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workforce)7} 2015 dell= H 29 5F oA 20200 Hdj 69T Ho g2 F7ke Ao,
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Fo=E Ur|sd #ddd wrtds] 47 HAAEE sEstal ol wat A&
How o4hs BAStY glom AR A B g4 & 19 2ok w5 w7k
+=7]% 7 2HNNI, National Nanotechnology Initiative)A] &3S 3] WEA o] Yw7|& 7
FEdge Yur|es nydas 93 7]4(KET, Key enabling Tech)!'s sh=2 Ast
a1 AT ZHYYa Z=ZI(FP, Framework Program)ollAl Ux”]<(NMP, Nano

science, Nanotechnology, Advanced Materials and New Production Technologies)ol| %%
FAste] AL F1&HAe R vk BHE 001RE PEA Urs)eF
FAAAY o] BekA therlE APl ALHoz T8 Ak

<} 1. 958 Yol 3k Foe] Fx) >

I7HEAAE(FY) | 2008 2009 2010 2011 2012 2013
U]v? 1,554 1,702 1,913 1,847 1,697 1,767
=R 479 517 507 566 628 755

6&% 239 231 220 230 257 476

¥ 0|=: NNI funding List, #&: EC NMP §X}, st=: Lo swMAIgAHE X8 &= (82
€1 = $1.228, 1$=11002 2014.12¢& 7|=)

s gk =
W RESHA ST (WOS 20149 2€ 7)) Yrle 879 =i A& vus|
He § & 43E E=ESGOn, FAANS Ve A%

H FHAHED 287 =0] 71 B
© 2008 o]% A& goiE Aot g2 2000 3187, 20104 3,637 T A=A
st 2013doll= 5007719 =72 ﬂlxﬁz‘s}%v} 2000 55 201337kA] SCI A =&2
AH 7 AAE(CAGR)2 14.6% ©lH, =2 L7t 5 23.6% o =2 4H4ES UE
Wt =2 ATel bR 55 A 94, A AAHCE M A&H o F71s)
glow 19 29 ‘33 SH(MT, 4UAY, YE S3%) A% E 2@ 20004 683
Ao A 20139 4182740 6] A% Z/1elda 20139 7% AA B39 60% HEE
mso]l Hedla YTk FFE 20004 1740 AFFEE o 20100l 557, 2013d0]
L 967le] AIEHE SESAT. 200085 013977 AA ATEH ) AnF 47
B(CAGRIE 15.0% o|F], @3& FU7IF $9F 42.1% o 438 Uehich
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35,000 - 74503 80000
*SCI Paper (NT) W
30,000 - 65,102 - 70,000
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25,000 - PR |- EU Umonl E
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20,000 41,463 e
ek L~
36,437 | L 40,000
31882 [ T A
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] s i I
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21337 il - I —
10,000 - 47760 | _.,--'i-—* = South Korea
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JE 0 i —
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[Country) 5000 2001 2002 2008 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 (Tetal)
a9 1. dxd Yarle B SCL =1 Ak, el =)

4,000 - Wi [ R0
*Triad Patent Families(NT) i

i 4,000
3,500 3,644
3,000 Sf? | 3,500
2848 - US‘A—J
s ; 3,000
2,500 - ‘m
= = .-/ 2,500
2,000 - I Total Triad Patent Families (NT) 2038 ._,_.--"
— 2,000
1gan\ 1,633 U7
1,500 - T / |l EU Union
1 185 1,156 1,240 _____._.-""‘i'.‘ 1’5'}0
1000 7 g0 83 [ | [ vd = South Korea|. L6
63 _ —  lm— Ll | .
| n
500 1 |m e 500
g il ™|
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7hete] A AZEFTEH A7 AF7HA BHAT TR EokollA Al ESAH
a 9}11}. vl AlA 7]1&H 7 E(WTEC, World Technology Evaluation Center)® ¥ %
¢ =2 Y<&(Woodrow Wilson) AlEl=  “Hleif% Ux=7|& ZZ A E(PEN, Project on
Emerging Nanotechnologies)e] ” A#H|Z} AF <JWMEL(CPl, Consumer Products
Inventory) S E3] A AAZCE AFd EAE Yirso] 8D AFES ZAEIAL
Y ZRAHAEE Yrlso] 89 AF ARE WEA AFsr] A AFHES A
"dﬂlolE stal Atk CPle virlse] 288 AFY AFH, 7, A8, 37iHes

T Ao hesly BEAF BERE & AHKHOE Uo|Este] AR AIAHS
Folal Atk 20149 2¢ TIEo®E A AACA EAIE Uxrle BAEAAFS 185672
ZAE QT o] dEEE BA% O9 38 By 200080 FREEEH Ykr]so] H8H
AFe] SAI7F AFER e, mid FESHA Srlste] 2014dol= oF 1400 7H(++3) <
AFzol Nl SAE o2 ZAEII

1500
1250 - /42
1000 4 ) v /?g

N

750 -
_ A

500 H

1%

2007 2008 2009 2010 2011 2012 2013 2014
Year

# of Products(Accumulated)

a9 3. X A Herlee] A8 A AR 2(CPT 1)

CPl= 20149714 M| AFES #29 2o 8719 de® 2 AF /7= 723
A, Yirlso] AH AFS &4 ABEFAMRE dAAR dF 5
7 A theFalAl EAletE Ao g VERGTH014d 29 7))



