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Vast amount of organic waste are being generated continuously by human activities in forests, hilly-mountain-
ous areas, agricultural fields, coastal areas, and urban areas. The wastes accumulate in the field, and will result in
not only global environmental pollution but also depletion of limited organic resources. I believe that a circula-
tion system for the recycling and appropriate reuse of organic wastes should be developed breaking out of this
situation as soon as possible. “Composting” is one of the suitable method for the circulation system, which has
been traditionally implemented in Japan.

The compost processes in conventional composting methods can be a cause of ammonia volatilization resulting
in acid rains. The application of large amount of composts with low nitrogen content result in excess assimilation
of phosphoric acid in the field. In addition, there are concerns that these phenomena could cause eutrophication
of water systems, thus leading to serious environmental destruction.

The acid composting technology for food wastes developed at Tohoku University inhibits ammonia volatiliza-
tion and indicates the potential for developing environmentally friendly compost. However, only this acid com-
posting technology cannot develop a recycling system for organic wastes. Compost safety should be assessed by
analyzing the components of the compost produced. It is also necessary to assess both the functionality and avail-
ability by the actual applications of the compost. We have been investigating these issues at the Field Science
Center, Graduate School of Agricultural Science, Tohoku University. Moreover, in terms of the cost performance,
which is a major problem at the actual applications of the compost, we are trying to adjust the problem by analy-
ses based on a standpoint of both social and natural sciences such as the satellite imaging, economics and LCA
analysis.

Many laboratories in Graduate School of Agricultural Science have been studying compost for many years. In
2004, they initiated a project—*“PICS” (Project of Integrated Compost Science)—in collaboration with several
laboratories of the Graduate School of Engineering. In 2005, the Graduate School of Agricultural Science formu-
lated an agreement with Miyagi Prefecture to establish a regional alliance research project—“PICS Miyagi.” The
achievements of the project were accepted by the Ministry of Education, Culture, Sports, Science and Technol-
ogy (MEXT), Japan. MEXT awarded the PICS study entitled “Development of Ecological Recycling System for
Organic Resources” a “Grant-in Aid for Special Education and Research on Integrated Collaborative Project.”
This project will be conducted from fiscal year 2007-2011. In order to establish integrated compost science as
a key factor in the recycling of organic resources, we conducted studies under this project by combining the re-
search and development capabilities of our university. Further, we developed composting technology and investi-
gated practical applications of this technology in cooperation with Miyagi Prefecture.

Furthermore, we studied the requirements of local communities. We promoted environmental education in
these communities as well as technological transfer in these communities. We attempted to construct a model for
a novel recycling system not only for local markets but also for global markets.

Background

In integrated ecosystems that range from forests to coastal areas including urban areas, a large variety and vol-
ume of organic wastes are generated by humans—the producers and consumers of organic substances. If organic
waste is not properly disposed, it can easily cause environmental contamination such as soil contamination, ni-
trate contamination, or groundwater eutrophication. We cannot afford to dump the organic components in wastes
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because of the scarcity of natural resources in Japan. However, presently, there is no system for the effective re-
cycling and appropriate reuse of organic wastes. Therefore, it is very important to work toward building a society
that has a sustainable recycling system. Hence, it is essential to develop composting technology that is based on
returning wastes to the soil and the reuse of organic components in wastes.

In Japan, composting has been traditionally implemented to recycle wastes produced by human activities. The
process of conventional type composting method can result in acid rains due to ammonia volatilization. Because
the conventional compost has low nitrogen content, a large amount of compost should be used, resulting in the
excess phosphoric acid in arable fields. In addition, these phenomena cause unresolvable problems such as eu-
trophication of surrounding water systems. Moreover, the functions of compost components have not yet been
thoroughly investigated, and the applications of composting technology have not been effectively determined.
Therefore, the composting technology requires further development to be applied on a global scale.

It is important to establish systems for both the production and practical applications of compost. These sys-

tems should have minimum environmental burden and at the same time should be able to maximize the intrinsic
functions of the compost.

Purpose

The purpose of this project is to effectively compost various organic wastes generated in integrated ecosystems;
to establish an environment-friendly recycling system, which can be applied on a global scale; and to develop a
research and education center for integrated compost science.

Our objective is to integrate disciplines such as pedology, environmental microbiology, and economics, which
have traditionally been studied separately and to establish an academic system, which is based on the practical
application of field sciences.

In combination with research facilities in Miyagi Prefecture and in other organizations, we train technical ex-
perts and researchers in highly advanced composting techniques and in integrated compost science.

Our aim is to raise the academic standards in Tohoku University as well as to promote its research achieve-
ments that are related to the recycling of organic wastes by utilizing large-scale research facilities in Miyagi Pre-
fecture and other organizations.

1. Proposal of environmental friendly compost production methods, and the development of new composting
methods to drastically reduce ammonia volatilization

2. Investigating the features of the compost produced (features that increase crop growth rate and that protect
plants against pathogens)

3. Assessment of compost recycling

Composting Study Group
The Composting Study Group mainly conducts analyses on the acidulocomposting.

