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I 1. FJIFUTNEDNEICET 3 EREmAE

KRAETE. FI/INTITINEOREMRERET I 2 L TEBRLEZISNBERENEICOVT, BRMEZF
BT TRITINE TVWhW3 DRI FI/INTITILOHSBCEDIMAIEEIOIRIK (2019) 1 .
[EREIUMERECRIIINAIACERENS T/ IA— AT 2438 (2019) | BREDENR%

TV BUFOEBD, FEDFU. Fo BRRE - SRSV AICHEFE VRO R INEUEBLEUR,

1.1 RRFIIFU7ZINOHIBICFEDBRFRBEIDIRIR

1.1.1 ARKEHN

3/)79/02 - FRMEBESMFEUREZUIDR(EZEREAMTHO. EU OFFROFFRRRICED
HTEBBEEZRILETULITFEREINTOVET, F/XTU7 IV, $IlHE - EERE RSS2 IRMELE
I\ EOBEEOHELEMIVEFT /NTUT IV FIAORIBCLD., BERPRIBAOBENREICOVTO
RERIPNECTVET, ZDes. IOUEFRLUVIBOBTERN RIS U GBI EEZE I 5L

MBETT,

2018 FF 4 A, BUMESHNEEE D REACH ZESARFRE(F. tiE REACH MIEE(OVLWTHEENR
BRERAUELR, BUE[J 2018 £ 12 AICHIRENTSHN, 2020 4 1 A 1 B&h@ERAINFI ', E
REACH MIEE T(&. 7/7A—ADOYBEZTIH(CIR A T I EMRH IS BN S TRE LA TR
TLWET, ZNCENMDS T, —BIDIAFRENRZZIBX. REACH ([CHITRIBHREBMOBEISEERT L
DRARICE. INEFTORRBRCERSL TEKEE 10 FRIMNBEBZIBNTVET, ULIth T, #FiLLF Y

TUTNDZE MR T BIHDLDFFREREHERDEDIE A ARG INECLRRTVET .

! Commission Regulation (EU) 2018/1881 of 3 December 2018 amending Regulation (EC) No 1907/2006 of
the European Parliament and of the Council on the Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) as regards Annexes I, III,VI, VII, VIII, IX, X, XI, and XII to address nanoforms of
substances.



Oomen i (2018 £2) OWULNE. F/IFUTINI T BIRIEOUAYFHEIL — LT—I(E, Lb
R EMAREHDSLURRRTI/INTIZINEENS [ 1 K] OFI/XFITIHSEENTAGHICE
DVWTWET. 51} F/77./02 -V TEITUTWSIRRLAIAE S INR-2a> 2 BB U T, b
RERPIRIEAOBIENFEZRFELN IS LT MU VFHEIL — AV - )DBEE M ZHI#T 545
(SHRIBLTVEY . &b [BERT/F/./03—] (CBIFIREDOIVAVHTE 7 TO—-FO#EE M %R BBRC.
EHOAFTER. 36 1] (4T3 NIRRT Fe@E MR 0F/IFI7IVEVWSEERICER

LTOWEIH, BRI O TR ATNREAAT /XFI7ITHIDONEVSERICEAMNTOFEEA.

AR TIE, WD DRI ] OF INTIPINCERZE T, FFROFREZ F AT HIENHEDRS
AV ZFv 220 (FIERARERA V) MBS I IR DH I LDIKIRE VER R SILZB/RIEL

TRPRBEED)) FELHRULET, BH. EIC 3 D20EI23a2CHDIFBENTVET,

o  ENBHAOT/IFUTIMCELT—RICAEIN EEROINELEE
o BEFOE 2 HARMIEDT SIFUTIDA IR NIWER L ST

o [ME] DEESY. [Y)fm OB £

2 Oomen, A. G., Steinhauser, K. G., Bleeker, E. A., van Broekhuizen, F,, Sips, A., Dekkers, S., . . . Sayre, P. G.
(2018). Risk assessment frameworks for nanomaterials: Scope, link to regulations, applicability, and outline for
future directions in view of needed increase in efficiency. NanoImpact 9, 1-13.
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1.1.2 ER3HRDF/ITU7IDESR

B

BIFE X TREIN TV, BRJEROFTI/INTIZIVCEITBERICBITBIBIRZUNELN D, BB
FIRTUTINERRBMERICHFELZ LT, SORERER THHLZHERI DD, BIFOERZIELE.

BUKEFTLVVWERZIRE IS LZBIELET,

FIIFUZINOD THER] o=

HAROELZ(HER . HMFERORBIEREERIDOICEAINES (8 5 I E1-4. 8 5 HA
DAV AESEFMRE). 1 DOEANSHIOHAADIEIT(E, FMOBMES EZEIBANSZE X ZMIEN
RANECIO TR AN E T, RIER T /57702 - ICAOBEZ(E Mihail Roco (C&H>T 2004 £
NN, TOBOEIRY TSSCHMENELRZ (Roco 2004 £3, Renn &Roco 2006 £*, Roco
2011 £°, Roco 2018 ££%), 1997 £EN5 1999 £E(CHFT. Roco MEAEFFHIZKED [F/HAIVR.
I>SZ7USY . BLUTH/0S-0AFTEI-F200)0 -7 ] (&, 2OMFRERERETEZRELELL
(Roco. Williams &&U Alivisatos T:&st. 1999 £7), ENHEICHO T, KEDF/FH/0S—FE

FFECET 2EBBATOI S0 BRI /7705 -1 T7F1INERENFE Uk,

3 Roco, M. C. (2004). Nanoscale Science and Engineering: Unifying and Transforming Tools. AIChE Journal. Vol.
50, No. 5, 890-897.

4 Renn, 0., & Roco, M. C. (2006). Nanotechnology and the need for risk governance. Journal of Nanoparticle
Research, 8, 153-191.

> Roco, M. (2011). The long view of nanotechnology development: the National Nanotechnology Initiative at
10 years. J Nanopart Res(13), 427-445.

6 Roco, M. C. (2018). Overview: Affirmation of Nanotechnology between 2000 and 2030. In T. O. Mensah, B.
Wang, G. Bothun, J. Winter, & V. Davis, Nanotechnology Commercialization: Manufacturing Processes and
Products. John Wiley & Sons, Inc.

7 Roco, M., Williams, R., & Alivisatos, P. (1999). Nanotechnology Research Directions: IWGN Workshop Report
Vision for Nanotechnology R&D in the Next Decade. International Technology Research Institute, World
Technology (WTEC) Division.
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[F)5797)02=tl. (1) FIA-NURSORT—)LOMEOHIHZEL T BRBME. T/\1X ¥R

TLEER. BIU (2) ZORT IV THRESNRUVVTFES JUVIRROERTY. |

Roco (2018 £°) ([C&NlE, F/70/03-FINTORFEE DB O DEREL 2SRRI THO.
ZOMICTEIRBAM, NAAT7/0>— FRABIFE ATHBELT, 21 HICOIRFVRL TREEENH
BAHDEFTI . INASD 5 DOEARNIBRIZRAM TSy M IA— LANBIRRRZEHBU. T3YRTA—L
BTHEEASLT. BRTNRBRIZRMTSYNIA— L CeORIZFERAM. FBIK, J)LRIZE, N AESE
@A) ZEDET . ENTNORFANTSYNIA—-ASARENRRD, 20, BT -EAPR M

ZRMLET

Roco [C LB DD5E

Roco (/7705 -OFEZIN-DIETOTAEHRU. 6 DOEEHA (FEFEC 2 DOHAK)

OF JH@THEEUSIENS 3 BRECOITVEFT . ENTNOERBEEU TOLIICERLTVET.

o RBEFELAR/MAITFEDES

® FIRT-IREDLANILEAE 2 DRFEDIEH S
o RERNDSHANE

° BOZ-X

o UZUHNFZR

8 Roco, M. C. (2018). Overview: Affirmation of Nanotechnology between 2000 and 2030. In T. O. Mensah, B.
Wang, G. Bothun, J. Winter, & V. Davis, Nanotechnology Commercialization: Manufacturing Processes and
Products. John Wiley & Sons, Inc.



