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STS
2005
EASST The European Association for the Study of Science and Technology 2005 9 ”"EASST Review”
1. s — s 1992
2. 2003

3. ETC group, “From Genomes to Atoms: The Big Down: Atomtech — Technologies Converging at the Nano-scale”, (Jan 2003)
4. Alexander Huw Amall, “Future Technologies, Today’s Choices”, Greenpeace Environmental Trust, (July 2003)
5. Royal Society & Royal Academy of Engineering, “Nanoscience and nanotechnologies: opportunities and uncertainties”, (July

2004)

22

2.2.1 Nanotox 2004
2004 1 13 Wired News Nanotox 2004

13 ( )
2004
STEM
2004

STEM
Nanotox 2004

10



2.2.2 Royal Microscopical Society
Royal Microscopical Society Nano Particles and Nanostructured

Materials:Implications for Health Organisers

Vyvyan Howard (Liverpool), Serena Best,

Nanotox 2004

Mick Brown (Cambridge), Jonathan Grigg (Leicester),

Doug Imeson (DSTL), David Cockayne (Oxford), g:g&:%bpm'é&ig':;" H’jg: i'-:-TmEé ':r?ﬁ,s: ot
Rik Brydson (Leeds) Nano Particles and Nanostructured Materials:

Doug Imeson Implications for Health

. . Organisers:

David Cockayne Mick Brown Viywyan Howard (Liverpoal), Serena Best, Mick Brown
(Cambridge), Jonathan Grigg (Leicester), Doug Imesan
(DSTL), David Cockayne (Oxford), Rik Brydson (Leeds)

2.2.3 Meeting Theme and Scientific Programme

There is accumulating evidence that nanoparticles can have very toxic properties. Many nanoparticle systems are known to have
exotic structural, electronic and hence chemical properties, when compared to their bulk counterparts, principally as a result of their
reduced dimensions. However very little is known about the interaction between the surface chemistry of nanoparticles and ‘wet’
biochemistry.

There are a variety of novel materials that have become part of the human environment over the past fifty years; some are
unintentionally inhaled or ingested, whilst others are introduced into the body intentionally and have been studied in detail, for
example prosthetic implants. The revolution in nanotechnology is currently driving these and other bio interactive devices to smaller

and smaller length scales. Other groups are actively engaged in interfacing bio molecules into ‘bio computing devices’.

The primary aim of this meeting is to bring together experts in the science of materials, particularly nanoscale materials, with
biomedical scientists studying the health effects of nanoparticle exposure. This meeting will attempt to advance understanding of the
molecular mechanisms for toxicity and develop novel methods of research based on the latest technologies.

This two day meeting follows on from two highly successful previous meetings held at RMS Micro 1998 on particulate aerosols
(ref: Particulate Matter: properties and effects upon health — eds. RL Maynard & CV Howard Bios 1999 ISBN 1-85996-172-X), and
at the Royal Society in 2000 (see Phil. Trans. Roy. Soc vol. 358, pp 2561-2797 2000)

2 Royal Microscopical
Society 2004 2004

Aberration corrected STEM for the analysis of small particles

Chances and risks of nanoparticles in life sciences

11



2.2.4 SuperSTEM
SuperSTEM

SuperSTEM 1997 Prof.Mick Brown A synchrotron in a microscope
microscope synchrotron Spherical

aberration correction

SuperSTEM Aberration corrected
SuperSTEM
225
Wired News
1
C A SuperSTEM image of a ferritin, or

metal, particle

A SuperSTEM image of a
ferritin, or metal, particle. The

3nm particle is 3 nanometers
across and comes from a
human liver,
Phote: Dr, Uwe Falke,
Daresbury Laboratory
2.2.6 THE ROYAL SOCLETY
Royal society Royal Academy of engineering

Summary of evidence from Civil Society groups at a meeting with the nanotechnology working
group on 30 October 2003
NGO ETC

Patients Association

Overview 1 6
Nanoscience  nanotechnology

identify areas where regulation needs to be

considered

12



Royal Academy of science
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Royal society

2004 Royal society 21
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2.2.8 National Nanotechnology Initiative

NNI(National Nanotechnology Initiative)

NNI closed loop societal
implication
Application 3

Application  Implication

NNI R&D - closed loop with
societal implications

Nanotech NNI
Applications R&D

Societal
Implications

Application
Implication
229
National Nanotechnology Initiative 2001
2001 $464M :$555M 12%
2004 $961M :$105.8M 11%
2002 2003 2004

Implication R&D

13

1 NNI
10

30M 40M societal and educational
50M



2.2.10 Societal Implications examples

Societal Implications examples

Social and ethical dimensions of nanotechnology Scanning Probe
Microscope: The genesis and practices Societal Implications

Courses on societal implications for public
implication education

Science communications

Societal implications

2.2.11 Pulmonary Toxicity of Single-Walled Nanotubes in Mice

NASA SINGLE-WALLED NANOTUBES
OSHA exposure limit 5 mg/m’
30g 1 30 ml 1 m’
S5mg 40
17 0.5 mg

Science 2003 4

American Chemical Society

total insoluble and probably one of the most biologically

nondegradable man-made materials t ,-“':“i:' s 5
& ety Communiqué
[Chilabeme 27 - Tk |

20 No Small Matter!
Nanotech Particles Penetrate Living Cells and

20 Accumulate in Animal Organs

man-made materials

100

120

man-made materials
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2.2.16 Asbestos TEM
1980 1980

2.2.17 Late lessons from early warning the precautionary principal (2001)
Late lessons from early warning the precautionary principal (1896
2000) 1896 2000 precautionary principal

2001
precautionary principal

14

BSE

12

ignorance

5) (PCBS)
6) CFCs
7) (DES)

S (MTBE)

12) (TBT)
10 13)

14) (BSE) 1980 2000

17



22.18 EE

2.2.19

12

prevention

1965

1993
1959

Environmental Health Perspectives

2.2.20 Bill Joy
2000 Wired News
21

2000

4

2004

Bill Joy

11

1959
1993
2004 3
2004 3
7
Why the future doesn't need us
GNR

18

prevention

100
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GNR

GNR 21

1. UNESCO
2. UNESCO
3.

4. Nano Ethics

World Commission on the Ethics of Scientific Knowledge and Technology COMEST
COMEST 2005 4

19

5

2005
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—Local Training and Global Practice” The Washington Accord

CPD Continuing Professional Development

234

ABET The Accreditation Board for Engineering and Technology
ASME IEEE 27
1930

ABET 2001

ABET

Criterion 3

(a) an ability to design a system, component, or process to meet desired needs
(b) an ability to funcction on multi-discciplinary teams
(c) an adility to identify, formulate, snd solve engineering prroblems
(d) an understanding of professional and ethical responsibility
(e) an ability to communicate effectively
(f) the broad education necessary to understand the impact of engineering solution in a global and societal context
(g) arecognition of the need for, and an ability to engage in life-long learning
(h) a knowledge of contemporary issues and

(1) an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.

Criterion 4

Professional Component

21



“...students must be prepared for engineering practice through the curriculum culminating in a major design experience based
on the knowledge and skills acquired in earlier coursework and incorporating engineering standards and realistic constrains
that include most of the following considerations: economic; environmental; sustainability; manufacturability; ethical; health

and safety; social; and political.”

2.3.5 Nanotechnologirs

236

JCO

JFE

237

1. ethos, mores 2. 3.

ethics 2

22



2.3.8

BEiiEzRYETtt=&E )

S S PIR E =

FZO07xvisl T EiRE

: W TR
Z(DHEERE ESR

1.

; — S (XIEE)
3 — —CSR

4. — —ESR[Engineers’ SR]

5

6

239
ABET

What Is Engineering

“Engineering is the profession in which a knowledge of the mathematical and natural sciences gained by study, experience, and

practice is applied with judgment to develop ways utilize,
e N =
economically, the forces of the nature for the benefit of mankind.” 1@2 {1IE= fie tﬁ@g}eg— BOD?
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2.3.10 What is the Benefit of Mankind

Amish

2311 ABET

23.12

50 60

1930

24

22 300

Bt/ e & i EE D FIE

BEEMOFERICHL. BICHULL
MifE) HEDHSN. ZN50[-
[CHULBEROSEEND. DZRIC,
Ei&ICld, FFIsEAICETITSN

? T%‘fbb‘fﬁf’ﬁﬂﬁ?tl\jij‘

'3 B

BREND, —
FUL\TEIDERET




2.3.13

23.14

()

23.15

social and human sciences

1970
1993 International Bioethics Committee
36

(BIO)ETHICS & UNESCO

wocial and COERIHCAtion
education science Titerman ciilfire: and
sereness information

|

Understanding the current ethical
probleas in cannection with seience

and technofogy

1998 Intergovernmental Bioethics Committee

36

1998 World Commission on the Ethics of Scientific
knowledge and Technology (COMEST)

COMEST Bioethics
Committee 3

1 awareness raising

awareness raising

capacity building

standard-setting actions

bioethics science environmental | space

. ethics :
ethics ethics

| Theoretical basis of activities

25




Capacity Building

standard-setting

International Bioethics Committee COMEST

2.3.16 Toward a Declaration on Universal Norms on Bioethics

2005 9 33
Universal Declaration on Bioethics
International Bioethics Committee 2005 12 15 3
International Bioethics Committee
2.3.17 The Mandate
Declaration on Universal Norms on Bioethics 2 32

The Mandate
The General Conference
“considers that it is opportune and desirable to set universal standards in the field of bioethics with due regard for human
dignity and human rights and freedoms, in the spirit of cultural pluralism inherent in bioethics;”
“invites the Director-General to continue preparatory work on a declaration on universal norms on bioethics, by holding
consultations with Member States, the other international organizations concerned and relevant national bodies, and to submit a
draft declaration to it at its 33rd session.”
32nd Session of the General Conference of UNESCO-2003
32 C/Resolution 24

3 bioethics ~ Committee

1. Pre-drafting consultation on the scope and structure January — April 2004

2. Drafting process April 2004 — January 2005
3. Finalization January — September 2005
2000
1
2005 9

33

26



2.3.18 COMEST
COMEST 97

Taskforce on the ethics of nanotechnology
Objectives
1. Explore ethical issues of nanotechnology that are relevant for the international community.
2. Make an analysis of possible and feasible international actions in this area.

