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AUNUANMZNITNNTEIVNTUAZEN

Asian Aerosol Research Assembly

National Bureau of Agriculture Commaodity and
Food Standards
ﬁﬁﬁ'ﬂmummgwu@uﬁ'ﬁLm:rmLmemiLL‘M'q
Gl
American Conference of Governmental
Industrial Hygienists

ASEAN Free Trade Area, ASEAN Free Trade
Agreement

ANHNANAIANTTANLETANT eI

National Institute of Advanced Industrial
Science and Technology (Japan)

Asia-Pacific Economic Cooperation
ANNTINTEMAATHFNALaEE-wTWN

aerosol particle mass analyzer

air purifying respirator

Association of Southeast Asian Nations

RGN

Agency for Toxic Substance and Disease
Registry

assigned protection factor

Federal Institute for

German Occupational

Safety and Health

BIAC

BPP

BSI

CAART

CBEN

cefic

CEN

CENELEC

CENR

CHNS

CMAR

CMD

CNS

CNT
COMEST

COSs
COoT
CPC
CSIRO

CVvD
DEFRA

Business and Industry Advisory Committee
AnIzNsINNsTiLinEues OECD mﬂmﬂ‘qiﬁ@
LAZYRAENUNTTH

beneficiary pay principle

British Standard Institute
ANNTUNIRTFIUUNANINTENUNANT

Chinese Association for Aerosol Research
(Taiwan)
Center for Biological and Environmental

Nanotechnology (USA)

European Chemical Industry Council
European Committee for Standardization
European Committee for Electrotechnical
Standardization
Committee on Environment and Natural
Resources (USA)

Committee on Homeland and National Security
(USA)

Carcinogenic, mutagenic, asthmagenic or a
reproductive toxin

count median diameter

Center for Nanotechnology in Society (USA)
carbon nanotube

Commission on the Ethics of Scientific
Knowledge and Technology (UNESCO)
AMENITHNENNTlandIRataTusssNluAINT
AuAINENAansLazinAlulad
Committee on Science (USA)
Committee on Technology (USA)
Condensation Particle Counter
Commonwealth Scientific and Industrial
Research Organization (Australia)

Chemical Vapor Deposition

Department for Environment Food and Rural
Affairs (UK)
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DERA

DLS
DMA
DOE
DOP
DRAM
EC
EDF
ELPI
EPA
ES&H
ETC
ETP
ETPIS

ETSI

EU
EUPHORE
FAO

FFP3
FOE
FOEI
FOl
FP
GATT

GHS

GMO
GPA

HEPA

XVI

Defence Evaluation and Research Agency
(USA)

dynamic light scattering

differential mobility analyzer

Department of Energy (US)

dioctyl phthalate

Dynamic RAM

European Commission

Environmental Defense Fund

electrical low pressure impactor
Environmental Protection Agency (USA)
environmental safety and health

Et Cetera (NGO s3winaiszinAlAnia RAF)

European Technology Platform

European Technology Platform on Industrial
Safety
European Telecommunications Standards

Institute

European Union

European Photoreactor

Food and Agriculture Organisation
BIANNTBNMNTUALIN AWML T LTI R
Filtering Face Piece 3

Friends of the Earth

Friends of the Earth International

Swedish Defence Research Agency

Framework Programme

General Agreement on Tariff and Trade
mwmnmﬁﬂﬂdﬁﬁq?Jmﬁvﬂ@mmlmzﬂﬁiﬁﬁ
Globally Harmonized System of Classification
and Labeling of Chemicals
SEUUNNTIUUNUALNITRARANATTLAST LT W
syuLREaiuvalan

genetically modified organism

Global Plan of Action (UHUUfIANNTI8
SAICM)

high-efficiency particulate air

IARC

ICCM

ICON
IFCS

ILO

IOMC

IPCS
IRGC
ISN
ISO

IUPAC

JNIOSH

JWG
LED
LIBS
MA
MDGs
METI

MEXT

MHLW
MIT

International Agency for Research on Cancer,
World Health Organization
ginauldanzifesendnlszing  aeAng
audalan
International Conference on Chemicals
Management
n3tszgusendnalssimAdIAEn1TAANITaNT
LAl

International Council on Nanotechnology (USA)
Intergovernmental Forum on Chemical Safety
WAANNTINT 87ENI19TFUNATIRTBALNN
danniusuansimll

International Labour Organisation
BIANNTUIINUTEMIN I sENA
Inter-Organization Program for the Sound
Management of Chemicals
°Lm\1mi?zudwmﬁnﬂﬁ@mié’mmmﬁﬂﬂﬁ
BENTVANA

International Programme on Chemical Safety
International Risk Governance Council

Institute of Soldier Nanotechnologies (MIT)
International Organization for Standardization
BIANNITENINU LA ADENFITFIU
International  Union of Pure and Applied
Chemistry

avn AR uFqna waziafiilszey nid sgmang
dszina

National Institution of Occupational Safety and
Health, Japan

Joint Working Group

light emitting diode

light-induced break-down spectroscopy
mechanical alloying

Millennium Development Goals

Ministry of Economy, Trade and Industry
(Japan)

Ministry of Education, Culture, Sports, Science
and Technology (Japan)

Ministry of Health, Labor and Welfare (Japan)

Massachusetts Institute of Technology
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MMAD
MMD
MN

MPPS
MRI

MSDS

NaCl
NAFTA

NANOTEC

NBIO
NCLT

NEDO

NEM
NES

NGO

NHC

NHS

NIEHS

NIES

NIHS

mass median aerodynamic diameter

mass mean diameter

manufactured nanomaterials

micrometer

Tulpums, lupseu (1 lalasiums windu 1
TuduLEmT Winfy 10 wms)

most penetrating particle size

Magnetic Resonance Imaging
NMTASNINARENT I TUUUT LN

material safety data sheet
L@nmﬁﬂ;dﬂmwﬂﬂﬂmﬁﬂmﬂﬂﬁ

sodium chloride
North American Free Trade Area, North
American Free Trade Agreement

National Center for Nanotechnology
Audunlumaluladuieani
Nano-Bio Interface Center (USA)
Nanotechnology Center for

Teaching (USA)

Learning and

New Energy and Industrial Technology
Development Organization (Japan)

a3A N IWaUINAa s ulnd uazinalulad
ANAINNTTH

nano electro-mechanical

National Institute for Environmental Studies
(Japan)

non-government organization
asAnsiildlldvessy, esdnsasnsanlssland
BIANTWAIUNLANTU  (private  development
organization, PDO)
BIANTBIAAIATLENTY (private  voluntary
organization, PVO)

National Health Commission (Thailand)

National Institute of Health Science (Japan)

National Institute of Environmental Health
Sciences (USA)

National Institute for Environmental Studies
(Japan)

National Institute of Health Science (Japan)

NIOSH

NISE

NM

nm

NMS

NNCO

NNI

NP

NRAM

NSEC

NSET

NSF

NSTC
NSTDA

NTB

NTM

NZVI

OoDS
OECD

OEEC

OEL
OLED
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National Institute for Occupational Safety and
Health (USA)
aontueNTauItauazANUanAf U
anigaLTm
Network for Nanoscale Informal Science
Education (USA)

nanomaterial

nanometer

wluEms (1 wlwanawinny 1 Tuiuduees
1 WAT vi3e 109 wm9)

National Institute of Materials Science (Japan)
National

(USA)

Nanotechnology Coordination Office

National Nanotechnology Initiatives (USA)

New Proposal (ISO)

nano Read-Only Memory

Nanoscale Science and Engineering Center
(USA)
Nanoscience,

(UsA)

Engineering and Technology

National Science Foundation (USA)

National Science and Technology Council (USA)
National Science and Technology Development
Agency

NN UARUNAN e AaRT LazinAluladuig
TR (AN

non tariff barrier

guassanamsiialans

non tariff measure

ammsAaiufilgnng

nano zero-valence iron

ozone depleting substances

Organisation for Economic Co-operation and
Development
@\1ﬁi(m?l,ﬁ‘@mﬁm'wﬁ@wmﬂﬁﬂgﬁ@LL@:MS
W10
Organisation for European Economic Co-
operation

Occupational Exposure Limit

organic light emitting diode
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OSHA
PAPR
PCD
PEL
POP
PPE
PPP
PRF
Qc

RAFI

RAM
REL

SAICM

SDS
SET
SG

SG1

SG2

SG3

SG4

SG5

SG6

SG7

XVIII

Occupational Safety and Health Administration
AIANNTLTMIANNLABAABLAZ BN TIB N
powered air purifying respirator

Pollution Control Department (Thailand)
Permissible Exposure Limit

(Muunlag OSHA)

persistent organic pollutant

personal protective equipment

polluters pay principle

Proof of a new International Standard (ISO)
quality control

NITATLANATUNIN

Rural Advancement Foundation International
({laqtiuAe ETC)

Random Access Memory

Recommended Exposure Limit

(MuuALag NIOSH)

Strategic Approach to International Chemical
Management
gnsAnaninsadunussndelssimadsag
NNIAANNIANTLAN

safety data sheet

single electron transistor

Steering Group of OECD-WPMN

Steering Group 1: Development of an OECD
Nanotechnology Research Database

Health and

Steering Group 2: Human

Environment Research Strategies on
Manufactured Nanomaterials

Steering Group 3: Safety Testing of a
Representative Set of Manufactured
Nanomaterials

Steering Group 4: Manufactured Nanomaterials
Test Guidelines

Steering Group 5: Co-operation on Voluntary
Schemes/Prevention

Steering Group 6: Co-operation on Risk
Assessment and Exposure Measurement
Steering Group 7: The Role of Alternative

Methods in Nano Toxicology

SG8

SG9

SMPS
STREP

TC

TIL

TIS

TISI

T

TR

TS

UNDP

UNEP

UNESCO

UNIDO

UNITAR

US-EPA
USPTO

VClI

WEL

WHO

WPMN

Steering Group 8: Exposure Measurement and
Mitigation

Steering Group 9: Potential Environmental
Benefits of Nanotechnology
scanning mobility particle sizer
Specific Targeted Research or Innovation
Project

Technical Committee (ISO)

total inward leakage

Thai Industrial Standard

Thai Industrial Standards Institute

Threshold Limit Value

(MuALAY ACGIH)

Technical Report (ISO)

Technical Standard (ISO)

United Nations Development Programme
TAsanasimnLieantlsz i

United Nations Environment Programme
TAsansAsuandanuieanlszan i

United Nations Educational, Scientific and
Cultural Organization

BIANNINNTANEN NUNANERT WATTRIUEIIN
WNGIEES QL Rl
United Nations Industrial Development
Organization
mﬂ(mﬂ'ﬁ'@miwvmuw'aqmmvmiimLm‘q
antszangng
United Nations Institute for Training and
Research

aotuandszananfi ensineusuaznis
BEld

Environmental Protection Agency (USA)

US Patent and Trademark Office
dﬁﬁﬂqquam%ﬁmiLLam??"awmﬂmiﬁmmvg
German Chemical Industry Association
workplace exposure limit
World Health Organization
asAmsawndalan
Working Parties on Manufactured

Nanomaterials (OECD)
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WPN

WSSD

WWICS

ﬂﬁ‘iJTﬁ‘\?\?’)lJ@ﬁ]ﬁ’?%ﬂ?iW NIcNTINaAAIINTIN AAIAN 2554

mmzvﬁmuiﬁmquﬂu"um@\ﬁmﬂﬁ@mﬁm"m
ﬁamumwggﬁmmmsﬁmm
Working Parties on Nanotechnologies (OECD)

3 a 'S =
Atz lumaluladrasasanisinanI
FANNDNIUATHNAUAZNTWRIUN
World Summit on Sustainable Development
World Trade Organization

|3 Vv
a9ANITNNTANLAN
Woodrow Wilson International Center for

Scholars
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WUHAQ (surface-structured nanomaterial), LaL mam’\ﬂ‘wN‘l:ﬂﬁ\mi'muﬁmﬂmmmmx
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0.80

——Bus 203 (a
070 ] ~—Bus2ss
=~ Bus 256
~~Bus 259
0.60 1 —pgus260

~Bus 288

dM/dlogDp (mg/m3)
o o o
w & <
o o o

0.20
0.10 ]
0.00 - = T ——TrT v =ttt
10 100 1000 10000
(a) A ly Particle Di (nm)
1.6x10° ‘
(b) Testll —0— 38m
—a— 20m
1.2x10° e =8~ 8m
F —a—1.5m
‘€
S
& 8.0x10°
[=]
o
]
=
© 4.0x10°
0.0
10 100
(b) Particle Diameter(nm)
B 20x10°
2 —=—330s LT
T Lex108} —+—2010sLT
£= —a—3630s LT
=]
8 0 Lox10f | —o—330sHT
=R —o— 19503 HT
L —
% % 2.0x10° —a—3570s HT
U=
S
2 4o0x10'f
E
z 00 et
10 100 1000

Particle Diameter / nm

)

519 1.1: MsnszaeIRIUIATRIBYNAUITY

wnuuewiuanareseymea unuasiuanudaduresaynia
@ = = s 4 o a 1A o 1
(@) rduladaanAdessufmaansning 6 AU (o) eneAluiladunNseAuANNgIFng
o o o = & o a A~ o '
(©) AUy Fnlsznaussdanuiluinyedaiaulaeiudy Aeleumanninanasauaxaniues
#1%1: Brain, J. D. et al 2009. Blologic responses to nanomaterials depend on exposure,

clearance, and material characteristics. Nanotoxicology 3(3):174-180.
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waan (nanostructured core-shell particle)’® uanaINUu azaaIullu (nanoaerosol)

2 i v N 1% 14 a ea
nefareadlsznaumtayM At lblazeynIANAlATIa el uagluwual§in
Wewuil anaFandnguilundasliluemaludnsosiuazigoadnidy duuily (nano
dust)

[ %4

1.44.  9pQuilu

'
aaaa

TulY (nano-object) MuNBTNIRgNANANEUEN 1 WTe 2 vise 3 NF urun
wlu’® daguiluenadlasinanavansgiuuy Wusuan euyniauly (nanoparticle) wHuwlY
(nanoplate) dulaunly (nancfiber) NANUNLL (nanocrystal) Lmﬁmquﬂugﬂeﬁueﬁ@u (complex

form)

e ayn1AUITY (hanoparticle) MaeRIRQUATUNNANBUENTNY 3 HANIUIAUIILE ayniA
UUHIUARTIUEYNIATNIFUNAUNINEUIN AYAIATUIAANENLIA (ultrafine particle)
o wiiuw1ly (nanoplate) uxNEDIIARUAlUANTIHANBUBNNTWIAUIIL  WAENABINA
= 1 1 17 1 PL?/ [
meuanduualugnanian’” anautslaiy
o Wanuly (nanofilm) agjsznannisanvindenslag ISO'™

[

a a . = ! a | = aaad o«
° ‘J"Ll'i.luu'ﬁu (nanoribbon) ‘V‘N’]EENLLNuu’]iuV]Nﬂqqﬂﬁuqaﬂuqﬂuqiu [AIUDNABDNNANLVIAR

aa =f o 1 19
HAMNNUUIALTITINITNIN

k74 . =f o d'aa d' v [ aada 1
o &ulaulu (nanofiber) MiNafInQUIlUANFANEUENNAR BT UABINANIUIAUILE WAEN
d! Aaaa 1 20 d! | |
NNARTNIUIAEN9NINNIND TaanauLalu
* Luviaulu (nanorod) Manadaidulaunlunlanane?’
* yiaunlu (nanotube) NuneDaLdLlaLN U922

* adaulu (nanowire) vanatadulauluiiduman i uT el uasnemain?

= = A @ =< o4

e wuanulu (nanocrystal) vianatiaaun AU ULEIUNEN
o & == = o aa Y =
* AIAUAN MAAN (quantum dot) VANHTNKANAUNIAUNIY TeHaNTRNAEBENNTUN
PUIALTBINIAINTEAUTUNAIUIBIBLANATOUYNAINALAL  quantum  confinement

effects®
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v o v = i i i =1 Yy aa v v

o dnguilugidudan (complex form) Hziraumansnsanglsradesunionnlivae lu
flaqiiulsuniaanunly (nanoshel) uaznsaaunlu (nanocone)?®
* ulaanuily (nanoshell) vanenlaanuviadng deiudaaninnsruIruIaul L

* ns2auly (nanocone) vanataaulaunly vizaaynAuly NEzUN8®

auniaulunlailiiniziniveyniaunluan  Fendudu  ayanauiludgund
(primary nanoparticle) T<luaniaziimanzanatasaumnuauiaualrnaulaluansansoe

=
AR

e NAUWABN W5B NENNAU (aggregate) NNNEDY BUNIANUIZNBLAUAILBUNIANIT BN
| | =y v v o o 6 v aa v a = A o o
ALNLUUNLNUTANABNIIIANY MNIPNUNRIAUUAN JaunaldnannlaiauiuNaLan
PBINUTRATBIYNALIDE 7O
® NHNNIA UTD FINNIA (agglomerate) NHIUDY BUNIA UTBNDUNADN UTDUDIHANUD
MEABEN AN UMEAUBENMaIN 7] MIARUARINNEUEN JIUIALINALALNALNALIINYRY

d’j QIQ 1 30
NUNNIUVENBDUNTAEBE 7]

1.5.  matIanuly

¥

pallil iludaguily Mednlagudesagiane wiuwassenalinsuaniudaguiluy

d‘ 1 o ! ““ ” d‘ kg
snzudaliiang “ulu agludasiae

1.51.  WaLaasu (fullerenes)

Waneswiluduagiviwesmiven  Hanvousflunldennan Gundr Uafiuead
(ouckyballs) iy TiNAUaAaTALaaTY (buckminsterfullerene 138 Cqo) Wavtilutlaanuzavie
819 Bondmeasuouuly  wWalaesudniiananiuludndausng g wazenanaNiuAs ey

3 I o =1 a Ao '3 ' | ~ =
wuda uaduainnssnindidemaandanfuen  lddasdunsaadiouls wienismnena

s a a o o Y 1o a s ] 'S
TOEUR "lemmwmv-mgvlmmeﬂurﬂmLme@mw@uuﬂu
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o

ANUaaa (buckyballs)

o 2 | =1 a dJ a o [~1 =S v ] ¢
UANLBAA  (Cg) tHunataesuatlanils  Nanmouziuilaennan  @uriAuEnans
szanns 1.2 wlulume ﬂmﬁumﬁgnﬁwﬂ%‘lu@mm’mmiwmmﬂ’m v lugaaiunssa

o o

WdagANNAEMTUABNAIADT  ARIMNITHITARTALNGY  LAYEAAIUNITNABNTNLAATH
@ v A = 1% v = s o aa o |

dusiu uandinsAnsAuadniuin Aansdssgnaldlumienisunmd nelunisidadalse v
TifluingAuaesdidsansle (MRI contrast agent) Nazanaunls uazlunsinenlen wu iy

ke a k4 Y @ o a v o 3 @ o =1 v
mmuimgwl,w LL@%I?JL?JH@’]?@’]L@%NEI’]LsﬂﬁllﬂW’]@’]ﬂLsﬁ@’&NzLﬁ\Wm Wusiu

iaAmduauuily (carbon nanotubes 158 CNT #5a buckytube)

(%

! 18 | ! Bl A | ol ! v !
Memfueuuily  uanslunguilaiaesy  ARanwoiiulaanvieviesns  1&uWHN

L3 ] v 1 [~
AULNAIN 1.2 uﬂumm LLWNF"’]’J’]NH’]’JVLQNWH ISINBH}Y

o FUATUIALD (single-walled carbon nanotubes YER) SWCNT)
o TUAAAITY (double-walled carbon nanotubes YER) DWCNT)
o glAnAYTY (multi-walled carbon nanotubes YER) MWOCNT)

] 2 o a' v [~1 ] YV @) ]
Naasuauulugnihanlilugraiunssa iveliaoiaudauss iy dudou
rznavaadliwmuida 1 duadind Wi lulfaziniesuigaiaIa s upaNinas

Wlusu

1.5.2. nsInu (graphene)

| v (3 o o | a v ' 1
Ny UszneumisesneNtasAiuen Juiwiuglvnvaenmumin wazunaene
dHugdunuaansnwrinlinniianidussunuioaiu uginsanieusannnang  nenduiy
o 1 1 2 o | v o < < vV s
Foatmatur i luanInunieznen uilensAudeuiunais < 44 faglsdunals
(graphite) ~ Feamfluduaguastunayediansn s ansus duwiy - neulaus
A a v e~ =~ ° v 1 oA
namanmiaudlanin et mealdaniasimanzan nauasnn Wi lazand &y o

dulangiWinlamngn  vianisiinsfuaisisogauatlann N3 ARAMNMRILNES
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= ea a 1 P~ o a A [ o
RSHRNLANE] @NUMWMHW@’]E@E’N‘U@JH?’]WH QjﬂuﬂuﬂﬁuﬂqmﬂﬁﬂﬂﬁmwLﬂf;lQ‘ufa\‘m‘LlLL@\‘I

(photonics industry)

1.5.3. 2ayMnANadg ARy (copper nanoparticles)

= N o N X aaa
BUNANBILAIUILY ABlanENaILAd (copper) NRIIALIIY SnimFaNauaINgRzen
nssAsdayyanaund (copper ion) Tinansflulavenauns Iatldarsdoaninszanasaiive
v o (<1 v 1 v I a a

lallmaynansiuiuievlnn  eumanewssnluyldianluasindeuiio waain  usy
v = 1 & a a ¢ 1 4” Y1 = . . . = v
Jule iesimasduvistuarsinies ldkedangtnsniluneassan (ntegrated circuit) tWale
I ule T dudounanesansisaliizoad Midudounansssindunasau uananiy
aiisnanudeynanasunsniudaniigadulelalndindunafuessndidas (cesium) o

AN UNTLNTRUEIET9E

519 1.2: fradeaynIANaILAIUIlY

UNANBILAIUNY davgfsandeanssAdIinasauTindaensia (scanning
electron microscope) lt/sadainAgnaynAuludualnalAey
fun: fFuarzianinderemensiuansainanlum lag wiesiung lasu uas
wiesuind suqunste TananAnanmans aiasnsniivingds Hefeu
MUENEIU WA, 2554