55 1 ER¥RE (HLZ. 2000 EH5 2010 FEEFTH 10 F/) (& F/A— MR- ORKOFAEL T/
AT = MB ORI SRR CERNETAINEU, 55 2 ERRE (2010 05 2020 F£FTO 10 5FR/R)
(CEIBERE FIRT-INTOHEE, EFTULVERGROHD, BIZICE DT /AP RT AOVERKIC
HOFEU. 5 3 BfE (2020 M5 2030 FFETO 10 &F/) (& F/HAIVABLUFT/70./05 At
OEREN R EF. Bl BSVNSREOMEICERNETENIEEZSNET, 7./577./02
— LB, NMAFT0./0> -, RABZE., BLUATHEEEDUER(E Nano-Bio-Info-Cognitive
(NBIC) #t&TIYRIA—ACORNBEEZSNE T, IEI—DIXTOCA S EREMFREDFH DI EFD
I POHEGEOEBR(COBMNDE T, T/BXMHIMS AT L (NEMS) HZOFITHD, FIRIOSAIRE
OF JILIMOZIZEB AR T )7 O F 1T - AEREL T, ¥R Y— EMFENE Y- (EF T
U ENE T, S5(C. BEFR(CEHEN LS (CE FRIMNRERELZ R IRRZM B DOIRERZ52
RRIBIHC. F/77./02 =L ATH )OS —-BLUERRENF DUNEINSERKEN D FTLW A AL
TVYRSZFT ADABENEDSNTVET . COUNBK(E. DNA 22 NIEEV AN TRET /IBIEDE
SR D FEDFERICDRMET . BIDFIEL T, DNA GRS IMERRFIRTEEZZEAL T, I>d-
RUIETSA)VIEERE DNA T )FVTCRTESD B F/\—RRIA4T] OFERRNHDET . DNA +/FvT
(FIREEF S TEREOBIANEREEDODIEERMATYT (Church, Gao. HLU Kosuri, 2012 £°), Roco
HEE (2013 F1) (FUNETS5YMIA—LALTNSOEKRIIOWNT, FHRERERLTVET, RYIO
2 0T )70/03-REEEETOCAOERRFHHIELVKONDBIN, RICHK 4 HADLERERALE

H(C. Roco (2018 1) TIRRENTVET . ENER 2-1 ((FELHFT .

® Church, G. M., Gao, VY., & Kosuri, S. (2012, Sep 28). Next-Generation Digital Information Storage in DNA.
Science, 337(6102), 1628.

10 Roco, M. C., Bainbridge, W. S., Tonn, B., & Whitesides, G. (2013). Convergence of Knowledge, Technology,
and Society: Beyond Convergence of Nano-Bio-Info-Cognitive Technologies. Dordrecht, Heidelberg, New York,
London: Springer.

11 Roco, M. C. (2018). Overview: Affirmation of Nanotechnology between 2000 and 2030. In T. O. Mensah, B.
Wang, G. Bothun, J. Winter, & V. Davis, Nanotechnology Commercialization: Manufacturing Processes and
Products. John Wiley & Sons, Inc.



Table 2-1: Generations of nanotechnology products and productive processes, and the
corresponding interval for beginning commercial prototypes

Generation

Main characteristics

Mano 1
Component
basics

G1: Passive
nanostructures
(~2000-2005)

G2: Active nanostructures
(~2005-2010)

The nanostructures have stable behaviour during their
use. They typically are used to tailor macroscale
properties and functions.

a) Dispersed nanostructures, such as aerosols, colloids,
and quantum dots on surfaces.

b) Contact nanostructures, such as in nanocomposites,
metals, polymers, ceramics, and coatings.

The nanostructures change their composition and/or
behaviour during their use. They typically are inteqrated
into microscale devices and systems and used for their
biological, mechanical, electronic, magnetic, photonic, and
other effects.

a) Bioactive with health effects, such as targeted drugs,
biodevices, and artificial muscles

b) Physico-chemical active, such as amplifiers, actuators,
adaptive structures, and 3-D transistors.

MNano 2
System
integration

Nano 3
Technology
divergence

G3: System of
nanosystems
(~2010-2015)

G4: Molecular
nanosystems
(~2015-2020)

G5: NBIC integrated
technology platforms
(~2020-2025)

G6&: Nanosystem
convergence networks
(~2025-2030)

Source: reproduced from Roco (2018)

Three-dimensional nanosystems frequently incorporated
into other systems and using various syntheses and
assembling techniques such as bio-assembling, robotics
with emerging behaviour, and evolutionary approaches. A
key challenge is networking at the nanoscale and
hierarchical architectures. Research focus will shift toward
heterogeneous nanostructures and supramolecular
system engineering. This includes directed multiscale self-
assembling, artificial tissues and sensorial systems,
quantum interactions within nanoscale systems,
processing of information using photons or electron spin,
and assemblies of nanoscale electromechanical systems
(NEMS).

Heterogeneous molecular nanosystems, where each
molecule in the nanosystem has a specific structure and
plays a different role. Molecules will be used as devices
and from their engineered structures and architectures
will emerge fundamentally new functions. Designing new
atomic and molecular assemblies is expected to increase
in importance, including macromolecules "by design”,
nanoscale machines, and directed and multiscale self-
assembling, exploiting quantum control, nanosystem
biology for healthcare, and human-machine interface at
the tissue and nervous system level. Research will include
topics such as atomic manipulation for design of
molecules and supramolecular systems, controlled
interaction between light and matter with relevance to
energy conversion among others, exploiting quantum
control mechanical-chemical molecular processes,
nanosystem biology for healthcare and agricultural
systems, and human-machine interface at the tissue and
nervous system level.

Converging technology platforms from the nanoscale
based on new nanosystem architectures at confluence
with other foundational emerging technologies. This
includes converging foundational technologies (nano-bio-
info-cogno) platforms integrated from the nanoscale.

Distributed and interconnected nanosystem networks,
across domains and interacting at various levels
(foundational, topical, application, products/service), for
health, production, infrastructure, and services. This
includes networks of foundational technologies (nano-bio-
info-cogno) platforms and their spin-offs including for
emerging nano-biosystems.




Roco (FBEAMEIERNS FIRT—IICHEIT B RT LALNIOBEALLEMI L, BLURRDIBIFEIM
DEFOUNBDERCEINT, 6 DOEERIZHADT /F7/0S - SAZERLTVEY, Biffen370
MILES T BIUVRBACDRFERICUIN D T, WIITIUIERZII LS/ EICREL TVWET . BERS
EUT, 6 DOHEAIE, Roco LADIATRENT /7705 —(HIT2AHBIVRBIDIREZITF AL D

(CEEETLIEZ3>0—8BTT.

35005 DBk

FRJHROTV/02-OE2Z BV, EITHROF /7). /0 —FREICHDEREZ DT 5LICK

0. 77905 -DFFRIDOVWTHRUBBIORAH James Tour [CE>TIThNEUE,

Tour (2007 &%) (FUTOLSICHALTVET.

o RENFI)TV/OS—
FIEBD IMFICAAINZVED L IFBEBHDER A ENIMFET DI TSI AT AMRENMERLFT .
o HEBNF)FTH/OS—

CDIBE KFERIRU TEFERETIRE, FIMEMINZEEL. ZNICIOTTNAAZER
BULD. BEOERCIRERTIETRA LZBBSEILOLET . 2O—HIN HIEFINSHI DB
((RFEBESE DN TED T/ DFest [F/0—1 TY,

o J\(JUyR-+J)575)05—-

T IBAXOYELDFEEICIHOTRIADTSY M IA— LZ TR I DL T, 122U BRIORH (T

SYRITA—LMBVET , SUDTSYRIA-LAOBFERENEZO—HITH), BERZEITIEHD

FORAEZEEIBDETIIIOMEN A ELET,

2 Tour, J. (2007). Nanotechnology: The Passive, Active and Hybrid Sides. Gauging the Investment Landscape
from the Technology Perspective. Nanotechnology Law and Business, 361-373.
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—HUFT, BERCELLT, Tour MRAVEAEFISEBRNEL TRAMOTA LIRSV > 5Tz 32 15

FRISCERSINTVET,



1.1.3 HESFFENNN

&M /EEmhTIV-

Subramanian ftt (2010 ££!3) LU Suominen it (2016 ££*) (&, Roco (L& TEESNA
RICBIITIAR DT EEFFEN D HEERLELZ. Subramanian (. 2009 £F(c. BUF(CEE
BOFRE T HAEEHTIU-IEFNDDHILAERATIITVET . oo Roco® Tour [C&HTES
ENITESFT /HEEMH I LB, IREUHTI-0350 1 DRIFCHIEEINZDIFTEROEIEREL T
F9. BHRONTIV-(CBI T /HEEYE. ML ENZEEMEINMLE S, Tour & Subramanian OJ\
ATVR-F)70./05-DFERGFRESCERO>THD. BORFEES [J\(TUyR] EWVSHEZERZEN

TEARIIBENHILICEBENNETT,

o EIFFENEIET /IEEN

SEMERR D WEPE CAEBNF (@R AIEN 3 S /5T0./05—

BIZE, . BR. Y6 BITEIRIIGEDT J)FT9./02 - TROLIE BRAIIRIT Iy I E
RECLHOTRESNIIFLIAZAZFIAN TS, ) WF 7T FERESNBEAXT JRIFOE> T —

RENHDET (Agarwal i, 2012 £*°),

o RIFNEMENET /HBEW

pH. im/E. ¢, BEiET, HEQEFMEREQRIBICHBRRCRIEISF/7T9./05—

BIZE, RIRISEMEEEF AEEMOBICE, T2 — KRB D FE-F—. IGEMEERWIH.