COMEST

3
First phase: identification of the moral dimensions
Second phase: testing the relevancy of potential international actions
Third phase: enhancing the political feasibility of potential actions
2

Universal Declaration 2

2.3.19

2005 4 10 UNESCO 4

Kyunghee Choi (science education)
Ehwa Woman’s University, Korea
Abdallah Daar (surgery/ethics) [invited]
Professor of Public Health Sciences, University of Toronto, Joint Centre for Bioethics, Canada
Donald Evans (ethics) [invited] IBC Member,
Director of Bioethics Centre, University of Otago,
Jun Fudano (ethics and history) COMEST Member

Director, Applied Ethics Center for Engineering and Science, Kanazawa Institute of Technology, Japan

2

IBC (International Bioethics Commission)

Bert Gordijn (ethics)
Dept. of Ethics, Philosophy and History of Medicine, Radboud Univ. Medical Center, The Netherlands

27



Zuo-Xiu HE (science) [invited]

Institute of Theoretical Physics, Chinese Academy of Sciences, China

Michéle Jean (history/ethics),

IBC Chairperson, Faculte des etudes superieures, Univ. de Montreal

Joachim Schummer (philosophy and chemistry)

Department of Philosophy, University of Darmstadt, Germany

Michele Jean

(International Bioethics Commission)

Universal Declaration

IBC

§ 2D 4 —2ADEERT T2 — )

July 5-6, 2006 first workshop in Paris to discuss
first draft papers

December 6-7, 2005. second workshop to
discuss pre-final drafts and draft policy
document

January 2006: final papers received; editing
process

2008: COMEST meeting: discuss policy-
document

March 2006: book into print

April 2006: start phase 2

Peter A. Singer (ethics) University of Toronto, Joint Centre for Bioethics

Margareth Spangler Andrade (science) Brazil

UNESCO, Division of Ethics of Science and Technology (SHS): Henk ten Have, Simone Scholze

UNESCO, Division of Basic and Engineering Sciences (Science Sector): Maciej Nalecz

UNESCO, Information Society Division (Communication and Information Sector): Elizabeth Longworth

Peter A.singer  Joint Centre for Bioethics 400
2 1
1
\ T .Hanalecll.mbw - & Mew Fiedd of E.lmu: Inquiry?” Science and
] 3 | Enginsering Ethics (2005) 11
Bert Gordijn, “The Emergence of Nanoparticles-Opportunities versus Risks
Nanomedicine: Current State, Ethical — A side effects (OEMEICT ER
Aspects, and International Policy Issues” LY — GENEEEL. BoRsEE
Peter A. Singer et al., “Harnessing ERICLT. fOLSTMEEYETS
Nanotechnology to Improve Global Equity” ,1'_1\ v o )
Joachim Schummer, “Identifying Ethical i v i st
lssues amidst the Nano Hype” Sustainability-Just Distribution of
Cpportunities and Risks —  “MNano-
divide™, tB{{RH&E
2005 7 5 6 2005

12 6 7 2

2006 COMEST

28




Peter A. singer

100

21

Grurnwalddm .f = )

3, The Private Sphere and Contral
The “tab .|.._-. chip B b

4 Crossing the Border between Technology and
Life
i W E0O=ILH « T il

5. The Improvement of the Human Being

JED nanceampants E A

{._.hll LAt 'I'q.'*-.."-::.f""j' '_1 E s --j

CNaeRTATHESHENMS TR HST,
A T Manc-ethics" E LV AFLLEBNSEE
FHUBEOHLTOTEZ. TTIC, bR
. Eamial. ERWE. HRoisE, U310
FEAA VG FEETBEINTEEANTE S,
L miE, cn_-ammmnmma& NT T IR
F (convergence) T S THD. (Nano
Ethics CHATHRRT &, CORETaAN
FEOHTLES. )

Ethics as Concomitant Reflection of
Manctechnology

Bert Gordijn ~ Nanomedicine

A. Grunwald

COMEST

Peter A. singer

Nano Hype




Bioethics Committee ~ Universal Declaration

2.3.20 Fudano

ETC

2005 4

SF

2.3.21 Promotion of International Collaboration in
Constructive Technology Assessment (CTA)
Royal Society

Royal Society

30

SF

Royal Society

taxonomy

1) Encourage each Member State (or region) to include a
technology assessment component in their national NT
program and produce the RSL/RAE type report annually

2) Recommendations from each report can be categorized
and notified to the UNESCO Nanotechnology
Observatory (UNG) and the Member States

3) Representatives of those TA teams can have regular
meetings to examine the current state and discuss
emerging social and ethical problems

4y UNO operates as if it were OST or the Chief Scientific
Advisor in the RSURAE 2004 report (R 20/R 21)




Royal Society
2 1 5 1

ISO
9000

2.3.22 Nano Ethics

2.3.23

20 21

Royal Society

1,000

guantum leaps

31

Office of Science and Technology

ISO

Chief Scientific Adviser

14000

Nano EthicsMiF5E1E7?
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2020 Chemical Industry R&D
Roadmap for Nanomaterials By Design 2003

20

solution-oriented
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2004
Quantum Computation (QC) Roadmap
Quantum
Computing

Technology Experts Panel (TEP)
Membership

2012

National Nanotechnology Initiative (NNI))

Quantum Computing

IDA 2005 Singapore Infocomm Foresight 2015
Connected

Singapore

IDA

IT
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National Research Council of Canada "
(NRC) Bio-Systemics Synthesis
10-25 .
9 Bio-Systemics Synthesis
1
2.4.3
IMD 2005
21 2002 1993
25 34 t
4
14 40.8
2
2 15 8.5 5 12 21.2
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DDS NIMS

COPD

2 NIMS
DDS

Joint Research Center of Bioethics
10 4 10

Disease Diagnosis and Screening 5 Drug Delivery global
System 9 Diagnosis Health Energy Strorage, Production and Conversion
Monitoring Agricultural Productivity Enhancement
Water treatment and Remediation
Disease Diagnosis and Screening
Drug Delivery System
Food Processing and Storage
Air pollution and Remediation
Construction
Health Monitoring

Vector and Pest Detection and Control

13 3
100
100

20

95

0.1lum 100 nm
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100 nm

200 300 nm

3.2 Drug Delivery System

DDS
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DDS
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DDS 21
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DDS

DDS
DDS
DDS
DDS
10 mm 10 nm
100 nm
DDS
10 pm
1 pm
DDS
DDS
DDS
DDS
DDS
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Energy storage, production, and conversion

Agricultural productivity enhancement

20 Water treatment and remediation

Disease diagnosis and screening

Drug delivery systems

2020 Food processing and storage

Air pollution and remediation
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Health monitoring
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NSET
Nanoscience Research for Energy Needs Report of the March 2004 National Nanotechnology Initiative Grand Challenge
Workshop: 03/2004

[J Scalable methods to split water with sunlight for hydrogen production
[ Highly Selective Catalysts for Clean and Energy-efficient Manufacturing
| Harvesting of solar energy with 20 percent power efficiency and 100 times lower cost
I Solid-state lighting at 50 percent of the present power consumption
| Super-strong light-weight materials to improve efficiency of cars, airplanes, etc.
[ Reversible hydrogen storage materials operating at ambient temperatures
] Power transmission lines capable of 1 gig watt transmission
71 Low-cost fuel cells, batteries, thermo electrics, and ultra-capacitors built from nanostructured materials

[J Materials synthesis and energy harvesting based on the efficient and selective mechanisms of biology
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10

$1UW $100/m’ 14-15%

LED

FegsCoss Sm,Fe;;Nd; nanocomposite
200
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“* Scalable methods to split water with sunlight for hydrogen production

- Highly Selective Catalysts for Clean and Energy-efficient
Manufacturing

= Harvesting of solar energy with 20 percent power efficiency and 100
times lower cost

e Solid-state lighting at 50 percent of the present power consumption

e Super-strong light-weight materials to improve efficiency of cars,
airplanes, etc.

e Reversible hydrogen storage materials operating at ambient
temperatures

e Power transmission lines capable of 1 gig watt transmission

= Low-cost fuel cells, batteries, thermo electrics, and ultra-capacitors built
from nanostructured materials

e Materials synthesis and energy harvesting based on the efficient and
selective mechanisms of biology

Row____ :

Scalable methods to split water with sunlight for

H""“ ;

hydrogen production
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Six foundational and vitalcrosscutting nanoscience research themes

Catalysis by nanoscale materials
Using interfaces to manipulate energy carriers
Linking structure and function at the nanoscale

Assembly and architecture of nanoscale structures

Theory, modeling, and simulation for energy nanoscience

Scalable synthesis methods

“Theory, modeling, and simulation’

*“Scalable synthesis

IR s © 9
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University of S. Carolina, Nano Science and Technology Studies (NSTS)
Prof. Michael Gorman, University of Virginia, Department of Science, Technology and Society
Meridian Institute

Environmental Defense

University of Cambridge, Nano-Science Center, Interdisciplinary Research Center (IRC) (Prof. Mark Welland, Dr. R.
Doubleday)

DEMOS
University of East Anglia, (Prof. N. Pidgeon)
Queen Mary University of London

ocoo o*oooo*®
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Forum for the Future

Technical University of Damstadt, Institute for Phiolosophy (Prof. A. Nordmann)
Institute of Technology Assessment and Systems Analysis (ITAS), Karlsruhe Research Institute  (Prof. A. Grunwald, dr.

oo"o

T. Fleischer, Dr. M. Decker)

a University of Twente, School of Business, Public Administration and Technology. “Science, Technology and Society”

(Prof. Arie Rip)
1
10
The National Science Foundation Center for Nanotechnology in Society CNS
usc
usC
120
1
Bandwagon
6 3

converging
technology NBIC (Nano, Bio, Infomration, Cognitive
science) NBIC

NNI
GMO
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GMO
1
2
3
2
1.
2.
OECD
3.
4,
4
3 Nanologue Workshop
Nanologue
NanoForum 20
ELSA
10 2015

4 Euro Nano Forum

2005

9
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Precautionary Principle

2005 9

Drug Delivery System
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GMO

See-through science

“early engagement” “upstream engagement”

5 INSN (The International Nanotechnology and Society Network)
INSN The International Nanotechnology and Society Network Workshop