1.54.  ayn1ARUUILY (silver nanoparticles)

aunARuUNlY Aelanzy (siver metal) NRIWIAUNTL ANiATENAUAINLTATENNNT
Fhndayuyaiu (siver cation) inaneihidansu Ineldansdaanisnszanasianelaliauniea

aaa

imenuiludeulug eunmeaduunludanuiuiesemsares@edldin Astonldsnaalse
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1.5.5. 'a‘lén'lﬂﬂmu'ﬁu (gold nanoparticles)

a aa o a & aaa
fmémﬂmmuﬂu AR Twmm (gold metal) mmmmuﬂu NﬂL[ﬂﬁ‘ﬁN‘ﬂu’ﬂ’mﬂ{]ﬂ?ﬂqﬂ’]?
aa ¢ . v & v | o ¥
Fhndeulaned (gold cation) lvinaneifulavenas latldarsaunisnszanasainalalliaunia
[ | v 1 = | a 1 13 a aaa v 1 a
LﬂﬁﬁﬂuLﬂuﬂ@lﬂMﬁy @wmﬂwmuﬂummmﬂuwwmLsﬁ@@mmmmqmu@ﬁmﬂ@wmmau

uluildlugnavnssunisunnd
1.5.6. 2ayniA WANUI LY (iron nanoparticles)

aunMAwanuIly Aalanziian (ron metal) NH2WIAUILY (nano zero-valence iron
wie NZVI) dnwsssnauanljiseinissaodeyyamanlinanaidusuniaseanan aeldans
| o o v v @ Y | @ = aa °
dqenisnszanasaialilieynaniziuiduieuluy  euniamdnuiluiandsmlunigyin
Ufisenshndansau lnsianzetnteasiiiunevsenaliiananiey Tinanaiuansniine

v = = | a [ ° o o b o
dasawnielaiifuilguidedaunaen  gninldldlunistndaundeannlsanugnaiunssy

[
aa o

uanNUUE LU INARMANAe NaaTUALgUUYANAINIINITNRaNMANLNA

1.5.7. ANSUAUWLUARA (carbon black)

prueukuda waidmnldannmsmuuudesaaanieglanisaiuan (controlled
vapor-phase pyrolysis and partial combustion) aaa@anwadtlszinnlalasansuay  Iagaiaiin
duiuatiuainguyaeiu Amsueuludainatsstds uesiafiduuaunluwingu wsiung

ripAidudiunantatauNATUIAUNlBLaza N AT ALMEININ TG feglin 1.3

psuanLUAALLsaeanlaiiy inga (grade) wazngy (group) AuAuNIN (WWIERldly
YAAIMNTTHNNNINNGT 40 1n9e) adalafimuasnsontangalug < lu 5 nga®’ anszuy
2184 IUPAC 16iun

[3 A o | = o :l‘ v [~

WIUWUALLAR (channel black) Hanwnuziiiueuniadamnlaainnisyanzunswmnan

(iron channel) gaflupnsasiuasiuwdn Mninannnisnwdadlnuazadulnl eanainiaan
IBLNAY  WINWUALLARNTUIAeNALFuRUTEa e 10-30 wiluiams uasiauinuedangs

1aatlszanns 50-200 U lwaNmg
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abundance [%]

0 50 100 150 200 250
diameter [nm]

517 1.3 FIRLNIANBIZNNSNTZANLAITDIDYNIARISLDULLAA

(1) channel black ¥3alFananasngan impingement, (2) furnace black, (3) acetylene black, (4) lamp black,

(5) thermal black 17;34’1: http://www.dyespigments.com/carbon-black.html L%”]ﬁdl,ﬁ@ 29 NOBNIAN 2554

wWasunguuda (furnace black) HanwnuwiilueyniadmninaluaHIugy (ol

a

furnace i@ refractory chamber) wialalasanfuanluanmnziiiiule fauneuniatlgags

U

Uszannd 10-400 WULNAT LAZHIUIATBINGNNIAUTTHIL 50-400 WILULNRAT

aa = N oo @ N oo Ay v |
BLINAULLAR (acetylene black) Hanmnuziiluaynia@aiiliainnismndesaais

& an 1% Ada &£ o o Ao = o w Y '
fngezaiauluaniazlionniea aynaliinzuinisiiims fansnzdmiuldiudounas
lunswdninulnang  ezwfiduuudaiuneynialsunitszanm 30-50 wiluang uazd

TUIATBINGNNIAUTTHNL 350-400 UNLIHAT

N 4 I o | Ao any 3 o .
WANALUAA (lamp black) Nanwuziiluayniadamnlaannisid (o) Iae
lanzag1aeiansainaInintuay (coal tar creosote) latiwilunnauuuNelwANHINATLAN
2ANellaATuAT HruiaeyniAlgugiitseanns 60-200 WlNRT LazHIwIATeINgN

19atlszannd 300-600 W lULNAT

WasNauLARA (thermal black) Hanwnuzifluayniadamnlaainnisiteaaansing
8370717 (natural gas) Muan1azlFannd e ndamnAIRINaIaILURNIRUA N a Y (heated

refractory) HruinaynIALFNNRUszannl 120-500 WIlUNRAT UWATHIUIATEINGNNIALTENNM
400-600 WNlulNAT
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http://www.dyespigments.com/carbon-black.html
http://www.dyespigments.com/carbon-black.html

2 [~3 [~ o d‘ YVar v d‘
pfusuuuan  udaguiluiienaazlaiunisldnulugnavnssnsinigalulan
Useanodldlutl woa. 2548 ddniTHARATURLLLAATIRlANlNANNITaY 10 a1uAY Taan

i B A !

Fazaz 70 Milugaanunssnanesnous feasy 20 ldnanlu@uAsnalssinmauliil@nn doudn

=

v d' 32 =l a' = s I3 ] =
Favaz 10 Tdlugnanunssnau - Tull wa. 2453 FaHMSHANATUOULLAA TIUadoud
auaunly Wnllusernsusialdliansd@nisa  Inaananaaslalunisvinlienasnaufinig

vk o
nuulamaug

1.5.8. aymalnmianlaaanlganuilu (nano titanium
dioxide)

aunalnnionlaeanlaauily (ueynipradlnndianlaeenlonndauiauily
= &l aa v 3 @ = aa
(eumalnnisslaeenlasniaemndniisuaduriigudnaaiululanuns) Nauti
aQ . . 33 = (53 . . . IrL‘VI v % ] a
NNINTLLAIUAY (ight scattering)®® A naaiiy (visible light) LaAaudnatas  WANTZIAIUAY
N . v 1% = a v o | A o a Y o oA
willeding (uttraviolet) eiAaudnsnn AstiealdidudiutszneueATaiuunnNnILaaiuied
wilaladlunasuanlaualavinlifiaganannialng wananuufaaansogauasanfinduiy
o I A Aao & o & o a3 = a a
nwasnulunisdessaaansauniansnziiiuasuandsn  Aeud@izethemdauRIINaNeRNA
nmdealaeenlanuiludadanifivinannazeinsoies (self cleaning) AdENITEBLAREATIL
= < A H = v =~ ! v 6§ v
andsniflauanaan Afudearunn wlufiazazdamuandaniigndesaanaudalivgaesnly

AINRY Mt eiuniaausmaeynalndanlaeanlonululd Jegazeinetiane

159. aynaazgiidanaanldanuily (nano
aluminum oxide)

a a 3 v [~ o = 1 Y o o I aa
aunrazgiitianaanlonunlugnldnuiudnszidan wu Idvinndaurudaney
(slicon wafer) lugpavnssunanagassan anaudsussmunusedsoous  wadldiiudan
dawiulvansisalgisennie  (catalyst support) uananuudslivindagsind iy

fRAIINTTHALANVTDLAAR0Y
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1.5.10. 'ﬂ‘léﬂ'lﬂ“ﬁ’lg‘ﬂu'a'aﬂvl“ﬁﬁu'ﬁu (nano cerium
oxide)

aumpdFaxeanlaauly  HandRedaseynmalnmdeslaeenlofuiluazeynia
a ¢ s & e A = ! o I ! |
defpenloauly  Mansnevanewiei@mileday  uazAnuaNnragaivRriiansaniy
wasulunisvinaNazetniued  wenanuuddliiduannsaljizen  Insentzediatly
= = a 1 aaa . o Y @ 1 a e
wrnanenlefadasaljisen (catalytic converter) vessneun  uwagldiludiunanaesdidn

nslath (electrolyte) lulmaalTaInaInLE

1.511. aynadanzd@aanldaunlu (nano zinc oxide)

s = 3 v v = as = L3 1
aunadenz@aanlisuly  ldnuadraaasiveynalnndaslaeanloauly iy

I duasiuwaslugnainnssaAresdiens  umu flaqiiuiinsasATziaunARINEd
aanlaauilulidizlsslinansuuy Wy a9auily (nanowire) wyiuly (nanorod) Hixdmunly

(nanobelt) Aan iUl (nanoflower) 48+

1.512. aynadanaulaaanldauilu wsansiaunlu
(nano silicon dioxide)

aa 13 M Yy a 49{ YV @ = 1 =
aunadaneulaeanliaulvldlanasiuannsuanamaliiumsazigon  usmTas
INNNTRBNTLAGY  (oxidation) wazwedlNalsmiu (polymerization) luanineiilula (vapor
phase) viralafilinslalnslada (hydrolysis) WazAaULAWTGL (condensation) UBNENINNTANDL
\Hussadszney wu wnsLedia eelndawan (etracthyl orthosiicate 13a TEOS) aynAtanal
'S v o < o o v v @ v % < v
Tnaanlaaunluldlugaaiunssnsinang lngldiiluaisnsin afemseuinfen aiemondss

(sensor) LUEIUUTLNALIRUTARTRLNRD 8

1.5.13. aynIANafalasuuIly (polystyrene
nanosphere)

a = @ a o al c v a ca an v
weadlssu (polystyrene) LunednainuysdAunULaz s AR IALBLLUBTINT R LA

Wandmilaanassauan  edeadnsnaugthilunsanauian < (polystyrene  microsphere)
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Vv 1 L4 d‘ YV @ o ar
adunnAunadszann 1 lesaes  eldidueuninruianinsgiu dmwiueunina
waralrzuunluty Anldduuny core) dauitlimgniuail (functional group) tNNE9aL 7] LWE

v Aad a o
Zﬁj"]\ifméﬂ’]ﬂu’ﬂummwummd 1 N

1.5.14. LAUAILNAS (dendrimers)

ussadifulaananuanuaweantlFen s ynfianesaUaguinaaauiislsa

WWunsanay  aniAredfuesiies AuesiuasTRIaIiEnIaANNa LURIUan [GUATINETNN

a u au

a a

msldenunnigaluilaaiu laun wedesdlaevin (PAMAM)  @viszneusisuny aafa
lnaziiy WiNAeneiIua1 esiunfa)l  antAflAMIUAUATINGS (Dendritic Effect) ¥
Yo v v ! ' aan v ! @ I Ao kg aa
lasunisAunuuAcEnaedsznis iy axnsasalfisenldednesandanannauanlaannis
Unfimaaiiiiludunin - viediauamisalunsdusaiueyyaussialaananUnuduin
@ a & o Y < ° ar v | IS = va ! a v a @
wiusswesingnidiiuwnudnitlivgyiaeiinig vielidadunie wu AdeNuazhliule
= Y o [ o a a ! < [~3 a & o N Y @ A
Wealddviuauaesdavanidu  lusuianiusTinesdAnanniazgnldidulaianandas
a 3 L a v | ¢ ~ a Y @ o = I
sousaNLaseingaInNuRctrateynadnllgIaaudnans naasulmdunanuglay e

T udourlssnauueas@aaRnsluauIAm

1.5.15. autndgaunly wsa wiluiaas (nanoclays)

wluaad Lﬂu@u}mﬂuﬂuﬁﬂﬁzﬂ@uﬁmm"%Lﬂm%@uﬁwﬂu%u°'| (layered mineral
silicate) sl fuvaneiintuiuesslssnasmiaail 1w montmorilonite, bentonite, kaolinite,
hectorite Waz halloysite uﬂum@ﬁﬁmsﬁuqmmﬁmm Lﬂuiﬂ@L@?NLLNLW@LWMN‘G@WN
nannludanranuil (polymer nanocomposite) Huasiisaaamiin dluansgarinn way

| o Q( Gl o
Lﬂuqumm@ﬂqwﬁ NTRRAIEN

1.5.16. aLldu (liposomes)

alflmanldluguazipiesdiens HRodluidedanag (ipid bilayen) MezaNauAINlady

=~ ' 3 | & A o Yo 1 a = aa a v L.
W< @El’]\‘ill?ﬂm’]ll U@ﬂﬂ?\‘iLN@Nﬂqﬁi‘ﬂﬂqﬁqﬂiﬂ%ﬁN ANANNIETNENTUIENALANALTST D1 (lipid

complex) THAdL NRetuaeTila W ayunIALNILANAWDS (solid lipid nanoparticle) @l
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g1l 1.4: alullaray

alloa (iposome) Hwieahiag (ipid bilayer) AeNsaLIBIUT
“ o ada o - <

gaunan viiainoldnnalu Tunsdiidfaen vieanseangns (active
ingredient)  @1TUUBNIAITUNINAIBETEMINLNANATBIANALUES
e Py v,

aftag (netlanseangnanliszaisun) wieddnlleglulnsansanans

= £ T4 a = G aa a

(netlanseengnsnaranayn adlugtdewihudefiden) Allonena
NroduRgaaenlugd (unilamellan wenldiusnnluniandnnssa

LAZLAT B4A1D1Y RIAAAINAYT UTaUA BLVA AU I Ne N

(multilamellar) 17;34’1: http://bioteach.ubc.ca/Bio-industry/Inex/

Liposome

o o o = s | o 1 v o v v
AMUTURLAENAILN LL@S’]J@ﬂﬂ@@ﬂﬁmiﬂ@@ﬂ&ﬂ@ﬁ%ﬁ’]°'| (slow, controlled release) Vl’ﬂﬁﬂul]ﬂl

(4 A o A AN 1
1NWEQVIWHW WIaulseniugn viTeanaLag °

= 2 o 1A o 1 wa 1 1% £ a v |
tawdallanluinedldddunme wislandRdeeliaseangvsdgniiudillszudng
TunaunInanalllan gngeduadllieruioniianaenis lasnnaudielaldalllouszudne 5

= ] £ o ! S| a % = [ ~ % o & v
03 10 NN @19728NNNEANNANI analiluansnazangluin mmﬂumwmmﬂuuwuﬂim
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51 2.2: aapannasain OLED wuuuuuwazlAals

17im: http://www.ubergizmo.com/2007/10/bendable-oled-display-from-samsung/
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PLASMONIC THERAPY FOR CANCER

A proposed cancer treatment would employ plasmonic effects to destroy
tumaors. Doctors would inject nancshels—100-nanometer-wide silica
particleswith an outer lager of gold [inset] —inte the bloodstream. The
naneshells would embed thermselves in a fast-growing tumer. Ifnear-
infrared laser lightis peinted at the area, it would travel through the-skin and
induce resonant electron cscillations in the nanoshells, heating and killing
tumor cells without harming the surrounding healthy tissue.
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%ur]‘].lﬁﬁ‘?ll‘ﬁ’]m‘ﬂﬂﬂﬂ’ﬁ‘ﬂ@ﬂﬂ]‘mﬁﬂﬂﬂ@’mLLZ%I“J

ails vannedllemueyniednuansafiafisFasanluiu uadldinfusenviaans
@@ﬂqw%{ 1M1 SLN (Solid Lipid Nanoparticles) wra SLC (Solid Lipid Carrier), NLC
(Nanostructure Lipid Carrier), NCS (Nano Caposome), “1Q8 %QU’Nﬂj“cﬁLL‘mu@@ﬂ@ﬂﬂu
asavansenIuen enantRluan TN (oenetration enhancer) Aadidaudatilansaan

g3 auadlilufiomislanauan
3.2.10. AUASILUDILAUATINAS

-dl @ a 'S . o o v v d =< o <

LUBANANNLAUATLNAT (dendrimer) N@ﬂﬁm&LﬂULLﬂu (core) WNmQﬂLﬂ@@ﬂsﬁ\‘i@\uﬁﬁ‘qgﬂ
49{ QI v [ :; IS ar [ a = [~ a
Gﬂu@’]ﬂﬂqﬁimllL@Q@LLmnﬂ\jﬂqu@qsﬂq@@ﬂiﬂLﬂusﬁus] AHBAUNRIVBDN ﬂquLﬂUW‘H’M?@iNLﬂUWE’

[~1 a ot X 1o aa a A o@ = 2
GU@GLﬂuﬂﬁ‘LN@?'ﬂﬂsﬂu@%ﬂU@NUﬁWﬂQLﬂJ\I“lI@QﬂQSJ‘VILﬂuLﬂ@@ﬂ‘ﬁuu@ﬂ'Zﬂﬂ

LAUATLNATYNANATITHT UANETIAR A NG NI anaaedl LT unruzd niuen

4
ca  a =

fnmlen Tnssasinmaseudiudunmanaguaimusell usudnfuasinaiissonay
= . 74 | 1 <3 lfL‘Vd LL‘VI v Ao adaa c
INNAHY (melamine) atnglsimuladnisdszannilddn feuas 75 a09unANNIIENANNA
a [ ar ¢ @ a 8 | ar ¢ a v M v s ¢ o o
naofunsduasziaussnes  unsduamzimaeiiui g lailansladuassidiniy

@ a s 1 1o Y =K 1 H = % Y v
‘ﬂqﬁl@ﬁﬁﬂ?ﬂ\lﬂ’] LE"I"L&E"I?LN@?@QUlMEUV]@QLﬂ?qzﬁlﬂ mim:mamm@mmﬂmvl,mu@f;lmﬂ LA
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a Y A o6 Yo o a v | = @ o ] '3 A A 1%
NTﬂ‘NZﬁ’NWWﬂ‘MumijLﬂNﬂ’]ﬁLWﬂmW uqquﬂquLﬂu@um?qﬂ[ﬂ@Lsﬁ@@LLﬂxLu@Lﬂ@ﬂ@usﬂqq

4 o 1 |l/L Y o a 75
HINLNAIZEILNEANINITNARBINTY 7]

AnenienAnE AU RAUATINE TN (in vitro) ANnTakLalALTuMaNe

nax A

o AnnAnNTuRERaEmAR (cytotoxicity) NIlUTE e AULAZTZ N
o ANENNIYIALIALARALAILAN (hemolytic activity)
= v a YV o s . .
o ANENNINITAUADNWALNUALIYINAYLTAR (complement activation)
o AnHansEUABLaLEiaredanlALan
= o o v s a = v ! s v
o Anminnsgnantasadngaauarnisila sunlasreseyniad adnldeylugaduao

(endocytic uptake and intracellular fate)”®

= L v ! aa s A 2 ca 1
NANNTANELLAIAY WL PAMAM ANEFAAIAAUATEA NITAaNNNANNERILAL
ANAIUNLAT AR NN UNNNANIEaaN YR anmanaseanatdagdlidn  LAussineind
i“ﬂiWWﬂﬁaqu@mﬂuum HponfuimnnndnndidsealWinnfioveniuay  uazihussines

= U

mjﬂam@ﬂm (OH) @ﬂuuwumu@ﬂ fanuflufeloaninfisinguazilu (NH 2) BELUNT

q

ANBUZNITANE AN UN DI A UATINAT I UARINAReY  a N ToLLslalunans

LUANNATLNL B

= o & a ca v | [
° mm:nmim‘mmmmmmummmwmﬂﬂ@fﬂumqmﬂum
= [~1 a 1 1 a'z
o AnEANNLTIUNEFaTIINaa Ll
= £% a v
o ANHNNINTEAUTTLLYNANULIA

= @ a s 1 1 a G o‘([' 1 77
° ﬂmﬂ’m@“ﬂ@ﬂLﬂuﬂﬁ‘LN@i‘ﬁl@ﬂ’]ﬁ‘ﬂ@ﬂﬂ@@EI@’W?ﬂQU@Nﬂ’]?L[ﬂUTIﬂ‘VI?@EI@? HURN 7

FWE W.A. 2547 iﬁﬁma‘mmmumﬁﬁmqmamwLmeqmﬁ W%\/@Nﬁﬂﬂﬂﬂﬂﬂﬂ@ﬁm
| ar @ a ot ar 1 1 k% [ a Y o 3 = (%
HUAUATIEDUAUATINETTUT RN UINAD I NUABANEAUANTT LENUNINTUNNTANALNENTNEN
sn  1Aun  PAMAM pussinesoiln 3 4u (G3-PAMAM %38 PAMAM-(NH,)s,) WAy PAMAM

AUATINATINA 4 U (G4-PAMAM vi38 PAMAM-(NH,)s,) WigUNLaNTAILAN  AB
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N-(2-amioethyl)propanamide (CAS No. 925-58-6) e N-(2- Aminoethyl)acetamide (CAS No.