RIRICEST7 ) F1I-9h%H0DFET.

13 Ssubramanian, V., Youtie, J., Porter, A. L., & Shapira, P. (2010). Is there a shift to “active nanostructures”? J
Nanopart Res(12), 1-10.

4 syominen, A., Li, Y., Youtie, J., & Shapira, P. (2016). A bibliometric analysis of the development of next
generation active nanotechnologies. Journal of Nanoparticle Research, 18(9).

15 Agarwal, M., Balachandran, M. D., Shrestha, S., & Varahramyan, K. (2012). SnO, Nanoparticle-Based
Passive Capacitive Sensor for Ethylene Detection. Journal of Nanomaterials, 5.
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SOREVT /A RDT)/0S —Z BB/ \UIc T /7905~

PR BRRDFE-T— DFHEM. DTFEFRBERENGDET,

o N\MIJUyREETFJBEEW

MBEOIF—ARHBHEAEDE (EV-IEEY). BH-B) 2501/70/05—

BIZ(E, Subramanian fB(&. E£¥-FEEMESNT-BHED 2 DD)\ATVyR-F IHEEIFRICD
WTEBRUTVET £-3EEMD)\ ATy R-FAEEDBIC(E, (a) BERAERICTINKEI D=
RITRUN =Ry NI —IRICEESNZBERN SR IBERSEME RO, LU (b) RECHES
LT (EARICRVTEDIE ) EREEN P ElinESN %)\ Uy R 7\ TN T8EN > ) (&,
Fo(IHEBEMEERN Y )\ VEZSOEHASANHDET, I -BHO)\ 1Ty R JHEEDHI
(L& BRAFF/ESDIL—4 (Wolf fill, 2018 ') o, FRHILIMOILIRYES ZADRHOI]

SFRER-EEFENT A ANHDES (Cheng 1. 2010 FY),

o EEIRIRIEIET /HEEN

ERPFEEFROH I T ARSI SF/T7./05—

PIZ(E, BEEAPHZNIA-D(CLIBEAFEDFRATIEER TS, EBRSLVTSAFYII-

TAYIRBEDLSIRBCEEMBNGDET .

HESFFNERDORHR
Suominen fti(x. Subramanian OFEREZE(ICFHAZLTVET, BECEE ST /7005 —-08]
2. ERBRICEIMN BRI —FT NA ABIE2HE T DI RT LAOBLERIRZ Bl RIEROEET )T

/0 -%XBITEREEEFFNEROMFEZBNELEUL. A NSO S2Y N(AE>2 2T /)4

18 Wolf, S., Zwickel, H., Hartmann, W., Lauermann, M., Kutuvantavida, Y., Kieninger, C., . . . Koos, C. (2018).
Silicon-Organic Hybrid (SOH) Mach- Zehnder Modulators for 100 Gbit/s on-off Keying. Nature Scientific
Reports, 8(2598), 1-13.

17 Cheng, K.-Y., Anthony, R., Kortshagen, U. R., & Holmes, R. J. (2010). Hybrid Silicon Nanocrystal—Organic
Light-Emitting Devices for Infrared Electroluminescence. Nano Letters, 10(4), 1154-1157.
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Ao Y- BLUE-H-EVSARET. BT /77./05 - (LT EMYOBNRACBRDEEFERL
FUlz, BIRYIOE R FFFEE LR T DL, ZOEIE(F 6: 1, DFEDIFFLER 1 AU T, &S /740
S—(CEAT2RNENE 6 THOEUZ, KRR 40% U LN SRAICEIZEDT. 20%N (At
> = 15% N E—-F—(CBRLTVEUIZ. 50, LT 7OF1I—4, O—-5-BEDRFEICEMRLTLE
Ulze &1 F /57005~ (B 2RI DEEAESRRERVELRD (1991-2010 FOROERFITRK
KX F/77/05-(CRAITZREMIID 55%I(CLEA, SE%F /7905~ (CBEI2E0F 130%). F
)77 )03 - HRFRBRICEH DB BN S IRALL TRV EFERITIITVWET (1991 &, /740
S—(CRTRIEHMYID 3%. 2010 &F(d 8%). F/XFUVIEIEFT /7705 -DEKICRATIESERZ
INEEU. Roco ° Tour MRRULEROEFEARNZERITHEZBENEL T, EBENRTHDIMXD
K¥RZ BT —AN-2ZBU CGEHESFFFZIMRRMTONELIZ, Roco. Tour, 8&U Subramanian h'z
EURAFTIU-(CDWVT, Google Scholar® BUTEITEINLEFROFTEEFFNIRROBER (K
2-2) 5. LKONDERFMOEDLDBLERAINTVRIENDNMDEUZ, [TEME] © [)\(TUyR]
(& [F/-1 CBHEULTEZHENTVWMEEEETY, Fio [#E/\] © RIBICE] 6RO LAIC5>20E
NFIN. INBOREFERITUE. TJAT —IUSHEINENTZT N1 APRIBEIEE O T A 2IELTVS
DIFTEHOEEA. [Nano-bio-info-cogno | (FHEHEDERNBBEEINTVEIN. TNSOKERD (L.
Roco (L&D TEREN NBICHETIYRTA—LEWIEDEEUS. 4 HARDTY/0Z—(COVWTIRATR
XZHEUTWSESAE T, Roco [CLOTERINLLOIBEE 3-8 4-56 6 DT /NYFTU7ILICOVTIE.

WX TEREINTWAHEPBNTY,

ZOEAFUTOLIIERLZ THIEEZILNF T,

o TEENMIFIIITFTATILAFEBINTLRLCE
o RIFENZOIARICDOVTEIIRI B/ T NI UBIBEREEZFHLTULRLTE

o NSOEANHEwRDEZHT, F/77./03 - RE(CEIIATRNFIIFEICREN THDIE
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Table 2-2: Generations of nanomaterials: number of articles and patents in 2004, 2011, 2018
and in total (Google Scholar

"Passive nano” 5 18 23 277
“Active nano” 95 208 383 3,800
"3-D nanosystems” 1 3 4 ‘ 30
“Systems of nanosystems” 2 | 21 ‘ 4 | 12
“Heterogenous molecular nanosystems” 2 ‘ & | 1 | 93
“Hybrid nano” 105 458 1,450 9,560
“nano-bio-info-cogno” 28 98 77 1,560
"“Nanosystem convergence network” 0 0 1 2
“remote actuated” AND "nano” 1 2 13 119
“Environmentally responsive” AND “nano” a0 292 481 5,030
"miniaturised” OR "miniaturised” AND "nano” | 496 1,110 1,100 7,900
*Transforming nano” 2 1 17 75
5[, 2011 FLUBEICHERRENEBENROHBI DI ML B, BLUOF—-D-RCERZHT U

T D 3 DOIAEBIRIAFTIERICHIN T, Scopus® DIRFTENEITENFE U, IOUICBINDIRZR(CEO T, T
IRFI7NOHKOBERESXBATILUEREINTOINDIFTEAS BIXTRIRINELF 1M -H(I>X
OREO, F)77./05-08F%K, BLVREOYATFHEIL — AT - I OEE M OZR(CBRESN TS
ENRERRENEUIZ, Tour MEERULATIU—ELEART, Roco OH7IV—-(FRELERUTVWALEREY.
ZNTH. ANRULEES(C, Tour MBEVWVERBIMBSLUEEBINT /7702 -DFEE(F. Roco D% 1 HLU
55 2 tHRLLEFE T—8UE I . Subramanian B &Y Suominen f(CLD:m TS, &S /570

02— (CEAT AR OEMENIL TV BERERITIITOE T,
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Figure 2-1: Number of hits per year for “active” and “hybrid” nano* 2012-2018
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Figure 2-2: Number of hits for “active nanostructures” 1995 — 2008 - Source: Subramanian
et al. (2010)
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1.1.4 SFIFREDIFR