<3 2. PEN CPI¢] tperldso] A8 AIE 25 ARA1g>
EE CE Z]je
M N E NHIEZ|, 2)el/de 2 S, ) FLI, HME
(Appliances) o|F e
ASA L MY
122 2)FXE B AMAeg|, )M, )
(Automotive)
At
) NZE, 283
(Cross Cutting)
HAHE X HFH NRC|e, 2)7thzt X ZE, 3)AFH =0, 4)C|AE
(Electronics and Computers) | O|, 5)2HFUXKX| B E4 6)TV, 7) H|C|L
S5 o 8=
NZE|, AF, IINE, HUZBEZAE
(Food and Beverage)
2l0[8 HZ
CEOIS HE ez, onuz 2 AY
(Goods for Children)
a4 % OgELx NelfF 22HE, 3)01, 4712l &el, 5 RSEE, 6)Ate]
(Health and Fitness) MXFELA|
7HE 3 HY e NEL, USSR, )W, HoJ7H, 5) 15F, 6)H
(Home and Garden) QIE, 7)0jts=
CPI9] Ui7]eo] H&H AFARE A=E/F7PE=E T4 1 dade 19 4
o Atk 0T AMI B VI, 49 5 FAFL Jnsle B AFe] ARWE 37}
st WM, e Ukrle B AFY ESA7F 2008 o]F FhekA| ¢k A A H o
e AFoltt e Yrlsd #HE AFE dFAHMNEE, 58 v FAT &
st AASHAA 424 d7IdS AYstie FRHE AAE WA et Aot
T T T T y T y T T L, E— f
2007 2008 2009 2010 2011 2012 2013 2014
Year
a9 4, AR Fax(vE, FEAD I e ierls 3 AR d8 ()
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A AANA A 2 AFE RS e VTN FEATE, TAHL 7169
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flo

7V, =7V Yirle a9 GAZ2 03, G4 2 A 2E

So| BE Fojste RIICHY AYZTRIAW)S TA0] AYBEE TS
oz FM3ln FEIIMO Ozt AHY =Xt ATS MYM KYstn Uct

D v=
ml =2 2000056 F 267] 7]o] FofsteE WHEA =74 r]= A 8NN, National
Nanotechnology Initiative)s <9 - oldstar Qiok. WMok Akst =71387] <993
(NSTC, National Science and Technology CounciDolA Y=338}7]<AFIHNSET,
Nanoscale Science, Engineering, and Technology) ¥ =7h}w7]E 24 9-<A3(NNCO,
National Nanotechnology Coordination Office)E %3 NNI ZZ 138 &%9-2A3ta 9

o A2 NNIY F2 e obgsh 2ok

- st @ A2E UrAz 5 287]% Holo) 59 D] oAk HjA

- ojn] AgEo GE(FHEH dA e dxrlse] g Y g

- AT Al Zehet AR dadolsd ALHow B

- WY QPA(EHS) &okoll gk 2ok FxH1.05% 2, 119 tinl 20% S

- 20119 99 AFAE EAE 9 2147 FREAAA sid =23 Yols
341 2HNSI, Nanotechnology Signature Initiative)oll 3.69 @& FAK11W thH] 24% ZH)

#37 o] 2014 NN+ Z 273 749 9(PCA, Program Component Area)*S Aj
A AAsGom, o|eF Waks NNIZF 7178 Baye] 23S DFe] MR A

g8 FaseE 4B F9 F 5k



<3¥ 3. NNI¢] Zg 13 JLAJoJod(PCA) H3) >

2011 PCA 20144 PCA
PCA 1. Lt=7|= A 2HNSI)
PCA 1. LEc§iat 3 =2M[A0f CHSH | a. EHQF ol X| &1t Mets 25t
P E L2 =
PCA 2. L= A b. X|&ZI7tse Lk =Y
PCA 3. Lt 2Xtel A[AH c. 2020 1 O|=E @{st LE=MA} AAY
NNI PCA 4. Lte7|& AFEH| HZF | d HIl= XA 7]g Q=2 | (NK)
=2y 71 & EE e. MME 2|8t L7 |s 2 L
T8 89 | pCA 5 LM z|E 712 9IE MA
PCA 6. 2 A7MH| 2 AS2H| | PCA2 7= o7 (Rundaental Researdh)
= PCA 3 Lo|eg 83 28 77|
PCA 7. &4, 24 3 ot M S A|AEL
PCA 8. WS I Als|x st PCA 4. o7 el=z2} 7= 4 7|7|
PCA 5. &td, 4z 3 o™ (EHS)

= Ye7lE - NS

NNI= 2014 NNI A2k A &(Strategic Plan) R AoA Uir1&3 AAH 71#e] &
HS 93 FoEolE Unr]&aAAZKNS], Nanotechnology Signature Initiative)’S 23
sttt s ® Ht7le AU = 3-4xF NNIB7HR A9 duAgtos eutrt o
289 AdAzY FZAAMP, Advanced Manufacturing Partnership)® @ =7} 314
A fde A A"gH J5F At drls PR 22 B oy FE Sl o
w3 22 570 NSI =8 Zok5 sttt

D geldA /1S A3 derls@d oA A4l thatk si2=)
2) AL7Fs 3 YAzd = 4 Z=2)

3) 2020 °]FF 9T AAlTH YA At

4) Yxrle A4 dzelAE7s HAle A% =7F 44E A
5 AAE A YrleUrles AT AA), SFRA%A

AN 2 HD AxY FEE SRR 8, Urlee TV g4 HE2E A%
A R&D FAF EoFEA, 57k vl AdES 918 NNI o4 5 & A5 NSl 2= &
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ATk =3I NSI=
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Challenges)'S A&7 ATt

Skl

¥ 4. oup} 7o) 30) Fo

53 A7

2AHEAS 93 Ath=AIA(Grand

menld

e k4 EIE
2141710l ARkek 1A A 2 deSe QA §4 A S
L gA& A7 | 71zl g )=o) guy 4 R&D
F24 ATAIE A &2 T2 ¢lsze}
A8 R A 74
Aol gigk AlgalEgS F8l 71y Al &3
2. A7&7IREE] w52 A BElE T AR 4 S
gal 531 a3, A 71 71947 A e
A, A ear AR A =X
=dollyA] &4l
3. 1,25 3 -7]4s, ulo] 974, dukA|l 2] 71458t AMP
=] el A 5l o
&9 &4 wnaye 7 e 75
WGl ek GAPH =T ks B!