1001-53-2)  Hlaqiiudaglusendnanisfinens

3.3. nisudenguANidudunsIgaa9Ian Uity

InganniuaIATgIULUIEUSITRIMIANS (BS)

a 1% o v v o a & o v s 1%
mﬂmmqmumslumsu@ 3.2 ‘W@ﬂﬁ;ﬂiﬂﬁ]”\ LLﬂ’J‘VIEHﬂ’?@ﬁ]iﬂ\i‘ﬂ’]ﬁﬂ@ﬂ@&@%@\‘lﬂﬂ'ﬂ&lg

I d‘ as <1 o o ! a q‘ i YV Aa (= a 421 =
anxnn naafuanaiudurmeresiaguiuusszaia waznalniviliiiaaaduneay 3

daduiingiuin  dagizliaiuwicens 1wy viemfusuunluduudldunasdudunse

'
ar @

snnandaniiiluieunan  wazdagiandnfudiazlilifiauaulufiidudunmeeguan (o

dann)  virelugluuuauidudunssaguan  (@uRw  Alwulinasiudunmglannnie

YUIATILANAIAUDIIUI AU

aANazAIN IR IRTNsAtuANlungRavnssasiall el w.a. 2550
ADTUNIATFIVLINANTITONANT (BS) Adautedanuilueaniiy 4 ngumnwualtdniay

Wuaumnsale aasalid

ar

1. Fibrous laiundagulu nanwouzifluwiszedudu uszandnfazliazanain

2. CMAR laundaauilu Nansiagsiuusrwalungndiunly gnanbiiuansaunse
Tunuamnasnanzisa (carcinogen) miﬁfaﬂ’]iﬂmﬁﬁuﬁ (mutagen) miﬂ'@nﬁuﬁ
(asthmagen) vi3aansLiuimsanIsdURUG (reproductive toxin) T4EBIINAUIN

CMAR

3. Insoluble lawndanuily Nazaeunlain viveazaeunlily uazliliegluianaes

NNUIN

4. Soluble lsundanuilu Nazaeunls uazlalaaglungauiiaas (CMAR)
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nmsutivdaguilueeniudnguil  aofuninsguuisansisenonanslauinldldly
NTBNULLNIATNINTALAN  TNIuLTUNguIaddanuIly  uazAneueianssafvinlulssny

gRangsy fHazliiauasell
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w

4. NSANAANUIAAULY

neduia’® (ulladudAysonnuszaunnaiiudunmarasans Tunisdssidiuaans

L@E LNBARYINNIATNNTAMNLAanE

41. TFRINIUDINITANHE

TeenednedNAadanuly wtislaily 3 vne Ae menswgla nathn waznng

Romtls (gandatiadmuazidiaiiionsig )
4.1.1. nmsandaIanululaanienisungla

Y |a ea o o = ol ~ a @
AUfTRNuiudaguluteegluanmng - vreluaniniataariidulianasnaaninain
Fagls anflusissaangtnaninilamaiumeladssinniliainiaazein Wesanidlania

nazmelaendaguiludilyl

LuuAanaesasssuumelaressenie wanslilugi 4.1 (@e) eaniAgnganiuagn
wazlngeayn  wianuln Wiueeves  adlidsnumaenaslun (trachea) Seusniilu 2 uaus
lUndenusazdne aanuufsenifunaananauiaan (oronchi adliliFas - audgaasian - Ty

e (alveol) Gavinvtiniuanilasuiiseandiauiazasuaulaaanlas

amduduimeladnlinfesiueinianiu ddulaualugann durnguanandlug
N9 1 lulasums) wiseldnan (dwinAudnanadnnan 5 wiluwng) doulunjasinetiiion
Inssaynuazvaanan laadlitgeanluden Wesannduiniawalugan aglsiasnsalualy
AINBINIATLALIAALIUINTIRYNLAZUABAAN AIFADELTIMINIIAYN FaNsnAuNynLazLien
Tuagn wazmaneenuuivaynlungs  widdulavwiadnann fazasisolnalilaiseinie
o & = v v o = | i
Maeaaslulnssaynuazuaanan  aulfsleswdnlnadaundueensntaynlalaalinnmnau
N A oA S o 5% B |
wreAnnudeninaeLetiuluremasnanwazgiadlulen Hegataonglasen  auna

| = a 1 = = % a ~
mmumaﬂﬂmmm@gﬂmwgﬂLummﬂmmmmmim mumﬂmmugmgﬂw 4.1 (a31)

65




L e~ e normal adult mouth breather B
Extrathoracic 08 ., 1.2m’h
nose, pharynx, mouth, c e “total e
larynx S %
= \
2061 3 5
\3 e S
g N N
Intrathoracic 4] oy SaveoiN

extrapulmonary:
trachea & stem
bronchi
intrapulmonary:
bronchi, bronchioles,
alveoli

3 A
02y, whromchit

-

0.0 T T
0.001 0.01 0.1 1 10
diameter (um)

517 4.1: msanAaaymMAn iulunahumelaraanyed

17';34’1: Geiser, M. and W. G. Keryling (2010) Deposition and biokinetics of inhales nanoparticles.

Particle and Fibre Toxicology 7:2

) Tugf 4.1 (197) uaAINITAYANTDIEYINA (deposition) LLUNUAY LAZIUA
sasaynALuLILuey  azdiilidmauuudaed dunnauly (d@uhaudnaralszan
10-100 Wilwins Y3eaTaiLeNA 0.01-0.1 um Luunuuaurains ) azllnnsagiinaas
Wwn e Tutes (alveol) zﬁauﬁuuﬂuﬁﬁmmmﬁnﬂdﬂ (Wurhaudnaelszanns 1-10 wluiums
VioAsaiLIuIe  0.001-0.01 pm  vuknuuaurednsy)  aghlanAnsetiivasaauidn
(bronchi) wazduauIAlALNIUNIW (ATIALLUIA 0.1-10 pm UULNUUEUTBINTIN) ATANANY

agilnssaynnelufsse (head)

Auauiasne ] AenAsuurisinulusesiaanantazgaadlulen  ladnaziauisle

'
=1

o o o =KX a ~ = 54 = aa v
FEANNFNUANTAALTIFNKD (surfactant) mm@uagmﬂmmm@mmLL@zqqm A9UNFANUUN

° 1% % v =Y v | o I N
mbidesasnaaaladnyg wazilemslasanaugauastenlagusoauuny  uslunsaiil

=K a o Y1 a = H & =l e ere !
AN70ARTIANHYN IR UGN Nt wazanasluguidien (periciiary layer and mucus) latiazat)

Tuduilaifunan 24-48 Galas

Tutwdent Adaaenuatidaualasina (macrophage) ARZAULAZYNANEFILLAN
daan  Audrunilananegluduianazgnualasaduld waziinauausneguuiamuluaes

v Y v ¢ a 1 1 o X o 1 = (3 ] [~1
naanaNLadldlduIvIeTasitayroaes - Tun launavauldiinaea@es  wrkuunedauf
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asnsavgarnlflumsadenlsd  Sadadnldliudn  Aszunsniadnliflussuuinaes uay

dnllussuuivaienladisluiiga
4.1.2. MFANEAIAAUTUIABINIIEIUTIY

nsdnAadanululaen ko nerulanasgiuuy doulvnliinannisdndaly
senanansUfiRnulunszuaunangs  Jaguilunuaiuassedluaednas Wy aunIA
Tnndasleeanlasunluiuouasslusennas  eraunsaRonisluanededan  luane
o o M v v a = ' = o = ] =
adeslaglilatanilialin virelusnraudiaainmausnisldd@nmauenis Wy Wean
nladanuilulugtisanastuviledssuiamuaslfludmanuaoingifun v e i@ umgs

He 1flupu

angtuuuviivresmnisdiiadaguilunaioniie Aenisnsdulesrearadiilszney

v ' a o a < o @ v
asounAuly wuluanztands videluangdatenssdas s

NsaNAaNINRMTRangluuLnil  tRaxtanmsldgeiiesnsasndlasaunaunialals

Y o § va o o a A & | = a =
ﬂQ’]NE ‘VHSLVTLﬂﬁﬂ’]T@NN@ﬂUGU@QLM@’]WLﬂ’ﬂu@%UHQQN@IH%MﬁWQ@@QQN@@@ﬂ

nsdudaaINgduuunandaetianteiy  unisdananudanuiluluansne
wuaetagluretnar  wAnsdndanadoniaiauuls  widaguiluasiansnsiiiueynia
wreiugu annsanszananazAnUuRanis visevtuduaalwtleuiuunly vielidanay

2 1 o a & @ v
vralnaauniAuly i luaneiaazetamdneol iunu

=

v ¢ v o ! ! | aa 1 o o |
nsldgunsnldumsasnnindaeniedauyanaetnalignisuielaisednseds gy

= a oa o o o v oA N o o oA o = 0§ ¥
nraonnadieluuzlfiRuiudaguily wnlddudesdaeatedndaiionida  fazyinli
Audadaguilumsionials dusy fUfifnuinseningn psaangeiaieaglurening

MU UAWINTIY

N3EINQINe  AYTUURMNALUZINIINHARBENIATIATA  LAElaNIZaENaEaNIT
= = | ! Y = = 6 o =
gavienisdszanusessiesudngedenuurnaendaenquuane1s  ieldlidanuilui

wrauassluraunatanisanszdullfsuuriasuauls
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4.1.3. msandaIanu1lulaaniaiin

nsdnAadanululaeniatn aaansaiatuls wndujiRnuldtenitleniaguily

Tdusiuduavisdniin

Jadesiunisduialasteaniell Aan1sigraneuealuley by aelleliarenn

YNATIAIAIN@BNAINUTIMYINUTLdaguile uaznmsiniaifaululswnu

42.  TamansANRANUIFAUILY

lanmalunsdudanudanuily Tutuneunisdfjiminu aeddsaugaannssy auiu

stunvmesdanuilu dGenteandu 3 ngx laun

Faguilumilugdu lenalunsduialidig Insanizatiagmnanismela widy

ylufanrnUanldnnasuuRaunie vinliAan rdulanitamamiale

Janulunaglugluauaasagluaaanas Wy aunmalnyidasuiluwauaet

Tun Jlenmaisnszanalasnn snidunsefuiludes Wusu

[

a 1 a J [ a [ [ a = o Vo
Tanulunileaglulassinanaanas wavdanunlundeasludanau awvinlvdan
uluvgaaanyieinuin  annulunsaldaquiluieyasadaniigesdan ety [y
viemsuauunlunieagluldinuta viedllanniledludanaraseiosdons waglunsdl

a v v =3 [ (<1 v
Zﬁuﬂ’]MNWr’]’WEﬂﬁ\i’]u faznanganniduresuniu umu

4.3.  msANdanuIaAuIlY  annanssululssanu

ARFIUNTTH

waliuuadudidesdusiuannlasadsuily  amisovnlidsegnaldlany
gaanunssnivanuaty  luiitasliwdenanssalulssnugnaunssueenidu 13 Aanssad®

=1
AN
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1. ﬂﬂ?Lﬂmmﬁuvﬁﬁ@g (material unpacking)
NMTAILATIZI (synthesis) Taguily
N999 M9 98 (measurement) Tanuily
nsvinlidanunlunszanesa (dispersing)
NITHAN (Mixing) 387U

NN3AANU (spraying) AR

S T A R < R A

M9YNNUAILLATEIANT (Machining) mﬁumﬁ??ﬁugﬂ Fausa laas 1Az la nas A

v

8. M7UITYILE (packaging) TAALILY

9. MIVNAMNAZENALATEIT aLAIRANT (machine and equipment cleaning) P
TanuIly

10. NNIVINANELAIALTIIUNINL (workspace cleaning)

11. ﬂﬂﬁfﬁ’]mwmmm%@uﬂuﬁﬂq N ANUAL (spill cleaning)

12. NNTAANNTLRILEE (waste management)

13. NN9LANMLATRINBLATEIANT (equipment decommissioning)

(%

nmsdnranudaguilulagutinia 13 Nanssy dsgazian ail
4.3.1. NITANEE luszuINnsilantueussq

Trsminslidagualumiuingavlunszuounissdn . gUfimedlvauneundinisld
Fagunlu enadadamudanuly Tuansdlanmmusussy st ssedlusesdiaainimeulimey
g “Amgautiudaguiluy Aessrdassiwasljiimadeyarnsdaands” Huiu niaamnsin

= v ar VY 1A wa YVar a oA 1 1 ar I an v
wirandeyaratsendelifuliRnulafunmuuastiFmueciunsandn  lunsailssnusls

o o o qv 1Y o ! ¥ v a
@\TLﬂ?"]SV@N@urﬂuLW@IT LB ﬂ’]&n?fﬂl@‘ﬂ@%@ mQﬂ@qQ1m@qﬂ§dW@m
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ANWUY

AUNILRAARINT RN

ac 1 s
PEEHRE | oo TRINNUANTDY
s o o
AUATIZU ik = v o em NTANNE

SR uaznansuaasgUiineululssnu
Q
nsiaanimdfneal Inanizdeanaiunslugandinisuan msmela
- o I v a o
matiudnguilunidaansils Tainegluldnses masvgla/aniia
Gas
Tuena o e a —
Phase nsutlsg wavvide vhndaglussatiuvie memeila/iamia
nsvinAnNarenavianisthgeinEmdneal  sauvianndasuld | msmgla/dands
= 1%
nsad Uasnilénsad)
mafivinguilundaaneils / Jaauniaerusionminny msmeila
vapor | uwiudag | nmsulsgl uaz/vie nedanllussativvie msvngla/maniia
Deposition | (substrate) - .

o ° ar a Ld ar a o
maviANazetn vianistngeinsmdneal saaviansdaeuld | mesmela/moands
nsed asilénsad)
v = a o a ] v '
MAmMarFaNnIndagunlunwuaeluraura U AdensHi

OV Py |
BUWAY (spray dry) nisdnmaenafistuludunauasnuLazey I
wIIUADE . v ‘ o - . ngvneila/maniis
) wiia waludunause 9 T Avindumanly ldautsnniwedanunly
Colloidal Tu ¢
Tlussqiiuie
UBAUNAT :
nsviANNEzeNn vienstigeinmgnenl ANt
v = = g o = ] v
IinswsENRusaIndaguluueIvaeslurauas vy Aeanig
I o o o a X & !
WUBLWIN (spray dry) nisdndaenafistuluiunautanInuLay -
msuA | wiausel . , Ramila
¥ & . . oo
Ao s auuiy uarludupeuse ) 1 Whduseulu Tdaufennsiinedan
. o wlulilussqiiuie
at9Ey [ 2euvan :
nsviANNazeTn vienstingeinmenenl Aantle

A1519% 4.1: TRINIMIANRAIRAUNTUANNSTHITRIATIEN

a7 luynnessdsdaaman fUiiRnuilenmaduiaiudaguilumnssay lnemsnssifiueeaurasiesuuniudim

ﬁu’]: Amoabediny et al. 2008. Guidelines for Safe Handling, Use and Disposal of Nanoparticles. J. Phys. Conference Series 170

70

(2009): 0103
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4.3.2. MIANARIUTZUININMTAIATIZRIAAUNTY

IENHTONLINITHABAAT I TARWILL LTIU 4 uin Al
1. MSRAATIEV A ULANT (gas phase synthesis)

nMsfuATzlssnnil enaldis flame pyrolysis, high temperature evaporation VB

. I < v 1% 5% ° a s 2 @ Al a a = =

plasma synthesis LTUAY FeaauLaawsRawinlueUgnsal (eactor) TuluNTUETANATA [
lamadniaties anduwnnnndfisenivisesuide Geldihasfistulitestin Tuneuiiauio
o o X v 1 S @ o a G ¥ o ¥
nadufatulasnnndn Aeluanfiudanunlu (oroduct recovery) aananwufnsod sy
fudaguilusnemsgaviseitheinaNugenses (bag fite) 113a JaAulufienaasiaeaninann
a | [% =~ = . Y ya
sruLtaeansngenniamenents vnimevyuisuennia (reciculate) Melulsan Tnglslan

msnsedagunlusiananean JUjTRnuiaglidnianudaguiluetwsaiio

A a < A o6 va [y o | d a a ¢
annanssnlleliiiamslanszasresdaguiluetennn  Aenalawndfnsoiive
MILNENENYTBTENWTIN (Maintenance/repair) TANVNIANIEINY (decommission) Taeilaliatns
v o aa | a ade [y o & o 6 v
amaendagunlunpaagnelusendonew  lunsaiifaguiluenaianszanglimonslssny vl
duilogynguninuasngmnisinpnazenssaanseg  setuaziiulad  idunnamanaenig

ANNE (exposure) ABNNNNIVNYLALATINIRI VL
2. MmsdaAszrluanalaszive (vapor phase synthesis)

as s Qy <1 [ 1 [~3 ar d'
nmsduansmlssnnil Wumslitlassve (vapon wesdagasuniuiiudaguily Game
(deposit) BLLUNUAIMIBITUIANTENTL (substrate) MelwiewiFanauziln (chamben  @9enaay
= 1 @ a L% = v ;’5 =< G| = ar
Gananfumnlnsaifoanls anuuaddismamenw e Ine uazaisegs riaaunluaensn

nnmuianraT LTy Iiluias uanenwng

=~ o o o o
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Twansusandagunluannsdenmen enaimsilunaresdaguily  mdauluniiay
dunnsenszansvesuuly  bigUfTROwdadanudaguily - andulunsainldisTesans
s Y A ea G 7 vy & o o = =~ N o &
guUnsolnuilfiRny vizelirewrattamuianraduuwnunazihe Ing vizeps lunsaivaail
alatapuiluiaglugunusetlureanas  uenaniuluaneyinmstihgeneswnlneet  Jag

wlufanaslvaaaninls

duRenfiunsduameiluansing  medsdaietuld  SefUNiRnudnRanuRony
o oA o a « ol A v o o
Jagnlunnzey iverzynAnNaremlnsal uazgUnsnininecdes waretadauranan

Iasnslinaniuitlauvtusuanrssulseniu

3. MsdILATIERlUENITARARRE A (colloidal phase synthesis) 5@

MsRUATIEN LU UEUBIUA (iquid phase synthesis)

{Hunsdaaneilugluasuassluweanas  Iasdfisenninstulusioinazats  dawali
Aansuuousetrateyna  lugluuuieymatesiidfdndusiuovinazas  wu  lagld

UszqlWihiRareseuma sfaljasiusiuluanasrenhgaiiuioinazais 1w

Temadndataguilunlaannsdaaneiluaniuzassan - JleandnaInnIsdansen
Tugnnuzfing visaluanminiiule Wesnnueavasesdiaiuiomia viadnlimathn ednals
fimy nifianInviTanszesneseraItiuadllnng vieadtnudernaesijifay udo
2 yy t% o = @ 1 = = =
neliauwie Jagunluiuauseseguresvatenanaeanmiudu Gwersariizunuly e

IMEMLLLINGNNIA (agglomerate) AuRmLA RN IWNAUN AL

lunsaiAasmsusndaguilueansnanieavadlatlinisnusaseuuis (spray dry) Ad
paulinfiRnueranalaenazesswemauaing aanin viavelaeyurasiany

Thunaanmsnudegauwm denatanaluielunjnanile
[ L84 a 1 a
4. M3FUATITRALNTLARZLDLNDENSEL

as L3 Qy i v [~ = s
meduazndssinnil Tidsyemianw lunsuaanslug ARNA LaNaaUtNTZALUNLY
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51 5.2: ginsalUnilasmafumnelagiinasauayn

(Filtering Facepiece Respirator %52 FFR)

‘7;34'1: http://upload.wikimedia.org/wikipedia/commons/4/48/Atemluftfilter_Einwegmaske.jpg

51l 5.3: ainsafinilasmnaifumelaaiia PAPR

gﬂ"ﬁ’lﬂ afipilauandnsmuntin APR=1000 17';34’1: http://www.directindustry.com/prod/scott-health-safety/powered-

air-purifying-respirators-papr-32838-633886.html  ginans: afinileuasdnsmunas liranuazaanlunsueaiu

LW?’]zllsiﬁ%QﬁmmNmﬂm 17im: http://multimedia.3m.com/mws/mediawebserver?
mwsld=66666UUZIcFSLXTtNxfaoXTBEV76ELHSHVSBEVSBEBE6666-- g1l19n: PAPR sariufinaqaitlapfain

17;34’1: http://www.applesafety.com/respiratory_papr/north/north_pai21_primair_plus_hood_assembly.html

—all

51 5.4: aunsaiilnilasmaiumelaziia PAPR Naawnanlinuiinin
ﬁm: http://media.msanet.com/na/usa/apr/PoweredAirPurifyingRespiratorsPAPRs/OptimAir_Mask-Mounted_PAPR/

optimairapp_lo.jpg
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Caution:- Nanomaterials

This package contains manufactured nanomaterials
Nanomaterials are potentially hazardous to inhale, ingest or touch.
Safety Precautions
1. Open package in Fume-Hood while wearing disposable latex or nitrile gloves,
FFP3 half face mask and goggles for eye protection.
2. Do not inhale, ingest or touch (with the bare skin) the material inside of this package.
3. In case of damage to the inner package, contact the originating organization

immediately at (XXX) YYY-ZZZZ.
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6.4.2.2. WUILIUAALANTU

o AnanRIUNTsNwINLsEnAlng (Federation of Thai Industries, FTI) AaBANANLTI
AU anamavnasiwislszndlng IefidousaaiullszalunfisrdulssnaAe iy
pnaandarasanaidednlasmissauaeaaniaiy ludrasdudninmunesmu
AUAUUNNIITE AIUNIUANIZNTTNNITEIMTUASEN VTENTNATLANNANY Uaziunum
Tupnizdunilnslunssyansgndinaazng Aeafuanulaesioulunaass

e wan1sAlng (Thai Chamber of Commerce, TCC) uar an1uanisauisilszinalng
(Board of Trade of Thailand) an13in vaniiluvensdnlng nensdisnelssme uay
NBNTAIINTR vieraailuuinressnvansdn  amnsoiiumuamigaiuany
Unandsnarasoarruunluldluvanednene  anfi  wsunsuarlimuusiiifsaiuuug
UfiAmannulaeniouazatasrsaunlulflungasndn  uazsousanadanisanedus

wluanaundn weszlaadlunisdssifiuanuninuazasaulaune udu
6.4.2.3. A0NLUMSANEN (NUNINENRE)
Tusyanenaadinisddaainanavatalasanisiineadesiuun lumelulativaz/msadanuilu
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w1ty Neluseiudfim warlusziuulaune

o WIRINTOINMIINANRY (Chulalongkorn University) slawsit) 2550 tHupunn qunaansol
a o A a A v o =~ a o =
ananenasaaeudsninestesnuuilunalulagvaedsuaznangnsuilnalulad
asanangns  Annsddasnoaiuunlumalulatiuazdaguiluluaneianssneans Aoy
ngeans  wazlunmdosnuaus  Iaaanizadneddunangnsinenanineaines
(Polymer Sciences) dsfimanandatlinsiaasuazilinaailull 2550 awnaensainmaneat
lanesgududnnssnuilumalulad (Center of Innovative Nanotechnology %i® CIN)
enanaun1sddauazwmunluarmunlumelulag  Tuseavulaune  qwiaansal
a N 2 3 o g = o =
sanenaelasunuainaudulumalulagursaimlull 2550 LveatuaRUNNTANE
o 3 a = L3 =
anunnluszavlantespnndaeniouarasasssaiuily - lull 2553 guduilumalulad
wiaf TAatuayuliannaINIIiNNANeNAUNes “Audannisiayal1na1TLasaInnNg
Andaaadaunlwmnalulag” esesfuniseannguang suidoy datieAy “a+ Tunsoiin

o =1 = a I ar
Aiwneananuassnulumalulag uazdaguilu
6.4.2.4. BIANTIRIFFNANLAYUNISHAIUTINTRINALTETNTY

o AUNNUAMZNTTUMSFUNINUWNTIA (47, U5R National Health Commission 45
NHC)  1AfunsnemtumansssminyiiRgqun nwiesn® WA, 2550 tivavinutindivilu
LATTYNITVBIAUENITANITAUNINUYNTIR 6T, HAUBAAFIATYABNITATLAYUNTELIUNNT
ARuulgunga s susivagan watadidausan Tngldansaans "anuivagnatiaugan’
= gy a o " o 1 " o = o 97 < = @ v
AEARNITYINU "AUNAY @59gen09e" TunisTuleaeudenn® Awst 2551 (usiun

v
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NNTELR

ANAATTBY Lux Research (http://www.luxresearchinc.com/pdf/ TNR4_TOC.pdf) Tutl 2548 (A.A. 2005) AuATUNTuiiyaAn
9MaNNIN 3 viluRuBaansy madnaziaii 2.6 duduayaniglull 2557 vielstannisetar 15 v
NARAATIMNA uanantuinismaazaud lugpaunssuuludidnnselind @sfeiaiunly faufulszquily wisg
uemaaunly uazdandesfunly) whasflyadide 450 sWudunvieagyanilull 2558 daulugpaivinssadagualy
(oymaunluziane g uazmsideufiounly) fiasiiyadie 450 udunvFoyaviioudlul 2553 (Hulmann A,
2007. Measuring and assessing the development of nanotechnology. Scientometric 70(3):739-758. Ananali
Nanotechnology and Manufactured Nanomaterials: Opportunities and Challenges. IFCS Forum VI Thought Starter Paper.
IFCS/FSC/WG Nano/04 rev 5 (29 February 2008)

