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29 Nanotechnology Support Project
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29 Outline

nanorie

mEnvironmental, Health and Safety (EHS) Impacts and Ethical,
Legal and Societal Issues (ELSI) of Nanotechnology

mJapan’s Activities on Societal Implications of
Nanotechnology
¢ Third Science and Technology Basic Plan
e Japan’s National Projects
e¢International Collaboration

mRecent Research Topics
o Nanoscale Dispersion of C60 in Water for toxicological tests
¢ Particle Measurement in Workplace



2 Nanotechnology and Society
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mUnidentified Risk in Emerging Technology
+GMO experience in USA and Europe

eNegative public perception of unidentified risk
eTechnical success but commercial failure

mSocietal implications of Nanotechnology — short term and
long term

¢ Potential risks of nanomaterials
eHealth and safety of workers
eHealth and safety of consumers
sEnvironmental Protection

¢ Societal impacts of nanotechnologies
oLife science
eInformation and communication technology
«Energy and environment

¢ Converging technology
eNano - Bio- Info - Cogno (NBIC) integration



,,m’ Risk Assessment and Management of
Nanomaterials

mClassification of Nanomaterials
o Diameter < 100 nm, properties different from bulks

¢ Intentionally/unintentionally produced
eEngineered nanoparticles/diesel exhaust particles

¢ Intentionally/unintentionally introduced into body/environment
eMedicine, environmental remediation/nanoparticles inhaled at workplace

Environment 2. Health & safety
of customers

Factory, lab Storage, Products
transport

~ ¥

Discharge, leakage

1. Health & safety |
of workers _ )
3. Environmental protection )-
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The Royal Society & The Royal Academy of Engineering, Nanoscience and nanotechnologies: opportunities and uncertainties, 2004
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Converging Technology -
NBIC (Nano-Bio-Info-Cogno) Integration

Improvement of
Human Performance

Nanotechnologies
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29 Third Science & Technology Basic Plan (2006-2010)
ranen by CSTP

1. Basic Ideas

2. Strategic Priority Setting in S&T
¢ Promotion of basic researches

¢ Prioritization of R&D for policy-oriented subjects

oPriority promotion areas; Life science, IT, Environmental sciences, Nanotechnology
& materials

sPromotion areas; Energy, MONODZUKURI tech., Infrastructure, Frontier (outer
space & oceans)

¢ Promotion strategy for prioritized areas
3. S&T system reforms

4. Public Confidence and Engagement
¢ Responsible actions regarding ELSI
¢ Reinforcement of accountability and public relations of S&T activities
¢ Promotion of public understanding of S&T
o Facilitation of public engagement with S&T-related issues

5. Missions of CSTP



- National Institutes for Nano-R&D & EHS
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CSTP

NTPT
Flagship type R&D Basic research Safety of
NEDO (FA) JSPS (FA) foods & drugs
AIST (RI) Universities NIHS (RI)
g Long term challenge Occupational health
- for industrial use | NIIH (RI) |
Industries JST (FA)
NBCI Generic technology Environmental

FA: Funding A NIMS (RI) Protection
: Funding Agency
Rl: National Research Institute RIKEN (RI) NIES (RI)

CSTP: Council for Science and Technology Policy, MEXT: Ministry of Education, Culture, Sports, Science and Technology,
METI: Ministry of Economy, Trade and Industries, MHLW: Ministry of Health, Labor and Welfare,

MOE: Ministry of the Environment, NTPT: Nanotechnology Project Team, JSPS: Japan Society for the Promotion of Science,
JST: Japan Science and Technology Agency, NIMS: National Institute for Materials Science,

NEDO: New Energy and Industrial technology Development Organization,
AIST: National Institute of Advanced Industrial Science and Technology, NIHS: National Institute of Health Sciences,

NIIH: National Institute of Industrial Health, NIES: National Institute for Environmental Studies




Japan’s Open Discussion

on Societal Implications of Nanotechnology
Kicked off in 2004

mOpen Forum “Nanotechnology and Society”
+0rganized by AIST, August 2004 — March 2005

mSymposium “Nanotechnology and Society”
+Organized by AIST, NIMS, NIES and NIHS, Feb. 1st, 2005

nanone!