Advanced Manufacturing Partnership

Break-through, cross-cutting technologies

Nanotechnology Signature Initiative: Nanotechnslogy for Sensors and Sensars for Nanotechnology
09 July 2012

NSTC COMMITTZE 0N TECHNOLOGY
SUBCOMMITTEE ON NANOSCALE SCIENCE, ENGINEERING, AND TECHNOLOGY

LA .E
Nanotechnology for Sensors and Sensors for Nanotechnology:
Improving and Protecting Health, Safety, and the Environment

NI Signature Iniative: Nanotechnology Knowledge Infrastructure
Ma 2

NSTC COMMITTEE ON TECHNOLOGY
SUBCOMMITTEE OX NANOSCALE SCIENCE, ENGINEERING, AND TECHNOLOGY

Nanotechnology Signature Initiative

NSTC COMMITTEE ON TECHNOLOGY
SURCOMMITTEE O NANOSCALE SCIENCE, ENGINEERING, AND TECHNOLOGY

National Nanotechnology Initiative Signature Initiative:

Sustainable Nanomanufacturing — Creating the Industries of the
Future

Final Deaft, July 2010

Nanotechnology Knowledge Infrasiructire:
Enabling National Leadership in Sustainable Design

NSTC CoMMITTEE ON TECHNOLOGY
SUBCOMMITTEE ON NANOSCALE SCIENCE, ENGINEERING, AND TECHNOLOGY

National Nanotechnology Initiative Signature Initiative:
Nanotechnology for Solar Energy Collection and Conversion|

Final Draft, July 2010

Nanotechnology
Signature Initiative

COMMITTEE 0N TECHNOLOGY
[SUBCOMMITTEE ON NANOSCALE SCIENCE, ENGINEERING, AND TECHNOLOGY

National Nanotechnology Initiative Signature Initiative:
Nanoelectronics for 2020 and Beyond

July 2010 Final Draft
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g g AEE V)& oJHe FIAT=H Hdsta o,
Al AF(SBIR, Small Business Innovation Research) ZZ 133 F247]%] 7]
(STTR, Small Business Technology Transfer)? ZZ1#1S& AJZ&te] 8 Hwivl g o)A
o AYe T Urrle A7 MY AYSE JHESA7Ia Ao ml= 53-DOD),
A HNSF), EAFENIH), A FDOE), 33FF=(NASA)2 SBIRZ STTR 27FA] &
FE 95t 9o, y8kA R AFENIOSH), $74F(EPA), &HH(USDA), EF3438H7]+
(NISDE SBR Z2I3& 43ty ok 53] vl= ASATNSHe] SBR ZZ 132
AAY A, A2 a2z 8oble]er)e EokY Uxrle #d FAES EF skl itk
7P =71EA g S8 20049 FH 201297kA] 89 Ee] o] diks FAV|Y ¥4l
A4 (SBIRF} STTR)oll FA}5-5H

f

tlo

2) w9

FHAES Urrleses Tdehes 709 ‘HHgAS % 71=(KET, Key enabling
Technology)’ <& A3t Fyo AAASZ dAI} 7144 s Fet Ut
olg & mHIFAE AT 7ENES B3l BA Ao IS 7HA GEAHo 1 &F
ARl Zledd o g ZFAEAS vsta ok Adrle dhES B8 ekl e
A2DE AF/ANGOE ADste] A2 70e] 1R/ BAE F53taA; S

E3 ZydYa =2 TP, Framework Program)g 53 1984358 #38l7|&S A+
pdsta glom, dA) A8xk FP == 33 Horizon 2020°(2014 -2020)%0] &= Qict.
Horizon 20202 ‘Smart & inclusive growth’ ¢ 57 2738 & sk, 2014-2020 &<
80 BE(SF 1189 7=)9] dibs FAS dAolth #Ho AAl 971 555 913 R&D
okl B} s AA)-S Axtar 2020704 GDP o4ke] 3%E R&D Fofoll mj8d A
= BRE 81, ol T FYHY MERX A 8 T dAY FEs FNIAARH
Horizon 202022  “Excellent Science” , “Industrial Leadership”, #]3l  “Societal
Challenges” & ZAl JHAZ FEEH dA 4 W A== A7 - g4 4 A=(EPT,
CIP, 18]l EID< T&etd e A7 AwY A dA 52 L3t 2 23] stk

Horizon 20200114 1}ix-7]<-& NMP-B(Nanoscience, Nanotechnology, Materials, and New
Production technologies, Biotechnology)‘& E3=o] ¥#He] Af/d @ A3t Zzg87
e WY FolH, FHAL AHY AAY Ashet 71 AAHFA Aol A2 7]wE
Ao WHEE 9 Unrjed dFNES FEHCE It FHIAES YUls
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E3PollA vl FaF 84% orja glow, NMP Z= 8o HA AF7ER&D) <
Akl oF 5~T%E FAHFP7(2007~20131 )l A 319 83t =18k a1 Horizon 2020 A
T A& BAT o olnt.