1) Analyses of the changes in microbial communities during acidulocomposting.

Dr. Tokuzo Nishino (previously a Professor at the Graduate School of Technology, Tohoku University; cur-
rently a Professor at the Tohoku Seikatsu Bunka College) and Dr. Toru Nakayama et al. (Graduate School of
Technology, Tohoku University) developed an acidulocomposting system with thermoacidophilic microorgan-
isms as seed bacteria. In this system, lactic acid bacteria stably exist as the dominant microbial species. The
acidulocomposting system they developed was issued a patent entitled “The composting method of organic
waste (patent number: 2001-220275).” We improved this acidulocomposting system and analyzed the func-
tions of the microbial communities in this system. After analyzing the culture conditions, functional microbes
are isolated. Gene analysis is an effective method to understand changes in microbial communities. Microbial
communities were analyzed by denaturing gradient gel electrophoresis (DGGE). We also used the clone library
method to identify the dominant microbial species.
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2) Acidulocomposting by laboratory scale facility.
We examined the conditions for acidulocomposting that were suitable for the organic resources to be com-
posted.

Composting Safety Research Group
1) Survey on the analytical methods and heavy-metal analysis for the safety involved in composting.
We ascertain the chemical properties of various composting materials by means of elemental analysis, quan-
titative analysis of the fertilizer components, etc. These data are utilized for the composting system design.

2) Examination of the effect of compost on aquatic insects.
There is concern that compost eluates may affect river ecosystems at the site of compost application. There-
fore, in this study, we assessed the effect of compost eluate on aquatic insects.
*A literature review of the effect of chemical agents or other factors on aquatic organisms and insects in
rivers.
*Selection of aquatic insects for the assessment of compost toxicity.

3) Analyses on the disinfecting effects of compost to pathogenic microbes.

We developed monitoring methods to understand the dynamic state of pathogenic microbes in the compost-
ing process and identified these pathogenic microbes. Moreover, although pathogenic microbes are killed by
high temperature during the composting process, it is necessary to clarify other microbial factors such as bacte-
riocins, bacteriophages, and antibiotics.

Availability and Functionality Assessment Research Group
Composting is an appropriate method for the circular recycling of biological waste.

When compost is mainly used for agricultural applications, it is important to maintain a balance between
the recycling of organic resources and sustainable production. To achieve the abovementioned objective, this
group assessed the availability and functionality of the compost and developed an efficient and practical tech-
nology for the environment-friendly recycling of biological waste.

Research Themes and Achievements
Analyses of the characteristics and functionality of acidulocomposting
Compost derived from acidulocomposting (n = 12) was compared with that derived from raw garbage (n =
11). The following results were obtained.

(a) Low pH value (4.9 in acidulocomposting vs. 7.0 in garbage domposting)

(b) High nitrogen content (4.5 vs. 3.0)

(c) Low C/N ratio (12 vs. 17)

The above results indicated that the acidulocompost had a high organic nitrogen and that organic substanc-
es were degraded. Furthermore, inorganic nitrogen will be easily supplied. We applied both composts to soils
and surveyed the germination and growth rate of Komatsuna (Brassica campestris). When the acidulocom-
post was compared with the aerobically produced compost from garbage, most of the raw compost derived
from garbage lowered the plant growth rate. This observation indicated the presence of organic substances
that inhibited plant growth.

Compost Comprehensive Assessment and Study Group
- Study on comprehensive methods for the assessment of compost and on practical applications of organic re-
sources
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In our project “Development of Ecological Recycling System for Organic Resources,” a resource recycling
system is constructed by assessing the safety, functionality, and availability of compost. We characterize “the re-
cycling system on organic resources for global symbiosis” and comprehensively assess the system.

1) Development of a technology for the economic efficiency assessment, including environment-friendly effects
evaluated by LCA
Life cycle assessment (LCA) is a method used to quantify the environment burden of products generated dur-
ing their life cycle, i.e., from production to disposal, which is mentioned as “from cradle to grave”. Products or
services that have an economic cost of production but a high environmental burden are not beneficial to the en-
vironment. We develop assessment technologies for the availability and the economic efficiency including the
assessment by LCA. The economic efficiency assessment is conducted in cooperation with Composting Study
Group.