2005 10 2 NSF
Center for Nanotechnology and Society CNS Univ. of Santa Barbara
Arizona State Univ.
DEMOS DEMOS
citizen jury

“Constructive Technology Assessment”

Prof. Arie Rip
434 4
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NGO

2 GMO

GMO

Converging technology CT

Science, Technology and Society STS

GMO

CT

L Univ. of Cambridge, IRC
U Univ. of Virginia, STS

INSN

Citizen Jury
See-through Science
Upstream Tech. Assessment

Real Time Tech. Assessment
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“citizen participation”  “public engagement”

“scientist engagement”
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Citizen Jury:
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Upstream Tech. Assessment
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Pros Cons

DDS smart delivery

DDS interactive food

active, controlled, smart packaging

ETC Group (2004)

USDA 2003

USDA

ETC

DDS
DDS

IC

Pros Cons
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GMO
2001

GMO
GMO
OECD Codex
OECD
GMO
GMO
70
NGO
1985
GMO
NGO
ETC

NSF

GMO
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Busch, 2005

GMO

= “Push” Technology——

Margaret Mellon (2005)
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GMO
GMO

GMO

ETC ETC

Environmental Law Institute NGO

GMO

2004

NGO
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Orphan Group

Hurt Group
GMO
GMO
(Participatory Technology Assessment: PTA)
90
GMO
PTA PTA
PTA
PTA
PTA
PTA
PTA 1998
PTA
GMO
GMO 2000 GMO
2003

Cf. (2004), (2003)
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PTA
GMO

GMO
PTA

public discussions  such as citizen’s panels, consensuses conferences
PTA

GMO
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— Ostwald ripening
Moraru et al.,
ﬁ m ‘ Food Technology,
2003
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Bacillus brevis
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GM CSF
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2002

RILEM

1ISO
TC

2003 1
2003 1 2003
23

NIST JIS

CSH

The top 10 nanotechnology applications are:

Energy storage, production and conversion;
. Agricultural productivity enhanc
3. Water treatment and remediation;

nosis and screening;

wessing and storage;
7. Alr pollution and remediation;
. Construction;
9. Health monitoring;
0. Vector and pest detection and control

RILEM
TC197
TC197
ISO
ISO RILEM ISO
RILEM

ISO
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6.2

2 2 16
2 2
[1] (2] (3]
3
2
PCB NOx SOx
30 100
Wired News Nanotox 2004
2 1 13

Nanotox 2004 Royal Microscopical Society “Nano Particles and Nanostructured

Materials : Implications for Health”
Vyvyan Howard

Mick Brown Doug Imeson David Cockayne
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2004

Societal

3

Implications

super STEM

ELSI

Impacts
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Nanotox 2004

“super STEM”

3 nm

Environmental Health Perspectives

Ethical Legal



European Environment Agency 2001

Late Lessons from Early Warnings (The Precautionary Principle 1986-2000) EU
The Application of the Precautionary Principle in the European Union 2003
Web better and more
accessible science-based information more effectives
stakeholder participation in the governance of economic activity
14 [1] [2]
(3] (4] [SJPCB [6] [7]
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[11] [12] TBT [13]

[14]BSE Late Lessons
EEA 12 [1]
ignorance (2]
(3]
(4] (5]
6]
(7]
(8]
%]
[10]
[11] [12]
Prevention 1965

“Late Lesson”
Precautionary prevention
Precaution 1974 CFC
1959

GMO

mission oriented

Nanotox 2004
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JR

GMO

“NanoJury UK”

Interdisciplinary Research Collaboration”
“The Policy, Ethics and Life Sciences Research Center”
NanoJury 20

9 21

29

25 “Jury
“Science Advisory Panel”

2
5 The Guardian ~ Now we’re going public

Jury

108

Greenpeace UK

http://www.nanojury.org/
“The
The Guardian

5

“nanotechnology research policy”

“Witnesses” “Oversight Panel”

“Facilitators”

Mark Welland
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HIV

DDS 2 3 um 3 um
3 pm
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0.2 nm

0.24 nm

“significant increase”
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Total

55 33 12
100
acute toxicity (-8) 2 1)
34 59 38
131
chronic toxicity (-6) (6) (-2)
35 44 34
113
genotoxicity (-8) (3) (-2)
23 45 32
100
Unpredictable organ effects (-2) (6) (-5)
40 51 32
123
Bioaccumulation (-3) (-2) “
48 48 32
128
Kinetics (6) (3) (7
41 61 22
124
Inhalation behavior (-13) (20) ?2)
16 36 41
93
Other ecotoxicity 2 (-2) (6)
20 32 37
89
Unpredictable ecotoxicity (®) (2) (-9)
62 38 12
112
Exposure technique 17) (-6) (-3)
57 34 14
) ) ) 105
Dispersion technique ©) (-13) (-2)
65 34 14
113
Standard nano-particle (16) (-10) -3)
43 35 18
96
In-situ Characterization -1 2 2
39 42 21
102
Observation technique of behavior in organ (11) (-3) (-2)
41 45 30
116
Risk assessment 1 QY] (-6)
28 31 37
96
Life-cycle management (14) -3) (-4)
24 40 25
89
Public acceptance ) (11) (-10)
08 27 46 25
Technology assessment with public involvement 6) ©) (Q))
52 40 20
112
Experts’ round-table (11) (5) (3)

142




DDS

DDS
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8.1
8.2
821
PUBMED JOIS
50
8.2.2
8.2.3
8.24
10
8.3
8.3.1
PubMed 2006 1 6 JOIS Easy
PubMed 2006 1 6 515
(fullerene OR nanotube) AND (health OR risk OR ecological OR toxicity OR toxic OR toxicology OR environment
OR exposure)
JOIS Easy 2006 2 3 70
OR AND OR OR OR
858
858
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in vivo eco
65 5
70

8.3.2
70 in

vivo eco 32

F 001

A biologically effective fullerene (Cg) derivative with superoxide dismutase mimetic properties.

Ali SS, Hardt JI, Quick KL, Kim-Han JS, Erlanger BF, Huang TT, Epstein CJ, Dugan LL (2004) Free Radical biology & Medicine,
37, 1191-1202.

Ceo
Ceo C3 SOD
100 kez 2x10°% mol's™
SOD C3
EPR
C3
Coo C3
MnSOD Sod2™ C3 300% c3
C3 SOD MnSOD
C3 invitro
C3 250uM | 250uM Ali SS et al, 2004
F 001
Lovett et al,
2004
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C3 invivo
C3 100 mg/kg/d | 100 mg/kg/d p=0.03 | Ali SSetal,
5 2004
Lovett et al, F 001

2004 MnSOD

Sod2”

13
10 mg/kg/d 10 mg/kg/d p<0.05
0
100 mg/kg/d 10 mg/kg/d
F 003

Effects of nano-scaled particles on endothelial cell function in vitro: studies on viability, proliferation and inflammation.
Peters K, Unger RE, Kirkpatrick CJ, Gatti AM, Monari E (2004) Journal of Material Science: Materials iin Medicine, 15, 321-325.

in vitro
Ni
Co Co
SiO, invivo
Co0, in vitro
Co0, particles 5 5 mg/L 24 Ki67 Peters K et al,
Sigma 50 mg/L 2004 F_003
50-200 nm | HDMEC 50 mg/L 48 1L-8
120 nm 50 mg/L 72
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SiO, in vitro

SiO, particles 5 50 mg/L 24 Ki67 Peters K et al,
TAL Materials 50 mg/L 2004 F 003
4-40 nm HDMEC 50 mg/L 48 IL-8
14 nm 72
TiO, TAL Materials 20-160 nm 70nm Ni University of Bologna
40-420 pm 50nm PVC European Vinys Corporation International 60-170

nm 130 nm 5,50 mg/L
Ki67
IL-8 -8
F 006

Manufactured nanomaterials (Fullerenes, Cy) induce oxidative stress in the brain of juvenile largemouth bass.
Oberdoster E (2004) Environmental Health Perspectives, 12, 1058-1062.
Ceo

in vitro

nCeo
GSH
nCep nCq 0.5 ppm 48
GSH nCqgp
in vivo
GSH
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eco

Fullerenes (nCgp) 0.5 mg/L 0.5 p<0.05 | Oberdoster
SES, 99.5% 48 mg/L E, 2004
) F_006
) Micropterus -
Deguchi et al, 0.5 p<0.05
2001  Center . 24 mg/L
o salmoides
for Biological
and 30% 0.5 p<0.05
Environmental mg/L
Nanotechnology | 5.3+2.0g
3x3
0.1
mM
30-100nm  stable aggregate
1.0 mg/L 2.0+0.7 g 4x1
F 016

Comparative pulmonary toxicity assessment of single-wall carbon nanotubes in rats
Warheit DB, Laurence BR, Reed KL, Roach DH, Reynolds GA, Webb TR (2004) Toxicological Sciences, 77, 111-125.

PBS

PBS

15%

SWCNT

1% Tween 80

SWCNT
1 SWCNT 2 3 4
5 1 5 mg/kg
24 1 1 3 BAL
5 mgkg SWCNT 24
SWCNT

SWCNT
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SWCNT

2 3
4 5 6
SWCNT 2
in vivo
Single-wall SD 1 5 mg/kg 24 1 p<0.05 | Warheit DB
carbon nanotubes 5 mg/kg 1 3 et al, 2004
SWCNT soot 8 F 016
DuPont
240-255
g 5 mg/kg 24 p<0.05
30-40% 1 1
Ni Co 5% 3
1
3a 3b
AAALA
C 5 mg/kg 24 p<0.05
1%Tween 80 1 1
3
24 1
1
1-3um
1 um 1.4 nm 30 nm
2 1%Tween 80 —
3a 3b 1 mg/kg Smgkg  1%Tween 80
4a 4b 1 mg/kg Smgkg  1%Tween 80
F 017

Pulmonary toxicity of single-wall carbon nanotubes in mice 7 and 90 days after intratracheal instillation

Lam CW, James JT, McCluskey R, Hunter RL (2004) Toxicological Sciences, 77, 126-134.