BRIxR/>5E1—

SXERDDIZAETT I DIDIC, IBIF, F5R, TR EREB. BLUERRD 8 AOFFIZRE

HIEEL I 1-FITVELRS,

®  Dr. Simina Dreve, {t¥REXBRNES (FECC). #4ii- REEBPIVR—Sv—

®  Dr. Scott Brown, T EJL At EEHARE

® Dr. Hans-Jiirgen Klockner, RAWIEZETEiHs (VCI). BIZF - 54 - IRIEMRESPF. BIF ARSI ETE
®  Dr. Maria Antonietta Loi, JO—-_ 4> K%, RIEERMIESS. XYIESE - AEF T FHR

® Dr. Alexandra Latnikova, 7357>R—J7—SRRINY—RZEFR. SRk - AU — Az ERrY

® Dr. Marie Zimmer, J5>Z Chimie, 7047 R AF17—RIVTEEE

®  Dr. Kathrin Schwirn, RAYVEFRIET (Umweltbundesamt — UBA)

®  Dr. Gert Roebben, RN EERIHATSG - EXE-LE- PNEERE. BBRE

19E1—FER

BMREEE. KR F/37U7I08EE Roco (C&oTURMHENEEREZF>THD. Roco FE
TRERBVCEL. Tour OERIOVWTHEIDTVELUZ, UNHU. AR B (IR RENEERZFIBLTHST.
BDHFIV— (RFJEFRTFTINTUTI, BHER-IDFIITIT IV BEER-ZADFIITITIV. FIEEM
BRE) 25U TVWBERIZELFEUR. $2EFIZR(E. Roco & Tour (@EEHR R T ABEICERLT
WEIH FICRNEERENEOT /XTIZINOERZSRINGE FI/IXTITVINADOERICIREEN DD
ERRTVET, BIOFPIZR(E., 5 3-8 4 HROF/77/0S—ICHERMERE 100 nm 28X 2A]4E

HENHBEERLTWET ICANE (EF ABFILFE EFILIMIZIARE) [CdOoTRIERT /T

8 The indicative list of questions is provided in Annex I.
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7)02—/F)70/)0S—CRZ DRI 3T EMRRINEUIZ, FIRMORRQREAT/70./0 25D

B LU/ ELIHEBED RN S, BENCEBOFHLWEBEZEIINEIN TERISIETT,

HRREEE. EENMERTHIEVOIBRT—HU. 7/77./02 - HROtEHICOVNTIE Roco
BEHERUTVWSLIETEULEUR, NEMET /BEYEET T /BEYOX R FERNICENETESD
DT, FIIRCAZAA-CFBCIEIIEFIN, BRDF/70/05-0n BNV TERTCLE
HUWTI ., MEEF/BEY) (EAFR. F/EENOESNLELTND) FRBEET /HAEEY (E
R /EEMNEDMBRRE SV F(FZEZZEZD) DVINICDIRINSHNIBERG T HEEHIEL
T 8K, T2 - MENETBENTVET . Roco MERUIZAIT([FBRIER DRI TEF R A HDEFFIZ
(. IRTOFIRFTIUT I/ F HAEEMERR(CDEE (U FRIRC BRI, BME T, 7BH%. TR, IR
B, RKE. BEFE. BLUEAREHRL) SNPIK UIhD T, 58 1 #HRORE ST /idiEme o
FEETER I DDEARATRE THHEVOIERZIERMLTVE T BIOFPIRE. ANEET AEEM(EEEF
NEEMFILFT )P AT LAOBRERERBDIZENHDERNTNET . Roco [CLHTHRERINE 2 HA
BUREDF /7002 -ISAEHEROEZ S, /5770 —IRFROIFRO B se 42 8K I B(C(F&I5
FIN BBDICAZDIET DL TEFRA ERINLEAKR. BT /7702 -0HZIRROFF
iCEBERREIEEMEEHDEIHN, AEIOBEMCEESURVEVSEECEAL T, EMROBRE—U
TWEU. NEEF /IBEYOEIET AEEMOXBI ORI Z#MZ T, 55 2 tHS0OF /HEEW)® Roco
0% 3-5 4 HREERICITICHRSNTVFIN, ECERABRTHOPEBCLEEFOTVDEEFIZ

([FFEHLTVET,

EU SAICEFULVEFIRICE, JESET /BEY(CIFL I 59T REACH FIFE. HIUTIEMIES VI O%F

U SA=INETINESNEREUZ. REACH FRAITEU T OLICEZRLTVET,

v B RBREEFLERETOCRCIHTROINALE T REZDIEEM TH, BEM&H
K93 BRRNN®., ERSNTOCANSELA Mz EHEIN MEORTE M
(CRZEUIDZ DR ZZ LS BIEDE FICBE TS IBRIPREET,

v OREYIEE 2 DB EOMBNSSIESMFTEBRTT.
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v @EF. BERTRFBIBAZA, RE. FETTAONEIEN., TNUCLOT AEZFHEMICL DL
DERERESVTHAENREIN AT,
SIEMES VI T 74— AOMBORIEEFPMAREE (WU T, BARNCIROBHREZIZM

FBLI(RHTVET:

® FJIA—LFFRRIS JTA— L—KOMEDRIRFI(EZDMD T T4 — ADHREHR

o YAXEHE 1 nm - 100 nm DIBRALFDEDEIEZ RUIKL FERI F YA XD

o REMALFEIRELIBDHRA, BLUBRLFERYED IUPAC ZRBSUIC CAS F(F EC

BHSZ SO G

o JiIZIR. FARIMESLUZDOMMOAZREF B BUIRMIZE TR, HIRTERARIBEOENEE
EREESOHEIIBIE(CR T 51ER

o XMEE (HMEEREDLREE. BEEEDLREAE. FFMIT)

BRIROBRICENE, EMBE VI TRI/ITUTIAETFBSIFSNE TN EIEF /8IS
BFIRTUT IV BUKEERBRCE. REY. MREHBENDINEIN S T2 AT —RICEDHIETENS
HENHDET . Hp2EPIRE. MEOEROCEFEANT, [£E] (CEKROEINDHE. NEMEHEE

TEEOZADT HESHmEHREND THEIERRTNET,

CNITINR . ASDABERI ARG ERIBHATN (RIVM) OFPFIRED—HI—T1>J(TRWT, Sk

LE1—PEFIREOEZEOVEAPT RICET 25 mMTHONELL.

® Eric A.J. Bleeker )BH JUEREZ LT Y-, VAVFHIIE S ERERESHHARE
® Agnes Oomen, F/XFIU7IOFEYENREEURVICEAT DS Z7IY—Fv—

® Adrienne Sips, 7./7/7./0>-0OUAH(CBEI Y —FI-F1%—45—
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FT)570)02-OHKROEER. LU Roco & Tour MERUERZ EBEUGERRBMMTON, fbmel
T ENBZYRIIR DA N TV — AT —IDEECAVBZEETEF AN ENTEIEVTROFFEAMN

EDLSBEDH FYRINEC(CHZDNAEIET BICEAZIZ DLV RN RENF L.

TEMT BEMEEET BEMZEOLICXBIT I RENCIRBSNIZERZEDLSETET
M M RDORFREINEDLENEU. 1FICRFIDDDTEREERZIEM I ZHE. TOULXBIFEE
T, RERF /7002 -OZEMEIOBBICEAEDULIRL, UIehHo T ZOEREIAETIH.
Roco t° Tour MERULERIIRSAY> - AFvZ I (LB THR LGRS NELIZ, FRBOHTT. 12
RSN T )T7/05-0BINS (EW-FEEY. BH-BEMBNOEZULVEFEDEEZED. /\(
Ty RSEMSF HEEYRE). IRIED EC #iEDT /IYTUT7IVEZY REACH LU CLP OFEEEILHHEET
BRI ER DRI RE N D D E VS B ENFERENE LIz, REACH REIIMEFEZEIR T BIH(C
BIESNLEOTIN, IDEBFER, 1)I4—LAOMEICLH>TEUIREZERBL TLWEEBATURZ, 7/
ITV7INHMEZ ERRRCYNIRZ (CRARL. TOFUVVERER. M 7YX, tEREHE. BLCERHRIR
WF BN JRT— I THEIEDFERTT . EMIEE VI TROSN TVDHFHHATF/TA-F(E, EC
EERDEHEMCAZT/ITUT IO 2 ENELTED. FEQFT/IFUTIVERRG T /7005 —%
ME. BEY. BU(EMEEARBRIHNENDRIELRIDFRET I, EC #IE0F/NFUT7IERIG. 1 D
B_EOAMZTEN 1 nm~100 nm QYA ZEE QBN F(CERZBVTOE A, DR FEME
100 nm ZBZ2eIReENH2HEEN . T/\M1 R, SATLZIBLTVET, ISO [FCDIRRTHUVSNBE
2ZVOMEHULTVEIH ( [F/88EY] W [FiEEMR] 12E). REACH MRHIECOREEZSA