Holman, M. W. 2006. The Nanotech Report, 4th ed. Lux Research. @ﬂqﬂiﬁﬂﬂﬂ http://www.luxresearchinc.com/pdf/
TNR4_TOC.pdf Winiiaiile 28 womnnax 2553

Faurunagnsulumaluladuiend (w.a. 2547-2556) Aavinlnaguiunilumalulaguiens wih 22
FIUNUNAENEFUINAIULAEUTR (W.A. 2547-2556) E19Ua7 1ti1 9

NYNTENTWULNEIUINTNITNTNITNNUGAGIUNTTH NTTNTNYARIINTTN WA, 2551 (FITARAUWLNEN  1aN 125 Raud
18 N U 23 uNIAN 2551)

nanoscale: size range from approximately 1 nm to 100 nm. Note 1: Properties that are not extrapolations from a larger
size will typically, but not exclusively, be exhibited in this size range. For such properties the size limits are considered
approximate. Note 2: The lower limit in this definition (approximately 1 nm) is introduced to avoid single and small groups
of atoms from being designated as nano-objects or elements of nanostructures, which might be implied by the absence
of a lower limit. ‘ﬁm: ISO/TS 80004-1:2010(E) definition 2.1 (WeU1NIAN ISO/TS 27687:2008, definition 2.1) atndls
Apna Aenusne AReniuunlumelulad mnszidavreasunnglsddnsosainall (REACH) @1aazunnsnganiiany
989 180 1he iflesandasmsanadaiay ielfrsdoudngnn aanroihlidlfidungmandld gmeszidaalu
JRC. 2010. JRC Reference Report: Considerations on a Definition of Nanomaterial for Regulatory Purposes. European
Commission Joint Research Centre [EUR 24403 EN, ISBN 978-92-79-16014-1] http://ec.europa.eu/dgs/jrc/downloads/

jrc_reference_report_201007_nanomaterials.pdf LaZIINLBNE1T Commission Recommendation of XXX on the definition of

nanomaterial http://ec.europa.eu/environment/chemicals/nanotech/pdf/commission_recommendation.pdf @uﬁmﬁ@ 23

FUNNAN 2554)

nanostructure: composition of inter-related constituent parts, in which one or more of those parts is a nanoscale region.
Note: A region is defined by a boundary representing a discontinuity in properties. ﬁm ISO/TS 80004-1:2010(E). Tuany
ﬁﬁmwﬁqLammmmﬁummgwuuﬁmmwmmﬁm (BSl) fin® nanostructured: possessing a structure comprising
contiguous elements with one or more dimension in the nanoscale but excluding any primary atomic or molecular
structure. Note 1: An example of a primary atomic or molecular structure is the arrangement of atoms in a crystalline
solid. Note 2: The use of the term contiguous implies that a sphere of approximately 100 nm diameter, inscribed in a
nanostructured material will intersect more than one element of the structure. ‘171'34?: BSI 2007. Terminology for Nanoscale
Measurement and Instrumentation. Publicly Available Specification PAS 133:2007. ICS 01.040.17; 17.040.99, definition
2.5.


http://www.luxresearchinc.com/pdf/TNR4_TOC.pdf
http://www.luxresearchinc.com/pdf/TNR4_TOC.pdf
http://www.luxresearchinc.com/pdf/TNR4_TOC.pdf
http://www.luxresearchinc.com/pdf/TNR4_TOC.pdf
http://www.luxresearchinc.com/pdf/TNR4_TOC.pdf
http://www.luxresearchinc.com/pdf/TNR4_TOC.pdf
http://ec.europa.eu/dgs/jrc/downloads/jrc_reference_report_201007_nanomaterials.pdf
http://ec.europa.eu/dgs/jrc/downloads/jrc_reference_report_201007_nanomaterials.pdf
http://ec.europa.eu/dgs/jrc/downloads/jrc_reference_report_201007_nanomaterials.pdf
http://ec.europa.eu/dgs/jrc/downloads/jrc_reference_report_201007_nanomaterials.pdf
http://ec.europa.eu/environment/chemicals/nanotech/pdf/commission_recommendation.pdf
http://ec.europa.eu/environment/chemicals/nanotech/pdf/commission_recommendation.pdf

nanoscience: study, discovery and understanding of matter in the nanoscale, where size and structure-dependent
properties and phenomena, as distinct from those associated with individual atoms or molecules or with bulk materials,
can emerge. nanotechnology: application of scientific knowledge to manipulate and control matter in the nanoscale in
order to make use of size- and structure-dependent properties and phenomena, as distinct from those associate with

individual atoms or molecules or with bulk materials. ﬁsﬂ: ISO/TS 80001-1:2010(E) definitions 2.2 and 2.3.

finadnasruail laun nanotool, nanomotor, nanogear, nanopump, nanoprism, nanopowder, nanodot, Wag nanochip

ﬁN’]: http://xnet.rrc.mb.ca/davidb/nanotools.htm

nanomaterial: material with any external dimension in the nanoscale or having internal structure or surface structure in
the nanoscale. Note 1: This generic term is inclusive of nano-object and nanostructured material. Note 2: See also
engineered nanomaterial, manufactured nanomaterial and incidental nanomaterial. 1uN: ISO/TS 27687:2008(E), definition

24

incidental nanomaterial: nanomaterial generated as an unintentional by-product of a process. Note 1: The process
includes manufacturing, bio-technological or other processes. Note 2: See ISO/TS 27628:2007, definition 2.21 for

definition of “ultrafine particle”.

manufactured nanomaterial: nanomaterial intentionally produced for commercial purposes to have specific properties or
specific composition danAmilaianununandenan A engineered nanomaterial: nanomaterial designed for a

specific purpose or function. ﬁm: ISO/TS 80004-1:2010(E) definitions 2.9 and 2.8

mngﬂ“ﬁ 2 1a3%iada 4.2 Nanomaterial luianans ISO/TR 12802 Nanotechnologies - Model taxonomic framework for use

in developing vocabularies - Core concept. First edition, 15 November 2010.

nanoaerosol: aerosol comprised of, or consisting of, nanoparticles and nanostructured particles Ax": ISO/TR
27628:2007 (Workplace atmospheres -- Ultrafine, nanoparticle and nano-structured aerosols -- Inhalation exposure

characterization and assessment, ISO/TC 146/SC 2) 2.11; CDB-00185480-001 60.60

nano-object: material with one, two or three external dimensions in the nanoscale. 11N ISO/TS 27687:2008(E), definition

2.2

nanoparticle: nano-object with all three external dimensions in the nanoscale. Note: If the length of the longest to the
shortest axes of the nano-object differ significantly (typically more than three times), the terms nanorod or nanoplate are
intended to be used instead of the term nanoparticle.  7181: ISO/TS 27687:2008(F), definition 4.1 aeidlafimna winlsl
nsuesilsznenratayA  NeuanAsasladaiiissimnadusingudnan @i 100 nm AensazFanduih
ultrafine particle “EIQ ISO 14644-6:2006 definition 2.137 lalnnienaldan particle with an equivalent diameter less than 100

nm.

nanoplate: nano-object with one external dimension in the nanoscale and the two other external dimensions significantly
larger. Notel: The smallest external dimension is the thickness of the nanoplate. Note 2: The two significantly larger
dimensions are considered to differ from the nanoscale dimension by more than three times. Note 3: The larger external

dimensions are not necessarily in the nanoscale. 171:m: ISO/TS 27687:2008(E), definition 4.2

ISO/TR 12802 Nanotechnologies - Model taxonomic framework for use in developing vocabularies - Core concept. First

edition, 15 November 2010.
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26

27

28

29

30

31

32

33

nanoplate with one of its two larger dimensions in the nanoscale and the other significantly larger ﬁmﬁ: ISO/TS 80004-3
afl Fntiirazassiuddn nanobett Alaiaglugamdmniinas IS0

nanofibre: nano-object with two similar external dimensions in the nanoscale and the third dimension significantly larger.
Note 1: A nanofibre can be flexible or rigid. Note 2: The two similar external dimensions are considered to differ in size
by less than three times and the significantly larger external dimension is considered to differ form the other two by more
than three times. Note 3: The largest external dimension is not necessarily in the nanoscale. 171'3@: ISO/TS

27687:2008(E), definition 4.3

nanorod: solid nanofibre. ‘17134’1: ISO/TS 27687:2008(E), definition 4.5

nanotube: hollow nanofibre. ‘171'34’1: ISO/TS 27687:2008(E), definition 4.4

nanowire: electrically conducting or semi-conducting nanofibre ‘171'34’1: ISO/TS 27687:2008(E), definition 4.6

ISO/TR 12802 Nanotechnologies - Model taxonomic framework for use in developing vocabularies - Core concept. First

edition, 15 November 2010.

quantum dot: crystalline nanoparticle that exhibits size-dependent properties due to quantum confinement effects on the

electronic states. NN: ISO/TS 27687:2008(E), definition 4.7
ﬁﬁﬁwﬁﬁuﬁiﬂﬁag‘l,umﬁwﬁwﬁmm 1SO TAuRA191 nanoflower Lilumu
ISO/TR 12802 Nanotechnologies - Model taxonomic framework for use in developing vocabularies - Core concept. First

edition, 15 November 2010.
cone-shaped nanofibre or nanoparticle ﬁsﬂ: ISO/TS 80004-3

aggregate: particle comprising strongly bonded or fused particles where the resulting external surface area may be
significantly smaller than the sum of calculated surface area of the individual components. Note 1: The forces holding an
aggregate together are strong forces, for example covalent bonds, or those resulting from sintering or complex physical
entanglement. Note 2: Aggregates are also termed secondary particles and the original source particles are termed
primary particles. 7181: ISO/TS 27687:2008(E), definition 3.3 8511 A1 aggregate suAnsan Wty elRANYIIN “ngn
faw” vize “soungu”

agglomerate: collection of weakly bound particles or aggregates or mixture of the two where the resulting external
surface area is similar to the sum of the surface areas of the individual components. Note 1: The forces holding an
agglomerate together are weak forces, for example van der Waals forces, or simple physical entanglement. Note 2:
Agglomerates are also termed secondary particles and the original source particles are termed primary particles. “ﬁm:

ISO/TS 27687:2008(E), definition 3.2 Bila sinfimaan uitya]AAWY agglomeration 91 “NN7798H9A" WAZITEYOIRANY

agglutination 91 “NTINTNGN”

IARC. 2010. Carbon Black, Titanium Dioxide, and Talc. IARC Monographs on the Evaluation of Carcinogenic Risks to

Humans Volume 93. International Agency for Research on Cancer, World Health Organization. p. 47.

finnuestanounninan: Auchter JF (2005). Chemical Economics Handbook: Carbon Black, Menlo Park, CA, SRI

Consulting.
. . = oal o = o
light scattering Mmm\iﬂiﬁﬂgnwmwLmemmmmﬂﬂiﬂTmmﬂu LN@LLﬂﬂﬂﬂimunﬂNL@Qﬂ"n@mw

fnatnadwnalulagann NSTI e A.A. 2008 http://www.nsti.org/news/item.html?id=238 Wnfialaduin 5 ey 2555
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35

36

37
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39

40

41

42

43

44

45

46

47

48

49

50

51

52

http://www.nanotech-now.com/news.cgi?story_id=13424 Wnilaile 29 NOBNIAN 2554

http://www.understandingnano.com/batteries.html AuAuladui 1 nINJIAN 2554

http://pesn.com/2006/02/09/9600232_MIT_Battery/ Fuifuilodudl 9 nengnan 2554

INLANE1T Nanotechnology for Sustainable Development of Tires (28 February 2011) L@ﬂmiﬂi:ﬂ@unﬁiﬂi:‘gm Steering
Group 9 lumstlsza OECD WPMNS tu ngaih3a tstinaniaiaa funas 2554

7 1aealan http://compact-nanobrake.com/compact-nano.html

Brinson, B., J. B. Lassiter, C. S. Levin, R. Bardhan, N. Mirin and N. J. Halas. 2008. Nanoshells made easy: Improving Au

layer growth on nanoparticle surfaces. Langmuir 24:14166-14171.

Lengerich, B. V., L. C. Haynes, H. Levine, M. S. Otterburn, P. Mathewson, and J. Finley. 1989. Extrusion Baking of
Cookies Having Liposome Encapsulated Ingredients. US Patent 4999208. Filed 7 June 1989. Issued 12 March 1991.
Assignee = Nabisco Brands, Inc. Lengerich, B. H. V. 1997. Embedding and Encapsulation of Controlled Release
Particles. US Patent 6,190,591 Issued 20 February 2001. Assignee = General Mills, Inc.

http://nanoall.blogspot.com/2011/03/nanotechnology-and-wine.html

Tankhiwale, R. and S. K. Baipai. 2010. Nanosilver Loaded Chitosan Film and Filter Paper for Food Packaging: Silver
Nanoparticles Loaded Polymeric Substrate with Biocidal Actions. LAP LAMBERT Academic Publishing. ISBN:
978-3844380927.

v

ByaaINMIANIEOL AT, g0 ULAgY WwidoTulansuadan ANIRiNANEAY Waduil 26 Aquiau 2554

Mudule Mipan Magic Silver Nano http://www.mipan.com/eng/customer_support/pdf/magicsilvernano.pdf Wntule 21

FA9UNAN 2554

Park, H. S. 2006. Wig Comprising Cap With Nano Silver. US Patent Application Publication US 2006/0260627 Assigned

to Pt. Dongan Kreasi.

Ao gliding effect #a1n http://www.holmenkol.com/en/technology/nano-cfc-technology.html gué’{mﬁ'@ 16

A
Nguiau 2554 wavg US Patent Application 2008/0088099 UszAwmdlat Florian Felix waztlsznidlamnnaweiuansiing
(§le 17 enen 2551

http://www.solestrom.com/shop/index.php?main_page=index&cPath=1 AUAWNR 16 ﬁqmﬂu 2554

http://www.speedo.com/en/technologies_2/technology/Izrracer_2/index.html dLAWLES 16 ﬁqu’mu 2554

) T AR R PATIR At TC o Occupational Exposure to Carbon Nanotubes and Nanofibers 489 NIOSH 91 “Long- term
inhalation studies are needed to determine whether CNT and CNF can cause cancer in laboratory animals at doses
equivalent to potential workplace exposures. In addition, the potential for migration of CNT through the lungs to the
mesothelium after inhalation requires further investigation.” NIOSH, Department of Health and Social Services, Current
Intelligence Bulletin, 2010 Draft, p. 39

arsmsznaNalaaiu (fulerene) utinilungalug v Toaeangn leuntafiveas (ouckybal) Failunsanamdafieunas fiu
ONT daifluuviaeng Iuﬁq%ﬁ%ﬂdwﬁuﬂwwnzg"m backyball Taivanesiln wAn AN EILNNNYINAL buckyball THAKsN

NIgnAuUNY Fana1 Buckminsterfullerene (Coo) 691 CNT aznanativlurindasaly

Zhao, X., A. Striolo, and P.T. Cummings. 2005. Cg, binds to and deforms nucleotides. Biophysical Journal 89(6):
3856-3862.
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54
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57

58

59
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61

62

63

64

Oberdoérster, E. 2004. Manufactured nanomaterials (fullerene, C60) induce oxidative stress in the brain of juvenile

largemouth bass. Environ. Health Perspect. 112(10):1058-1062.

w@nangatiusin NIOSH Current Intelligence Bulletin: Occupational Exposure to Carbon Nanotubes and Nanofibers ’agjﬁ

http://www.cdc.gov/niosh/docket/review/docket161A/pdfs/carbonNanotubeCIB_PublicReviewOfDraft.pdf Tmﬂﬁﬁmfﬁ@@g
i http://www.cdc.gov/niosh/docket/review/docket161A/ Lmﬂﬂimgammﬂﬁﬁ http://www.nanolawreport

.com/2010/12/articles/carbon-nanotubes/niosh-recommends-exposure-limit-of-7-igm-3-for-carbon-nanotubes/

#axzz1VebmNYAQ

Schulte, P.A., V. Murashov, R. Zumwalde, E.D. Kuempel, and C.L. Geraci. 2011. Occupational exposure limits for

nanomaterials: State of the art. J. Nanopart Res. 12:1971-1987.

NEDO. 2009. Risk Assessment of Manufactured Nanomaterials - Carbon Nanotubes (CNTs) - Interim Report issued on
October 16, 2009. Executive Summary. NEDO project “Research and Development of Nanoparticle Characterization

Methods™ (P06041) $18 LAl LULEANISATUIUAILATFAN 7] DENAZLEEA

Chang, A.L.S., V. Khosravi, and B. Egbert. 2006. A case of argyria development after colloidal silver ingestion. Journal of
Cutaneous Pathology 33(12):809-811. Wadhera, A., and M. Fung. 2005. Systematic argyria associated with indigestion
of colloidal silver. Dermatology Online Journal. 2005.

Nowack, B., H.F. Krug, and M. Height. 2011. 120 years of nanosilver history: Implications for policy makers.
Environmental Science and Technology 45:1177-1183.
mMeunmasedanuiiuimeseymanewnllusasualumynaaesiiiaueluindel  l6Funsslfluimans
Alkilany, A. M. and C. J. Murphy. 2010. Toxicity and cellular uptake of gold nanoparticles: what we have leamed so far?
J. Nanopart. Res. 12:2313-2333.

Panyala, N.R. E.M. Pefia-Méndez, and J. Havel. 2009. Gold and nano-gold in medicine: Overview, toxicity and
perspectives. Journal of Applied Biomedicine 7:75-91.

m;ﬂ"lfﬂuuwmw Alkilany, A. M. and C. J. Murphy. 2010. Toxicity and cellular uptake of gold nanoparticles: what we have
learned so far? J. Nanopart. Res. 12:2313-2333. AINAIILAD

nannInaaewslusaauacludninasesiinantdwiated snanmmunaunanimesadumadlszann 40 mmases
wagludndnaaelszanns 15 nMmaaad laefintindannsanumanenas Leuven Useinmuaiiian Napierska, D., L.CJ.
Thomassen, D. Lison, J.A. Martens, and P.H. Hoet. 2010. The nanosilica hazard: Another variable entity. Particle and
Fibre Toxicology 7:39.

Wang, J., G. Zhou, C. Chen, H. Yu, T. Wang, Y. Ma, G. Jia, Y. Gao, B. Li, J. Sun, Y. Li, F. Jiao, Y. Zhao, and Z. Chai.
2007. Acute toxicity and biodistribution of different sized titanium dioxide particles in mice after oral administration.
Toxicology Letters 168(2):176-185.

Trouiller, B., R. Reliene, A. Westbrook, P. Solaimani, and R.H. Schiestl. 2009. Titanium dioxide nanoparticles induce DNA

damage and genetic instability in vivo in mice. Cancer Research 69(22):8784-8789.
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BN

carbon nanofibre,
CNF

nanofibre composed of carbon

ISO/TS 80004-3

carbon nanohorn

short and irregular shaped carbon nanotube with a nanocone apex
NOTE: Usually hundreds of carbon nanohorns constitute an aggregate

nanoparticle.

ISO/TS 80004-3

carbon nano-

nano-onion composed of carbon

ISO/TS 80004-3

onion

carbon linear array of fullerenes enclosed in a carbon nanotube ISO/TS 80004-3
nanopeapod NOTE: This is an example of a composite nanofibre.

carbon nanoribbon composed of carbon ISO/TS 80004-3
nanoribbon NOTE: Carbon nanoribbons are often in the form of multiple layers of

graphene. In the case of a single graphene layer, the term graphene ribbon

is used.

carbon nanotube,
CNT

nanotube composed of carbon
NOTE: Carbon nanotubes usually consist of curved graphene layers,

including single-wall carbon nanotubes and multiwall carbon nanotubes.

ISO/TS 80004-3

chiral vector of
SWCNT

vector notation used to describe the helical structure of a single-wall carbon

nanotube

ISO/TS 80004-3

cup-stack carbon
nanotube, cup-

stacked carbon

carbon nanotube composed of stacked truncated graphene nanocones
NOTE: This is completely different from single-wall or multiwall carbon

nanotubes in structure. The open top and bottom edges of truncated

ISO/TS 80004-3

nanotube graphene nanocones appear on the inner and outer surfaces of the
nanotube, respectively.
double-wall multiwall carbon nanotube composed of only two nested, concentric ISO/TS 80004-3

carbon nanotube,
DWCNT, double-

walled carbon

single-wall carbon nanotubes
NOTE: Although this is a type of multiwall carbon nanotube, its properties

are rather closer to single-wall carbon nanotubes.

nanotube
endohedral fullerene with an additional atom or atoms enclosed within the fullerene shell ISO/TS 80004-3
fullerene
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engineered

nanomaterial

nanomaterial designed for a specific purpose or function

ISO/TS 80004-1

fullerene

molecule composed solely of an even number of carbon atoms, which form a
closed cage-like fused-ring polycyclic system with 12 five-membered rings
and the rest six-membered rings

NOTE 1: Adapted from the definition in the ILIPAC Compendium of Chemical
Terminology

NOTE 2: A well-known example is Cgp, which has a spherical shape with an

external dimension of about 1 nm.