7 90
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1 nm pm
0 0.1 0.5 mg 7 90
7
90
in vivo
Single-wall B6C3F, 0.1 0.5 mg/mouse 5/5 0/5 | Lam C-W
carbon nanotube | 2 0.5 mg/mouse 0.1 mg et al, 2004
CarboLex 30g 0/5 F 017
0.5 mg/mouse 3/5 0/5
90 0/5
0/5
Ni 26% Y, Fe, Al, Zn, Co
in vivo
Single-wall B6C3F,; 0.1 0.1 mg/mouse 5/5 0/5 | Lam C-W
carbon nanotube | 2 0.5 mg/mouse 0.1 mg/mouse 3/5 0/5 | etal, 2004
HiPro™ 30g 0/5 | F 017
Center for 0/5
Nanoscale 90
Science and
Technology of
Rice University
Fe 27% Ni, Mo, Cu, Zn, Y

151




invivo

Single-wall B6C3F, 0.1 0.1 mg/mouse 2/5 | 0/5 | Lam C-W

carbon nanotube | 2 0.5 mg/mouse 0.1 mg/mouse 2/5 | 0/5 | etal, 2004
HiPro™ 30g 0/5 | F 017

Center for 5 0/5

Nanoscale 90

Science and

Technology of
Rice University
Fe 2.14%
Carbon Black Prinex-90 Min-U-Sil-5
F 018

Exposure to carbon nanotube material: assessment of nanotube cytotoxicity using human keratinocyte cells.
Shvedova AA, Castranova V, Kisin ER, Schwegler-Berry D, Murray AR, Gandelsman VZ, Maynard A, Baron P (2003) Journal of
Toxicology and Environmental Health, Part A, 66, 1909-1926.

HaCaT SWCNT HaCaT
SWCNT 18
SWCNT
SWCNT
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in vitro

SWCNT 60 60 mg/L p<0.05 Shvedova AA et al,
NASA-JSC | 120 60 mg/L p<0.05 | 2003 F_018
240 mg/L 60 mg/L E p<0.05
Fe 60 mg/L p<0.05
30% 60 mg/L p<0.05
HaCaT 60 mg/L p<0.05
18
F 023

Fullerene Cg, and ascorbic acid protect cultured chromaffin cells against levodopa toxicity.

Corona-Morales AA, Castell A, Escobar A, Drucker-Colin R, Zhang L (2003) Journal of Neuroscience Research, 71, 121-126.

Coo L-DOPA
PD ACC L-DOPA
L-DOPA
L-DOPA
Ceo
ACC ACC PD
L-DOPA L-DOPA
PD
C3 invitro
C3 100uM 100uM p<0.001 | Corona-Morales AA
Tris(dicarboxyme ACC etal, 2003 F_023
thlene)
fullerene
Alexis 100puM 100puM p<0.001
Bio-Chemicals ACC
L-DOPA 50uM
L-DOPA L-DOPA L-DOPA
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F 024
Cytotoxicity and photocytotoxicity of a dendritic Csy mono-adduct and a malonic acid Cg tris-adduct on Jurkat cells.

Rancan F, Rosan S, Boehm F, Cantrell A, Brellreich M, Schoenberger H, Hirsch A, Moussa F (2002) Journal of Photochemistry and
Photobiology B: Biology, 67, 157-162.

C()O C()O Jurkat
2 Cso Cso Jurkat
2 Ceo Ceo
2 19%
106.4% UVA
UVB uv
Ceo Ceo 2
2
2
in vitro
dendrofullerene 5x10°M 5x10°M 2 100% Rancan F et al,
(dendritic Cq 19% 2002 F_024
mono-adduct) Jurkat
18
o
Brettreich et al, 5x10°M | UVA TLK40W | 4Jem® 5.4 p<0.01
1998
5x10°M | UVB TL20W/01 | 3 J/em® 11.0 p<0.05
RS
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in vitro

e,e,e-tris-malonic 5%10° M 5%10° M 2 100% Rancan F et al,
acid fullerene 84% 2002 F 024
3 Jurkat
o
Lamparth et al,
1994 5x10° M UVA TLK 2Jem® 54 p<0.01
40W
5x10° M UVB TL 2 Jem?® 11.0 p<0.01
20W/01 RS
F 026
Photo-induced cytotoxicity of malonic acid [Cg]fullerene derivatives and its mechanism.
Yang XL, Fan CH, Zhu HS (2002) Toxicology in Vitro, 16, 41-46.
[Ceo]
2 4 Ceo
DMA Cqy TMA Cgy QMA Cgo HeLa MTT
Ceo
DMA Csy TMA Cg9 QMA Cy
10 mM DMA Cg DMA Cg
G, 63% 42% G, M 6% 26%
Ceo
C2 invitro
DMA 10uM 10uM Gl Yang XL et al,
dimalonic acid Cg, HeLa G2 M 2002 F 026
Cheng
etal, 2000 0 64uM | 32uM p<0.05
HeLa 10 mM
300W
40uM 40uM 63
HeLa
Cc2 bis(dicarboxymethlene)fullerene
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C3

in vitro

T™MA

trimalonic acid Cg
Cheng

et al, 2000

300W

40pM

40pM

HeLa

55

Yang XL et al,
2002 F_026

C3 tris(dicarboxymethlene)fullerene

C4

in vitro

QMA
quamdrimalonic
acid Cg

Cheng
et al, 2000

300W

40uM

40uM

HeLa

31

Yang XL et al,
2002 F 026

C4 tetra(dicarboxymethlene)fullerene
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F 028

Carboxyfullerenes protect human keratinocytes from ultraviolet-B-induced apoptosis.
Fumelli C, Marconi A, Salvioli S, Straface E, Malorni W, Offidani AM, Pellicciari R, Schettini G, Giannetti A, Monti D, Franceschi
C, Pincelli C (2000) The Journal of Envestigative Dermatology, 115, 835-841.

D-
bel-2
bel-2
C3 invitro
hexacarboxylic | 1 10uM p<0.01 Fumelli C et al,
acid Cgp 10 2000 F 028
25 10uM p<0.05
Dugan et al, 50
1997 100pM
10uM 10uM p<0.01
290-320 nm
10uM p<0.01
-d-
10uM
PARP
Bcl-2
C3 regioisomer D3
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F 031

Water-soluble hexasulfobutyl[60]fullenrene inhibit low-density Lipoprotein oxidation in aqueous and lipophilic phases
Lee Y-H, Chiang L-Y, Chen W-J, Hsu H-C (2000) Proceedings of the Society for Experimental Biology and Medicine, 224, 69-75.

[60]
LDL
LDL Ceo
[60] [C()() (-CHchz CH2CH2-803N3.)6;FC4S] 6 C()O
FC,S LDL cu”
LDL FC,S
LDL FC,S 20uM kinetic jlag
time  69+11 14+10 P<0.05 propagationrate ~ 17.1£2.6 6.3+£1.0 mOD/min
P<0.005 propagation FC,S
FC,S 1 mg/kg/day
FC,S
in vitro
FC,S p<0.05 Lee Y-Tetal, 2000 F_031
YuC
p<0.05
etal, 1998
F 036

Carboxyfullerene prevents iron-induced oxidative stress in rat brain.

Lin AMY, Chyi BY, Wang SD, Yu HH, Kanakamma PP, Luh TY, Chou CK, Ho LT (1999) Journal of Neurochemistry, 72,

1634-1640.

in vitro
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in vivo

Carboxyfullerene

1uL

1I
42 mM

SD

250-300 g

42 mM

42mM

4.2mM

Lin AMY etal,
1999 F 036

in vitro

Carboxyfull | 5
erene 10
50
100

37

50 uM

SD

p<0.05

500uM 50 uM

SD

1M

I

p<0.05

LinAMY etal, 1999 F 036

F_037

Oxidative damage induced by the fullerene Cg, on photosensitization in rat liver microsomes.
Kamat JP, Devasagayam TP, Priyadarsini KI, Mohan H, Mittal JP (1998) Chemico-Biological Interactions, 114, 145-159.

C60

TBARS
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C(,() 102 o-
Coo Coo
- in vitro

Fullerene 50 pg 50 pg Wistar 3 p<0.01 | Kamat JPetal,

SES Research 270+£30 g 1998 F_037

Corporation 20 ug

’Y_

50 pg Wistar 3
270+30 g
15
’Y_
F_038
Acute and subacute toxicity study of water-soluble polyalkylsulfonated Cgj in rats.
Chen HHC, Yu C, Ueng TH, Chen S, Chen BJ, Huang KJ, Chiang LY (1998) Toxicological Pathology, 26, 143-151.
Coo
Ceo FC,S
50 mg/mL
12 SD CD (Crl:CD®(SD)BR) LDs,
FC,S LDso
30 LD 600 mg/kg
500 mg/kg 100 mg/kg
bs
a P-450
NADPH- P-450 P-450
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in vivo

FC,S

Chen HHC,
etal, 1997

vehicle

SD

5-6

14515 g

0.6

60 mg/kg

12

0.6 mg/kg NADPH p<0.05
P-450
0.6 mg/kg p<0.05
0.6 mg/kg p<0.05
60 mg
0.6 mg/kg p<0.05
60 mg
6 mg/kg p<0.05
6 mg/kg p<0.05
6 mg/kg p<0.05
60 mg/kg p<0.05
60 mg/kg p<0.05
60 mg/kg p<0.05
60 mg/kg p<0.05
60 mg/kg p<0.05
60 mg/kg p<0.05

Chen HHC
etal, 1998
F 038
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F_040

Suppression of microsomal cytochrome P450-dependent monooxygenases and mitochondrial oxidative phosphorylation by

fullerenol, a polyhydroxylated fullerene Cgp.
Ueng TH, Kang JJ, Wang HW, Cheng YW, Chiang LY (1997) Toxicology Letters, 93, 29-37.

Ceo P-450
Ceo -1 -1
LDs 1.2 gkg -1 0.5 1.0 gkg P450
bs NADPH P450 [a] 7- 0-
N- -1
[a] 7- ICs 42
94 102 349uM -1 [a] 7-
O- -1 ADP
Mg*'ATPase ICsy  7.1upM
-1 invivo P-450 in vitro
in vivo
Fullerenol-1 | ICR 10 100 mg/kg p<0.05 | Ueng T-Hetal,
100 1000 mg/kg 1997 F_040
Chiang et 500
al, 1992 1000 100 mg/kg p<0.05
20-25 g | mgkg P450
b5
100 mg/kg p<0.05
NADPH
2 P450
[a]
7-
O-
N-
CsO(OH), MW1106
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F 041

Photodynamic effect of polyethylene glycol-modified fullerene on tumor.
Tabata Y, Murakami Y, Ikada Y (1997) Japanese Journal of Cancer Research, 88, 1108-1116.