2) Development of a broad-based assessment technology used to determine the amount of organic resources gen-
erated using remote sensing
The total mass of organic material that is produced by living organisms, i.e., biomass, has so far not been ac-
curately quantified. Therefore, we developed a broad-based assessment technology to evaluate the amount of
biomass produced by various scales of urban development such as prefectures, municipalities, and settlements
by remote sensing.
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W = R R MERFFEE < Composting Study Group

RH o #® B BRADRFER BIREMMBEHER 25 B

Yutaka Nakai Animal Health and Management, Biological Resource Sciences, Graduate School of
Agricultural Science

FiE B B BRADRI FER RIEEMRERZ 08

Toyoaki Ito Environmental Crop Science, Biological Resource Sciences, Graduate School of Ag-
ricultural Science

flr F TR A A TFEER ICAEMEFESE

Toru Nakayama Applied Life Chemistry, Department of Biomolecular Engineering, Graduate School
of Engineering

e RS BERR ISR AEMBI R REARYETE

Shusuke Sato Land Ecology, Life Science, Graduate School of Agricultural Science

A BE B BRADRFZER hEEMEE L AT LE5E

Akihiro Kijima Integrative Aquatic Biology, Biological Resource Sciences, Graduate School of Agri-
cultural Science

W # BEPER SRAEGREER T FRERE D

Youhei Yamagata Enzymology, Life Science, Graduate School of Agricultural Science

/B BHEFER BIRAMAFER GIREWREHIEM 255

Kenichi Otawa Animal Health and Management, Biological Resource Sciences, Graduate School of
Agricultural Science

KE Tu BENER BIRAEMPFE R BIREWEEHIEHM 0%

Ryoki Asano Animal Health and Management, Biological Resource Sciences, Graduate School of

Agricultural Science

W= AR R MR &P & Composting Safety Research Group

Masami Nanzyo

F  EK TR EAR T HR RERETHOH

(LiYu-You) Environmental Protection Engineering, Department of Civil and Environmental Engi-
neering, Graduate School of Engineering

T O® BN RIRAEYRFER RIREMEEHIEF Z0 5

Yutaka Nakai Animal Health and Management, Biological Resource Sciences, Graduate School of
Agricultural Science

FAfE IEE BT ER RIRAEYF R TR 757 B

Soil Science, Biological Resource Sciences, Graduate School of Agricultural Science

Yoshihisa Suyama

BE LEZ SRR TR JE R AEMPHE B IR RE £ 50 B

Yasuhiko Konno Insect Science and Bioregulation, Life Science, Graduate School of Agricultural Sci-
ence

FHRE EX BT GER AW PE AR R AR LT

Shigefumi Kuwahara | Applied Bioorganic Chemistry, Bioscience and Biotechnology for Future Bioindus-
tries, Graduate School of Agricultural Science

({ITE YN BENER BIRAEDR FER EMEEE ST

Forest Ecology, Biological Resource Sciences, Graduate School of Agricultural Sci-
ence

/NHEFE—

Kenichi Otawa

RN BIRA MR P ER GRS MR HIERL 75 5
Animal Health and Management, Biological Resource Sciences, Graduate School of
Agricultural Science
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B R RRIA - BEREMERTAEAF 20304 Availability and Functionality Assessment Research Group

Kazunori Nakano

B BE B FR R EK R R B 5 B

Toyoaki Ito Environmental Crop Science, Biological Resource Sciences, Graduate School of Ag-
ricultural Science

B L TERFRR TATEEK REEE T 2N H

Ecological Engineering, Department of Civil and Environmental Engineering, Gradu-
ate School of Engineering

/INEIR—ER BEATSER ISR AMBL TR BEE AR H

Shinichiro Ogura Land Ecology, Life Science, Graduate School of Agricultural Science

ik FHE B ER BIRAEMR LT REBFRFNH

Fusao Ito Farm Business Management, Biological Resource Sciences, Graduate School of Ag-
ricultural Science

Makoto Osada

Aquacultural Biology, Biological Resource Sciences, Graduate School of Agricultural
Science .

B RR NS

FAlBF 72 < Compost Comprehensive Assessment and Study Group

wiE T BREEN RRAYMBFER HEERT «— L FHEYES 5

Genya Saito Remote Sensing, Biological Resource Sciences, Graduate School of Agricultural Sci-
ence

ST 1) S BRERTEN RIRAEMBEER EtEFES T

Kenji Seiwa Forest Ecology, Biological Resource Sciences, Graduate School of Agricultural Sci-
ence

SRS BT RR BIRA YR E I ORG24 B

Kazuo Morozumi Regional Planning, Biological Resource Sciences, Graduate School of Agricultural
Science

KA+ EHA B ER BIRADRFER BIRREF0

Michiaki Ohmura Agricultural and Resource Economics, Biological Resource Sciences, Graduate

School of Agricultural Science

BHES (AFBHERS) Administration Group (Announcement and Publication)

hH H® BENER BRAMRFER BIREMEHIEE 5%

Yutaka Nakai Animal Health and Management, Biological Resource Sciences, Graduate School of
Agricultural Science

A HE BETR BIRAEMR P ER IR REMEE L AT NESE

Akihiro Kijima Integrative Aquatic Biology, Biological Resource Sciences, Graduate School of Agri-
cultural Science

Pk B% BETRR BIRAYHEEIR BISHEMRER 0B

Toyoaki Ito Environmental Crop Science, Biological Resource Sciences, Graduate School of Ag-
ricultural Science

WEE oot BEFER RRAEMRFEREEERT « —V NHBEZESE

Genya Saito Remote Sensing, Biological Resource Sciences, Graduate School of Agricultural Sci-

ence
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