Symposium “Nanotechnology and Society”
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2 National Projects for EHS Implications and ELSI
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m MEXT: Research study for public acceptance of nanotechnology
¢ Risk assessment of nanomaterials (AIST)
¢ Health issues of nanomaterials (NIHS)
¢ Environmental issues of nanomaterials (NIES)
¢ Ethical and societal issues of nanotechnology (NIMS)

¢ Technology assessment for promoting the public acceptance of nanotechnology
and economic effects (AIST)

m METI-AIST: Standardization of testing methods for evaluation of safety of
nanoparticles

m METI-NEDO: R&D for Evaluation of properties of nanoparticles (solicitation
closed last month)

m MHLW: Development of evaluation methods for health impacts of
nanomaterials

m MEXT-Nanonet: Nanotechnology Support Project
¢ Dissemination of information and database
¢ Support of interdisciplinary and international network

11



29 International Collaboration
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International Organization for Standardization (ISO)
American Society for Testing Materials (ASTM)
Royal Society

nternational Council on Nanotechnology (ICON)

nternational Nanotechnology in Society Network
(INSN)

12



9 Joint Royal Society- Science Council of Japan workshop

""" on the potential health, environmental and societal

impacts of nanotechnologies &1& soc ity 4 I

m Date and Venue

¢ 1st: July 11-12, 2005, Royal Society (London)

¢ 2nd: February 23, 2006, Tokyo Big Sight (Tokyo)
m Objectives

o To share the latest scientific research into the health, environmental and
societal impacts of nanotechnology.

o To identify specific areas where further research is needed and to identify
common areas of interest.

o To determine areas for future collaboration and identify mechanisms for
facilitating this collaboration.

¢ To discuss appropriate regulatory systems for nanomaterials.
m Participants from Universities, Industries, Government and National
Institutes

¢ UK: Prof. M. Welland, Prof. A. Seaton, Prof. J. Ryan, Prof. K. Donaldson, Prof.
V. Stone, Oxonica, DTI, DEFRA, HSE, NPL, ...

¢ Japan: Prof. T. Kishi, Prof. M. Endo, Prof. T. Tsuda, Prof. Y. Kusaka, NBClI,
AIST, NIMS, NIES, NIHS, NIIH, ...

& USA: Dr. J. Moore, Dr. A. Maynard
13



9 Joint Royal Society- Science Council of Japan workshop
""" on the potential health, environmental and sometal
impacts of nanotechnologies Ei% socitry Al

- Summary -

m Significant funding for research into the potential negative health and
environmental impacts of nanomaterials is urgently needed.

mInternational and interdisciplinary research collaboration is required. For
example, nanomaterial scientists should collaborate with toxicologists.

m A standardized framework for the risk assessment of nanomaterials is
required, including standard reference samples and toxicology protocols.

mIndustry should work with academia and other stakeholders by sharing
iInformation on methodologies and providing samples.

m Research into the potential negative impacts of nanomaterials on the
environment is urgently required. There remains virtually no data on
them.

m A robust, publicly acceptable regulatory framework for nanotechnologies
IS more likely to be achieved if appropriate stakeholder engagement are
undertaken and the results are incorporated into the policy-making
process. 14




29 Outline
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mo’ Research on Biological Impacts of
Nanomaterials in Japan

mFullerene
¢“Biological Effects of Fullerene”, Scientific Research for Priority Area
“Carbon Cluster”, MEXT, 1993-1995
mCarbon nanotubes

¢“Tissue Responsiveness and Bio-application of Nanotubes and Nano-
micro Particles” by Prof. F. Watari (Hokkaido Univ.), et al.

¢“Role of Systemic T-cells and Histopathological Aspects after
Subcutaneous Implantation of Various Carbon Nanotubes in Mice” by
Prof. S. Koyama, Prof. M. Endo (Shinshu Univ.), et al.

¢ “Toxicity of Carbon Nanotubes Instilled Intratracheally” by Dr. A.
Tanaka (Kyushu Univ.), et al.

mMetals & Ceramics (Ni, Co, Fe, TiO,, ...)

¢ Toxicological study from a viewpoint of occupational health by Prof.
Y. Kusaka (Fukui Univ.), NIIH, ...

Amount of data is not enough for risk assessment.

16



Research | Article

Manufactured Nanomaterials (Fullerenes, Cg) Induce Oxidative Stress
in the Brain of Juvenile Largemouth Bass
Eva Qberoddrster
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Biological Impacts of Fullerene

Oberdorster, E.