(:60

Ce0-PEG

PEG

Photoftin®

Ce-PEG

Ce-PEG

424pug/kg

Ce-PEG
Photoftin®

107 J/em

in vivo

Ce-PEG
Cs0-PEG

Ce-PEG conjugate
Ceo
99.9%

24

400-505 nm

CDF,

42.5
85.0
212

424ug/kg
Ceo

424ug/kg

15

p<0.05

Tabata Y et al,
1997 F_041

36
360
3600

36000pg/kg

15

GOT
GPT B

1251

88% 96

F_042

Water-soluble fullerene derivatives attenuate exsanguination-induced bronchoconstriction of guinea-pigs.
Lai Y-L, Chiang LY (1997) Journal of Autonomic Pharmacology, 17, 229-235.

deferoxamine
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2 mg/kg Vimaxso 0.1
FEV(, 200pg/kg 2 mglkg
50% Viaxso FEVo
15 FEV,,
deferoxamine
deferoxamine Substance P
in vivo
Fullerenol-1 | Hartley 0.2 2 mg/kg | Functional residual p<0.05 | Lai Y-L & Chiang
2 mg/kg capacity FRC LY, 1997 F 042
290+18 g 2 mg/kg p<0.05
VmaxSO
30 2mgkg | 0.1 p<0.05
8 FEVy,
TLC
Cis
Cs
in vivo
Fullerenol-1 | Hartley 10 Lai Y-L &
20 mg/ke/d Vital capacity VC Chiang LY, 1997

Functional residual F_042

22945 ¢ capacity FRC
0.1

30 FEVo,
8 VmaxlS
Substance P
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F 043

Polyhydroxylated Cg, fullerenol, a novel free-radical trapper, prevented hydrogen peroxide- and cumene hydroperoxide-elicited

changes in rat hippocampus in-vitro.
Tsai MC, Chen YH, Chiang LY (1997) Journal of Pharmacy and Pharmacology, 49, 438-445.

Coo
in vitro
Coo
in vitro 6,7-
DNQX
0.006-0.02% 0.5-1.0 mM CA-1 population spikes
Deferoxamine 1 mM 0.006% population spikes
Ceo 0.1 mM population spikes
population
spikes CAl Ceo population
spikes DNQX CAl population spikes
DNQX  population spikes
Coo
Coo
in vitro
Fullerenol 0.1 mM 0.1 mM CAl population p<0.05 TSAIM-Cetal,
spikes 0.006% 74% 1997 F_043
Chiang Wistar 10 32%
etal, 1992 0.1 mM CAl population p<0.05
spikes 74%
18-20 15 35%
CAl population
spikes 30 mM
10
CAl population
spikes 2 uM 6,7-
10
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F 045

Mutagenicity of the fullerene Cqo-generated singlet oxygen dependent formation of lipid peroxides.

Sera N, Tokiwa H, Miyata N (1996) Carcinogenesis, 17, 2163-2169.

Ceo
C60
Salmonella TA102 TA103 YG3003 TA102
YG3003 B-
C60
10- 12-
ESR
2.0150
Ceo 2’- 8-
8-OH-dG 8-OH-dG 10*
47 9.6
DNA
PVP in vitro
Ceo 30ug/plate Sera N et al, 1996
Terms Co, 99.9% F 045
PVP 400-600 nm
Yamakoshi et al,
1994 Salmonella
TA102
TA102 TA104 YG3003
A2
H0 D0
SOD B- p-
F_047

Pharmacokinetics of a water-soluble fullerene in rats.

Tsuchiya T, Oguri I, Yamakoshi YN, Miyata N (1996) FEBS Letter, 393, 139-145.

[60] invitro  in vivo
[60] Coo PVP
PVP
n vivo in vitro Ceo
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Ceo 50 mg/kg




PVP in vivo
Ceo SLC 25 25 mg/kg Tsuchiya T et al,
Terms Co, 99.9% 10 137 mg/kg 1996 F 047
PVP
Yamakoshi et 50 mg/kg Ceo
al, 1994 18
PVP 137 mg/kg
PVP in vitro
Ceo 10 1000 mg/L | ICs 11 SLC-ICR Tsuchiya T et al,
Terms Co, 99.9% 430 mg/L 1996 F_047
PVP
Yamakoshi 1Csg 11 SLC-ICR
etal, 1994 470 mg/L
PVP
F 048

Photocytotoxicity of water-soluble fullerene derivatives.
Irie K, Nakamura Y, Ohigashi H, Tokuyama H, Yamago S, Nakamura E (1996) Bioscience, BiotechnoLogy and Biochemistry, 60,

1359-1361.
C60 C70 2 Ra]l B
a 0.5uM
50uM Ceo Cro
in vitro

Carboxyfullerene 10° 10*M Irie K et al, 1996

Tokuyama et F 048
al, 1995 Raji B
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F_049
Buckminsterfullerenol free radical scavengers reduce excitotoxic and apoptotic death of cultured cortical neurons.
Dugan LL, Gabrielsen JK, Yu SP, Lin TS, Choi DW (1996) Neurobiology of Disease, 3, 129-135.

Ceo Coo(OH),, n=12
Cso(OH),Op, n=12-18, m=3-7
NMDA 80% o- -3- -5- 4-
AMPA 65% 50%
“Ca’ NMDA AMDA/
-1 invitro
Fullerenol-1 0.003 0.03 mM p<0.05 | Dugan LL et al,
Cso(OH),, n=12 | 0.01 1996 F_049
0.03 0.3 mM NMDA p<0.05
0.1
0.3 mM 0.1 mM AMPA p<0.05
Swiss Webster
0.1 mM NMDA
5Ca2t
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-2 invitro

Fullerenol-2 1 10uM p<0.05 | DuganLL etal,
Cso(OH),Opss 3 1996 F_049
n=12-18, m=3-7 | 10uM

Swiss Webster
DMSO

3 30uM NMDA p<0.05

10

30

100 100puM p<0.05

300uM

300uM AMPA p<0.05
100uM NMDA
SCa2*
F 050

Effects of acute and short-term repeated application of fullerene Cqy on agonist-induced responses in various tissues of guinea pig and

rat.

Satoh M, Matsuo K, Takanashi Y, Takayanagi I (1995) Genetic Pharmacology, 26, 1533-1538.

pD;
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C()O 30 mg/kg 4

pA2



PVP invivo

Fullerene Cg 30 mg/kg/d | 30 mg/kg/d p<0.01 | Satoh M etal,
4 4 1995 F_050
PVP pD,
Yamakoshi
etal, 1994

0.5%
pD,

PVP invivo

Fullerene Cg Wistar 30 mg/kg/d | 30 mg/kg/d p<0.01 | Satoh M etal,
4 5- 1995 F_050
PVP
Yamakoshi et al, pD,
1994

pD,
0.5%

pD, log ECs

F 052
Effects of acute and subchronic exposure of topically applied fullerene extracts on the mouse skin.
Nelson MA, Domann FE, Bowden GT, Hooser SB, Fernando Q, Carter DE (1993) Toxicology and Industrial Health, 9, 623-630.

CGO

DNA
200pug 72
DNA 7,12-
DMBA
24
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12-O- -13- TPA

in vivo
Fullerene-containing CD-1 200pg/mouse Nelson MA
soot Foote et al, 1990 79 CeoCro DNA etal, 1993
Stock solution 5 F 052
mg/mL
C60:C70 =6:1
72
TPA
in vivo
Fullerene-containing | CD-1 200pg/mouse/d 0/7 | Nelson MA
soot Foote et al, 7-8 CeoCro 24 0/7 etal, 1993
1990 2 x24 F 052
Stock solution 5
mg/mL DMBA 717
00
C601C7O =6:1 24
10
TPA 7
7,12-Dimethylbenzanthracene DMBA 12-O-tetradecanoyl-phorbo-1-13-acetate TPA
F 054

Translocation of inhaled ultrafine particles to the brain.

Oberdorster G, Sharp Z, Atudorei V, Elder A, Gelein R, Kreyling W, Cox C (2004) Inhalation Toxicology, 16, 437-445.

UFP  100um
PM UFP
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CNS
[*C] 160pg/m’ B¢ CMD=36nm GSD = 1.66
6 137 Bc
0 13C 13C 13C
1.34pg/lung B¢ 1.39ug/g 1 7 0.59ug/g
Bc 1 0.35pg/g 7
0.43pg/g 1 Bc
2
UFP CNS
CNS
Ultrafine *C F344 150-170pg/m’ 1357 p<0.05 | Oberdérster G et al,
particle 14 2004 F_054
28449 g 1357 p<0.05
6
100 nm 17 p<0.05
3x 4
15 p<0.05
F_055
Synthesis of 'C -labeled Cgy, its suspension in water, and its uptake by human keratinocytes.
Scrivens WA, Tour JM, Creek KE, Pirisi L (1994) Journal of American Chemical Society, 116, 4517-4518.
14C C()O
Ceo MCDBI53-LB e Ceo
C60
6 50% 9
10
C60
4 1
Ce 11 c 11
5-7 nm
Ceo
Ceo Ceo Ceo
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Ceo

MCDBI153-LB Ceo 200M  2uM 24-well
48 Ceo H] 0.5uCi/well 16
Ceo
e,
HC-Cyo 1.3umole 6 1/10 Scrivens WA et
32000 dpm 50% al, 1994 F_055
MCDBI153-L 0
B 15 15
PVP in vitro
HC-Cy 0.02 2uM Scrivens WA et
al, 1994 F 055
MCDBI153-LB
4 Cer
F 056
Tissue sites of uptake of "C-labbeled Cg.
Bullard-Dillard R, Creek KE, Scrivens WA, Tour JM (1996) Bioorganic Chemistry, 24, 376-385.
140 Ceo
Ce invivo Hc
SD c Ceo *Ceo 1
90-95%  *Cg *Ceo 120
Ceo Ceo
Cg invivo
in vitro *Cop  *C Ceo 1
1 Ceo 2.0uM
50%
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14C_

MC-Cyo SD 2 120 Bullard-Dillard R
90% etal, 1996 F 056
Scrivens WA et al, 120-200 g 2 120
1994
1
0.3um 1%
2 120
140
“c- SD 2 Bullard-Dillard R
Cgo.N-dimethyl 50% et al, 1996
pyrrolidine 120-200 g 2 F 056
ammonium iodide
1
Maggini M et al, 9%
1993
2
in vitro
F_060

[60]fullerene is a powerful antioxidant in vivo with no acute or subacute toxicity.
Gharbi N, Pressac M, Hadchouel M, Szwarc H, Wilson SR, Moussa F (2005) Nono Letters, 5, 2578-2585.
[60] in vivo
Ceo
Ceo
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Aqueous suspension 500 mg/kg Gharbi N et al,
of micronized Cg 3x 24% 2005 F 060
14 14 21
in vivo
Aqueous suspension 250 250 mg/kg Gharbi N et al,
of micronized Cg 500 2005 F_060
2000 mg/kg
2 mL/kg 14
Figure 4 (B) 3,4,and 5 4,5,and 6
in vivo
Aqueous 2000 mg/kg Gharbi N et al,
suspension of C 2005 F_060
micronized Cg,
/
1 mL/kg E
A
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F 064

Respiratory toxicity of multi-wall carbon nanotubes.