¥ 5. FHANED) Y Yl # 2203 9 =9 Fof Wg)

7]k FP7(2007-2013) Horizon 2020(2014-2020)
NMP-BNanoscience,
2 e NMP (Nanoscience,
1/}—‘—7 ]g puip s ) Nanotechnology, Materials, and
. Nanotechnology, Materials, and
X New Production technologies,
New Production technologies) .
Biotechnology)
D) AP e, ] 2 A
A thealel ol olgdt A
2B A
D vedst 9 verlss Ut | 2) i ARk X*‘;W] -8
oA @Y A gF vheEel Y R B
2) A Yhaols B AR AlE A
slo] 284 HeAls A+ 3) g M} S8 orls(4
FOEOE |3 AR A ASE H A | Aol Al el g 3}
Bl QUEellemA, A, | E AT
SMERD) 4) 59 Fu7lE Weg<eolla] B
1) 2RISR 7R ERE: RE SvEe | W A RAR ES hole
o] A S8 SISt B9k AT (&AD) B
5) A Aek Al SE g
Ul Zuhdee) Qls/Qlme)
A4

Off

olggt AT ¥4l = o]Ljof, 2008 d AA 7] olF FHIAFS WA,
AL, BB 5 A AAAEEA dd, @4Rs 9 COMEF 2

A BA AL 98 Y AA3E == 3@ (European Economic Recovery Plan)®g A
ZstRom, 2o dgow o 709 {FEZE FASteE FRIEEH(PPP, Public
Private Partnership)®Atg¢ £¥35tith PPPE F8 30 AH3 A olf:(Al2Y 3%, oy
A Aok g g8 S7h ¥ %@_7}:5 Aol ek A7 il FAste fye] =
2 AAY g1, A FE 9 A&7 AATSE ZEE FSAT. =S PPP

]

of thak o8 Hreto g FE71&TAHITI Joint Technology Initiative)’& 321343
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= PPP in FP7 and Horizon 2020

PPP= FP7AIA D 738 Az AAY FHo} A&E7ted Az 5 A% v
o] FAHFoF, Factories of the Future), 2) A7) /fdat 2471~ A4S 28] oy XA

& Z71E 9% oyA &8 AE(EeB, Energy Efficient Building), 3) +38 <4449
A&AZA D A7LEFd 2 Y8 247~ ARS 93 29IHGC, Green Cand
AFEos W8 HAth PPPE A Y A2 dAIE FAo 2 &n, a87 F3

S 98 E¥AAAEIE(Ad-hoc Industrial Advisory Groups)e 7+ &% - W13t ALY
2ol Ayttt =3 D Ao FE 5% A7 A3 2) FE - R ¥
A (PPP) ¥ 5%+ 7143 2 F BAFA F 20%s 4719 A, I d78NE F
ol AAANE FH FHE FRE A

PPP #3 A}S FAHoZ BW FP7 7|3t 59+ 440971 48t AF713 o] o
ste 3667H¢] ZRAEVL Ao FHAY A9 L VTR 249 F=7}
FAE At o83k PPP+= Horizon 2020014 #H A% 9ot F8 A+ thEDT A
S 53 A FFWZHEHE(CPPP, Contractual Public Private Partnership)e] dej=z 213)
g dAolth. o]23 cPPP= 7]F PPPAAM ThFd FA|d F7HH oz 4) AU} oA
XS FUE 93 AL/ B4 AFd(Sustainable Process Industry), 5) wle] <1E
Js 9 #Hd 56 vEH A(Advanced 5G Network infrastructure for the Future
Internet), 6) ¥l AAS|EF} HshidS 3k 145 ZHFHMHigh Performance
Computing), 7) thaFdt Ats2 =4S 93 AAAAY Z3s 3l 2R E=(Robotics),
8) ThFgk &ofoll &&°] 7hesta mEjAE g4l % 71 ZEY 2(Photonics) =
Hol e Ut

Horizon 2020914 cPPPRolE FH Ao g FA3H, oS3 2e ois & o A
ot} AlFEH o 2= 1) FoFel 119 53 /=2, 2) EeBel 69 /2, 3) C(EGVDC’ﬂ 79 5%
2, 4) SPId| 99 #=2, 5) 5Gel| 79 §2(2014-2015 19 23 5“—‘1“& +2), 6) HPCell 7
o F2(2014-20159 1% 43299k {-=), 7) Roboticsoll 79 #2(2014-20159 1& 534 7
wiul §-2) 8) XEY X 79 §2(2014-20159 19 54 697 {F2)E FASH7|Z 1Y
o, AAlE 47 FAC BlEste] 72 REAA FFEE FAH 3uj~10871A] F
A4st71 2 ettt

%
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U Jrr2e A 9PAHL 39, AHL3H7] 9% Ui oHA(EHS)

Lpeolzo] MAMOl QH4, LimorHEHS) B3 XSO o2 ofge
FAIBER OHE-OHISA| Lz 7|2 (2E)S AFBS| IBt 89l 4Fg 9l
N FRI2 AHE A% UHH 27 S FHD Ut

Urrle@Ed)e] A3 o A&stEuA drleEA)Y] A AdA-d g &
Hzke] #7F Zrsta ok 20149 9¥ AAIRAZFHWHO) AHst FAGA 77T
(IARC, International Agency for Research on Cancen® UxE2 F X202 giyx
FECND9] Tehd B4 AAS A% Hris & At 1 23, 9F os8 &
AU FHEMWCNDE 294 71554 2B°2 AASATH. o3 ZAzed ywrl&
(BA)9] ¢kdAdel g Fao=e S5 oo}l 2t

D \=

H =& NNI zhdoll A v QPRA A7k =55 913 =82 200395
2 FR89eH, NNI9| Uie obdA BuME 2006130 S7H8tith B B
o= AAA, 20119 Yxrjs M A7 Age st YT
I NGOTHA 9] bHA gxof gk /i 84, NNI 13+ %7kx 9] A= ‘Jr
TAE oA To|l FFHLE WgHo Hol yrjs AUde M-
sk d3FE 7t 5ol EZ3E NNl Z2730] IA AU 20068 75 N
HEAZOHPCA)T A3l abglo] HAARMPCA 7) E AR H AHAPCA §) o2 7
o, NNl d7/MEAg A= 222 Yxrls bdAdd 538 NN EHS d770d4
(NanoEHS)e] <HY = 91t}