Manufactured nanomaterials
(fullerenes, C60) Induce
oxidative stress in the brain of
juvenile largemouth bass.
Environ. Health Perspect. 112,
1058-1062 (2004)

17



2 For Better Toxicological Evaluation

nano.

mT0 Provide Series of Standard Materials for
Organized Toxicological Evaluation

mTo Develop Methods of Dispersion of
Nanomaterials in Air and Water for Appropriate
Inhalation and Injection

mT0 Understand Existence of Nanomaterials in
Actual Environments

18



29 Aqueous Dispersion of C60 with Using THF
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1. Mix a saturated solution of C60 in THF and water (Sample 3).
2. THF removal by purging gaseous N, (Sample 4).
m  Merits
¢ Long term stability - remain dispersed for years
¢ No dispersing agent necessary
¢ Flocculate rapidly in the presence of salts.

m Problem
¢ Residual solvent (THF) may be responsible for the toxicity

Sample 1: saturated solution of C60 in THF
1 2 3 4 Sample 2: water

| (] | | Sample 3: mixture of sample 1 and 2

| | | || I Sample 4: sample 3 after THF removal

| N ll |! | (contains C60 and water)

S. Deguchi, R. G. Alargova, K. Tsujii, Langmuir 17, 6013 (200139



29 Solvent-free Aqueous Dispersion of C60
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m Using Agate Mortar ,.__

1. Mix ground C60 and water
2. Sonication for 30 min or stirring overnight
3. Filtration (pore size: 5 um)

Sample 1: dispersion in water containing 40 mM
of sodium dodecylsulfate,
[Ceo]l = 6.56 X 104M

Sample 2: tenfold dilution of Sample 1

Sample 3: 100-fold dilution of Sample 1

Sample 4: dispersion of as-received Cgy,

- Sample 5: dispersion in pure water,
[Ceol =3.27 X 10*M

Courtesy to S. Deguchi, JAMSTEC 20
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nanonet

SEM Images

Before grindings= Aftergrindipg D

7
by | e “ :

10 pm T ST

NOME S 3.0kV X1,500 10um WD 3.2mm NOMNE S 5.0kV X2.000 1M0um WD 3.1mm

After grinding
- close up

S. Deguchi et al, Adv. Mater., 2006, 18, 729.21
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Growth Inhibition of E. coli in Water with C60

Dispersed with Using THF

E. coli
aerobic anaerobic

control + +
0.04 pg/mL Ceo + +
0.4 ng/mL Ceo — —

4 pg/mL Ceo — —

5 ug/mL Ceso(OH)24 + +

J. D. Fortner et al, Environ. Sci. Technol. 2005, 39, 4307-4316.

22



E. coli in Water with C60
Dispersed with Using THF

without C,

| | —*
4 6 8 10

Incubation time / hr

Schematically drawn based on research of J. D. Fortner et al.
by S. Deguchi, JAMSTEC




E. coli in Water with C60
Dispersed without Using THF

without C,

8 10
Incubation time / hr

S. Deguchi et al, Adv. Mater., 2006, 18, 729.



29 Particle Measurement in Fullerene Factory
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Reactor

—_

GT331 1M I 1 5m

L - O OO
v f
KR-12A
: Entrance
Ventilator B

SMPS :Scanning mobility particle sizer (TSI Model 3034)
KR-12A: Optical particle counter (RION)
GT331: Particle mass monitor (Sibata)

LV: Low volume air sampler (Sibata) _
Courtesy to T. Kobayashi, NIES 2°



2 Particle Counts during Handling
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in Fullerene Factory
12000
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' agitation ( Arashidani et al)

collecting & packing

Courtesy to T. Kobayashi, NIES 26



-~ 4 Agglomerated Fullerene Particles
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( Arashidani et al)

Courtesy to T. Kobayashi, NIES 27




- Agglomerated MWCNT Particles

nanonet
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Courtesy to T. Kobayashi, NIES 28




29 Summary

nano.

m Significant funding for research into the potential negative health and
environmental impacts of nanomaterials is urgently needed.

m International and interdisciplinary research collaboration is required. For
example, nanomaterial scientists should collaborate with toxicologists.

m A standardized framework for the risk assessment of nanomaterials is

required, including standard reference samples and toxicology protocols.

mIndustry should work with academia and other stakeholders by sharing
Information on methodologies and providing samples.

m Research into the potential negative impacts of nanomaterials on the
environment is urgently required. There remains virtually no data on
them.

m A robust, publicly acceptable regulatory framework for nanotechnologies
IS more likely to be achieved if appropriate stakeholder engagement are
undertaken and the results are incorporated into the policy-making
process.

29
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