Muller J, Huaux F, Moreau N, Misson P, Heilier JE, Delos M, Arras M, Fonseca A, Nagy JB, Lison D (2005) Toxicology and
Applied Pharmacology, 207, 221-231.

in vitro in vivo
CNT CNT SD 0.5 2 5 mg
CNT CNT 60 80%
40% 2 CNT
CNT
CNT CNT
CNT TNF-a In vitro CNT TNF-a
in vivo
Multi-wall SD 0.5 2 mg/rat p<0.01 | MullerJ etal,
carbon 2 2005 F_064
nanotube 200-250 g 5 mg/rat 2 mg/rat 1 p<0.01
Notre Dame
60
4-6
15 0.5 2 mg/rat p<0.05
2 mg/rat
3 | 2 mg/rat TNF-o p<0.05
1%Tween 80
Fe-Co 5.9um 5.2um 9.7um
97.8% 0.5 mg/rat 60 81%
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invivo

Multi-wall SD 0.5 0.5 mg/rat | 1 p<0.05 | Muller J etal,
carbon 2 2005 F 064
nanotube 200-250 g 5 mg/rat 5 mg/rat <001
Notre Dame
60
4-6
0.5 0.5 mg/rat p<0.01
1%Tween 80 2 mg/rat
0.5 mg/rat | TNF-a p<0.05
2 mg/rat p<0.01
oscillatory gate ball mill 0.7um 5.1pm 11.3pm 98.0% 0.5
mg/rat 60 36%
Asbestos 2 mg/rat in vitro
pg/well
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F 065

Cyo in water: nanocrystal formation and microbial response.

Fortner JD, Lyon DY, Sayes CM, Boyd AM, Falkner JC, Hotze EM, Alemany LB, Tao YJ, Guo W, Ausman KD, Colvin VL, Hughes
JB (2005) Environmental Science and Technology, 39, 4307-4316.

Ceo
Ceo d = 25-500 nm
Ceo Ceo
Ceo
pH Ceo 0.05
Ceo
0.4 ppm 4 ppm
Ceo Ceo
Nano-Cg 0.04 0.4 mg/L Fortner JD et
Materials Electronics Escherichia coli | 0.4 al, 2005
Research Corporation 4 mg/L 0.4 mg/L F_065
99.9% 37 KNO;
Deguchiet | Bacillus subtilis | 24 0.4 mg/L
al, 2001
0.4 mg/L
Davis KNO;
OD 660 nm Davis
90% 2.5mg/L
Coo(OH)z.04 5 mg/L Fortner JD et
Materials Electronics Escherichi | 37 al, 2005
Research Corporation acoli 24 F_065
Ceo KNO;
Djordnivic A et
al, 1997 Bacillus
subtilis
KNO,
Davis
OD 660 nm
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F_ 068

Bacterial cell association and antimicrobial activity of a Cgy water suspension.

Lyon DY, Fortner JD, Sayes CM, Colvin VL, Hughes JB (2005) Environmental Toxicology and Chemistry, 24, 2757-2762.

Ceo
Ceo nano-Cg Escherichia coli Bacillus subtilis
nano-Cg
nano-C
0.5-1 mg/L 1.5-3.0 mg/L nano-Cg
nano-Cgg
nano-Ceg 0.04 04 Lyon DY, 2005
SES Research Escheric | 0.4 mg/L F 068
Materials Electronics hia coli 2.5 0.4
Research Corporation mg/L mg/L KNO;
99.9% 37 0.4
Deguchi et al, Bacillus | 24 mg/L
2001 subtilis 0.4
mg/L KNO;
Davis
OD 660 nm Davis
90% 2.5 mg/L
0.5-1 mg/L 1.5-3 mg/L 1.5-3 mg/L
2-4 mg/L

Coo(OH)22.24 5mg/L Lyon DY, 2005

SES Research Escherichiacoli | 37 24 F 068

Materials Electronics

Research Corporation KNO;

Ceo Bacillus subtilis

Djordnivic A et al,
1997
KNO;
Davis
OD 660 nm

179




F_069

Nano-Cg cytotoxicity is due to lipid peroxidation.
Sayes CM, Mendez J, Colvin VL (2005) Biomaterials, 26, 7587-7595.

nano-C60
Ceo
nano-Cg nano-Cg HepG2
50 ppb LCs = 2-50 ppb 48 nano-Cg
LDH DNA nano-Cg
L-
nano-Cg
in vitro
Nano-Cg 0.24 LCs NHA Sayes CM et al,
MER 24 2ug/L 2005 F_069
Corporation 24 LCs HDF
99.5% 240pg/L | 20ug/L
Deguchietal, | 48 LCs HepG
2001 50ug/L
240pg/L | NHA HDF Hep2
240pg/L | NHA HDF Hep2
240pg/L | NHA HDF Hep2

NHA HDF Hep2

NHA HDF Hep2 DNA

180




8.33

1. E. Oberdoster (2004) Manufactured nanomaterials (Fullerenes, Cg) induce oxidative stress in the brain of juvenile largemouth
bass. Environmental Health Perspectives, Vol.12, No.10, 1058-1062
2. D. B. Warheit, B. R. Laurence, K. L. Reed, D. H. Roach, G A. M. Reynolds and T. R. Webb (2004) Comparative pulmonary

toxicity assessment of single-wall carbon nanotubes in rats. Toxicological Sciences, Vol. 77, 117-125

3. C.-W. Lam, J. T. James, R. McCluskey and R. L. Hunter (2004) Pulmonary toxicity of single-wall carbon nanotubes in mice 7

and 90 days after intratracheal instillation. Toxicological Sciences, Vol. 77, 126-134

1.
1.1.1. Eva Oberdoster
1.1.2 Duke University Marine Laboratory, Beaufort, North Carolina, USA; Department of Biology,
Southern Methodist University, Dallas, Texas, USA
1.2. Manufactured nanomaterials (Fullerenes, Cgy) induce oxidative stress in the brain of juvenile
largemouth bass
1.3.1. Environmental Health Perspectives, Vol.12, No.10, 1058-1062
1.3.2. 2004
1.4. 0.5 ppm Fullerenes nCqy 48
[ppm]
0.5 1 —
1.0 —
[ppm]
0.5 l — l
1.0 — — —
J— T J—
[ppm]
0.5 — — —
1.0 — — —
T
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2.1.1.

Fullerenes nCyg

2.1.2.

2.13.

SES, Houston, TX

2.14.

99.5%

2.15.

2.1.6.

2.1.7.

2.18.

2.19.

22.1.

222.

Deguchi et al.(2001)

223.

Center for Biological and Environmental Nanotechnology, Rice

University

224.

Tetrahydrofuran (THF)

2.25.

2.2.6.

2.2.7.

0.22um

228.

3.8 ppm

2209.

2.2.10.

2.2.11.

30 100nm stable aggregate

2.2.12.

Colvin et al.(2004

23.1.

232

Micropterus salmoides

2.33.

234.

Tyler Fish Farms, TX

2.35.

2003 10

2.3.6.

Southern Methodist University’s Committee on Use of Subjects
Animal Care and Use protocol 80207

2.3.7.

2.38.

2.309.

2.3.10.

2.3.11.

2.0+0.7 5.6+2.09

2.3.12.

2.3.13.

2.3.14.

2.3.15.

2.3.16.

24.1.

Silver Cup Trout Chow #9
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2.4.2.

2.43.

2.44.

2.4.5.

2.4.6.

2.4.7.

2.5.1.

252

2.53.

10L

254.

7L

2.55.

2.5.6.

24 30

2.5.7.

24+1

2.58.

2.509.

14 10

2.5.10.

2.5.11.

8.53+0.3 0 24 48

2.5.12.

2.5.13.

2.5.14.

2.5.15.

2.6.1.

0.5ppm 1.0ppm

2.6.2.

2.6.3.

2.64.

2.6.5.

2.6.6.

48

2.6.7.

RHW

2.6.8.

NaCO; 192 mg/L CaSO4-2H,0 120 mg/L. MgSO, 120 mg/L
KCl8 mg/L pH 8.5

2.69.

2.6.10.

2.6.11.

100uM

2.6.12.

2.7.

MS-222:1- 80

2.8.1.

2.8.2.

2.83.

TBA 532 nm

2.84.
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2.85.

2.8.6.

2.8.7.

DNPH

360 390 nm

2.8.8.

2.89.

2.8.10.

2.8.11.

GSSG

Anderson 1985

412

2.8.12.

2.8.13.

29.1.

t-

29.2.

2.10.

Bradford

0.5 ppm

0.5 ppm

3.1.2.

3.1.3.

0.5 ppm

3.2.1.

3.22.

3.3.

4.1.

1.0 ppm

4.2.

1.0 ppm

1.0 ppm
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43.

1.1.
[ppm]

0 3 3
0.5 3 3 p<0.01

1.0 4 1

3 3

0 3 3
0.5 3 3 p<0.05

1.0 4 1

3 3

0 3 3

0.5 3 3

1.0 4 1

3

1.2.
[ppm]

0 3 3

0.5 3 3

1.0 4 1

3 3

0 3 3

0.5 3 3

1.0 4 1
3 3 p=0.026

0 3 3

0.5 3 3

1.0 4 1

3 3
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1.3.