U PHAZEHS) A7MEY 54 Yxrjed 4ds) - Aes £ 913 #5H4
oA vl ok I =¥e 7R v A AFNEe] 718 - B} oo
ool o, o3 7|uk oA Yir|a(aA) ##E A HBITSCA( *08), FIFRAC 07)]
of WMAsE o 2011 d ek 4kt “RIEA mgRRr]e A2 A€5]” (ETPIC,
Emerging Technologies Interagency Policy Coordination Committee)o] %3] 4413t
Dol A=A Yier)&e B3 984 o2 R ?ff”] H3s 9 s o, T2
& Held = EAS T 94l - S Sxlolgts 4 A Axs FXe Hs b
AR d7ds B8 A HHAE A vEE F 13} ot 20119 10l F0=
NanoEHS A7/gAI g “Uir]so] HAUgh QIgte] AS|A/AA /8734 S AF
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670 7ok AR ATES W
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EU RTD investment in nanosafety research

FP6:

About 31 M (13 projects P
completed)

FP7: 35.000.000 € [l
2007: €25 M 30.000.000 € /\-
2008: €14 M S /\ /
2009: € 14 M iy

20000.000 €
2010: €29 M / \ /
2011: €21 M 12000000 —
2012: € 35 M 10.000.000 €
2013: € 30 M (estimated) S //
Total FP7: 171M¢€ EU funding "“Sb G gk owe B0 Gu
~50 projects
a5 6. THARHED) HaePdEH2H(NSC) ] A Fapl
E 7. THAY P E Y ZE(NSC) o Al At 2 JRe

A 2 HHWG) A H

1. A= v ed Az, 24 9 EeYsistd] B4 54 B4

2. 54 =4 2 =54 HUt

i AzUeEd o5 #4, A4493/37 =&371,

S EEEAPY AL

4, HoJEmo)2 HAAAE ARG HolgHolx 75 9 &g

5 13l 247 v A/ B A HEAd 5, 24 2 He

6 24l Usobd 3 2dg 9 vy Y
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EURESEARCH

NANOSAFETY
WGET DISSEMINATION
2CG1 2G2 BG3
Standardisatien / Regul Industry/MNGOs/ Workshops &
Bodies/Intern coop ManoFutures Conferences / Web zite
] WG ' wea WG wWas l
MATERIALS EXFOSURE RISE
ENFP Synthesis, Froducts /A LCA - Workplace
Dispersion & {embedded ENFP) @ Consumer
Characterisation :E‘,‘z: Environmens
Fate & behaviour 93 e e e ]
. Wiz = Assessment
HAZARD Workplace & - e e e e
Environmental = Appraisal
B8G1 Teoxicology SXposure . WS .
832 Ecotoxicology
Detection tocls Control & Reduction
_f 4 4 %y
| |
’ ' WGe MODELLING L 4 ¥
EU-US Coordination

a9 7. FEAT Yaeokd S AE(NSC) ] AFAFAUHWG) 2 %2

oo

fygaste Ywekbde FP7 NMP2 “New production” H-Hof sid=A o,
= &3 5497 5 dHd A7 ofd FAHo| AAS Hol A
= % ATE, A9 FHo] ohd AstE FX s SHAA #EHL UeS YE
ok ol2ldk Yool tigk e A, 20139 1€l 3NE Yirle 2y
(NANOfuture)ell 2 et} 9t sig 2=me 11719 §9714SHZETP)H 1071<]
AR 2F Z3E tigh, AF4, 71EAH, A4dA T 60044719 B VHe] FHE &
ZH3t} 7€ 2EfEC] OFAW 71X A&(value chain) ¥ AJ4FAFE(production chain)
& B2 A3 Ab&(societal chain7bAl #0224 Uir)s Lo 2 oy 717 3§
g AT F Qe TAPE U e 28 2EfS YA

EDUCATION
SAFETY & TRAINING STANDARDIZATIQN

COMMUNICATION __ ' REGULATION

Figure 3-7: Scheme of a Societal Chain

a3 8. 44913 NANOFutrue 2EWolA] tEal 9= AL A&
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EEMol FE - ROl =HI ALEe] 3o| th|ZM Y12 B E=otEA S
o FEel Hirls2 nev|siies XSt fEel M4 2

HME S7HA712, Ao F2 st s Zol 7[0f

© 0 0 O

o
gelEl Lhe2|ek IR AteS wel Zlg/m7led AlE S JixIAE 2

. ZledgA AFZN(QTNEEEIHFEEANA IAEHS T3 U]
=

7l Aol 7l BHE HERL Al oY Algel 8= HE=Tt
TLAIES BOjLAM =283t =1 ACL Wb FEV|IEel JiEat 0l
YR O|8%ts A2 HE=7tel =82z 0|20 & = e, &=
M HES 7|HeR 5t= IMYHES Sl /tsT + UCL

D Yrrle Fa33H =3 #EAES IA¥e) ERA & BILAT
20009 FHAgo] FHAFAY([ERA, European Research Area) T2 1S AlZeld
A FARH] AFHAR vlFhe] FHE FHAch FP6(1999-2006) Z2 13l of A=
oF 35871 AUl ZEAES W= Ag7|He] Tt UrrlEd BHshe
FPeol A= 7708 vl dAF-7]13o] st 5719 35 dTFHAE s on, Ui
Zle #d A7 diS diEES ml=dlA ALEATh FPTAIA wl=3e] 32 4609
Mo A Z2AETE FyEH o, Yrrled #dds 12719 35dT A
oF 4708 =AY HA T F 16718 Z=AEQ2N v= 71# Fo)rF Ay H A
A7k ZHY Y= =R E= BILAT USA®(Bilateral Coordination for the
Enhancement and Developement of S&T Partnership between EU and USA)ES Ea)4
AT rl= 224 ol g FsUs, Arle 5T, VEHNHE F
EXE AASIAY. vl A3HR R 3] (AAAS, American Association for the Advancement
of Science)et 471 FHAYT AT FX 7| T U 7R FAHGoH, HE

