million patients in Japan 
and 19-21 million in the United States (2.9% and 6.0-6.7% 
of the population, respectively) every year. Norovirus is 
abundant in the feces of the infected person and dis-
charged into municipal wastewater. Thus, in the cities with 
developed sewerage systems, Norovirus is collected at 
municipal wastewater treatment plants (WWTPs), where 
it is further removed or inactivated. This project team is 
analyzing the Norovirus in raw sewage using state-of-the-
art molecular technologies to investigate the prevalence 
of infectious gastroenteritis caused by the viruses in the 
region.

Human noroviruses are generally divided into two 
groups, genogroups I (GI) and II (GII), which are further 
classified into more than 30 genotypes. The project team 
has developed a new method to detect and identify 
Norovirus genotypes by using pyrosequencing. Through 
a wastewater monitoring at a WWTP with this method, 
14 genotypes of Norovirus were detected in raw sew-
age samples during the winter of 2012-2013, while only 4 
genotypes were observed in patients by clinical surveil-
lance in the catchment area. An advantage of analysing 
wastewater is that Norovirus in sewage is derived from all 
infected people with or without symptoms. In contrast, 
clinical surveillance can detect Norovirus only when 
gastroenteritis patients seek medical care and virologi-
cal examination is conducted. This study also observed 
that the spread of the GII.4 2012 Sydney variant, a new 
variant of Norovirus that spread worldwide in 2012, existed 
in this area.

Because the strategy of monitoring Norovirus in 
wastewater is more cost-effective and labour-saving 
than clinical surveillance, this approach developed by 
the research team will be useful not only in developed 
countries but also in resource-limited regions where a na-
tionwide clinical investigation is difficult and gastroenteritis 
surveillance systems do not exist. It is also speculated that 
the approach would be useful in analyzing other enteric 
pathogens. By using this approach, the team is proposing 
a new early warning system against epidemics of infec-
tious gastroenteritis as shown in Figure 4.

WATER REUSE AND RELATED TECHNOLOGIES AND CONTROL 
The progress made by the group executing Project 4 is 
outlined below.

Development and evaluation of membrane and 
ozone for water reuse technologies: Treatment efficiency 
of pathogens, chemicals and ecological toxicities in the 
water reuse systems were assessed not only in the labora-
tory but also in pilot plants in Shiga, Okinawa and China. 
The running performance and energy consumption were 
also evaluated in the systems. The combination of UF/
UV system can perform pathogen removal required in 
the California Title 22 Water Recycling Criteria with lower 
energy consumption than the existing system in Okinawa. 
This result led to the application of reclaimed water to an ir-
rigation project in Okinawa, which is the first trial in Japan.

Taxonomy of natural organic matter (NOM) and eluci-
dation of membrane foulants: Analytical techniques for 
characterising and fractionating NOM were established 
for a comprehensive classification and elucidation of the 
role and function of organic matter in feed water.  The 
behaviour of fractionated NOM was evaluated in the pilot 
plant for water reuse.  Hydrophobic base and acid frac-
tions with a relatively small molecular weight are major 
membrane foulants in ultrafiltration (UF) of a biologically 
treated municipal wastewater effluent. Although bio-
polymer (such as polysaccharide and protein) has been 
suggested to be a major foulant of microfiltration (MF) and 
UF membranes in the previous studies, this research dem-
onstrated that biopolymer was rejected in UF membrane 
and removed in washing procedures such as backwash 
and chemically-enhanced backwash using NaClO. Co-
agulation with polyaluminium chloride prior to UF removes 
a part of membrane foulants and may suppress progres-
sion of the UF membrane fouling for a long time.

Evaluating health risks and energy consumption of 
the 21st Century-type Water Cycle System: Quantitative 
microbial risk assessment was conducted for norovirus in 
several scenarios of agricultural and urban water reuse. 
Energy consumption was estimated in some scenarios of 
the water recycle system in Okinawa and compared with 
the existing system. Water usage was surveyed in Danang 
in Viet Nam in order to apply the water cycle system. 
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This research played an important role in establishing risk 
criteria for recycled wastewater in the northeast Asian 
standard forum and ISO TC282.

Future Development
Development and evaluation of water reuse technologies 
using primary effluent will be conducted employing the 
pilot plant in Okinawa as well as applying the water reuse 
technologies to Shenzhen, China and Danang, Vietnam. 
Finally, a 21st Century-type Water Cycle System consider-
ing the risk to humans, the risk to the ecosystem, the energy 
consumption and the water demand is evaluated.

SEEKING SOLUTIONS FOR WATER, FOOD, ENVIRONMENT AND 
ENERGY VIA WATER REUSE
The middle and south regions of the Okinawa Main Island 
(OMI) are two of the most water-short areas because 
the per capita water availability is only 128 m3/year in a 
drought year due to their high population density and 
their short and small rivers even though their annual 
precipitation is 2,000 mm. Water resources development 
via dam construction was carried out in the north OMI 
successfully supplying mainly urban water, but no further 
dam construction is expected due to the geological and 
environmental constraints. Thus, water reuse is considered 
to be the most dependable alternative water resource in 
the region. However, at present, only 0.3% of discharge 
from sewage treatment plants is recycled outside the 
plants. On the other hand, water resources develop-
ment for agriculture irrigation is largely insufficient in 
the middle and south regions of the OMI where the 
major crop grown is sugarcane which is cultivatable 
even with unreliable and fluctuating rainwater. If 
more reliable water resources are available, farmers 
could cultivate more economically advantageous 
crops such as vegetables eaten raw, tropical fruits 
and flowers which are special to Okinawa.

The CREST research team was challenged to 
develop a water reclamation system in simple com-
bination with ultrafiltration membranes (pore size 
0.01mm) without chemical coagulation followed by 
ultraviolet disinfection to reduce cost and increase 
the reliability of the water reclamation system. The 
developed system can reduce running cost by 
15% compared to the California Title 22 treatment 
process, and can meet turbidity and total coliform 
requirements all the time as well as achieving more 
than 99.999% of virus removal with high reliability. 
This fact shows that application of reclaimed water 
in agricultural irrigation is safe, and comparable to 
the drinking water in terms of the annual health risks. 
In addition, the water reclamation system consists 
of a smaller foot print and man-power requirement 
than the conventional water reclamation plant. 
Nutrients in reclaimed water can be used as valu-
able resources for agriculture thanks to no chemical 
coagulants added in the system. Water delivery cost 
can be smaller by taking reclaimed water from the 
Itoman City Sewage Treatment Plant that is closer 
to the potential agricultural irrigation areas in the 
north of the City.

One of the emerging environmental issues in Okinawa 
is the deterioration of the beautiful coral reefs caused 
by rich nutrients in sewage treatment plant discharge to 
the ocean. Thus, nutrient removal in sewage treatment 
plants is inevitable in the near future, but no nutrient re-
moval is so far planned in Okinawa because of the high 
cost and space limitation of the sewage treatment plant 
sites. If nutrients in reclaimed water would be utilized for 
agriculture, the cost of necessary advanced treatment 
would be reduced.

The water reclamation project in Okinawa must 
bring win-win solutions by developing alternative water 
resources to encourage more agriculture and more 
tourism, which in turn will result in industrial promotion 
and increase in income, by protection of the priceless 
riverine and coastal environments in the north OMI, by 
saving energy relevant to water delivery and elimination 
of necessity of advanced treatment installation, and by 
reduction in emitting contaminants to the coastal waters 
and greenhouse gas. AW