[ppm]

0 3 3
0.5 3 3 p<0.05
1.0 4 1

3 3

0 3 3
0.5 3 3
1.0 4 1

3 3
2.
2.1.
[ppm]

0 3 3
0.5 3 3 p<0.01
1.0 4 1

3 3

0 3 3
0.5 3 3
1.0 4 1

3 3

0 3 3
0.5 3 3
1.0 4 1

3
22.
[ppm]

0 3 3
0.5 3 3
1.0 4 1

3 3

0 3 3
0.5 3 3
1.0 4 1

3 3

0 3 3

0.5 3 3
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1.0 4 1
3
2.3.
[ppm]
0 3 3
0.5 3 3
1.0 4 1
3 3
0 3 3
0.5 3 3
1.0 4 1
3 3
1.
1.1.1. D. B. Warheit*, B. R. Laurence*, K. L. Reed*, D. H. Roach**, G. A. M. Reynolds** and T. R. Webb*
1.1.2 *DuPont Haskell Laboratory for Health and Environmental Science, Newark, Delaware 19714
**Central Research and Development, DuPont Co., Wilmington, Delaware 19880
1.2. Comparative pulmonary toxicity assessment of single-wall carbon nanotubes in rats
1.3.1. Toxicological Sciences, Vol. 77, 117-125
1.3.2. 2004
1.4. mg/kg mg/kg  SWCNT soot
mg/kg 1
24 15 mg/kg 24
LDH 1
24
LDH
— 1 — — — — —
1 mg/kg
J— T J— J— J— J— J—
5 mg/kg
1 mg/kg — —
5 mg/kg — —
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SWCNT soot 1 mg/kg

SWCNT soot 5 mg/kg

15

1 mg/kg

5 mg/kg

LDH

1 mg/kg

5 mg/kg

1 mg/kg

5 mg/kg

SWCNT soot 1 mg/kg

SWCNT soot 5 mg/kg

1 mg/kg

5 mg/kg

LDH

Img/kg

Smg/kg

Img/kg

Smg/kg

SWCNT soot Img/kg

SWCNT soot Smg/kg

Img/kg

Smg/kg
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LDH

Img/kg

Smg/kg

1mg/kg

Smg/kg

SWCNT soot 1mg/kg

SWCNT soot Smg/kg

1Img/kg

Smg/kg

2.1.1.

SWCNT soot

2.1.2.

1.4nm >1um
Rinzler et al. 1998

2.13.

> 30nm  rope

2.14.

2.15.

DuPont Central Research

2.1.6.

2.1.7.

2.18.

2.109.

Amorphous carbon 30 40% Ni 5% Co 5%

2.1.10.

2.1.11.

22.1.

222.

1% Tween 80

223.

224.

2.3.1.

2.3.2.

Crl:CD(SD)IGS BR

2.33.

234.

Charles River Laboratories, Inc

2.35.

2.3.6.

Institutional Animal Care and Use Committee
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2.3.7.

2.3.8. Assaociation for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) http://mww.aaalac.org/

2.3.9.

2.3.10. 8

23.11. 240 255¢g

2.3.12.

2.3.13.

2.4.1. Assaociation for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) http://www.aaalac.org/

24.2. Assaociation for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) http://mww.aaalac.org/

2.423. Association for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) http://mww.aaalac.org/

244, Association for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) http://mww.aaalac.org/

24.5.

2.4.6.

2.4.7.

2.5.1. Association for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) http://mww.aaalac.org/

2.52.

2.53.

2.54. Assaciation for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) http://www.aaalac.org/

2.6.1. 1
mg/kg 5 mg/kg
1 mg/kg

5 mg/kg
SWCNT soot 1 mg/kg SWCNT soot 5

mag/kg 1 mg/kg 5 mg/kg

2.6.2.

2.6.3.

2.64.

2.6.5.

2.6.6.

2.6.7.

2.6.8.

2.6.9. 1% Tween 80

2.6.10.

2.6.11.

2.6.12. 1 mg/kg 5mgkg 1% Tween 80
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2.6.13.

0.8 3 um GAF corp. SWOCNT soot

2.6.14.
2.6.15. 1 mg/kg Smgkg 1% Tween 80
2.6.16. 3 10um Carbon of America Ultra Carbon
Division UCP-1 M grade Ni 2 3nm Co
2 3 nm SWCNT soot
Amorphous carbon Ni Co
2.6.17.
2.6.18. 1 mg/kg 5 mgkg 1% Tween 80
2.6.19. 1 3 pm Min-U-Sil 5 Pittsburgh Glass
and Sand Corporation
2.6.20.
27.
2.8.1.
2.8.2. 24 1 1 3
2.8.3. 1
2
3 LDH(Lactose dehydrogenase)
4
2.84. Roche diagnostics Warheit et al, 1991, 1997
2.85.
2.8.6.
2.8.7.
2.8.8. Warheit et al, 1985
2.8.9.
2.8.10. BrdU
2.8.11. Warheit et al, 1991, 1997
2.8.12.
2.8.13.
2.8.14. Warheit et al, 1991, 1997
2.8.15.
2.8.16.
29.1. ANOVA
ANOVA F
Dunnett
06.02.24
2.9.2.
2.10.
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3.1.1 24 SWCNT soot 5 mg/kg 15
3.1.2. 1 mg/kg
1 24 1 1 3 5
mgkg
3.13. 24 mg/kg
2 24 5 mg/kg
24 SWCNT soot 5 mg/kg
24 1 1 3
mgkg
24 1 1 3 5
mg/kg
3.14. 24 SWCNT soot 5 mg/kg
3 LDH 24 1 1 3 5
mg/kg
3.1.5. 24 SWCNT soot 5 mg/kg
4 24 1 3 5 mg/kg
3.1.6. 5 mg/kg
3.1.7. 24 1 SWCNT soot 5 mg/kg
3.1.8. 1 SWCNT soot 1 mg/kg
1 SWCNT soot 1 mg/kg
3 SWCNT soot 1 mg/kg
1 5 mg/kg Terminal
Bronchiole Alveolar duct
3 5 mg/kg
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3.2.1. LDH
3.2.2.
3.3. 5 mg/kg SWCNT soot 24
SWCNT
24 15%

1 mg/kg SWCNT soot

1

2

3

4

5

6

SWCNT

4.1. SWCNT
4.2. 1 mg/kg SWCNT soot
43. 8 Crl:CD(SD)IGS BR
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24

1 mg/kg 24
5 mg/kg 24
SWCNT soot 1 mg/kg 24
SWCNT soot 5 mg/kg 24
1 mg/kg 24
5 mg/kg 24 p<0.05
1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1
5 mg/kg 1 p<0.05
1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1 p<0.05
5 mg/kg 1 p<0.05
3
1 mg/kg 3
5 mg/kg 3
SWCNT soot 1 mg/kg 3
SWCNT soo t5 mg/kg 3
1 mg/kg 3
5 mg/kg 3 p<0.05
1.2.
24
1 mg/kg 24 p<0.05
5 mg/kg 24 p<0.05
SWCNT soot 1 mg/kg 24
SWCNT soot 5 mg/kg 24 p<0.05
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1 mg/kg 24 p<0.05
5 mg/kg 24 p<0.05
1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1 p<0.05
5 mg/kg 1 p<0.05
1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1 p<0.05
5 mg/kg 1 p<0.05
3
1 mg/kg 3
5 mg/kg 3
SWCNT soot 1 mg/kg 3
SWCNT soot 5 mg/kg 3
1 mg/kg 3 p<0.05
5 mg/kg 3 p<0.05
1.3.LDH
24
1 mg/kg 24
5 mg/kg 24
SWCNT soot 1 mg/kg 24
SWCNT soot 5 mg/kg 24 p<0.05
1 mg/kg 24
5 mg/kg 24 p<0.05
1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1
5 mg/kg 1 p<0.05
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1 mg/kg

5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1
5 mg/kg 1 p<0.05
3
1 mg/kg 3
5 mg/kg 3
SWCNT sootl mg/kg 3
SWCNT soot 5 mg/kg 3
1 mg/kg 3
5 mgkg 3 p<0.05
1.4.
24
1 mg/kg 24
5 mg/kg 24
SWCNT soot 1 mg/kg 24
SWCNT soot 5 mg/kg 24 p<0.05
1 mg/kg 24
5 mg/kg 24 p<0.05
1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1
5 mg/kg 1
1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1
5 mg/kg 1 p<0.05
3
1 mg/kg 3
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5 mg/kg 3
SWCNT soot 1 mg/kg 3
SWCNT soot 5 mg/kg 3
1 mg/kg 3
5 mg/kg 3 p<0.05
2.
5 mg/kg
SWCNT soot 1 mg/kg SWCNT soot 5 mg/kg
3.
24
1 mg/kg 24
5 mg/kg 24
1 mg/kg 24
5 mg/kg 24
SWCNT soot 1 mg/kg 24
SWCNT soot 5 mg/kg 24 p<0.05
1 mg/kg 24
5 mg/kg 24
1
1 mg/kg 1
5 mg/kg 1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1
1 mg/kg 1
5 mg/kg 1
1
1 mg/kg 1
5 mg/kg 1
1 mg/kg 1
5 mg/kg 1
SWCNT soot 1 mg/kg 1
SWCNT soot 5 mg/kg 1 p<0.05
1 mg/kg 1
5 mg/kg 1
3
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1 mg/kg 3
5 mg/kg 3
1 mg/kg 3
5 mg/kg 3
SWCNT soot 1 mg/kg 3
SWCNT soot 5 mg/kg 3
1 mg/kg 3
5 mg/kg 3
4.1. 5 mg/kg
1 1 Terminal Bronchiole Alveolar duct
2 3
4.2.SWCNT soot 1 mg/kg
1 1
2 1
3 3
1.
1.1.1. C.-W. Lam* ** J. T. James*, R. McCluskey* and R. L. Hunter***
1.1.2 *Space and Life Sciences, NASA Johnson Space Center, Houston , Texas 77058
**Space and Life Sciences, NASA Wyle Laboratories, Houston , Texas 77058
***Department of Pathology and Laboratory Medicine, University of Texas Medical School, Houston,
Texas 77030
1.2. Pulmonary toxicity of single-wall carbon nanotubes in mice 7 and 90 days after intratracheal instillation
1.3.1. Toxicological Sciences, Vol. 77, 126-134
1.3.2. 2004
1.4. 3 0 0.1 0.5 mg/mouse
7 90 3
7
90
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7 90
0/4 0/4 0/5 0/5
HiPro SWCNT 0.1 0/4 0/5 3/5 5/5
mg/mouse
HiPro SWCNT 0.5 0/4 0/5 3/5 5/5
mg/mouse 8 12
HiPro SWCNT 0.1 0/4 0/5 2/5 2/5
mg/mouse
HiPro SWCNT 0.5 0/4 0/5 5/5 5/5
mg/mouse
CarboLex SWCNT 0.1 0/4 0/5 0/5 0/5
mg/mouse
CarboLex SWCNT 0.5 2/4 3/5 0/5%* 5/5%
mg/mouse 4 7 4 7
0.1 0/4 0/5 0/5 0/5
mg/mouse
0.5 0/4 0/5 0/5 0/5
mg/mouse
0.1 mg/mouse 0/4 0/5 1/5 0/5
0.5 mg/mouse 0/4 0/5 4/5 0/5
*3
2
7 90
Fig. 2A, 3A
HiPro SWCNT
0.5 mg/mouse Fig 3E Fig. 2E, 2F
Fig. 4D, 4E
HiPro SWCNT Fig. 2D
0.5 mg/mouse Fig. 4F
Fig. 4F
CarboLex SWCNT Fig. 2C
0.5 mg/mouse
Fig.
Fig. | 3D, 4C
3D
Fig.
0.5 mg/mouse 2B 4A
Fig. 3B
0.5 mg/mouse Fig. 3C Fig. 4B