=

o 53] 20139 3¢ FHAGH vi=e AdrlesEALI] oA = FHES A%

_19_



CAEAE ] A AF Boks ZAGNY 2 5= A7 NWP, 147 2 &%)3)
Hom ot Mo FREF| TASIY FRIA ST

1) EU-US Ztst7[ =3 LI(STI) & ¥del & oolM XA t=tE X
(Support the political dialogue within the framework of the EU-US STI cooperation agreement)
2) IR0l mpetAiet A FA Zho| HHZ Letstl chol 3E 2 HALE Sof
Az =2 JtsMof st ME =t
(Enhance the cooperation between scientists and innovation actors on both sides and spread
information on funding possibilities through a number of workshops & events)
3 Li=Zls Fo= 7t Mutoteh 2 J[=o| HHE oo FAMMY He F T 24

(Analyze the state—of-the—art and the progress of transatlantic science and technology cooperation)

olgdt FHAT-I= Y T2 T FAN WE Fe T F Us HA
ey 5t
Ad=o] 7HA] SHE FRE It ZRZAEE off 6719 2 H7IAZ FAHET

2) A7t &Ale| Jglof chsh IAX I (Tubitak),
3) 4l mELA fAM(inno TSD),

4) 7ot oj=o AFEHY ZIHFFG),
oAb 28 H HE M uf(ISA),

6) ZTEHME ZZ|[(DLR) &t

A2 A ZZZ2IHEP)ANA vl FHATGe] FAEH - BILAT USAZ= 13
<= S3lA 60671 Abgle] FXIEHAT olF U7 e AL 87TE AA <
14.4% & At Jon, yxdd A F UxQHAEHS) #d Z2AEE BAE A
A dwrle 38 AYY 287%2 A Atk B3 uFd 89S 201195 Y
A Fokoll A FEHE FZ5Sth(us-en.org FE)

3% 8. BILAT-USA 2.0°14 FF<Q Y=EHSTH A

ZHe 2 2 ohA A Ref

|'II
fol

1 Other InternationalAllianceforNanoEHSHarmonization Link
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HS FHe| 22 oA Ref
Multilateral ) . )
2 o ThelnternationalTeaminNanosafe Ty Link
initiative
FP7 Project with ) ) o )
3 UsS Biosensornanoarraysforenvironmentalmonitoring Link
) ) BiologicalFoundationfortheSafetyClassificationofEngineeredNanomaterials(ENM):
FP7 Project with ; ) . ) )
4 US SystemsBiologyApproachestoUnderstandinteractionsofENMwithLivingOrganisms | Link
e andtheEnvironment
FP7 Project with ' : i
5 US DevelopingReferenceMethodsforNanomaterials Link
5 FP7 Project with | Innovativestrategies,methodsandtoolsforoccupationalrisksmanagementofmanufa Link
n
U.S. cturednanomaterials(MNMs)intheconstructionindustry e
FP7 Project with o )
7 US NanoTransKinetics Link
8 FP7 Project with | Engineerednanomaterialmechanismsofinteractionswithlivingsystemsandtheenviro Link
in
u.s. nment:auniversalframeworkforsafenanotechnology T
FP7 Project with ) ) o o )
9 UsS Modellingnanoparticletoxicity:principles,methods,novelapproaches Link
FP7 Project with ) ' - i
10 US MODelingtheEnviRonmentalandhumanhealtheffectsofNanomaterials Link
Bilateral ) ) . .
11 RiskAssessmentforManufacturedNanoparticlesUsedinConsumerProducts Link
programmes
12 Bilateral DevelopmentofaninVitroTestandaPrototypeModeltoPredictCellularPenetrationofN Link
programmes anopatrticles -
Bilateral ) o . ) )
13 ConsortiumforManufacturedNanomaterialBioavailability&EnvironmentalExposure | Link
programmes
Bilateral ) .
14 GoodNanoGuide Link
programmes
Bilateral ) ) ) o ) )
15 EnvironmentalBehavior,BioavailabilityandEffectsofManufacturedNanomaterials Link
programmes
Bilateral )
16 NanoSafetyCluster Link
programmes
17 FP7 Project with | Intestinal,LiverandEndothelialNanoparticleToxicityDevelopmentandevaluationofan | Link,
u.s. oveltoolforhigh-throughputdatageneration. Link
FP7 Project with Link,
18 US RISKASSESSMENTOFENGINEEREDNANOPARTICLES Link
S. n
19 FP7 Project with | THEREACTIVITYANDTOXICITYOFENGINEEREDNANOPARTICLES:RISKSTO | Link,
U.S. THEENVIRONMENTANDHUMANHEALTH Link
) ) Donanoparticlesinduceneurodegenerativediseases?Understandingtheoriginofrea )
FP7 Project with ) T ; ; _ - _ ; Link,
20 UsS ctiveoxidativespeciesandproteinaggregationandmis—foldingphenomenaintheprese Lirk
.S. n
nceofnanoparticles
o1 FP7 Project with Comprehensiveassessmentofhazardouseffectsofengineerednanomaterialsonthei Link,
u.S. mmunesystem Link
Projects ) o )
RegulatingNanotechnologiesintheEUandUS:towardseffectivenessandconvergenc )
22 supported by DG Link
e
RELEX -
Thematic task
23 force/working EuropeanTechnologyPlatformonindustrialSafety(ETPIS) Link
group in EU
Thematic task
24 force/working NanotechnologiesforMedicalApplications(Nanomedicine) Link
group in EU
25 NoE NANORETOX Link
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2) NANoREG
2013 3¢ %‘“ﬂoﬂfﬁ A= NMP 2239 & 58 ‘Y=g FAND S 9
| E

& #U2E H2ATH AL NANGREGY Z2AEZ Azt 245 of ==
AEE Beag(]9) HAds BAE H3t2 Gg 2 AP ALt 1 2
HE AASt] YQbdEHS) B WA FAVE Bad 2o ABA 71E ATe 2
2 Bk Az SHEY, APk S4B L =EWF PP AAste, 3
SAYLHADITFA B BHe B Axb=EAe] A3} Bt 4T & 9
& % b 9 ools) BaAE AF NHYL 7}