THSY . MiEET [F/XFU7I] & [F)T4—L] (CEERLTVWSDHTT,

F)70)03 - ORI EF. BIZENAAT) /)OS —LEREMF EOUNRNMBEFEFN S/ \ATUYR
BWEMHBIUS AT A BFRMBEYIINS— (EE) MSEBMENE TN BB ECERELL
SEMEE VI DT/ SX—ITHN-ENTVEEA. SBIC TEEF IBEWMHLUT /S AT LFE
BORTTZBILEI N TNEURTRRFITL — AT - I TEIRTEBIEENF A . UEMES VI OF#1

[FINSA=AF, F)TA—AICDWT, EU TIRICHITRRLEE UITE A SNEMPELIRRTVE TN, IR
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BB IV EEIRS MBS OERP OB RZE(LICEIERUTVWERA, ol RO FE-T-HD
W HEBETHEEN Y N IBEREDLIRT /A AW XT L, DEDIEBRIBICE L TN LT HET

BT BRITOID FOEMIEI(FIX LFHEIRESNFEA (Davis, 1999 419) 20,

IZIZU. BFIREDBZEDOFER . RSN TOWSRIE T /NYFI7ILOISRABIEA DT JEZERDH T
B LICBE TR ENHDET . INBIE REACH DEEFESTHD. BRMNERSRF (EMA) (& Tt
FTaNE 9, EMA (F3R7E. F/ERRIOVT, BREAOBMEL TRRIMISGESTSNESRATAT, 1
AT =IO IKED 1 DBL. RV THEERAME PR ERSIN. EREN (RFIL—
MIE5E) ORDOFEDT/T7./0S—ICRALIFIEICEEL, 7/ TFOFEINSERRIIFI R (0
REVAERS /AN MRE) (ERAENZSATLAEERLTVET , COZXT AR BRINESDESICHRED
EEROEEDHLINENHNET (Hernadn Pérez de la Ossa. 2014 £ 4 B 4 ). B%I3
BRMLESDOEPIHERS (BAMIC(EECHA. EMA, 8L EFSA®) (&, +/77./03—(C&oTEIBENS
BIZNSLURF_EOREEZ R THD, IRIZTOES(GEN T DOVTUeDIEFRINEMRI )L -7
EHRMBUTVET, 3510, RHREIIRECREIZERSE LT3 v 2Bl ARIBEHRR-I)L YA

MHERFL T AR B EO—IRTHINIAV> - AFv 2T - IV YA XKL TVET

BRAEC, NAAT) )OS —POEMEMFEOURNSEFN D)\ Ty RBIEM R LU TIE, BB
(CHEFBIREDQURIRRFHI TV — LTI TRHIBIR TEITVERA. ZIEL. 5. BEOVEIZEN R R
BN BARNRHATORZIER T 3IENTE . INSORHITL — LD —(CBIF B LAY B PR~

MR I BTEN TEBERFFENTT

1% Davis, A. P. (1999). Synthetic molecular motors. Nature, 401, 120-121.

20 See the pioneering work of Kelly, De Silva, & Silva (1999) and Koumura, Zijlstra, van Delden, Harada, &
Feringa (1999).

2! Hernan Pérez de la Ossa, D. (4 April 2014). Quality aspects of Nano-based medicines. SME Workshop: Focus
on quality for medicines containing chemical entities. London: European Medicines Agency.

22 European Food Safety Authority.
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1.1.5 BIFOERICEEL &

+J)79)05-DFEZROBK

RYDFRRIE. BERZEROF/F7/02 - RaoM2zEAI2ENNERSIETT ., Roco
Tour DEREIIT /770> —0a]gedz@FAL. AHBLUVRBOIREZITRADTH(IREEINFU,
CNBNEREE. RHOBRIBETOFEREZERIULEDTEHIEFATUR, Roco (. EHRUEANEE
BB B THSMNLTWES ., —7. Tour DEHKFLDS DTN THOFEIN, 2 1 RS 2 iz
XBIIZEENEBRTY (FIXE. TAINEERTSD] ). LN T. AEIOBKI T, BIKIGERDT/TY
JOS-IbAZ&EAICIAREICHERTIHC. ENSZERTIEFRHUVONIRIRTI, Tour D5 3t
KTE TI\ATUyR] MEAINTOLEIN, ENAELTVBDET /YA ZXDFT))/0S-0FE. T/594
A079)0S =AW AI0YAXDT Sy N IA—LEETV/0S - EDFEETHHEBONET . UKL
BHS. OFAFTE DI T(E. [N\ATUYR] EVWSAENERZBEN THERINTVBILL®HD. [FEAL

DIHE. BRAIMBINSEBRINDGT/T7/02-2RULTVET,

Davies (2009 £2°) (C&N(E, Roco MRIRUZEE 2 - 58 3-58 4 tHRDTER (RO 2 DIFLLE
BETH3) [F. T/77./05-0FPIRISREZELEE, Roco MERUBIO—Epz 5 (JIRfRTEE

BATUR. IOUCEELIFFFIREDE R THERRSNELU,

FTI)F0)03—ICRWT, RHIODOERE @A RIEZETEY A XTESAE L TTVT, a3
NTVERA. B DOHOERNMFIETIHE . TNET /HFOLNLTEAINE S, —B0MRFIHL
VEHESEOEETE. FILLWHBEPEBOMECERLTVFEIN (SKUHEEOE: A—-XNSUT7HA
REnEE. 1HIREE KERREERS. KERRRET. HEE W IIRRIEHRORM
(BT BRNES DN BB LVEER, BETERS TRER). /\U-RHAOHICEDEE%
FLLEBOBOEHRINEN, ISUIHEZ IEHE(CAITE S 2 E (O RERRREZ B (AR FT LR

RBE FIIRTIZINOMBEECEBUH (IR EEALIRBEINTVERA (Boverhof i, 2015 £F).

2 Davies, J. C. (2009). Oversight of Next Generation Nanotechnology. Woodrow Wilson International Center
for Scholars.
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Ricardo Energy & Environment (2016 ££%%) (3. RIZSIURIRELUAOXBROLE1—(CEDE,
MATHEBMRBE OB FEZEMULER. 7/77./05-0RICOVTOZERSAFIFEEETRE
fEmfT I TVE T, 20IEA(E. AFTROERNFILVF XTIV I TERGERE S AT LABLUYY1—232(C
LHTBNTLBHSTY, Wohlleben 1l (2016 £F%°) (CENIE, BROHARA - FH) - BRI EE%
BRI BIHICFTLWF IITUVINZBINT DT, FI/XTIT7NEBLUVZORFENEME S AT LN
ORABER NMIREBEIHERTRLICTH A2 ENBIET. #EezRIZL. RSN BB ZIZERLRITIN
(FROFERA. T/HEE (F/RTREEONG—2TOREBE) OFEFRENSENTAFRRFIEDIZERICESR
ZIET. FIRFHEEEN. B2Mzm L2 2L ERICART_EOREE RIS EBIENTEE

¥, Suominen E&EHSF/77./02-DEIRICLOT, B2 DLTEF JMRINS, SOEMRT /57702

T A ABLUBEDRLZAE AP OIAF XL N — MR OERE(CERNKREEOELT, F
FROFERICELTVET,

FTIIFTUT . FIEEN. 8LV T /BEMH

2 DHOm@mSEF. FIXFITIVCOVWTORBIERMFEIDIETHD . (FREEBIVEBMRLTVE
BA) MOZDEELDE EC BIEOTEEFERNTEENTY (Rauscher 1, 2019 £2°), E5(C
Roco (FERZEROF/70/0S-BREFT/T77/05-ERICERL. T/i8&EY (REESLU
SEME) FISATL (B FSATL) NBIC #iERAMIT Y NIA— A T/ AT ARy NI~ JRRED A

EZRVTWETY, Tour ([d. EABHADT /T7/00-(CERLTVET,

2 Ricardo Energy & Environment. (2016). Support for 3rd regulatory review on nanomaterials -
environmental legislation. Luxembourg: Publications Office of the European Union.