ISO/TS 80004-3

fullerene

derivative

compound that has been formed from fullerene by substitution of carbon or

covalent attachment of a moiety

ISO/TS 80004-3

graphene

single layer of carbon atoms with each atom bound to three neighbours in a
honeycomb structure

NOTE: It is an important building block of many carbon nano-objects.

ISO/TS 80004-3

graphite

allotropic form of the element carbon, consisting of graphene layers stacked
parallel to each other in a three dimensional, crystalline, long-range order
NOTE 1: Adapted from the definition in the ILIPAC Compendium of Chemical
Terminology.

NOTE 2: There are two allotropic forms with different stacking arrangements:

hexagonal and rhombohedral.

ISO/TS 80004-3

graphitic

nanofibre

carbon nanofibre composed of graphene multilayer structures
NOTE: Graphene layers can be any orientation with respect to the fibre axis

without long-range order.

ISO/TS 80004-3

incidental

nanomaterial

nanomaterial generated as an unintentional by-product of a process
NOTE 1: The process includes manufacturing, bio-technological or other
processes.

NOTE 2: See ISO/TS 27628:2007, definition 2.21, for definition of "ultrafine

particle".

ISO/TS 80004-1

manufactured

nanomaterial

nanomaterial intentionally produced for commercial purposes to have

specific properties or specific composition

ISO/TS 80004-1

metallofullerene

endohedral fullerene with an enclosed metal ion or ions

ISO/TS 80004-3
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multiwall carbon
nanotube,
MWCNT, multi-

walled carbon

carbon nanotube composed of nested, concentric or near-concentric
graphene sheets with interlayer distances similar to those of graphite
NOTE: The structure is normally considered to be many single-wall carbon

nanotubes nesting each other, and would be cylindrical for small diameters

ISO/TS 80004-3

nanotube but tends to have a polygonal cross-section as the diameter increases.
nanocone cone-shaped nanofibre or nanoparticle ISO/TS 80004-3
nanofibre nano-object with two similar external dimensions in the nanoscale and the ISO/TS 80004-3
third dimension significantly larger [ISO/TS
NOTE I: A nanofibre can be flexible or rigid. 27687:2008,
NOTE 2: The two similar external dimensions are considered to differ in size definition 4.3]
by less than three times and the significantly larger external dimension is
considered to differ from the other two by more than three times.
NOTE 3: The largest external dimension is not necessarily in the nanoscale.
nanomanufacturin | intentional synthesis, generation or control of nanomaterials, or fabrication ISO/TS 80004-1
g steps in the nanoscale, for commercial purposes
nanomanufacturin | ensemble of activities to intentionally synthesize, generate or control ISO/TS 80004-1
g process nanomaterials, or fabrication steps in the nanoscale, for commercial
purposes
nanomaterial material with any external dimension in the nanoscale or having internal ISO/TS 80004-1

structure or surface structure in the nanoscale

NOTE 1: This generic term is inclusive of nano-object and nanostructured
material.

NOTE 2: See also engineered nanomaterial, manufactured nanomaterial

and incidental nanomaterial

nano-object

material with one, two or three external dimensions in the nanoscale

NOTE: Generic term for all discrete nanoscale objects.

ISO/TS 80004-1
ISO/TS 80004-3

[ISO/TS
27687:2008,
definition 2.2]
nano-onion spherical nanoparticle with concentric multiple shell structure ISO/TS 80004-3
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nanoparticle nano-object with all three external dimensions in the nanoscale ISO/TS 80004-3
NOTE: If the lengths of the longest to the shortest axes of the nano-object [ISO/TS
differ significantly (typically by more than three times), the terms nanofibre or 27687:2008,
nanoplate are intended to be used instead of the term nanoparticle. definition 4.1]
nanoplate nano-object with one external dimension in the nanoscale and the two ISO/TS 80004-3
other external dimensions significantly larger [ISO/TS
NOTE 1: The smallest external dimension is the thickness of the nanoplate. 27687:2008,
NOTE 2: The two significantly larger dimensions are considered to differ from definition 4.2]
the nanoscale dimension by more than three times.
NOTE 3: The larger external dimensions are not necessarily in the nanoscale.
nanoribbon nanoplate with one of its two larger dimensions in the nanoscale and the ISO/TS 80004-3
other significantly larger
nanorod solid nanofibre ISO/TS 80004-3
[ISO/TS
27687:2008,
definition 4.5]
nanoscale size range from approximately 1 nm to 100 nm ISO/TS 80004-1
NOTE 1: Properties that are not extrapolations from a larger size will typically, ISO/TS 80004-3
but not exclusively, be exhibited in this size range. For such properties the (ISO/TS
size limits are considered approximate. 27687:2008,
o ) o . o definition 2.1]
NOTE 2: The lower limit in this definition (approximately 1 nm) is introduced
to avoid single and small groups of atoms from being designated as nano-
objects or elements of nanostructures, which might be implied by the
absence of a lower limit.
nanoscale effect attributable to nano-object or nanoscale regions ISO/TS 80004-1
phenomenon
nanoscale characteristic of a nano-object or nanoscale region ISO/TS 80004-1
property
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nanoscience

study, discovery and understanding of matter in the nanoscale, where size-
and structure-dependent properties and phenomena, as distinct from those
associated with individual atoms or molecules or with bulk materials, can

emerge

ISO/TS 80004-1

have internal structure or surface structure. If external dimension(s) are in the

nanoscale, the term nano-object is recommended.

nanostructure composition of inter-related constituent parts, in which one or more of those ISO/TS 80004-1
parts is a nanoscale region
NOTE: A region is defined by a boundary representing a discontinuity in
properties.
nanostructured material having internal nanostructure or surface nanostructure ISO/TS 80004-1
material NOTE: This definition does not exclude the possibility for a nano-object to

nanotechnology

application of scientific knowledge to manipulate and control matter in the
nanoscale in order to make use of size- and structure-dependent properties
and phenomena, as distinct from those associated with individual atoms or
molecules or with bulk materials

NOTE: Manipulation and control includes material synthesis.

ISO/TS 80004-1

carbon nanotube,
SWCNT, single-
walled carbon

nanotube

NOTE: The structure can be visualized as a graphene sheet rolled into a

cylindrical honeycomb structure.

nanotube hollow nanofibre ISO/TS 80004-3
[ISO/TS
27687:2008,
definition 4.4]
single-wail carbon nanotube consisting of a single cylindrical graphene layer ISO/TS 80004-3

a
N

1. 1@NA1T ISO/TS 8004-1 Definitions
2. 1Bn@17 ISO/TS 8004-3 Definitions
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NANUIN 3

IFCS Intergovernmental Forum on Chemical Safety

Global Partnerships for Chemical Safety
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(Dakar Statement on Manufactured Nanomaterials)

AMNN5UsEANASIN 6 (Forum Vi) 28919N1ANNSI8HRsENINNsTLNA

aganulaandasugisiail IFCS) Watl 2008 Aingemnng UszinAwmiuia

v X o o o = v @ = ]
degunasthiuwenasulatneatduusnluszaulan  Auandiiiuanuiuviadaves
wweselszna Aetsuiiuanataenieresiamnluingrau Insanzetedudaiauawiy
= v v = o @ A v v o o A
7 7 uaz 8 lauiudsanuaniunazdeddumsnisannisdnda senanegUjimnululssny
aaavnssuiudanualu  uazanusniulunisidiusanaealjiRnululsaugpaminssa

TUNIWMUINIRTNNTNINTIaUNNEFN ] MNeadeanuAulaeaiuresdaguily

= | oo (3 a v 8 3 a 1

aile Tuldnu asinsandszmnms nglAgnsmansnisaiiuanusendadsana
v o = v o YV ¢ v o @ o
AR0ENTAANITANTAN  (SAICM)  lhanuiudesunasninid  Aoanistissiiuansdaeadit
waslumalulaguazdanuily  dhlunmsdsrgusendnalsuinadinaenisannisansialafan

a84 (CcM2) aulaiudeni delpinaualdlunianuananly

Preamble

1. The IFCS met in Dakar at the invitation of the Government of Senegal at the sixth session of the Intergovernmental

Forum on Chemical Safety from 15-19 September 2008.

2. The potential benefits, new opportunities, challenges, hazards, risks, ethical and social issues of manufactured
nanomaterials and nanotechnologies were recognized and the need to raise the awareness of these was also

acknowledged.

3. The necessity to address the safety aspect of nanotechnologies has been acknowledged. Nanotechnologies deal with
visualizing, characterizing and manufacturing tailored materials, devices and systems in the size of <= 100 nm. For this

statement, it was agreed to focus on safety aspects of nanomaterials only.

4. The ongoing work of intergovernmental and international organizations and relevant ongoing national and regional

activities of governments and nongovernmental organizations were taken into account. It was agreed that current efforts
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10.

to identify potential environmental, health and safety risks of manufactured nanomaterials have not yet been fully

conclusive and therefore efforts need to be expanded and supported globally.

Although recognising many national and regional activities dealing with manufactured nanomaterials, many countries lack
comprehensive policy frameworks, despite rapid development. The lack of an inclusive global policy framework was also

noted.

The special vulnerability of groups like children, pregnant women and elderly people to manufactured nanomaterials is

recognized and therefore the need to take appropriate safety measures to protect their health are emphasized.

The need to ensure contributions of manufactured nanomaterials to sustainable development and pollution prevention to
achieve the 2020 goal was emphasized. The necessity to adequately embed risk assessment and risk management

strategies into work in this area was underlined.

The requirement for research and research strategies to support better analysis of the potential risks on human health

and the environment were acknowledged.

The special needs and capacities of developing countries and countries with economies in transition to cope with

manufactured nanomaterials were noted.

In order to strive to achieve the minimization of risks of manufactured nanomaterials, the rights of countries to accept or

reject manufactured nanomaterials was recognized.

The Forum recommends:

1.

Governments and industry apply the precautionary principle as one of the general principles of risk management
throughout the life cycle of manufactured nanomaterials.

Governments and stakeholders initiate or continue dialogue to consider the potential benefits and risks of manufactured
nanomaterials.

Governments, intergovernmental and international organizations, universities, private sectors and other stakeholders make
information on the use and risks associated with the life cycle of manufactured nanomaterials readily accessible to the
general public in order to raise awareness and prepare it for informed decisions.

The capacity of civil society be strengthened so that it may effectively take part in decision making related to
manufactured nanomaterials.

Researchers and academics increase knowledge necessary in evaluating effectively the potential risks of nanomaterials
especially for particularly vulnerable groups, e.g. children, pregnant women and elderly people.

Governments and industries continue to fill gaps in knowledge of risk assessment including the whole life cycle of
manufactured nanomaterials under real world conditions.

Industry involves workers and their representatives when developing occupational health and safety programs and
measures, including risk assessment, selection of risk prevention measures and the surveillance of risks related to
manufactured nanomaterials.

Measures be taken to prevent or minimize exposure of workers and releases to environment, particularly for hazardous
manufactured nanomaterials or where there is uncertainty around the environmental and human health impact of

manufactured nanomaterials.
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10.

11.

12.

18.
14.

15.

16.

17.

18.

19.

20.

21.

Researchers employing manufactured nanomaterials cooperate with environment and health and safety experts and
medical communities on existing and planned research programs.

The international community continues to develop, fund, and share effective research strategies on potential risks to
human health and the environment.

Downstream users through the whole supply chain be informed about health and safety risks and novel characteristics of
manufactured nanomaterials via Material Safety Data Sheets (MSDS) or other means.

Industry continues or initiates communications and awareness raising within their responsible stewardship programs on
environmental and health and safety (occupational) aspects of manufactured nanomaterials including workplace
monitoring and instigates further cooperative approaches between industry and other stakeholders.

Governments and stakeholders promote and share safety information on manufactured nanomaterials.

Countries and organizations establish partnerships, with consideration of financial support, to assist developing countries
and countries with economies in transition to build scientific, technical, legal, regulatory policy expertise related to the
risks of manufactured nanomaterials.

Governments according to their capacity, to cooperate in the preparation of national codes of conduct with inclusion of
all stakeholders, and assisted by international organizations and evaluate the feasibility of developing global codes of
conduct in a timely manner.

Governments exchange relevant information on manufacturing nanomaterials while exploring the need for changes to
current legislative frameworks.

International Standards Organisation (ISO) expedites its ongoing development of clear definitions of manufactured
nanomaterials including but not limited to size characteristics.

Producers to provide appropriate information about the content of manufactured nanomaterials in order to inform
consumers about potential risks through product labeling and, as appropriate, websites and databases.

Governments, intergovernmental, international organizations and nongovernmental organizations, industry and other
stakeholders support these recommendations.

Intergovernmental organizations and other relevant organizations consider how they may assist governments to
implement these recommendations.

The second session of the International Conference on Chemicals Management (ICCM2) consider these

recommendations for further actions.

a
NN

1. 18NA1T IFCS/FORUM-VI/O7w 10 October 2008 (Forum VI Final Report)

http://www.google.com/url?sa=t&source=web&cd=8&sqi=2&ved=0CFEQFjAH&url=http%3A%2F%2Fwww.wecf.eu%2Fdownload

%2F2008%2F08-09DakarstatementNano.doc&rct=j&g=Dakar%20Statement%20on%20Manufactured

%20Nanomaterials&ei=IYCGTt{CAsLtrAfc5r2_DA&usg=AFQJCNFdgxKmTk_juvOEG3Y6cuV_iAXnwQ&cad=rja

2. \aadss sugnyad 2553, wilumalulad: Anwiaeasiuuazasesssy. Auduinnssauly

walulad aWaInsniumananas.

3. NANOTEC. 2010. saunugnsenanipuilasndauazasasssnunlumalulad  Auduiluy

walulaguiani@ (v 0.3)

MANWIN 3: GOLUDANAINTITENTAAUIIY 173


http://www.google.com/url?sa=t&source=web&cd=8&sqi=2&ved=0CFEQFjAH&url=http%3A%2F%2Fwww.wecf.eu%2Fdownload%2F2008%2F08-09DakarstatementNano.doc&rct=j&q=Dakar%20Statement%20on%20Manufactured%20Nanomaterials&ei=lYCGTtfCAsLtrAfc5r2_DA&usg=AFQjCNFdgxKmTk_juvOEG3Y6cuV_iAXnwQ&cad=rja
http://www.google.com/url?sa=t&source=web&cd=8&sqi=2&ved=0CFEQFjAH&url=http%3A%2F%2Fwww.wecf.eu%2Fdownload%2F2008%2F08-09DakarstatementNano.doc&rct=j&q=Dakar%20Statement%20on%20Manufactured%20Nanomaterials&ei=lYCGTtfCAsLtrAfc5r2_DA&usg=AFQjCNFdgxKmTk_juvOEG3Y6cuV_iAXnwQ&cad=rja
http://www.google.com/url?sa=t&source=web&cd=8&sqi=2&ved=0CFEQFjAH&url=http%3A%2F%2Fwww.wecf.eu%2Fdownload%2F2008%2F08-09DakarstatementNano.doc&rct=j&q=Dakar%20Statement%20on%20Manufactured%20Nanomaterials&ei=lYCGTtfCAsLtrAfc5r2_DA&usg=AFQjCNFdgxKmTk_juvOEG3Y6cuV_iAXnwQ&cad=rja
http://www.google.com/url?sa=t&source=web&cd=8&sqi=2&ved=0CFEQFjAH&url=http%3A%2F%2Fwww.wecf.eu%2Fdownload%2F2008%2F08-09DakarstatementNano.doc&rct=j&q=Dakar%20Statement%20on%20Manufactured%20Nanomaterials&ei=lYCGTtfCAsLtrAfc5r2_DA&usg=AFQjCNFdgxKmTk_juvOEG3Y6cuV_iAXnwQ&cad=rja
http://www.google.com/url?sa=t&source=web&cd=8&sqi=2&ved=0CFEQFjAH&url=http%3A%2F%2Fwww.wecf.eu%2Fdownload%2F2008%2F08-09DakarstatementNano.doc&rct=j&q=Dakar%20Statement%20on%20Manufactured%20Nanomaterials&ei=lYCGTtfCAsLtrAfc5r2_DA&usg=AFQjCNFdgxKmTk_juvOEG3Y6cuV_iAXnwQ&cad=rja
http://www.google.com/url?sa=t&source=web&cd=8&sqi=2&ved=0CFEQFjAH&url=http%3A%2F%2Fwww.wecf.eu%2Fdownload%2F2008%2F08-09DakarstatementNano.doc&rct=j&q=Dakar%20Statement%20on%20Manufactured%20Nanomaterials&ei=lYCGTtfCAsLtrAfc5r2_DA&usg=AFQjCNFdgxKmTk_juvOEG3Y6cuV_iAXnwQ&cad=rja




AMAKNUIN 4

salcim
~NS—

'Y a ' o v a
PaNAANTINNaA U UnAlulat
@ a a &
WAZIAAUN TUNNARTY
(Resolution on cooperative actions on nanotechnology and manufactured nanomaterials)
gasmsilszgaszuinelssmaindaanisdnmsansiafinsafisas

(Second International Conference on Chemicals Management, ICCM2)

mﬂﬁqwﬁmmémsﬁﬂ HUIUTEUINNUSE AN A8 NISAANIS A LAN

(Strategic Approach to International Chemical Management, SAICM)

asansantlszanad elagnsrnansnisaiuausEnalsvinadfan1sanng
a151AN (SAICM) Tsunuiudeswaadninng (Dakar Statement on Manufactured Nanomaterials)
Alshauelilunmanuan 3 famnbilssiuanalasadsrasunlunaluladuaydanunly
L‘ﬁlﬂiunﬂ?ﬂizﬁN?ZMd’]\iﬂitLVIﬂ’j’]ﬁ/ﬁﬂﬂﬁ?‘:ﬂ/mﬂ’]i@ﬁﬂﬁﬁﬂ%ﬁﬂ@d (ICCM2) lugnuzsziawin
Toaififlunauadlasyiulan (new and emerging issue of global concern) aulaiiiudanfiss
sallil (15 Fausnifluviaunaini do 16-43 udsiiazdniiunmsdell daufidainaasuer

Hudanaunazinllanasiuselunislsvguasosall vie ICCM3 Navapaulull w.a. 2555)

demiReaiuguwsesflfiRnululsanueramnssatiu eglude 8, 22, 23, 27
waz 38 lasfiuananazilunsasiaunannisildananndeaunaianiiugs feaiuinsnied
Hhugassneglude 88 Aefhlsrmilfueiadiasdiniseundelan WHO) uavesAnIussy
szndngtlszna (LO) lildasAuimunienatsuuntlfjiis AeaanEldsslunisyinauiuunly
L‘I/lﬂiuiﬂﬁl,t,@zf?@@miu (guidance document on occupational health risks from nanotechnology
and manufactured nanomaterials) WlElETLUssmATIRMUILEY  UssimArnasimun  was
ﬂ?zmﬂﬁ@%”lmwdfmmit,ﬂﬁ'ﬂuLLﬂmfamwLﬂﬁ:@ﬁ@ (countries with economies in transition)
IuﬁnmzﬁﬁﬂuumﬂﬁﬁﬁLﬁ@qﬁuLdmﬁﬂg asAnraunsielanifiaazEunesimuuual fiiRs

nan lasnnvuaLaatadalull w.a. 2556

175



10.

11.

176

There are potential benefits and new opportunities associated with the use of nanotechnology and nanomaterials, but
also challenges, potential environmental health and safety risks and ethical and social issues. There is a need to raise
awareness of these issues.

Nanotechnologies deal with visualizing, characterizing and manufacturing tailored materials, devices and systems
typically in the size range between 1 and 100 nm.

Governments that have not yet done so may wish to consider the relevance of nanotechnology and manufactured
nanomaterials to their national situation. This could be done by, for example, integrating nanotechnology considerations
into the national profile.

Various activities are being undertaken by academic institutions, industry and Governments related to the environmental
health and safety of manufactured nanomaterials and to their applications that may benefit the environment. Relevant
stakeholders should consider making publicly available as much of this information as possible, including through
clearing houses.

It is important to take into account the relevant work of intergovernmental and international organizations, in addition to
the national and regional activities of Governments and non-governmental organizations. [The Organisation for Economic
Cooperation and Development has opened up its two working parties3 to permit active participation by non-member
economies and other observers. Non-member countries or other interested observers are encouraged to contact the
Organization’s secretariat and participate in the relevant working parties’ activities].

Some Governments are devoting considerable resources to research and development into new applications based on
nanotechnology. Those Governments may wish to consider balancing such resources with appropriate sums for
research into the environmental health and safety implications.

There is a need to ensure that manufactured nanomaterials are produced and used in a way that will contribute to the
2020 World Summit on Sustainable Development goals related to chemicals. It is important for risk assessment and risk
management strategies to be incorporated into this effort. Governments may wish to consider funding research into
nanotechnology applications that may be useful in taking the actions called for in the Plan of Implementation of the
World Summit on Sustainable Development, including in developing countries and countries with economies in
transition.

While the environmental health and safety implications of manufactured nanomaterials continue to be explored,
Governments and industry should consider taking measures to prevent or minimize exposure of workers and
consumers, and releases to the environment, particularly for hazardous manufactured nanomaterials or where there is
uncertainty as to the environmental and human health impact. Steps to inform downstream users through the entire
supply chain via material safety data sheets or other means should be taken where appropriate.

[Although many national and regional activities dealing with manufactured nanomaterials are rapidly developing, many
countries lack comprehensive policy frameworks. The lack of an inclusive global policy framework has also been noted.]
[The special vulnerability of groups such as children, pregnant women and older persons to manufactured
nanomaterials is recognized and therefore the need to take appropriate safety measures to protect their health is
emphasized.]

[Further research and research strategies to support better analysis of the potential risks to human health and the

environment are required.]
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24.

[The needs and capacities of developing countries and countries with economies in transition to cope with
manufactured nanomaterials must be better understood.]
[With a view to minimizing risks posed by manufactured nanomaterials, the rights of countries to accept or reject
manufactured nanomaterials with no discrimination between domestic products and imports is recognized.]
[Nanotechnology and manufactured nanomaterials are an important new and emerging issue. The International
Conference on Chemicals Management at its second session decides to amend the Global Plan of Action of the
Strategic Approach to International Chemicals Management to include the new work area “Nanotechnology and
manufactured nanomaterials” and the new specific activities as set out in the appendix to the present resolution.]
[Governments and industry should ensure that manufactured nanomaterials are treated in a precautionary manner
throughout their life cycle.]