£ AlEsha, Axuieede 9y 4

= &
Al Slth NANOREG o] Al Ha37]1A = v+3 2o

FH 2HSofl o5

) BpotE e
WP 2) L2l Mz 32 o 2alsisy 54 24
WP 3) MF7| =5 B}
WP 4) MH U sol2 oi3t 2 SMEI}
WP 5) TH SIEEIt U AEY
WP 6) X&&{el oAl

Azegde) B E4UI) A, wEEQR, L6, 874 ) BA, A4
/9] Alfﬂ A57)A B B AAL 9T TA So] FA

Ttk FUAT AW NANREG =

oz} B, AU, B3, QB 22 9 @7 57 @ 242

=
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d ddrle ATAES AdE it 7ol =S wFAL A3 YirleF A

o1& Tl A B ALl mE 300 AVlE ARs 2HE go] Age 1Y
SATE E3F 7|E AFeA THACE gRA FUd, D Yirled 4E83E AR 7
b 7= 86 =zt AAE T AUA SHiEh aEa 2) Yierle ¢ gEE
A% A7 FdE FA8th Faz d AEe 20129 ATt § virle 59
she Az SR @ NS AT, e £

=
FoAlAE 35S gRed o Fil 4e A ALE AMF T & s
R&D 7 S, 123 FUARsee A 4gle] Agse] ARe A% A4S B
Zstolof Atk ol B 1% Uiy] e slohgete] B MRS ofesl o] AN

O B2l L—H}0|2(Brain Nano-Bio) & E2{Ql Lt=—0l| Z(Brain Nano-Eco) & & AlAt

=
S EE5, 2l 2l9of(Brainware)oll 7|HksH A~ E T2 (Soft Power) 7|&70et 25}
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g st=dol(m71ae A8 S I 92 Az F¥sa A Kok v ‘Ul
Z1EMEESAH” & AA o] F 10odo] de 7R & W82 4 - Halr} glo] 873
Hato] el thAlskA]l Steka glow, WEA SFETAALLS dA Al 371 AAHA &
AstiA A 247 o AR BAe @ FEENe B A8 e A9
dpojzZe}ele] H&& A= kA Fsta ﬁlﬁ} tEo] I7AIEAl e virle &
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o] AxH 4% AEZ FAS L Utk Aoy YrjERer o
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g 109 vepd
M RAE FT iyl B e 25-63% FEQ013E 7))o uwé 91
oo SRS Werle g ZRade EAsh, ZRage FEY e duEs
2 3 glol A&Eo] goh o 20139 Wl B F EAe %‘23.6}71] Z7Ys
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WP1 Scientific answers to regulatory issues
+ Refinement of problem ideniification, including
Interaction with stakeholders
+ |nteraction with WP 2-4 in relation to answering the
regulatory issues/guestions
* Framework development
+ Database

WP4 Keeping pace with innovation

» Optimized inclusion of risk research
in innovation process

= Safe by design, and applicability of
drug development approach

«  Methodology for connecting information

¢

WP2 The NANoREG R&D Backbone
+ (A)Synithesis, supplying and characierization |

from various databases

* Business oppartunities for improving
risk research

« Developing pre-standardization activities

 (B) Exposure through Life Cycle Analysis
« (C ) Biokinetics and Toxicity testing in vivo

i

: 5
WP3 Advancement of Regulatory Risk
Assessment and Testing
« Evaluation of data requirements for

WP5 Interaction, Dissemination. Exploitation and
Communication

Lizisons with international organizations

Interaction with nafional NANoREG coordinators and
national stakeholders

Transfer of MAMOREG results to the national authorities
and participating industry

Dissemination and communication

* |IPR management

National funding and project suppaort

categorization

+ Develop a categorization of nanomaterials

« Develop solubility testing procedures

+ The relevance of barriers

+ |nhalation toxicity and penetration

* Develop a rapid high throughput screening
methodology

« Develop decision free for risk assessment

Ministerie van Infrastructuur en Miliew  August 2012
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- MARINA, NANODEVICE, ENPRA, HINAMOX, Nancfafe?, GAINancIOX,

NANEX, NANOGENOTOX, NHED), ChservatoryNANO QNAND - SITNN

Project name Results and lessons learned for NANOREG Beyond the state-of-the-art of

NANOREG
MARINA it is advised to first formulate some goals and NANOreg wiil advance the tools and strategy
P o substantiate the goals with choices for matenals. developed with in MARINA on seiected

reference nanomaterials and other case-by-
case considerations, by enabling: a)
categorisation of MNM-iypes and read-across,
b) high-throughput-screening of MNMs with
regard fo their toxicity profile, ) development of
a Risk Assessment decision tree to
complement the MARINA Risk Management
Toolbox and Strategy

NANOD- Analysis of 20 commercial MNM showed that most Special focus is proper quantification of specific
EVICE of them were associated with more than 1 wi% compounds and comparability between
N organic material independent analyses. NANoREG aims for

development of a Test Guideline for
quantification of coatings (WP2)

NANOReqg will build on the in-depth knowledge
and understanding of individual nanomaterials
developed under NANODEVICE and enable
categorisation of NMs for predictive toxicity

screening

Dustiness tests of more than 20 commercial MNM NANoREG will test and evaluate new

powders using the standard and NRCWE altemative dustiness test and methods

miniaturized EN15051 rotating drum showed high measurement techniques for inclusion in future

comparability between these two techniques Test Guidelines . New procedures for data

Comparison with test results using a the Vortex evaluation and use of on-line dust

shaker system. Online sizing and surface area measurements is currently required to generate

monitors had great challenges in comrect valid data In case of satisfactory ability for

measurements of particle size-distributions as well guantiication by in-line technigues,

as surface area of nanostructured dust generated by measurement p will be ed

these methods. for general implication and TGs (WP2).
ENPRA A 24-well sensor-disc-reader (SDR) procedurs was The SDR system will be further evaluated and

tested for simuftaneous measurement of MNM validated in NANoREG, especially regarding

acidity and oxygen-interaction during dissolufion data interpreiations, to potentially enable this

tests exactly mimicking in vitro incubation conditions method for fast screening of MNM properties
tested under specific in vitro incubation
conditions (WP2).