% Wohllenben, W., & et al. (2016). Nano-Enabled Products. In D. Fujita, D. Kaiser, E. Mansfield, & M. Van de
Voorde, Metrology and Standardization of Nanomaterials: Protocols and Industrial Innovations. John Wiley and
Sons, Inc.

% Rauscher, H., Roebeen, G., Mech, A., Gibson, N., Kestens, V., Linsinger, T. P., & Riego Sintes, J. (2019). An
overview of concepts and terms used in the European Commission’s definition of nanomaterial. Luxembourg:
Publications Office of the European Union.
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COLSPRT T, BBBHEARDFT INTIVIVCERTHEFBUITRVEEZILNET  FRNEST

(FFIRFITIN AT OLICERLTVET,

FIERIGIREE(CH DN FEFRGESUILEEY (775 —K) BUESKESUIHREY (770
A—b) THO BORFERFIAIDMCHEITD 50 %A LEORIFICOVNT, 1 DB EDITH 1
nm~100 nm OYAXEEDOK FZ2EHET 5. KAD. BENL. FRBESNAMEL. FEDOE
Bl BLURIR, 2R, REUFLEHEFNCETIEINEERISE . RFENFHA XD MR
& 50 %l(3 1~50 %DOREIOBMEICZEEL TELW. EEROFIFMELT, 1 DBAEDHTH 1 nm K

DI5-L > J35I12IL—IBLUVEBH—RY - F)F 21— (EF IRTUTINERHRIRETH D,

COERRRE. BRFINTVWEIN ZERBEEOKIBMELETZFEE TERL ZOXEMZE

SICTBEHDDTFANAEDEF ORI EZZTOET S,

JRC (2015 %) ([L&NIE, EC OEZEGHITRYIE(CBARECHIREINTHD, TOMREE. LrSLU
RIBECECOVWTORFICEDE FCOBOMPBHCHITTBRHICEEET - EREINTVET,
SCENIHR (2006 ) (§. F/EBOHEERIF R FIRYIE (L 3L MNS LURIE(ECE (L. [HHAHA
FN] TSR O, FEBUAY NIRITHFHATN AL F (LS B(EELDE A HEEN
BLGERTVEY ., COEZ T, BH O S TEIGR I MECESNHETEINTLEITH, IS0 DEE!

REDMBOEZETH/N—ENTVZ—EPOF BEHARHIRIENTVE T, JIRC (2014 £F32) FF/4EE

%7 Commission Recommendation of 18 October 2011 on the definition of nanomaterial (2011/696/EU).
Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011H0696

2 http://ec.europa.eu/environment/chemicals/nanotech/faq/definition_en.htm

2 JRC. (2015). Towards a review of the EC Recommendation for a definition of the term “nanomaterial”. Part
3 Scientific-technical evaluation of options to clarify the definition and to facilitate its implementation.
European Commission Joint Research Centre Institute for Health and Consumer Protection. Luxembourg:
Publications Office of the European Union, 2015.

30SCENIHR. (2006). modified Opinion (after public consultation) on The appropriateness of existing
methodologies to assess the potential risks associated with engineered and adventitious products of
nanotechnologies. Scientific Committee on Emerging and Newly Identified Health Risks.

31 https://www.iso.org/obp/ui

32 JRC. (2014). Towards a review of the EC Recommendation for a definition of the term "nanomaterial" Part
2: Assessment of collected information concerning the experience with the definition. European Commission
Joint Research Centre, Institute for Reference Materials and Measurements. Luxembourg: Publications Office
of the European Union.
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MBHCIOWTERL., COREICH IS EC BIEDOERNRBVIEZASNMILTVET , ISO/TS
80004-1:2010 T F/8EMRET /AT —IVOREPEEREBEBSZH I MBIV TERLTVE

g-o

ISO/TS 80004-4:2001 TIHATOLICERLTVET,

R FERCEBDREDCHRVT, FIRT-IOKRLF (F/5E8). TIAT—IOZERELUHAL. F
REFIRT—INOILEHD (DFD. BRI NIZXRDT JYMK) ODRNEEE THIMEHE [F/HBIE]
(CDFESNBDICHDRAFEZFTF OMBITI . EERIC. GEALEEBOMBINEIC, FIRT—ILORZEE
HBIMEFZN A EMRREZELTCVEY, T /AT - OEENELMEFR AT &2 DL

S(CERNCEEFET IAFVAESNREICIOTOH. [F/H8E] #HRHIERIENFT.

ISO BAHEARTIE, F/BEMRNELLT O 5 20h7TU-ICXBILTOET .

o FUIBEMK
o JUEEHMHE
o [E{XF/IA-L
o JJZILEME

o WA IIE

F/BELUTOLICERSNTVET,

HECEEUABREBERDEHEDE T, BIULERD 1 DB ENT JRT-ILOFEEICHZIED, T

CTOHE S, FFHEMERL TORVWIEZRIIRR THRENE T,

EC BMEDOERIRZL, F/MBEMBBLIUT AEENT IITIZIHENE. ENSHRIFZ2EHBULT
WA (FREHIF TSN TLSN) BEWNTHIFD 50%F(EEN LA 1 nm~100 nm OB1(X

& (R FEEECLZHED) RICHIMNILDFT 3, IRC [CLNIE. EC OERE(TZE T BRI

33 https://www.uhpcsolutions.com/blog/what-is-ultra-high-performing-concrete
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FOEHREEULREMS SUSESUTREEYL. ISO OO /BEMAITY ., Ui T EC @
EFE(L, ISO (CHIFBER T F /MBS REYIE T /IBISHEEEY) TR SN S EIEAD T AEEHK
ZE2%. —EIOBAOT EEMRNZ I TICHIN-UTVWET, SB(C, F/EEMAROIBRAL TN IR —
IOREMBEEZBL. UNBHLFOIMTA 100 nm ZEBR3I5E . TOUIET /BIEMIAE EC EER TSN

N=2NTLERA.

ISO Tl F/EEMBUIOWVT, 1 DBLENTFT /HETHS 2 DU EDIEDBEARIDESYIN SAkBEHA
EERELTVET . BEMRL, R FFRFEHBHOFTIEMRL, FRIEMRZEDEORNIY-. €53vIFL
(FEEBOYNIAM PO AEDRTY, BEIEEIVV)—-MIF /ESHBO—HITHD, 2>9)—
b YRIJRIC, sEEEMIA M ZE LB UN - F/RFRMMOkfENSBEn TLW&Ed, IRC (3, F/4E
AIRHIT AT =V OIVZTEORIF TSN TVRWEE, EC EETH/-SNBNZEZBASHNCL.
OSUMALER, TOR®E (8. fzE) [CSUT FRPHEERB TONE—RERTEED
T TRESNZEAFIIMZTVET . REOEFERF T JEEMBINT JHA XD F2 T BIENHDF
I INF EC OEETHN-2NTVEY, BOESHT /AT - OREIRMEEF JEEMRITI. T/
BWEMBUET7 S DRI FEEFN., TONETERT IRT -V ZBZBRIgeENBDFIN (LIchD T,

ECBEDOERTH/N-2NRWV), A7FFEZIINOEEHDWIEEEFF /AT-ITT (JRC),.