[Next steps:
[Products containing nanomaterials are already on the market but standards for nanomaterials are not yet available.
Governments should therefore make recommendations on how to handle nanomaterials safely based on existing
knowledge.]
Governments and stakeholders should begin or continue dialogue to consider the potential benefits and risks of
manufactured nanomaterials.
Governments, intergovernmental and international organizations, universities, the private sector and other stakeholders
should make information on the use and risks associated with the life cycle of manufactured nanomaterials readily
available to the general public [with an executive summary intended for non-scientists] to raise awareness and enable
informed decisions. [Clearing-house mechanisms employing information and communication technologies substantially
facilitate the useful sharing of national and international information in an efficient, simple and well-structured manner.
Publicly accessible internet-based web portals providing access to information on nanotechnology research and
policymaking may serve to promote informed decision-making and public acceptance of policy outcomes.]
[The capacity of civil society should be strengthened so that it may participate effectively in decision-making related to
manufactured nanomaterials. [National education systems should be involved in sharing information on the potential
benefits and risks of nanomaterials.]]
Researchers and academics should undertake further research to evaluate effectively the potential risks of nanomaterials
[especially for particularly vulnerable groups, such as children, pregnant women and older persons.]
Governments and industry should continue to fill gaps in risk assessments relating to the entire life cycle of
manufactured nanomaterials under real-world conditions.
[Industry should involve workers and their representatives when developing occupational health and safety programmes
and measures, including risk assessment, selection of risk prevention measures and the surveillance of risks related to
manufactured nanomaterials.]
Measures should be taken to prevent or minimize the exposure of workers and releases to the environment, [where
appropriate] [particularly for hazardous manufactured nanomaterials or where there is uncertainty as to the
environmental and human health impact of manufactured nanomaterials].
[Researchers using manufactured nanomaterials should cooperate with environment and health and safety experts and

medical communities in existing and planned research programmes.]
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[The international community should continue to develop, fund and share effective research strategies on potential risks
to human health and the environment.]

Governments and organizations should consider how best to inform downstream users of nanomaterials about the
health and safety risks and novel characteristics of manufactured nanomaterials, and establish what level of information
is appropriate, using, for example, material safety data sheets.

[Industry should continue or initiate communications and awareness-raising within stewardship programmes on
environmental and health and safety (occupational) aspects of manufactured nanomaterials, including workplace
monitoring, and instigate further cooperative approaches between industry and other stakeholders.]

Governments and stakeholders should promote ways to share safety information on manufactured nanomaterials, while
exploring the need for changes to current legislative frameworks, stewardship programmes and voluntary activities.
[Countries and organizations should establish partnerships, with a view to providing financial support, to assist
developing countries and countries with economies in transition to build scientific, technical, legal and regulatory policy
expertise related to the risks of manufactured nanomaterials.]

[Governments, according to their capacity, should cooperate in drawing up national codes of conduct, with the
inclusion of all stakeholders and assisted by international organizations, and [encourage them to participate actively in
global discussions] [evaluate the feasibility of developing global codes of conduct in a timely manner.]]

[Producers should provide appropriate information about the content of manufactured nanomaterials to inform
consumers about potential risks through, as appropriate, product labeling and, as appropriate, websites and
databases.]

Intergovernmental organizations and other relevant organizations should assist Governments to implement these actions.
[Governments and industry should seek to promote alternatives to nanomaterials.]

[The international community should develop and fund capacity-building for Governments and civil society, including in
developing countries and countries with economies in transition.]

[Governments should establish a system of nanomaterial registration for specific uses.]

[Non-governmental organizations should be encouraged to be involved in aspects related to the sound management of
nanomaterials.]

Governments, intergovernmental, international and non-governmental organizations, industry and other stakeholders
should support these recommendations.

[The Conference requests the World Health Organization and the International Labour Organization to develop a
guidance document on occupational health risks from nanotechnology and manufactured nanomaterials that is relevant
to developed countries, developing countries and countries with economies in transition.]

[The Conference creates an intersessional working group to help to fulfil and implement paragraph 14 (g) of the
Overarching Policy Strategy of the Strategic Approach to ensure that existing, new and emerging issues of global
concern are sufficiently tackled by means of appropriate mechanisms. The working group is tasked with exploring
issues relevant to developing countries and countries with economies in transition (including a review of existing
information on nanotechnology, and information exchange on products containing nanomaterials, potential health and
environmental effects). In addition, the working group develops documents relating to the social and ethical issues
surrounding nanotechnology for developing countries and countries with economies in transition, together with legislative

guidance on specific legal framework and policies relating to nanomaterials and nanotechnology.]
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40. [The working group conducts its business during the intersessional period, primarily through electronic means and
teleconferences, meeting in person on the margins of other existing meetings, as appropriate, and ensures that such

work is open and transparent in nature.]

41. [The working group considers the following elements where appropriate:
(@  Exchanging information on products containing nanomaterials;
(b)  Exchanging information on existing and proposed regulations and legislation;
(c)  Exchanging information on the effects of nanomaterials on human health and the environment;
(d)  Exchanging information and providing international support to strengthen existing national legislation relating to the
protection of human health in relation to nanotechnology and manufactured nanomaterials;
(e)  Exchanging information on product labelling;
f Building capacity to facilitate laboratory tests for nanomaterials;
(9  Building capacity to manage wastes containing manufactured nanomaterials;
(h)  Developing legislative guidance on an extended producer liability scheme;
(

i) Developing a thought-starter document on the social and ethical issues surrounding nanotechnology and
manufactured nanomaterials for developing countries and countries with economies in transition].

42. [The working group reports on the progress of its work through the Strategic Approach website and to the International
Conference on Chemicals Management at its third session].

43. The International Conference on Chemicals Management at its third session should consider the need for possible

further action on this issue.]

a
NH

LBN&1T Revised draft document setting out possible cooperative actions on nanotechnology and manufactured

nanomaterials http://www.google.com/url?sa=t&source=web&cd=1&ved=0CBsQFjAA&url=http%3A%2F %2Fwww.saicm.org%2Fdocuments%2Ficcm

%2FICCM2 %2Femerging%2520issues%2FNano%2Fnano_cooperative%?2520actions_revised

%2520draft090227.doc&ei=AYWGTp2QO8WrrAfv8ITBDA&uUsg=AFQICNFEUtughsKVPQfEE4fyudelc_iLA
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ISO/PRF TS 10797

Nanotechnologies - Characterization of single-wall carbon nanotubes using transmission

electron microscopy

ISO/PRF TR 11811

Guidance on methods for nano- and microtribology measurements

ISO/DTS 11931-1

Nanotechnologies - Nano-calcium carbonate -- Part 1: Characteristics and measurement

methods

ISO/DTS 11937-1

Nanotechnologies -- Nano-titanium dioxide -- Part 1: Characteristics and measurement

methods

ISO/DIS 12025

Nanomaterials - Quantification of nano-object release from powders by generation of aerosols

ISO/DTS 12901-1

Nanotechnologies - Occupational risk management applied to engineered nanomaterials - Part

1: Principles and approaches
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ISO/NP TS 12901-2

Nanotechnologies - Occupational risk management applied to engineered nanomaterials - Part

2: Use of the control banding approach

ISO/DTR 13014

Nanotechnologies - Guidance on physico-chemical characterization of engineered nanoscale

materials for toxicologic assessment

ISO/NP TR 13329

Nanomaterials - Preparation of Material Safety Data Sheet (MSDS)

ISO/PRF TS 13830

Guidance on the labeling of manufactured nano-objects and products containing

manufactured nano-objects

ISO/NP TS 14101

Surface characterization of gold nanoparticles for nanomaterial specific toxicity screening: FT-IR

method

ISO/AWI TS 16195

Nanotechnologies - Generic requirements for reference materials for development of methods
for characteristic testing, performance testing and safety testing of nanoparticle and nanofibre

powder

ISO/NP TR 16196

Nanotechnologies - Guidance on sample preparation methods and dosimetry considerations

for manufactured nanomaterials

ISO/NP TR 16197

Nanotechnologies - Guidance on sample preparation methods and dosimetry considerations

for manufactured nanomaterials

ISO/NP 16550

Nanoparticles - Determination of muramic acid as a biomarker for silver nanoparticles activity

ISO/NP TS 17200

Nanotechnology -- Nanoparticles in powder form -- Characteristics and measurements

ISO/NP TR 17302

Nanotechnologies -- Framework for identifying vocabulary development for nanotechnology

applications in human healthcare

IEC/CD TS 62607-2-1

WRIEANALRNY Nanomanufacturing - key control characteristics for CNT fim applications -

Resistivity

IEC/DTS 62622

Artificial gratings used in nanotechnology -- Description and measurement of dimensional

quality parameters

ISO/AWI TS 80004-6

Nanotechnologies -- Vocabulary -- Part 6: Nanoscale measurement and instrumentation
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Au: ederenansaniiulofaes 1ISO 7 http://www.iso.org/iso/iso_catalogue/catalogue_tc/

catalogue_tc_browse.htm?commid=381983&development=on WNDaLNaTUN 30 NNTIAN 2555

ANANUIN 6: JJ’?W?‘E’)MW?@Z@?\?H’]?%@\? 1SO ﬁﬂ%ﬁﬁ@gfﬁ‘ﬁ%d’]dﬂ?j‘ﬁ%%’)

189



http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on




NMANUIN 7

AMZYNNNTY (Steering Group) BINY o] AR

Working Party on Manufactured Nanomaterials (WPMN)

o o 1 & a [ %
ANANITINR ﬂ'J']N?’JN&I’f]‘V]'NLﬁ‘a“i:lﬁﬂquﬂﬁﬂ”liw MU (OECD)

Aatia Aatia ; . -
v | ¢ | Talasanis ANMNSURATAL
tlaqiiu | ausnma

Development of an

OECD Anmnunauindiglaireviinisidseslsfifeadesiunmaseuliting
SG1 Nanotechnology Tnganizangd ludssiiundn asiduneunmasaudanlninlyls
Research faupunlu snldiudaguiluliueluu
Database
SG18&2 Human Health and
Environmental 4w ¥ PR o . a
wanilasudagawazmanasiesnisimiens  Aulumjdssmaanndn
Safety (EHS) P - . oo o v e
Tunrsunland e gafLUATNITNN AR IRIaNLTAN ATTAZA BIT A
SG2 Research

(regulatory  endpoint) ﬁméﬁ”‘umqwﬂmmﬁwmqmmwmwwﬁmzﬁq

Strategies on v Ao »
LmmzmwlLﬂum@m;wummﬂ@uﬂu

Manufactured

Nanomaterials

Safety Testing of a

SG3 Representative Set | @anuULATN1INAEaL LL@zmﬁ@wmmauﬁq@ﬁ'ﬁﬁﬂquﬂu
SG384 of Nanomaterials
Manufactured
SG4 Nanomaterials Test | AnEuaLANMUARTLATUNANTFIDENY NaUNALYINNNTNAGAL
Guidelines
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> 1 L% 1]
[l k0] nIEa : o a
o | 4 o Falpseang ANMNTURATAL
ﬂ@'ﬂuu LNBALLINAY
Co-operation on ” - . aa X o -
AnEAanaiiuilllalunig harmonize 38n1suazitiavnredisnisssiiiv
Voluntary 4 o q v oo e o
SG5 SG5 ANddsaesianuly  Insnaensussiiugirsandeyaliiseny
Schemes/ o o o o o o a 2
18355 ununaglindssnuinuguasnaaigdilidssiiuesinn
Prevention
Co-operation on o _ . - - -
NNIEFNANNTINRBTENINLIEINARNNTN Tun1sANENNNTUsTIRUANN
Risk Assessment z; " 4 2 ~aa a o .
SG6 SG6 wesedanuly avlurneiy vanedssmalndssiiuannadela
and Exposure a o \ ma P v
wileumu uazsneiianugRlaludtreanuaae
Measurement
The Role of - | deu My o Ao My v v
wiastnad . ndelaiiganansnsld sildlunmvesey Inasiasuandli
Alternative I e o S i oa Ay oa X 2wy o | e amdday
SG7 SG7 Wungeniuiuinllan EluinAuAsmuiy Tinaiiauviniudsniigan
Methods in Nano a ae My ia
ANsmTlusLAN
Toxicology
Exposure ANENINLALLBLANIUNATALNNTIANNTANEE (exposure measurement)
SG8 SG8 Measurement and | uwaz@Ansamnsnisfldlunistlasiuudlavieannansenuaeinisdnia
Mitigation (exposure mitigation)
Potential
Environmental - P o o
SG9 SG9 Aamndsgleniaaaunlumalulaglunisinenanineuanaan
Benefits of
Nanotechnology
a
N

Hansen, B. 2011. OECD Contribution to Regulatory Development at EU Level and in Particular REACH. CEFIC

Nano and Reach 2011.

Medley, T. L. 2009. OECD Working Party on Manufactured Nanomaterials (WPMN). DTSC/California Nano-

Industry Network Symposium, November 16, 2009, Sacramento, California.

OECD-WPMN. 2007. Report from the Secretariat - Recent Developments on Nanotechnologies/Nanomaterials at
the OECD. 2nd Meseting of the Working Party on Manufactured Nanomaterials, Berlin, Germany, 25-27 April 2007. ENV/
CHEM/NANO(2007)1 (3 April 2007)

OECD. 2010. OECD Work on the Safety of Manufactured Nanomaterials. Powerpoint Slides.

OECD. 2011. Nanosafety at the OECD: The First Five Years 2006-2010. OECD. January 2011.
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NANUIN 8

FaunuiaauTuiinaniu
(Representative Manufactured Nanomaterials)
wazsauilsnls (endpoints) # OECD-WPMN 1ifluns
NaFaUaNLANNLLUAURT 18U
Fanuluiinaniu

N19Y19UT8Y OECD Working Party on Manufactured Nanomaterials (OECD-WPMN)
QI [ 1 ar d' ] [ ~1 d' o v 5 a
gailupnunengnuFauiuaeslszann 30 UseinandouluniiludsemAnimuinaitiu e
aanuuuldifuaetszoy seazusn (2549-2554) (ilunsdnsaanaziFaug (exploratory phase)
a' v -2 qxa' o | | o a d’ [ Vv d’ v dl
aaiwasnpninalusansanfivnuluszesnass (2555 usull)  Geasuiuiinig
o aa a a . [ A a £ 1 1 I/L =1
MMUATBELTZLAUANINIEEY (isk assessment) TawdanuIlunnanaw  atlsfima lunns
dsz WPMNO ladanet] 2554 lanvualviszaziiaasdsaziunatl 2555 unisvinaans
¥ [ A [ o a | ° an a a - a
dladayanivldainnisanfuanuszazisn  @aunnsmuualalsslinaoudssiuazisy

o Y ¥ o Ao v v A o v o A v
Vniﬂﬁ@ﬂqf]ﬂ‘wg\lV’VJ"INL‘Iﬂslﬂsﬂﬂ‘c’d@mLﬂUiQLﬂu@ﬂqﬂmLL@Q

nsvinalussazusn Jrdlaegin1seenuuLaENIIvAaeL uaraIlennaaLsinetng
"Jvmquﬂuﬁwam%u (representative manufactured nanomaterials)? TulAsensnEenan Safety

Testing of a Representative Set of Nanomaterials TILTMNTNULALAUZNTTNNNT Steering

! ENV/JM/MONO2009)20/REV a33ul 2 figuiens 2010 wih 17-18

2 Anyddanuilufnans tAntsznausae carbon black WAz polystyrene sinel (ENVAIM/MONO(2009)20/REV a4du#l 2
Aquien 2010 wi 50) wivniszimafisuludann sponson 1lla Averaagluifinanimaaadudouil  dan gold

. t4 o Y & e~ o v o
nanoparticles 11 Uszmasnsnilalalauatulutl 2010 lnasuiilwdninwngdn (ead sponsor) 14
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Group 3 (SG3) Iasiimsiaendanuilunnaniuiumiedlsranaduatianazyinnismesey
v ! o v [ v 3 s A a £ ! a
waglilszinasing o iauemdnadudnn® lunimeaeudanunluinasauusszsin ns
naaauuLailuaalszinn Ae naaeuaNtRNINIENIN (physical) WAaTNNLAN (chemical) 184
TaAmuu]  AUNAABUNATIIATUASFINTIR (biological) LW WeANEN (toxicology) B4TAR

= o v a al i o a o v U 1%

weaiu AosuuianNAafan Tuszezsiea ) Tduesnisandtueny asideyails snafeuuy
1889 (model) MAaNlenaNtAnNen wwazaail llguaseidan  (enudanuily
adalnailiipsinImageuNIney  AREWARTIANANTANINNENNLATIAN  LAUNTaYA
foudnlilunuuanaes fagldamensaianuuuaiaasindaguiluadalystuinasinaaing

1 QI aaa
lemafaNTnm

Taguilunlasuiaanilusunurasianuiluinanau
(Representative Manufactured Nanomaterials)

1. fullerenes (Cgo) tRe U UUATANTTBLNTNLTMA N WIEN

. N A o PN o v o
2. single-walled carbon nanotubes Tmﬂumuﬂummmﬂ@meLﬂuL'ﬂ’]mWM@ﬂ
s, multi-walled carbon nanotubes lneddtjunazanigaNTnLlwaNImman
s silver nanoparticles I uauazanigaEnuwsnwuan

. . aa (= v o
5. iron nanoparticles laadawiluianniwman
6. titanium dioxide laafNTAdLazLaasNdlIwAI N INUAN
7. aluminium oxide laaflieasuil (il uazanizawsnuiugativayu
s, cerium oxide LatdlanIgaLaTN AUTITRINANT WAL BIAC tulanInman
o. zinc oxide laadansiarnnans waz BIAC tHuwdnnuan

0. silicon dioxide InsinTaAawazannwglsyd udnninman

3 v Y = a ' A o a t% = ]
FRANNNUAN (lead sponsor) Vﬂqﬂﬂ\iﬂﬁ‘xnﬂﬂﬂ?’aﬂu']El\‘ﬂu"lﬂﬂflﬂqj“ﬂNﬁﬁ@uﬂqﬁﬂﬂﬂ'ﬂuLL@Zﬂ?zﬂ’]uﬂ’]lﬂﬂﬂ?zLV]ﬁ'ﬂuﬂ TIE
MmeaaudanuIly WNNEAN (co-sponsor)  MENETNLTEAYIEMUAEUTIENaIVINNIINARELLNTIENNT  BIUY
o . = = ' Aa A o v = ony v A o v a
ﬁu'l_lﬂlalu (contributor) PN TENANTENUILIY V]ﬂuﬂﬂuuﬂ%u‘ﬂﬂ;ﬂ@WﬂﬂﬂUWLﬂﬂVnVLQLL@Q ‘VI?@')@@@WQ’EN (reference

testing material) vi3edagaauninasdes WuidnnnanuazidinImsa
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11, dendrimers lnedlaulunuanigasdniuiainingas
al [<1 v [
12.  nanoclays 1aadl BIAC ({lulann wman

13, gold nanoparticles laaidiuangnlsiuRnninuan

ALUsNnmagal (endpoints)

naludrunineadesniuguninuasinaaiudanden wiiungalng o loasi

1. Nanomaterial information/identification (9 endpoints)

e.g. substance name, chemical identity, uses, coating

2. Physical-chemical properties and material characterization (17 endpoints)

e.g. water solubility, particle size, agglomeration/aggregation

3. Environmental fate (15 endpoints)

e.g. biodegradability, adsorption, accumulation

4. Environmental toxicology (6 endpoints)

e.g. effects on aquatic and terrestrial organisms

5. Mammalian toxicology (9 endpoints)

e.g. inhalative toxicology, reproductive toxicology, genotoxicity

6. Material safety (3 endpoints)

e.g. flammability

a
N

1. 1@nans ENV/JM/MONO(2009)20/REV
2. 1ena17 ENV/JM/MONO(2009)20/REV

MANWan 8: Aunuianuly uazsaurlsidals 189 OECD-WPMN 195







NANUIN 9

AIBLINTLALNITAILANNITANES
PRI UNIATFIULUI AN TRIUNNNS
(British Standard Institute, BSI)

annsutdanunlueenitly 4 ngxn lul wa. 2550 lnaanntusnsgIuuviaans e

ANNANT PNNTEALANNITIUAURTE AD

(1) danulunduuviasadludu

o
(2) Tapunluntaziduisetuan (CMAR)

(3) danunludilaiazaneun

(4) Tanunlunazanaun

BS launztnlildnnsnisaunalasuiiianssalulssnuiuangn  wazuiiaseiy

psudunsieesdanuiluliuaangy Al

a oA = 1 I = o % @ .
NANTTHNYNNUR: menwiuazens WTansyRnIzaasaluanA (deliberate

aerosolization, e.g. manufacturing, spray coating)

NENURITARUIY UATNTAIUAN

Wluuvansawdu (fibrous) AYTITUNTA (enclosed) WTaueN (separate) @8NANKUGTRNU
wazthaziuisetuan
(CMAR)

laiazanaivazanen pasvinluntavseuaneanaindusenu  dawdaanissrunaainiea
(ventilated engineering controls) iuldviagnanvIasfAnAdL (extraction

booths or hoods) a1aaZLRENNANALN
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fanssuNguNAaas: NTwaN  (mixing), NTAN  (filing), NTFNUTELNETARAUIN

(scooping of dry material)

NaNRIAAUITU UIATNITAIUAN

dhuuviavFaidu (fiorous) ATvITluNTavideusneenanyUfimRnu
wazthaziuisetudn
(CMAR)

Taiazanau/azansin poslutavidausnaananguUfiRny Dawddinisszunaeiniauls

NenARNVTEEARATUENAAINEN NN

ndapunluiiiendntes  @indufsdni)  ealdnisuanadiiunisg

(segregation) videldginsaiilesiunsmela RPE)

fangsNNgNNaIN: N19AUENe (transferring), NTHAN (Mixing), NITLANGITUUIUADE

(filing of suspension)

NaNBIAAUITU NIATNITAIUAN

. DA v o q day o Y ea . - - ,
uuriansaidu (fiorous) pasvinluntavieusneananiuUfimnu edalsimalunsdidaulung nsszune
wazthazilufisetuds (CMAR) | eaniApasaziieane indaguilusiieuanies minidudadniy) enaldnisuen

aiiunns wiieldginsnilesiuniamsla

v o a

Talazanau/azansin nsszungenAliviegnanvTaganniuatIaasineane Sndanunluilieian
Vv o | a a o v ° a A v L3 o
Hae (iniduiiadniy) enalinisuansiiiunig vieligunsalilasiunismela