An Atmosphere-Temperature-pH-controfied stired Further development, use and validation of this

batch reactor (ATempH SBR) test-system with system in NANOREG will expand the data base

online measurement of redox-activity and DLS was on pH and Redox activity together with data

established for testing the short-term biodurability from the SDR system as early indicators of

and hydrochemical reactivity of ENP in various toxicity and important physico-chemical MNM

physiological and environmental fluids. Soluble characteristics (WP2).

MNMs seems to be more toxic than non soluble.

Non were less foxic than d.

A generic MNM dispersion protocol was developed There is a need for validated dispersion

for in vitro an in vivo toxicity testing using dispersion protocols for toxicological testing of MNM.

by probe-sonication in 5% (w/v) serum-water. NANOREG (WP2) will validate suitable

Hydrophopic MNM were pre-wetted in droplets of dispersion protocols for toxicity testing and test

ethanol. Good performance was observed for most their applicability in toxicity testing. The ENFRA

MNM. The change in surface chemisiry, properties protocol will be further evaluated along with

and possible modification of toxicity using this others, including analysis of parficle-medium

protocol is unknown. Further dedicated analyses are interaction and impairment of physicochemical

required properties. The performance in toxicity testing
will be assessed for selection of suitable
procedures

HINAMOX A study of the role of storage humidity and overload NANOREG will perform further studies and test

ErETR— pressure on dust emission potentials has been the influence of relative humidity on MMM
conducted using the NRCWE miniaturized EN15051 dustiness and the potential use of this principle
rotating drum dustiness tester Results showed that for exposure reduction. NANoREG will evaluate
the humidity had unexpectedly large effects on the the conditional requirements for a larger set of
dustiness levels and the size-distributions. MN for recommendation in future TG (WP2)

NanoSafe? Methods for aerosol generation and method for Inhalation study set-up (aerosol generation and
mhalation exposure developed. Uptake and inhalation exposure) will be utilized in
distribution after inhalation elucidated NANOREG.

CellNanoTox | Several matenal properties described as critical The project demonstrated, that in vivo data for
factors for cytotoxicity. Precision-cut lung slices the validation of in vitro data are missing and
model adapted to MNM testing. that presently long-term effects by inhalation

cannot be sufficiently addressed by in vitro
studies.
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NANEX The most urgent short term research needs are NANOREG is using the OHT (OECD

—— harmonization of data collection/ reporting in terms Harmonized Tempiates) and the NANoREG
of choices of metrics and verification of effectiveness | data platform is installed in the NANOhub. The
of risk management measures. structure of NANOhub is based on IUCLID.

New endpoints specific for nanomaterials have
been added.
A weakness are reliable data on production and NANOREG is actively integrating enterprises in
application amounts and empirical information on order to work with reliable input data for
release coefficients for all life cycle stages of MNM- exposura scenarios covering the life cycle of
containing products and environmental MNMs. The Working Groups is the instrument
cempariments. to address industry driven case studies afong
the value chain.

NANOGENOT | Further development is needed on a.o. sample The TEM size-distribution SOPs will be further

Ox preparation and measure tube length. Questions still developed and evaluated in NANOREG. This

e remains on accuracy, precision and uncertainty as inciudes analyses of precision and accuracy.
well as comparahility between method 'WP2)

A Small Angle X-ray Scatiering (SAXS) procedure The SAXS method for determination of pariicle
was developed o determine aggregate pariicle size | average size and V35A will be further

as well as VS5A in powders and dispersions. There | developed in NANOREG. The procedure will
was good correlation with BET analyses, but aizo be used for the generic characterization of
questions still remains on accuracy, precision and MNMs in the project (WP2). The performance
uncertainty induced by e.9., density as well as in toxicity testing will be assessed for selection
cemparability between independent analyses. of suitable procedures. (WP2).

A generic MN dispersion protocol was developed for | There is a need for validated dispersion

in vitro an in vivo toxicity testing (pre-wetting in 0.5% protocols for toxicological testing of MNM. In
{viv) ethanol; dispersion by probe-sonicationin 0.5% | NANoREG, the NANOGENOTOX protocol will
(wiv) BSA-water). The method generally perfforms be further evaluated, including analysis of

well, but for some not, The change in surface particle-medium interaction and impairment of
chemistry and physicochemical properties and physicochemical properties. The performance
possible modification of toxicity using this protocolis | In toxicity testing will be assessed for selection
unknown. of suitable procedures. (WP2).

NHECD NANoREG will integrate the NHECD database
in the NANOREG data platform with the
structure of the NANChubvIUCLID as
backbone.

NHECD will deliver the EHS relevant
information of the reviewed publications.

OBSERVAT Briefing reports were first attempt to integrate NANoREG will use the ObservatoryNANOC

m expertize about innovations and EHS and ELSA factsheets to permanently monitor ongeing
aspects. Issues were inventarnsed but not really activities in the EHS domain (WP4)
integrated.

QNano Basic characteristics of nanor ials as e.g. nano- NAMNoREG will use methods and protocols for
5i02 are often differing depending on the nanomatenal characterisation developed within
supplierfsource, therefore examination of these QNano as a basis.
properties has to be done ahead of further testing

SIINN The coordination between SIINN and NANOREG is The SIINN consolidate framework will be one of
performed by the WP 5 leader, which is also the sources for actual EHS information.
responsibie for the liaisons in SINN. NANoREG will defiver to SIINN call topics in

order to address knowledge gaps on EHS that
can't be addressed within NANoREG.
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