TIZIEME (BIREEASAD) EEERT I TA- L HRDT AT -ILOITORIF (FIZE>

UHTIL) TRERREN TURWMEE, EC BIEDOERTEN/N-2NE A

RAE(C, T/ BCRIRE. BREMADEFRAAEC, F /AT /ABNDELIARIELT 1SO
TERINTVET, F/DEROAFIEL T, F/RERPFT/INILZAVHHDES, IRC (CENE, F/%E
RE (EAENTF INTIZINTHBIEWSIEIRT) ECOERCLOTHN-ENFT, F/INIZaV((E R

B 1 DOWAFT ABIEEN. TNIRE. IV URY - LAFRERANS I THEHREINTVET,

JRC (. EFRZIFRFIROMEICETLTTH /IBEM R ZZHDINEIH DZER(CRNT, IRIERTF)

NTUTINOEESZSIRL. F/EEMRHE EC OERICEINTORBVLZHRLEUL. ERFLIITEER
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OBRFIRMEINTOERAN ERICADRDISGERETENT) ATy R IRUY — /ZHERED FS T LD

W1 DRIFHHFELI,

EC B&EDF /XFITINDEERTHN-ENBRVIEDOFIEL T, ShTHF AT -V =B Z DRl REMEN 9D
SEIURY - LHBIBNETH, STVOESEF AT —ILTHD, WEEERL TR TEFT, URY—
LERERESBEMNT HEEMO BB L. FNALRFMERTAAABEDHOERHRRERN K E TIRIE
TONTVET SAEFEY—ERYIX ThermoDox® MEIFBHNET . CORAMITRERRZEIRY - L%
R=ZLFREDT. MBRICIOTUEREEER REVILE S VNSRRI SN E T4, BIDFICE. /XA A
RUN=ZNR—-2ETFTBER 25 £ 5 nm OBDFIILAHD. 700 BEEIOHARI T, 2OFEYAHZENNHH
FEINTLET (Du i, 2012 F¥), SNSOYE(MEAER. B, FEEYEEQISATERINT

WBIzs. ARHIEBHRLET

Roco [C&oTHRESNIZE 1 tHROF /HEBEY(CE. ECOERTHIN-2NBVEONHDFT (I70Y
)b, 04 R BLUOKREDEF RYMREDDET /1EEY). REVICF/EEMHL £F. RUY—. £33y
. BLUOD-F1 I ICEENZLIRIEAT IREIEM). UIHD T, F/ITI7ILOHAKLDE, FI/3F7)T)L.
FEEY). )T/ AR BLUF IS AT L EDT /7005 —ISROERICERIZANLDETIER
ONEI, Coced. & RS, &1 OBEESHEHEC TSI B LUHBINSTA-F0EE

SHllcRr B RELET,

AiETEEE M

3D2B0MRRE AN [REE] TS DEE] BONEWSETT, Suominen A, J&HEF /77
O —eLTHAZDFAIRENEVIHIRTC(SL, HIEEDOTERNUARBICABERHTHD, NEEEL TS

HINBOIEEMENHDT /77./02—ZE T /77/0S - hBRBIFTHEEFRETT . 56 1 HACONT

34 http://celsion.com/thermodox/
35 Du, 1., Guo, X., Tu, 1., Xiao, L., Jia, X., Liao, L., & Liu, L. (2012). Biopolymer-based supramolecular micelles
from B-cyclodextrin and methylcellulose. Cobohydr Polym, 90(1), 569-74.
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(Z. Renn LU Roco (2006 ) (. [ERFFHETEOEESLUHEEE ] LA, Roco (F T
. Z2ENRELTVD] GIBARTVET, 2 HARICOVTE Renn BL&U Roco (& [{ERAROIRRE]
DZALICE KU, Roco (FRDELICHARKICEERLTVWET: [fERAFICT /AESMNEDEME LU/
FBBEZZET . SB(C, FIROLSHFMITOET: [ZNBE—RHIC. X025 —ILDTINA
ABLVS AT LTHRESNET ] [ZNBF) ATy RERD, LIzhS T, Tour DFEETIEEE 3 tHLRDE
91 [Z2UT. &EF. R, EF0. B, XEF. BLUZOMOMROZHICHEAINET I,

—7. NEMEFT /BEYE. DD B ORI R Z 5088 I 2RE D OIzHICfERENE T, E5IC

Roco (FEMKLTBIEHIC, RO 2 DEEMULTVET:

a) BEPARE. )\1AT (X ALEHRRED. RICHROSHIEMFHEE

b) P>T POF1I-H. BEISHEE. 3-D SO IZIRED, ¥PIRLFHE M

EMFREEETEERIBLFEETY, Jackson 1l (2007 ) (F. (LFELEMFEDRSG
ZHINBLERUTVET . EMFER MEMIZITINCERBELLBDFIN ALZEBIIMENEA
REDT. ENHNENAFEITDINCERBONBDFET . ZOFER EMFNRAKZATE IS5 E. BLU
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F1TI-4 BIGABIE. 3-D SO DRIRE) (CHBIHFENEDLIBREDNABATY,

3% Renn, 0., & Roco, M. C. (2006). Nanotechnology and the need for risk governance. Journal of Nanoparticle
Research, 8, 153-191.

37 Jackson, C. M., Esnouf, M. P., Winzor, D. J., & Duewer, D. L. (2007). Defining and measuring biological
activity: applying the principles of metrology. Accred Qual Assur, 12, 283-294.
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Figure 2-3: Key physicochemical parameters for grouping and read-across of
nanoforms. Source: ECHA (2017a)
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F 2 HRFIEEWOER(CHLT Roco [CENAVBNIERMIDILZFERINGA—-4(Z., $2THD,
ECHA ® REACH 84U CLPP O F TOMBDISESLUSAICETIHAIDATRNT, BNEEER
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38 ECHA (2017a): Guidance on information requirements and chemical safety assessment, Appendix R.6-1 for
nanomaterials applicable to the Guidance on QSARs and Grouping of Chemicals, European Chemicals Agency.
3% ECHA (2017b): Guidance for identification and naming of substances under REACH and CLP, European
Chemicals Agency.

40 ECHA. (2017). Guidance for identification and naming of substances under REACH and CLP. European
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Table 2-3: Definitions of the concepts used for the refinement of the definitions of

generation of nanotechnology products

Definitions

Energy is the capacity for doing work.

Work is the quantity of energy transferred from one system to another.

Thermodynamic equilibrium is the condition or state of a thermodynamic system, the properties
of which do not change with time and that can be changed to another condition only at the expense
of effects on other systems.

Active matter are natural or artificial systems that are out of thermodynamic equilibrium because
of energy input to, or, by individual particles [and] active matter extracts energy from its
surroundings at the single particle level and transforms it into mechanical work.”

A nanodevice can be defined as an artificial construct with an overall nanoscale size, designed to
perform a predefined function in an environment (...) Nanodevices require at least a power supply,
in order to differentiate therm from completely passive constructs like nanoparticles. In this
context, “energy supply” is more accurate than “power supply”, where power is defined as work per
unit time. Nanodevices consist of one mandatory components (the energy supply) and a set of
optional components.™

A nanomachine is a nanodevice with two mandatory components (actuator and energy supply)
and a set of optional components.™

A nanosensor is a nanodevice with two mandatory components (energy supply and sensor) and a
set of optional components. **

A nanorobot is a nanodevice that is reprogrammable, has a degree of autonomy and operates in
an environment. It consists of five mandatory components (actuator, information processing,
memory, energy supply and sensor) and a set of optional compenents. ™

A nanonetwork is formed when nanodevices collaborate to achieve a given task by
communicating to each other.™

Nanonodes are nanodevices with two mandatory components (component for communication and
energy supply).*”

Nanosystems are the evolution of the nanonetworks, where multi-functional nanodevices are
integrated and can function as living species with capabilities of sensing, controlling communicating
and actuating/responding. **

Notes and sources:
* Doostmohammadi et al. (2018)

** Formal definition of nanodevice, nanomachine and nanorobot adapted by Biither et al. (2017)
from the definitions of machines and robots at the macroscale given by Xie (2003) and Moon & Lee
(2012). They identify two sets of relevant components, which correspond to the parts the
respective device is made of. The first set of components deals with interaction, namely sensors,
actuators, component for locomotion and a component for communication with other devices. The
second set of components facilitates complex behaviour and includes components for information
processing, memory and measurement of time. Finally, the device will need an energy supply for
its operation.
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#l1 Riehemann, K., Schneider, S. W., Luger, T. A., Godin, B., Ferrari, M., & Fuchs, H. (2009).
Nanomedicine—Challenge and Perspectives. Angewandte Chemie, 48, 872-897.
42 Adapted from De Magistris & Marenduzzo (2015)
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43 Grzelczak, M., Liz-Marzan, L. M., & Klajn, R. (2019). Stimuli-responsive self-assembly of nanoparticles.
Chem. Soc. Rev., 48, 1342-1361.

4 Adapted from Wang (2011).

4 Wang, Z. L. (2011). Nanogenerators for Self-powered Devices and Systems. Georgia Institute of Technology,
SMARTech digital repository.

6 Ellis, E., Moorthy, S., Chio, W.-I. K., & Lee, T.-C. (2018). Artificial molecular and nanostructures for advanced
nanomachinery. Chemical Communications (54), 4075-4090.
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47 Berhanu, S., Ueda, T., & Kuruma, Y. (2019). Artificial photosynthetic cell producing energy for protein
synthesis. Nature Communications, 10, 1-10.