NANgSNNYNNA: N17AUAYINANAZEIA (Maintenance and cleaning)

naNIIIanuITY NIMTNITAILAN
dhuuriaveidu (fiorous) pasazvinluszuLTawinfiasyinly atnslafimnalunedfif msldgunsaiilesiu
wazthasfuiseguds CMAR) | mamelauazilosiuiiomispasadliling  nsvianuazennaziedlavinlidan
wluianszans
laiazanai/avaneun lunsdldaulug  msldgdnsaiflesiumemelaazileaiufionmispasazldling

. v yieq e
nsvihanuazenazsiaslivilidaguiluienszans
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ANTNNIRINITATLANTEY BSI HanwuzineuaziduunuAIuAN (control banding) N4
wiaglalla@enaniuunumuauinn 1HeaIninIsunguaedanuily (FNNsEAUANN

Az UAUNIIE) UATULNNGNTRANANTTH

aila szAUNIAYUANNIIANAaTvIaueluNARUInd (uanEuAureInIsadwny

PILANIUANTIY 5.2 Tnauiianguaednanssaiilu 13 NN AMNANHENITANEA

LANAITDI9DY

BSI (2007) Nanotechnologies - Part 2: Guide to safe handling and disposal of
manufactured nanomaterials. British Standards Institute. Published Document PD

6699-2:2007.
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NANUIN 10

A9RLINNITAILANNNSRNNAYIAAIT LD UUNTY

damNaallil 1TluAnuziiinis14eu CNT 84ia HIPCO

Tuanued ONT gnAnuivldluniaugtls Whljifassinsgugaansmsaesialjimnig
nal

TuilaatiuiinanisAneidudaiususnnnoliiiugn ONT uasnddunsatiunans
(moderately hazardous material) @1FLNTANNANNLBA

linTeanauifnldnsas HEPA padanfinnvauilsezitlen viialdisdadaninandn

¥
1 S

CNT ifna Ui
$ARdnTand AL CNT fienaaynasnanaguuiarenmizLse
Turnizonalaunan g Tﬁmfquﬂmﬁmiﬁmﬁu@muﬁmﬁ (wear full protection)

. L'zﬂ;@ﬂ@m{m%uﬁmﬂﬁﬁﬁmi

o yhnnnresduiilildnses HEPA

o uullsnadmiuviesljiRnng (goggles) visansviianiiniist (face shield)
nsthalaudagfindulutonaatdu 7 fetiu dwiu ONT Alilsilwinegluiandu (fees
unbound) AYATATII band #2 MNWUNITFURILTEN (MTaRany band 3 Tulun
UFiTAT)
dvunsduianiefiomisiu lihazfugemdsy ONT dhginamald faduanmsgiu

o v a oa o =< ! | ]
quanenuzaeiaslirnisalianiasiiunisiaane

17;34'1: GoodNanoGuide  (http://www.goodnanoguide.org/HiPCO+Handling) (L‘ﬁ/ﬂﬁuﬁ@ﬁ’uﬁ 15

RINAN 2554)
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AAKUIN 11

MALUIAEASIRIASTEAUAITHLANT U

1RAAUTY

f?mmiuﬁmmﬁme(mmﬁqﬁLﬁfJq%’@ﬂumiﬁmumNﬁ'ﬁmﬁmﬁu iU TUAUR

o

fufin Uszquuiia (Zeta Potential) TUnsar09ian wazawisresiagdufy nsianmimes
el mmmqmm aanifluassngy Aan1sdautilaisnimng (non-specific measurement)
vonlfifienmue Mufiia S wazataa AUNITRLILS NS (speciic measurement) 7
ansnuensfsresiuianluléfen  fetamaluladdmiunainiaguilufinszansineg

Tuenailuazesaunlu (nanoaerosol) Hanwulalulssugmnaiunsss NHaw

51l A11.1: A28E19ATRITAAUIAARIAYNIAAILAE Dynamic Light Scattering

(OLS) Tuand (11e) wazluaadtunad (a77)

gﬂ%ﬂﬂ ﬁlﬁﬂ TSI iu DT8530 (DustTrak2) http://www.envcoglobal.com/files/imagecache/product_page_image/MO-

TSI-Dusttrak-2_0.jpg gﬂ“mﬁ ﬁlﬁ@ Wyatt i;'u Dyna Pro Nano Scan http://www.directindustry.com/prod/wyatt-technology/

dynamic-light-scattering-macromolecular-characterization-instrument-250526.jpg

® Dynamic Light Scattering (DLS) 1 quasielastic laser light scattering PN

WHUAH number distribution AxaWIATEdERNA LATesdawnunsallulsmalnelay
° o o Vo ] A A q'

ﬂ’]ﬁ‘@@ﬂLLUUN’W@’WWT‘UGL%T]U“LI@JLM@’J (gﬂ A11.1 a71) LLIFﬂ‘LL[ﬂ’Nﬂ?ZLVIﬂNLﬂ?@\Wl@@ﬂLL‘LI‘LIN’]

liiuenia (31 A11.1 d1e) Iedl limit of detection Uszanns 50 wnluinms  vinliiu
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http://www.envcoglobal.com/files/imagecache/product_page_image/MO-TSI-Dusttrak-2_0.jpg
http://www.envcoglobal.com/files/imagecache/product_page_image/MO-TSI-Dusttrak-2_0.jpg
http://www.envcoglobal.com/files/imagecache/product_page_image/MO-TSI-Dusttrak-2_0.jpg
http://www.envcoglobal.com/files/imagecache/product_page_image/MO-TSI-Dusttrak-2_0.jpg
http://img.directindustry.com/images_di/photo-m2/dynamic-light-scattering-macromolecular-characterization-instrument-250526.jpg
http://img.directindustry.com/images_di/photo-m2/dynamic-light-scattering-macromolecular-characterization-instrument-250526.jpg
http://img.directindustry.com/images_di/photo-m2/dynamic-light-scattering-macromolecular-characterization-instrument-250526.jpg
http://img.directindustry.com/images_di/photo-m2/dynamic-light-scattering-macromolecular-characterization-instrument-250526.jpg

peeuraunailall HeasnlirseuaguayAulunaun  wananuudadanaloly

NNTIAABUTINIAN

| 0] .
(——————————— /"ﬁ%

g‘dﬁ Al1.2: l?l"mai’mLﬂ?’ﬂﬂ%’ﬂ‘ﬂu’mmm'ﬂqnﬂﬂuuu Condensation Particle

Counter (CPC) uwuundl@z (d1e) wazuuudana (197)

guldne 8ve TSI U 3025 daaynalalaniign 3 wiluiams http:/www.pnl.gov/atmospheric/programs/aerosol.stm

g1l Bivka TSI $u 3007 FaaumAldianiign 100 ulummns http:/www.driesen-ker.de/produkte/partikelseiten/tsi3007.htm

® Condensation Particle Counter (CPC) LLﬁ/ﬂmvmﬁ DLS Elummﬂimmémmmm
anantalla sasnisvinliile (vapor) 184189MAILTY LOVNUBA AILLUUAILUEYNNAUIY
fufiu vl Foymafifiiualuniuausmadaldiadaomnaiia DLS Aaueias CPC A
wrasazilazanns 15,000 gl aunsndneymaldidndalszann 3 wiluans lnafaene
inaneitueuninruin 10 wlwansidenauasiladnmag DLS

® Electrostatic Deflection vnlviaynaiidszaliindanen wanadldauinlni
LENBUNIATWIALANALIWNA T aanaINm HAalaninAedl lower limit of detection LAN

N37 1 W laRs $IALATEIaTLTENM 15,000 gl

4 enaaderasianie ] luwidel Humalsgdszanndulssmanfuaaiiat] 2550 Aan: Tardif, F. 2007. Nanoparticle

Monitoring: State of the Art and Development Strategy. NanoSafety Hub, Brussel, 23 March 2007.
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http://www.pnl.gov/atmospheric/programs/aerosol.stm
http://www.driesen-kern.de/produkte/partikelseiten/tsi3007.html
http://www.driesen-kern.de/produkte/partikelseiten/tsi3007.html

51l7l A11.3: fhratenszuanuanaymaulutie
Differential Mobility Analyzer (DMA)

#i1ha NanoRanger wenaynals 1-100 wilums wadldneddiiudouniieuniadelny

F17: http://www.particleinstruments.com/products_measurement_aerosolsize.html

e Differential Mobility Analyzer (DMA) vinlviauniaitlszalnil@aneu Aaeiag
An618 Am241 uansldaunlninadnaiy Electrostatic Deflection wivinansenaniala
HIUVENTINTEUBNNAN  BUNIATUIALANALABNNININUNUNTLLEN  AIUBUNIATUALYALY

’Q%M@‘Wﬂ’ﬂfm'}‘lfﬂ\‘lﬁl%LLﬂNﬁﬂ@qﬂﬂﬁ‘L’U’ﬂﬂ

51 A11.4: FrataATasInaynIAuluTile

Scanning Mobility Particle Sizer (SMPS)

&ive wps U Wide-Range Particle Spectrometer nellutlsznavusng DMA+CPC+DLS

a: http://www.newstarenvironmental.com/product/widerange-particle-spectrometer-wps

mawan 11: 1nAluladingaadnseaunuTNTuIasIan U1y 205
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http://www.particleinstruments.com/products_measurement_aerosolsize.html
http://www.newstarenvironmental.com/product/widerange-particle-spectrometer-wps
http://www.newstarenvironmental.com/product/widerange-particle-spectrometer-wps

® Scanning Mobility Particle Sizer (SMPS) lin17uanaunredauynIAly ainaA
fas DMA 1derau anduhaniiu CPC tielfeymafisunslvnfiu udhdensadndag
3% DLS Yaldu1ediil Aesaiaiasazndy 80,000 gls wazsaddlangid@namny wanan
fuddlivanauiaiuiaiweseymadndas  (Fualesineinnc Aignawn Fundd

Stepped Mobility Particle Sizer)

519 A11.5: 1AFRIRRYAIAUTTUTHR

Aerosol Particle Mass Analyzer (APM)
guldne: LnaRalRz e KANOMAX U APM3600 http://www.directindustry.com/prod/kanomax-usa/aerosol-
particle-mass-analyzers-62704-495645.html gﬂ‘ﬂfl’]: mf;l‘lum%q APM ﬁl‘ﬁ’a KANOMAX q'u APM3601 http://www.kanomax-
usa.com/research/APM2/APM3601.html

® Aerosol Particle Mass Analyzer (APM) L{udsusnayniauilugosaunnlni

A aa A o v 8 = = o | ' [% |
anaauile  Mlienageieyneunlutaiuaasvsenszasoag  Hiudnlfludeway 7
FEUINNTINTTLUBNGNUBNALNTINTEUANgNIWAANM Ay uTNunum Iaglduannisdn
aa . 1 | < o a o Vv [ '3 2: [
BUNAUNLUNAAT mass/charge ratio ATLAAIULTINGAVITLTLISANFLBaYN1 AL LT Y
¢ a v \ i o 1% a s A
AudazivinnteauausznImsanszuangniviugnuanlainaaanie  luanzieyninaud
a0 1 s 1 q';’i v 1 v d‘ =S ] t-a'
HAN mass/charge  himsanuAssldazWadnmunsanszuangnlagnuile aslianansnia

pnutadLALlanann
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http://www.directindustry.com/prod/kanomax-usa/aerosol-particle-mass-analyzers-62704-495645.html
http://www.directindustry.com/prod/kanomax-usa/aerosol-particle-mass-analyzers-62704-495645.html
http://www.directindustry.com/prod/kanomax-usa/aerosol-particle-mass-analyzers-62704-495645.html
http://www.directindustry.com/prod/kanomax-usa/aerosol-particle-mass-analyzers-62704-495645.html
http://www.kanomax-usa.com/research/APM2/APM3601.html
http://www.kanomax-usa.com/research/APM2/APM3601.html
http://www.kanomax-usa.com/research/APM2/APM3601.html
http://www.kanomax-usa.com/research/APM2/APM3601.html

5UN A11.6: LATAILEANDUAIAUNLUTHA

u q
Low Pressure Cascade Impactor

gﬁ@ MSP ﬁju M100/110R Rotating MOUDI Impactor

fian: http://www.mspcorp.com/aero_products.php

e Low Pressure Cascade Impactor fvidndnayniagssiaunalunjaziaiananin
autlanlimanisluasasannidlaeann  faweiestlszneaudas  impactor (Electrical Low
Pressure Impactor vi3 ELP) (fluunulaneiaantsnafiuaasainie fmémﬂﬁﬁﬂ'ﬁ mass/
charge ratio 4NINATWI DU impactor ﬁfﬁzuwmLaum@qmﬂﬂﬂ@gﬂuﬁﬁm A9UaUNA
aumdnfisanllls Aazluwuiy Impactor fadalil (cascade) zﬁm%uﬁnmmmuﬂuﬁﬁ
mass/charge ratio tiaendhiignantdly Impactor luduneuneuwiidu  lunialfiR
nanoaerosol azgniiintlrzalnilndenawdn impactor fauiioaunaulutelamudi
Ny impactor  dufiaznnadszalWilaldld impactor tAsludyyailnidn  sialidn
ﬂfauﬁqLM@%Lﬁ@ﬁuﬁmqu@qmmuﬂuﬁmuﬁu impactor luuAazdunay (stage) WA29A
wwunfinana il number distribution ANILIATEIEYNIA atndlsinnaeiasTauuwil
31A1g4n91 80,000 gls uazdadldlaedidaaninyviniy

® Aerosol Surface Area Measurement L?INﬁuﬁwmﬂﬁﬂiz@gmﬁﬂLLﬂ'mmﬂ i
aynalueg niuddd electrometer daszqiiaguuoynia Tagldvdnnisdn Sein
ﬂizﬁguum}mﬂ”lﬁmmt,ﬂ@fhmémﬂ@lqﬁﬁuﬁqmn

® Aerosol Mass Spectrometry Lﬂuﬁﬁmﬁuwémmﬁmgmﬂﬁﬁﬁummimgndﬂ 100

wluims (naindrawniaunly) wuw eunaulunanizaaiudum
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[

gwunisdauuuanmiztin Tulaaiuununsaudueresnuiuy Aldauanig
(specificity) 184N13ALAT (binding) TE1919NNTILNLANA (macrobiomolecule) tHURUFIULRIFA

< v = .
NENFHUUTININ (biosensor)

Ingauan walulatinnsdneyniAunludedlsmredATadinAeudIung 19auan
flaqriudsliinnaiulilimaasegaans Naglinlssnuradasuarasinauniauivly
2 e iemsiEhszfanaregun weeliussny Aetusasnasiauewuldluuuanig

UfiRidewuiuanstlsendaunly azsiesmtetsansiiulfldlumel fissae

Twanziagony  Anganfenagnidasudulenials  dosnisasyuvindaauasimun
weanmalulagvad ) lunisdpeyniauily  Aaetnadunisasululasanis NANOBADGE
weeavnnglsl  ieRmuY  badge  IUAANLTARALABINELENANUIUALANTBIDUNAUN Y

] A Y [aea Yo I o o @ v
110519 ] DHUJITRNUIUTrslaFulusendnadurinenu usu

u
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NANUIN 12

pratswullfURAuANLsann U Ty

PDINUILU L UANUTEINA

ANMIAUAURNWATBTN BauRaTITAEeNa T WA, 2553 wuuualfiRsuA
UaaaAau UL B WA 7 ALATEAUTENINasznA Useannunee@unansenis etndls
finn auausesnualjifsuanslasesdaunlu Aasisadudulainuasednadunasiis

11l w.a. 2554 TeAnauunangsassanig

Tuntlidumetnemeteuunl iR uanntlaanituluaesniosausng | wias

lasaGete 7 WineligauladnmFaudiay T lliduaeasiulunmndeyalunisdnm
1. AradieanuilsanusznIelseina

1.1 mﬁmiszm"mﬂizmﬂdﬁﬁwmmgﬁu (International Organization for
Standardization, 1SO) l#4aALATaNIaNANTNATFIN WLAULUR WAZTIENIY 8% UaIEINENNT
waaziusaanglaiiiu Adninazadans medanaziiamei annlasaiudedtnuas

awanaay uazianansfideaglusendnansimmn Al

TUAIUIRIAANILAZAI RN 91 1ISO  WaluNlIulasaFausas  a1suldluNInTsIULaLLULg
49

Ufimsne e denlaiaualilundaulunianuany 1 1w Aenasannsguiaziuad JuRas

Al

e Technical Specification ISO/TS 27687 Nanotechnologies - Terminology and
definitions for nano-objects - Nanoparticle, nanofibre and nanoplate NUWATS

wsnuiietl w.a. 2551 uilalutl w.a. 2552

¢ Technical Specification ISO/TS 80004-1 Nanotechnologies - Vocabulary - Part
1: Core terms AuwaAseusniiell w.a. 2553 Avan< ndenaldluienastd laun

nanoscale, nanoscience, nanotechnology, nanomaterial, nano-object, nanostructure,
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nanostructured material, engineered nanomaterial, manufactued nanomaterial,
incidental nanomaterial, nanomanufacturing, nanomanufacturing process, nanoscale

phenomenon WAL nanoscale property

e Technical Specification ISO/TS 80004-3 Nanotechnologies - Vocabulary - Part

3: Carbon nano-objects nwAsusnLiiet] w.a. 2553 Afidanxldluenansi laun
nanoscale, nano-object, nanoparticle, nanoplate, nanofibre, nanotube, nanorod,
nano-onion, nanocone, nanoribbon, graphene, graphite, fullerene, fullerene derivative,
endohedral fullerene, metallofullerene, carbon nano-onion, carbon nanofibre, graphitic
nanofibre, carbon nanotube, single-wall carbon nanotube (SWCNT), chiral vector or
SWCNT, multiwall carbon nanotube (MWCNT), double-wall carbon nanotube
(DWCNT), cup-stack carbon nanotube, carbon nanopeapod, carbon nanohorn, LAY

carbon nanoribbon ﬁqﬂi’mgslumﬂwmﬂ 1

Technical Specification ISO/TS 80004-4:2011 Nanotechnologies - Vocabulary -

Part 4: Nanostructured materials fl1fignuAWNALNE271 nanostructured materials

Technical Specification ISO/TS 80004-5:2011 Nanotechnologies - Vocabulary -
Part 5: Bio/nano interface {luflsnudwiiiAganunissedenszudnunluy

WALULAEALTELLTIN

Technical Specification 1ISO/TS 80004-7:2011 Nanotechnologies - Vocabulary -
Part 7: Diagnostics and therapeutics for healthcare Hulensdnwififaafunis

Aansuazininsnelsasnaunlumalulasl

Technical Report ISO/TR 11360 Nanotechnologies - Methodology for the
classification and categorization of nanomaterials AxWATaKINLADY W.A. 2553
duenansnugiu  Auanansdnnuoanyaedanuily  wazaniinai@nduaziad

229TAAUNY
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e Technical Report ISO/TR 12802 Nanotechnologies - Model taxonomic
framework for use in developing vocabularies - Core concepts NNWATILTNLH D1
W.A. 2553 LTUaNANTNLAAINIUINITNINANNAR TUNNTAANGHATANANAN ] AL
wlumalulag duazlibdongiluadnivasionuagluianans 1SO/TS 80004-1 7

1 k4 vV o1 =1 Yo k4 ! o o L8 1 o aaA A IS
nanaNuan fanuenanst azlafuanndnladimdniusazadnunily waziinos
naadasiuadniauetils  lagnarsananuaugifuaiuounnn  Auansaas

d‘ o ar s 1 Qall
el UnIANANAUN L ULUNAN T

Tudau18aN199nUaETAMEINANTRFAT ] 2839aAulut ISO Hena1snimsgIn o

UNUR wazsneeu Avsielild

e Technical Specification ISO/TS 10867 Nanotechnologies - Characterization of
single-wall carbon nanotubes using near infrared photoluminescence
spectroscopy Anvasauaniilatl woe. 2553 L@ﬂfma‘ﬁmzﬁﬂ@ﬁﬂ'ﬁqﬂﬂﬂgmiﬁﬁ
band gap photoluminescence a1 SWCNT LL@:mﬁ?ﬁﬁmﬂwgmﬁﬂ%ﬁaﬁmmﬂﬁmm

SWCNT saunslvisnasaflunsoidnenlisos

e Technical Specification ISO/TS 11251 Nanotechnologies - Characterization of
volatile components in single-wall carbon nanotube samples using evolved gas
analysis/gas chromatograph-mass spectrometry ﬁmﬁﬂgﬂmmﬁﬂﬂ W.A. 2553
lenansiianzanasliludanisldinafla evolved gas analysis/gas chromatography-
mass spectrometry TUNITUNTRALRIANTIZIMENNE (volatile component) luFaaENa

SWCNT saunslvisnasaflunsoidnenlisos

ludaurasanutlaeniere@nuarawnaentiy IS0 Hienasuinsgnuwaciudlfiznse
144l

e Technical Report ISO/TR 12885 Nanotechnologies - Health and safety practices
in occupational settings relevant to nanotechnologies AxWATawINLiall W.A.