0.1 mg/mouse

199




2.1.1 HiPro SWCNT HiPro
SWCNT CarboLex SWCNT

2.1.2.1. HiPro SWCNT SWCNT

2.1.2.2. HiPro SWCNT HiPro ™

2.1.2.3. HiPro SWCNT Ip 0.005 1pm

2.1.2.4. HiPro SWCNT single component vortex-shaker fluidized bed

2.1.2.5. HiPro SWCNT Center for National Science and Technology of Rice University

2.1.2.6. HiPro SWCNT

2.1.2.7. HiPro SWCNT

2.1.2.8. HiPro SWCNT

2.1.2.9. HiPro SWCNT Fe 26.9,Ni 0.78, Cu 0.36, Mo 0.95, Zn 0.01

2.1.2.10. HiPro SWCNT 550 3 70
ICP/MS (PE Sciex, Elan 6000, Perkin Elmer Norwalk, CT)

2.1.2.11. HiPro SWCNT 0.01%

2.1.3.1. HiPro SWCNT SWCNT

2.1.32. HiPro SWCNT HiPro ™

2.1.33. HiPro SWCNT

2.1.34. HiPro SWCNT

2.1.3.5. HiPro SWCNT Center for National Science and Technology of Rice University

2.1.3.6. HiPro SWCNT

2.1.3.7. HiPro SWCNT

2.1.3.8. HiPro SWCNT

2.1.3.9. HiPro SWCNT Fe2.14

2.1.3.10. HiPro SWCNT 550 3 70
ICP/MS (PE Sciex, Elan 6000, Perkin Elmer Norwalk, CT)

2.1.3.11. HiPro SWCNT 0.01%

2.1.4.1. CarboLex SWCNT SWCNT

2.1.4.2. CarboLex SWCNT CarboLex, Inc.

2.143. CarboLex SWCNT

2.14.4. CarboLex SWCNT

2.1.4.5. CarboLex SWCNT CarboLex, Inc.

200




2.1.4.6.

CarboLex SWCNT

2.1.4.7.

CarboLex SWCNT

2.14.8.

CarboLex SWCNT

2.1.4.9.

CarboLex SWCNT

Fe 0.53 Ni25.99 Y5.01 Al0.15 Zn0.15 Co 0.02%

2.1.4.10.

CarboLex SWCNT

550 3 70
ICP/MS (PE Sciex, Elan 6000, Perkin Elmer Norwalk, CT)

2.1.4.11.

CarboLex SWCNT

0.01%

2.2.1.

2 0.5

2.2.2.

Leong et al, 1998

2.23.

2.24.

23.1.

23.2.

B6C3F;

2.3.3.

2.34.

Charles River Laboratories, Inc

2.3.5.

2.3.6.

NASA Animal Care and Use Program

2.3.7.

2.3.8.

Association for Assessment and Accreditation of Laboratory Animal
Care (AAALAC) http://www.aaalac.org/

2.309.

2.3.10.

2 1

2.3.11.

309

2.3.12.

2.3.13.

24.1.

Purina Formulab Chow No. 50008

2.4.2.

2.43.

2.4.4.

2.4.5.

2.4.6.

2.4.7.

2.5.1.

90 5

2.5.2.

Leong et al, 2002
3-5% isoflurane 1
cm
50uL lindocaine
10 2

2.53.

2.54.

12 12

2.6.1.

HiPro SWCNT 0.1 mg/mouse
HiPro SWCNT 0.5 mg/mouse HiPro SWCNT 0.1
mg/mouse HiPro SWCNT 0.5 mg/mouse
CarboLex SWCNT 0.1 mg/mouse CarboLex SWCNT 0.5
mg/mouse 0.1 mg/mouseg
0.5 mg/mouse 0.1 mg/mouseg 0.5
mg/mouse

2.6.2.

2.6.3.

3.3mg/kg 16.7mg/kg
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2.6.4.

2.6.5.

2.6.6.

Leong et al, 1998

2.6.7.

2.6.8.

2.6.9.

2.6.10.

Printex 90° Degussa Corporation

0.1 mg/mouse

0.5 mg/mouse Leong et al, 1998

2.6.11.

ICP/MS
Ni, Y 0.01%

Fe,

2.6.12.

2.6.13.

2.6.14.

Mil-U-Sil-5® US Silica 0.1 mg/mouse
Leong et al, 1998

0.5 mg/mouse

2.6.15.

ICP/MS

Fe, Ni, Y

2.6.16.

2.7.

pentobarbital sodium

2.8.1.

2.8.2.

7 90

2.8.3.

90

2.84.

2.8.5.

2.8.6.

2.8.7.

2.8.8.

2.8.9.

2.8.10.

0.5 mg/mouse 90

2.8.11.

2.8.12.

2.8.13.

2.8.14.

90

29.1

292

2.10.
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HiPro SWCNT 0.5 mg/mouse

8§ 12
CarboLex SWCNT 0.5 mg/mouse 2/4 7 3/5 90
4 7
90
3.1.2. 0.5 mg/mouse HiPro SWCNT Fig. 2E, F
90
HiPro SWCNT Fig. 2D
CarboLex SWCNT Fig. 2C
3.1.3. HiPro SWCNT 90 3/5 0.1
mg/mouse 3/5 0.5 mg/mouse 90
5/5 0.1 mg/mouse 5/5 0.5 mg/mouse
Fig. 3E, 4D, 4E
HiPro SWCNT 90 2/5 0.1
mg/mouse 5/5 0.5 mg/mouse 90
2/5 0.1 mg/mouse 5/5 0.5 mg/mouse
Fig. 3F, 4F
CarboLex SWCNT 5/5 0.5 mg/mouse
Fig. 3D, 4C
3.2.1.
90 1/5 0.1 mg/mouse
4/5 0.5 mg/mouse
Fig. 4B
90
7 0.5 mg/mouse Fig. 3C
3.2.2.
Fig. 2A, 3A
3.2.3.
Fig. 2B Fig. 3B, 4A
3.3.
4.1. SWCNT
4.2.
4.3. 2 B6C3F,
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(E. Oberdaster (2004) Manufactured nanomaterials (Fullerenes, Ceo) induce oxidative stress in the brain of juvenile largemouth bass, Environmental
Health Perspectives, Vol.12, No.10, 1058-1062 7 4 —= = %)

9 R

1. FEEAT# 2.1, BEEEY (DMSO) B
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( D. B. Warheit, B. R. Laurence, K. L. Reed, D, H. Roach, G. A, M. Reynolds and T. R. Webb (2004) Comparative pulmonary toxicity assessment of
single-wall carbon nanotubes in rats. Toxicological Sciences, Vol 77, 117-125 74—~ = F%)
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(C.-W. Lam, J. T. James, R. McCluskey and R. L. Hunter (2004) Pulmonary toxicity of single-wall carbon nanotubes in mice 7 and 90 days after
intratracheal instillation. Toxieological Seiences, Vol, 77, 126-134 74— o M%)

2. piEEE
Lkt 2.1, MMM (= o umil) Wy
L1, 7 P 3. BB 4. BEFE 2.2, A% HiPro SWCNT 0.1 mg/mouse 51
1.2, i B6C3F17 v b il ifa], EFRNEA 2.3, AW HiPro SWCNT 0.5 mg/mouse 15 B
13 B #12 Al 2.4, HiM HiPro SWCNT 0.1 mgfmouse 125
14, m 2.5, 14 HiPro SWCNT 0.5 mg/mouse & 51§
26.C WG i :

CarboLex SWCNT 0.1 mg/mouse {2 58E
2.7, CarboLex SWCNT 0.5 mg/mouse ﬁ&ﬁ

28 H—HrF5 v ¥ 0.1 mgimouse

1] 29 H=HRTFF P Cl5mgfmouseﬁ§&
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Comparative pulmonary toxicity assessment of single-wall carbon nanotubes in rats
Warheit DB, Laurence BR, Reed KL, Roach DH, Reynolds GA, Webb TR (2004) Toxicological Sciences, 77, 111-125.

SD

J ||

ANOVA F Dunnett
06.02.24

24 SWCNT soot 5 mg/kg 15
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24

Warheit et al, 1991, 1997

SWCNT soot 1 mg/kg

2.3.

SD

2.3.1. Crl:CD(SD)IGS BR

2.32.

2.33.

2.34.

2.35.

2.3.6. Charles River Laboratories, Inc
2.37.

2.38.

2.39.

234.1. 8
234.2. 240 255¢g
2343.
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6.2.

in vitro

234.2.1.
234.22.
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