2551 LANANTRIUL HANENQINEY 80 MU LEAzdapNNNNIvateTLae nauntany
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BN 7] AZAIA waznaufinaudslusuIusnazneetaanfiRNRluT W.A. 2553
(A.A. 2000) 1lufusn uATEUEAT BB EANAN ATOUAGNABNITAILATIZINNT
HARdAAUILL  AnNluduREresianuile nsdssiiunisdndadagualy ng
Usziiuanudsdluaniuiivinen 8n3ALAN  NTENTERGININ uaTdeyarTe

al' v [ A
L@ﬂ@quWQquLVLLﬂQﬂﬂquj‘@@u{l‘;ﬂﬂ

Technical Report ISO/TR 13121 Nanotechnologies - Nanomaterial risk
evaluation WHNATILINLNBLABUNOBANAN W.A. 2554 Fneuatuil danwuziiy

s

ARanTUsziivAAsreslanuly - Iiuadauarlinseunislssiiy - iWeusay

c o o 1% o K= oo a0 = s A
asAnsaxnsnunlsUlEls  sevueiiuiaaiuenaisiiuidnenlaannesansy

LNET 89N UNTUTELAUAINNLA S

Technical Report ISO/TR 27628, Workplace atmospheres - Ultrafine,
nanoparticles and nano-structured aerosols - Inhalation exposure
characterization and assessment ﬁNﬁﬂ%ﬂLLimﬁlﬂ"ﬂ W.A. 2550 iwmuﬁuﬂﬂﬂ’m%
Aeafumaiianalssfunsdndaeymaunlvlueinmaimeladilud  Sadud
aerosol mass spectrometry slujmxﬁﬂu@ﬂmmiuﬁﬂslumﬁLmﬂtﬁ‘ummm@gmm
wluluanie Tuﬁumzﬁﬂﬁmaammﬁmﬁm scanning probe @ mFLALATIERaNIN

dy a 1 v = Y= as [
WuN'ﬂ“ﬂ@ﬂLLﬁl@ﬁ’ﬂktﬂﬁﬁu’ﬂu Tmﬂmm?ﬂmwmmﬂmimawmuammau

International Standard I1SO 10801 Nanotechnologies - Generation of metal
nanoparticles for inhalation toxicity testing using the evaporation/condensation
method Txviasausniiiet] w.a. 2553 tanansthiuenansiuaNIRsgILIINg
wamolulansfagluanmmiilefeinszans  eldlunmeseupnuduizaenis
gannululavzsananadnll vannslaedera Hanaiaussiialaveiiunesuds
aenmflulelany wdrangnmpiivlovadanzaruuiunaaifueymasadanziu

NvwIAuNlY Aelruinetsrrdnatszanm 1 19 100 W lwans

International Standard ISO 10808 Nanotechnologies - Characterization of
nanoparticles in inhalation exposure chambers for inhalation toxicity testing
WunaTausniiet] we. 2553 ananstiiiunnnsgaunsinasng ] innuadnee

unILFUBR TIeeAuA AN A BAA U TUa T LINARARIINT TN



PRIAUNIAUIUNNARTY  FINVITEVIINITNARBIMIAHAINNITEAAN  WATHIDEINIT

NARBLATY NiaNNdlATzLasulanadeya

¢ International Standard ISO 29701 Nanotechnologies - Endotoxin test on
nanomaterial samples for in vitro systems - Limulus amebocyte lysate (LAL)
test MuWAsauINileT WA, 2553 L@ﬂ@ﬂiﬁlﬂumnm?mmgmmmmimmmum
endotoxin - ANNULANITEUNTNAL ﬁ@ﬁ@%ﬂmﬁ@u@g‘lumwﬁq@ﬂﬂﬁﬁﬂmwmmu
pluimasianuly deliaansoulananimeaauld Aeidlovinaaanduiis
AN endotoxin  aanaNANNLTUREIIENFaetuas Tivaefweaaziulalgdniia

nANHTuNEa9Ian ULy

atlafimy Aanas IS0 ennangatiu Ndvegluseninnisaniin a9

e Technical Specification ISO/DTS 12901-1 Nanotechnologies - Occupational risk
management applied to engineered nanomaterials - Part 1: Principles and
approaches @g‘lummumw Committe stage: Close of voting/comment period.

(http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?

commid=381983&development=on d’mmﬁ@ 30 dnNTIAN 2555)

e Technical Specification ISO/NP TS 12901-2 Nanotechnologies - Occupational
risk management applied to engineered nanomaterials - Part 2: Use of the
control banding approach %mg‘lu@mumw Proposal stage: New project

approved. (http://www.iso.org/iso/iso_catalogue/catalogue_tc/

catalogue_tc_browse.htm?commid=381983&development=on d@n99a1dle 30 ANINAN

2555)

e Technical Specification ISO/AWI TS 80004-6 Nanotechnologies - Vocabulary -
Part 6: Nanoscale measurement and instrumentation LN897UNNTIALALLATAIND

T fuenasndeegszrdnanisdanvinlag 1ISO (New project registered in TG/SC
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http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983&development=on

work programme (http://www.iso.org/iso/iso_catalogue/catalogue_tc/

catalogue_detail.htm?csnumber=52333 zq"’m‘-uﬁ'@ 30 NNTIAN 2555)

e Technical Specification ISO/NP TS 80004-8 Nanotechnologies - Vocabulary -
Part 8: Nanomanufacturing processes Lﬂumﬂmaﬁ@jSwdwmﬁmﬁﬂm ISO

Tmﬂﬁdﬂﬁlu‘ﬁumu Proposal stage: New project approved (http://www.iso.org/iso/

iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52937 AUAULENBTUN 30

NNTIAN 2555)

1.2 aﬁﬁnﬂitﬁiﬂﬂQﬂuéquﬁQWﬁﬂLﬁ‘iﬂgﬁmmzmiﬁﬁuu'\ (Organisation for Economic
Co-operation and Development, OECD) ADLZYVINNL Working Parties on Manufactured
Nanomaterials  (WPMN) 1flugudnasasinistdmanisnanednnnnd  waziiuumasimun
anasuiaLfriRifusuiuann lddasfhiinnmaseudanuniuluynudyy uwualfiRde
funaasandaguluionmegen  ldaufswwlfifinaeiunisdaneduds  waznns

Jasiunsdudanudaguiluluanwoesieg  nely OECD-WPMN Hlasanistlseidiupany

¥
ar o

\aeeunly aanualng Steering Group 6 (SGB) LatdsNeNUNE ATy A9

¢ ENV/CHEM/NANO(2011)11 Report on Risk Assessment of Manufactured
Nanomaterials: Critical Issues 1auaATILINIUNTLILIN OECD-WPMNS Lil8
= = = £ = 1 a & @ 1 1 a a 1
ABUNUNAN W.A. 2554 AINN1TALAWLATAINLBUARTLLR THWLINHNNTITaLNEfe
a7y nenueliuiianuena 47 win dlunsieaeilsziAud Ay iag
pasinsAneuazanaeiulilanas@uissisu avserugnuliiuenans ISO/TR
a 2 3

13121 Nanotechnologies - Nanomaterial risk evaluation TIRNNWATILINLULIAN

A o oA oA oA
1@L@ﬂﬂu ABLNBLABUNBNTIAN W.A. 2554
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http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52333
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52333
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52333
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52333
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52937
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52937
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52937
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52937

uanaIni WPMN  ¢9ulaganng Co-operation on Exposure Measurement and Exposure
Mitigation® TaMALALAIALAMENTTNNTT Steering Group 8 (SG8) 1nlasanigaising Jandn
Aau 20 Ussmanaznisey dsswalnefiduaindnegaossusiusnae lnafunuimedan

Tunflunnsiansnisaenansnauazilszniald

SG8 184 OECD-WPMN (FHAUMILUINIINITYINNU 1aayinnTAnENLanansnuuo e uaules
vildneut] wa. 2552 Neanunisdanisdniadaguiluluanundjifieu wazaimsnisan

n7duia lenaaanyiluienans

e Preliminary Analysis of Exposure Measurement and Exposure Mitigation in
Occupational Setting: Manufactured Nanomaterials. ﬁmﬁmmmﬂﬁ@ﬂ W.A. 2552
ﬁL‘f‘I@muﬁﬂﬂ Wi 3 dqu lawn (1) HAMNIANHLONANT TR LTINS AN TR M @)
%@@qﬂﬂ’mmiwquuL@ﬂ@ﬁiLﬁﬂqﬁUﬂﬁi@mm@mzmumnmiz@ﬁ@ WAy (3) dalaue
nuziiasduaes OECD Tunsvaudusell waludiunnssanisdnia uazlugaunis

AANANTENLUDINTANNE

(%

ANNLUINIINLAN1AFINa17 SGS 283 OECD-WPMN TaANNHNANITANENANUAalil #ail

e Emission Assessment for the Identification of Sources and Release of Airborne
Manufactured Nanomaterials in the Workplace: Compilation of Existing
Guidance WHWIHEUNTAaaIsITUMIULEeT WA, 2552 luga Series of Safety of

Manufactured Nanomaterials No. 11

e Comparison of Guidance on Selection of Skin Protective Equipment and

Respirators for Use in the Workplace: Manufactured Nanomaterials WU

5 OECD-WPMN. 2011. Exposure Measurement and Exposure Mitigation: Status of the Projects. ana13 ENV/CHEM/
NANO@011)12 a3du#l 3 HurAn 2554 Lan@1sHuanddan1Tviney Wanuivh uwaglasanisdes o uaiuiuann Tu
sG8 audailulasenislugau exposure measurement MU exposure mitigation LAAZIATINNTAZANANITIA NTAUAT

wazuuotfun Aaviwanans Wedugalasans
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2.1

ARENEITLTULNDL] W.A. 2552 Iuﬁm Series of Safety of Manufactured Nanomaterials
No. 12

ENV/CHEM/NANO(2010)14/ADD Compilation of Nanomaterial Exposure
Mitigation Guidelines Relating to Laboratories L‘]ﬂuLLmﬂﬁﬁﬁL‘ﬁ'a@mmj‘ﬁmﬁﬂ%@
wily luvealfiiing dovtwiied wa. 2553 antilutl we. 2554 Aldufladie
lauasie Chemical Committee 989 OECD 1¥5uses aintuasasiinmadawmese

[ANTTTU

ENV/JM/MONO(2010)47 Preliminary Analysis of Exposure Measurement and
Exposure Mitigation in Occupational Settings: Manufactured Nanomaterials 1N
LAUBHANTILATIZMANA1TIBNNIIANTANAE uazNAINTaANIsduradanuily lu
Ti\‘iq’]u@m@’mmﬁm lenanshanyawiiedaned wa. 2553 LL@tiﬁ§Uﬂ’]iLﬂﬂLNﬁle

A1E1TUTULAN 1u‘gm Series of Safety of Manufactured Nanomaterials No. 8

AIRE1NNUIENUTEALANNA

AMzNssNEN158ls1 (European Commission) Taifluvtiaenuaasanninglsy EU)

| @anaNanulusIuIusnn iiesin EU & Council Directive 98/24/EC of the 7th Apri

1998 on the protection of the health and safety of workers from the risks related to chemical

agents at work (14th individual Directive within the meaning of Article 16(1) of Directive

89/391/EEC) @eReuladum  lunislesiufdfifuainansdassiennulaeniauas

qUNNILNAAINYTEBIAAETIAAINNATesan AR NN et luan UL IRNY viTaaInNaeInIgyin

AanssaNEanuaIsAl amiuienalsiesrutaaaisunluiinasdesiuuuajus taun

216

Nanosciences and Nanotechnologies: An action for Europe 2005-2009. First
Implementation Report 2005-2007 \fluianansagiianssauuasnadnunaanianii
vasulumnealuladlunitelnlsenangd we. 2548-2550  anasgIuLazuUal AT
Aeafugunwerndauasdmandan  IdFunnhlidfiFuvanelasannsuazuag

39U W CEN (European Committee for Standardization), CENELEC (European

unILFUBR TIeeAuA AN A BAA U TUa T LINARARIINT TN



Committee for Electrotechnical Standardization), and ETSI (European
Telecommunications Standards Institute) el European Technology Platform (ETP)
on Sustainable Chemistry (SusChem), tananIviangaiLl@Funisdsuiulasianizlu
e exposure mitigation mmﬁy’\‘l “a code of conduct on nanotechnology” “a guide
on safet manufacturing and activities involving nanoparticles at workplaces” WAZAT
n3etaziagalunIInsIsaeLdanily  TuanziReiu ETP on Industrial Safety
ETPIS) flazandanuilu Hudauniiwesnnulaeasauly 7 ETPIS aufiung

= 1
ANEN DY

3. ABENIUUIUTEAULTEINA

wdnuualtnszatlan azfuns iR NWINUIZUINNUTUNARTS 7 AN UYL

seaulsema (rasaniumbanuaululsema) fldafmanuluiunl JuRliie wuy

3.1  German Federal Institute for Occupational Safety and Health (BAuA) Td.fluniiog
NUIBITFUNALETTIU T9NAL German Chemical Industry Association (VCI) Taifluasnay

YRINIALBNTU AAVINLANENT

e Guidance for Handling and Use of Nanomaterials at the Workplace (http://

www.baua.de/nn_49456/en/Topics-from-A-to-Z/Hazardous-Substances/

Nanotechnology/pdf/guidance.pdf) aavNTUlULl W.A. 2549 LaZTNUNBBNNLNT b

AeUNWIAN WA, 2550 Aaauratenalsi agnansuilauuy on-ine uszes

£

ad o

pruanuiantreunaluladl  lenasinainiaidineumeaulufindsiu A
nezasagluanna  (Feufueymenlunfeglueimmadanunannail
“0%)  lesiudn msssysiauasinnaarasdanuiluenalineiesanisiseiiv
AmAEy  enaazdesinfiuiinadas  antdulduuzihanpsnisiuga dmiuld

Jasiunsduiadaguilu
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http://www.baua.de/nn_49456/en/Topics-from-A-to-Z/Hazardous-Substances/Nanotechnology/pdf/guidance.pdf
http://www.baua.de/nn_49456/en/Topics-from-A-to-Z/Hazardous-Substances/Nanotechnology/pdf/guidance.pdf
http://www.baua.de/nn_49456/en/Topics-from-A-to-Z/Hazardous-Substances/Nanotechnology/pdf/guidance.pdf
http://www.baua.de/nn_49456/en/Topics-from-A-to-Z/Hazardous-Substances/Nanotechnology/pdf/guidance.pdf
http://www.baua.de/nn_49456/en/Topics-from-A-to-Z/Hazardous-Substances/Nanotechnology/pdf/guidance.pdf

3.2

Health and Safety Executive fqiflunioeniuaesdy waldidaiansznsadlaluizuia

AN (ﬁﬁﬁ‘]_l@LLzﬂmﬂm‘zm‘fa\‘l\‘nmmzﬂﬂmﬂ&l - Department of Work and Pension - DWP) Tl

W.A. 2549 1A9ANTIE9U

3.3

The Assessment of Different Metrics of the Concentration of Nano (Ultrafine)
Particles in Existing and New Industries {lUsN8N UNANTANENANNENAUS
TEUINNIA (m@’mLﬂ?\'m Tapered Element Oscillating Microbalance YER TEOM)
UL (MANLETas SMPS Tinanafauaslunianuan) uaziufinaiusug mnlagda
Diffusion Charging) 2@43aAtuNlunaemiin Feflesdlsznaumaaiisng 7 fiu wazigyl
TINUBIDUYNIAA ] 11U Tagagluan  nmsinizinretaunIauliungauang
(agglomeration) uﬂ@mﬂummm@ﬁmﬂ@ﬁﬁmﬁu Tnadmuusiniidfny Ae fAnw
flugeinriang s1uau LL@zﬁuﬁﬁwmawmmuﬂu [iasanddaanzailacn
vilireunee agliiifeyanefiazannziunnaniiufimasdaaunluls uazsadlald
y

BHAIN SMPS 11AUIINUARILATHIa183TaALN Y 1aeLlT1AINdayanI9LARa

Faguiluiuaisiaiiezls waznianmaninandaguiluiiinisinizaanuuulnuing

Risk management of carbon nanotubes IANNANLWALN http://www.hse.gov.uk/

pubns/web38.pdf wazuilaiutlysetiane @gauiluier] w.a. 2554) Wuenans
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e Developing Workplace Detection and Measurement Techniques for Carbon

Nanotubes (http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/

WhatWeDo/Publications/Documents/ 375/

DevelopingWorkplaceDetectionandMeasurementTechniquesforCarbonNanotubes.pdf)
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http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/375/DevelopingWorkplaceDetectionandMeasurementTechniquesforCarbonNanotubes.pdf
http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/375/DevelopingWorkplaceDetectionandMeasurementTechniquesforCarbonNanotubes.pdf
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e Engineered Nanoparticles: Investigating substitution and modification options

to reduce potential hazards (http://www.safeworkaustralia.gov.au/

AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/501/

Nanomaterials_Investigating_substitution_modification_options_reduce_potential_hazar

ds.pdf) AANNEN? 81 U1 RMIT OHS Research and Education Centre 289 RMIT
University luiliad Melbourne amnaulull w.A. 2553 laannsansuas Safe Work
Australia ﬁwnu‘fﬂm National Nanotechnology Strategy uAnunenaNanAINg
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http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/501/Nanomaterials_Investigating_substitution_modification_options_reduce_potential_hazards.pdf
http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/501/Nanomaterials_Investigating_substitution_modification_options_reduce_potential_hazards.pdf
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http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/501/Nanomaterials_Investigating_substitution_modification_options_reduce_potential_hazards.pdf
http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/501/Nanomaterials_Investigating_substitution_modification_options_reduce_potential_hazards.pdf
http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/501/Nanomaterials_Investigating_substitution_modification_options_reduce_potential_hazards.pdf
http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/501/Nanomaterials_Investigating_substitution_modification_options_reduce_potential_hazards.pdf
http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Documents/501/Nanomaterials_Investigating_substitution_modification_options_reduce_potential_hazards.pdf

(http://www.ci.berkeley.ca.us/Commissions/environmentaladvisory/2006environmentaladvisory/

pdf/030206AE15.pdf)

4.2 Office of Technical Assistance & Technology (OTA), State of Massachusetts, USA
Tt w.r. 2553 lesnunianans OTA Technology Guidance Document: Nanotechnology -

Consideration for Safe Development (http://www.mass.gov/Elwd/docs/dos/nano/

OTA_nanotech_guidance_doc.pdf) AanNen? 8 N Nileviuniseenwuuseuunsmsnany

a
@eslulssnuananunssaunly

4.3 Department of Labor and Industries, State of Washington, USA Intlaseuunng

Anennelnarnudulafizes Nanotechnology Safety (http://www.Ini.wa.gov/Safety/TrainTools/

Online/Courses/courseinfo.asp?P_ID=172) @afillayuan< 3 @i lawd (1) What is

nanotechnology (2) Potential hazards, (3) Safety Measures
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5.1  The European Chemical Industry Council (cefic) aavNLanan3

¢ Responsible Production and Use of Nanomaterials: Implementing Responsible
Care® Tulal w.A. 2553 1inann1s 6 4 lun1371191uetn9s responsible care ot
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http://www.ci.berkeley.ca.us/Commissions/environmentaladvisory/2006environmentaladvisory/pdf/030206AE15.pdf
http://www.ci.berkeley.ca.us/Commissions/environmentaladvisory/2006environmentaladvisory/pdf/030206AE15.pdf
http://www.ci.berkeley.ca.us/Commissions/environmentaladvisory/2006environmentaladvisory/pdf/030206AE15.pdf
http://www.ci.berkeley.ca.us/Commissions/environmentaladvisory/2006environmentaladvisory/pdf/030206AE15.pdf
http://www.mass.gov/Elwd/docs/dos/nano/OTA_nanotech_guidance_doc.pdf
http://www.mass.gov/Elwd/docs/dos/nano/OTA_nanotech_guidance_doc.pdf
http://www.mass.gov/Elwd/docs/dos/nano/OTA_nanotech_guidance_doc.pdf
http://www.mass.gov/Elwd/docs/dos/nano/OTA_nanotech_guidance_doc.pdf
http://www.lni.wa.gov/Safety/TrainTools/Online/Courses/courseinfo.asp?P_ID=172
http://www.lni.wa.gov/Safety/TrainTools/Online/Courses/courseinfo.asp?P_ID=172
http://www.lni.wa.gov/Safety/TrainTools/Online/Courses/courseinfo.asp?P_ID=172
http://www.lni.wa.gov/Safety/TrainTools/Online/Courses/courseinfo.asp?P_ID=172

5.2

BASF 9A7INLAN&1TAN8R111 Wiy

Code of Conduct Nanotechnology (http://www.basf.com/group/corporate/en/

sustainability/dialogue/in-dialogue-with-politics/nanotechnology/code-of-conduct) Wiy

NANNTIMRAdeUa9LTEN TINITNANNDNANNIALNABgININBE AT’

Guide to Safe Manufacture and for Activities Involving Nanoparticles at

Workplaces in BASF AG (http://basf.com/group/corporate/en/function/conversions:/

publish/content/sustainability/dialogue/in-dialogue-with-politics/nanotechnology/

images/BASF_Guide_to_safe_manufacture_and_for_activities_in

volving_nanoparticles.pdf) Liuanansene 2 wii wanateuunlfis 7 dsenis aed
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(2) To the extent that new technologies are converted into concrete processes and products, the expertise required to

weigh up the opportunities against the potential risks related to the use of new technologies in the form of innovative

products and processes increases. The same is true for nanotechnology. We take these risks seriously and, in parallel

with technological progress, work continuously to identify potential environmental and health risks. ...
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e Safety Assessment of Nanomaterials -BASF as an example of the chemical

industry  (http://www.dtsc.ca.gov/technologydevelopment/nanotechnology/upload/

rdavid_nanov.pdf) luienansalanenn 36 31 wwisaslag Raymond M. David, Ph.D.,
DABT, Manager, Toxicology, BASF Corporation SuAUALE Code of Conduct 289
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Uaeadsresdaguily nsddeinganuAniduisiaznsduiadanuily dayanis
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e Bayer’s Position on Nanotechnology (http://www.baycareonline.com/

nanomaterial_stewardship_EN.asp) Wy web page UUIRAINNENT 3 NUNTZANE Ad

eviuenansulaung Aunasantusuunlumalulatiies Bayer lnedivindezes
ANLABAALABGUNINLATAILIARENLENEBNNNANUIN Bt alafinn tenastiiiy
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e Nanotechnology Stewardship Guiding Principles (http://www.baycareonline.com/

apac/search_view_EN.asp?ID=19) Lflu web page 1u1AAINNET 2 NUINTEAE A4

duenansnEnasan laeliwunlfid Aldiudaguilu luninsan Aedsliianzas
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5.4 Business and Industry Advisory Committee (BIAC) M?@ﬂmmﬁsm’]iﬁﬂ?ﬂw’mm
a3ANTLNaANIINTaNALATHFAAUAZNTRRILN (Organisation for Economic Co-operation
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e [FUWMUINTAL framework for the responsible development, production, use and
disposal of nano-scale materials 31A3WsY W.A. 2549 Tuilaqtiulsmdaliuzng

p3ulnann1asUlan (http://www.nanoriskframework.com/page.cfm?taglD=1095)

Tnsfifnatnammnangidansnl (http:/asutriplehelix.org/node/50)  N3awl (framework)
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e Code of Conduct for Nanotechnology (http://www.rachel.org/?q=es/node/6944)
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