“® Nel, A. E., Madler, L., Velegol, D., Xia, T., Hoek, E. M., Somasundaran, P,, . . . Thompson, M. (2009).
understanding biophysicochemical interactions at the nano-bio interface. Nature Materials, 8, 543-557.
4 Delhorme, M., Labbez, C., Turesson, M., Lesniewska, E., Woodward, C. E., & Jénsson, B. (2016).
Aggregation of Calcium Silicate Hydrate Nanoplatelets. Langmuir, 32(8), 2058-2066. understanding
biophysicochemical interactions at the nano-bio interface. Nature Materials, 8, 543-557.
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Table 3-4: Invento
No.

Second generation of nanotechnoloqy applications — (Re)active nanomaterials, nanostructures and nanostructured materials

Description and use

application

of next generation nanotechnolog

applications

ication and characterisation parameters / mechanism of action / EC
definition

Market
forecast

2 Sebacia Microparticles for the Substances: Gold and Silica On the market
Treatment of Mild to Moderate Surface functionalisation: (poly)ethylene glycol (PEG) (PEGylation) in the US
Inflammatory Acne Particle size: TRL9, MRL10

Gold shell ~150 nm

Shape: Spheroidal-like particles, nanoshells

Mechanism: The particles are applied topically pores and glands. A laser is then applied to
the skin, causing the gold particles to heat up. This in turn, results in less acne lesions.
Not a nanomaterial according to the EC definition (>100nm)

3 Mono-layered capped gold Substances: Gold, silica, conducting polymer TRL1-4, MRL4
nanoparticle chemiresistors for Particle size:
testing lung cancer Gold nanoparticles 5nm

Shape: Spheroidal-like particles on silica chips (or wafers)

Mechanism: Surfaces of cancerous tissues emit volatile organic compeounds that can be
detected by gold nanoparticles through the electron density change in the particle surfaces,
which causes a maximum shift in the plasmon absorption.

The gold nanoparticles, which are nanomaterials according to the EC definition, are
synthetized in a two-phase system to form monolayers. Mono-layered capped gold
nanoparticle films are then deposited on micro-sized thermal oxide silicon wafers by using an
electron beam evaporator.

4 Aurora®-DSG Nanoparticles Substances: Gold - Auss (fifty-five gold atom nanoparticles) On the US
used as contrast agents in Particle size: 1.39 nm (core) market
imaging applications Shape: Spheroidal-like particles

Surface functionalisation: capped with triphenylphosphine ligands and diglyceride ligand
Mechanism: Gold nanoparticles in the visible and near-infrared region have strong absorption
and they also scatter light when exposed to electromagnetic radiation. Gold nanoparticles are
also good contrast agents as they possess both a large scattering cross-section and a
tuneable optical resonance wavelength.

Nanomaterial according to the EC definition

5 Aurora®-PLC nanoparticles for Substances: Gold, Dodecane-1-thiol (stabiliser) On the Us
the development of novel Particle size: 3-5 nm market
molecular delivery strategies or Shape: Spheroidal-like particles
intracellular biosensor Surface functionalisation: 1-Myristoyl-sn-glycero-3-phosphocholine
applications Nanomaterial according to the EC definition

Mechanism: On-demand release of anti-cancer agents by using the surface plasmon
resonance triggered by light
& Aurimune® Substances: Gold 0Ongoing
Surface functionalisation: PEG thiols loaded with tumour necrosis factor (TNF) proteins clinical trials
Particle size: 27 nm
Shape: Spheroidal-like particles
Nanomaterial according to the EC definition
Mechanism: on-demand release of anti-cancer agents by using the surface plasmon
resonance triggered by light

7 Feraheme® / Rienso® Substance: Iron oxide (Fe20;) Approved on
(Ferumoxytol injections) - Shell: Carbohydrate shell of polyglucose sorbitol carboxymethylether (PSC) the EU market
Superparamagnetic iron oxide Particle size: mean diameter 3.25 nm in 2012 but
nanoparticles coated with PSC Shape: Cubic maghemites withdrawn
for the treatment of iron Mechanism: Iron oxide nanoparticles create microscopic field gradients in a strong from the
deficiency anaemia in adult microscopic field. Superparamagnetism is a form of magnetism which appears in market in
chronic kidney disease patients ferromagnetic or ferromagnetic particles which involves an external magnetic field being used | 2015. On the
and as contrast agents in to magnetise the particles US market.
Magnetic Resenance Imaging Nanomaterial according to the EC definition
(MRI) for evaluating hepatic
lesions

8 Ferumoxtran-10 Substance: Iron oxide (Fe203) Withdrawn
(Combidex®/Sinarem®) - Particle size: 4-6 nm and hydrodynamic diameter of 20-40 nm from the
Superparamagnetic iron oxide Surface functionalisation: coated with dextran or other polysaccharide market in
nanoparticles used as contract Mechanism: Superparamagnetic iron oxide (SPIO) nanoparticles coated with carboxydextran | 2007. Now
agents in Magnetic Resonance are accumulated by phagocytosis in cells of the reticuloendothelial system (RES). Most undergoing
Imaging (MRI) for evaluating malignant liver tumours do not contain RES cells and therefore do not uptake the iron clinical trials
hepatic lesions particles. The resulting imaging effect is an improved contrast between the tumour (bright) in the EU

and the surrounding tissue (dark).
Nanomaterial according to the EC definition
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Description and use

application

Identification and characterisation parameters / mechanism of action / EC
definition

Market
forecast

9 Endorem® (Feridex®) - Iron Substance: Iron oxide On the market
oxide nanoparticles coated with Surface functionalisation or treatment: dextran
dextran for MRI applications Particle size: 6-9 nm

Mechanism: Magnetic nanoparticles can be used as contrast probes and used in magnetic
resonance imaging. They induce hyper-intensities or hypo-intensities on MRI areas and
highlight areas that are concentrated the particles. Magnetic NPs (iron oxide NPs) create
microscopic field gradients in a strong microscopic field.

Nanomaterial according to the EC definition

10 Resovist®- Superparamagnetic Substance: Iron oxide Approved on
iron oxide nanoparticles for liver | Surface functionalisation: dextran the EU market
contrast Particle size: hydrodynamic diameter of 45-60 nm in 2001,

Mechanism: As per entry 8 discontinued
Nanomaterial according to the EC definition in 2009.

11 VSOP C184 by Ferropharm - Substance: Iron oxide Stopped from
Superparamagnetic iron oxide Surface functionalisation: Citrate (coating) further
nanoparticles coated with citrate | Particle size: core diameter 4 nm - total diameter: 7 nm +/- 0.15 nm development.
for MRI contrast agents Mechanism: As per entry 8

Nanomaterial according to the EC definition

12 GastroMARK® - Iron oxide Substance: Iron oxide On the US
nanoparticles as contrast agent Surface functionalisation: poly [N-(2-aminoethyl)-3-aminopropyl] siloxane market
for bowel and abdominal MRI Particle size: 400 nm

Other: in suspension
Mechanism: As per entry 8
Not a nanomaterial according to the EC definition (>100nm)

13 NanoTherm®- Substance: Iron oxide On the EU
Superparamagnetic iron oxide Surface functionalisation or treatment: aminoslaine (coating) market
nanoparticles for the treatment Particle size: ~12nm diameter (approved in
of brain tumour (glioblastoma) Mechanism: Stimulated by external alternating magnetic field generate heat 2011)

Nanomaterial according to the EC definition

14 Sienna+®- Superparamagnetic Substance: Iron oxide On the market
iron oxide nanoparticles as a Surface functionalisation or treatment: organic substances (coating) TRL9, MRL10
tracer for medical imaging Other: Suspension

Particle size: Size distribution ~&0 nm
Mechanism: Superparamagnetic iron oxide particles which respond to a magnetic field
Nanomaterial according to the EC definition

15 CELLSEARCH - Iron oxide Substance: Fe;04 On the market
nanoparticles for detecting Particle size: clusters of 120-200 nm TRL9, MRL10
circulating tumour cells (CTCs) Surface functionalisation: coated with antibodies (anti-EpCAM)

Mechanism: based on specific molecular recognition, magnetic separation and
immunofluorescence. The CellSearch system isolates CTCs upon binding to the beads in blood
specimens by applying an external magnetic field

Nanomaterial according to the EC definition

16 Nanosensors for electronic nose Substances under investigation: metal oxides, carbon, silicon oxide TRL5-6, MRL7
environmental applications (gas Particle size: =
detection) Shape: nanotubes, nanobelts, nanowires manufacturing

Mechanism: The conductivity of the surface changes when a gas is absorbed/desorbed requires

Some maybe nanomaterials according to the EC definition expensive
equipment so
that economic
requirements
still limit
commercial
development

17 Nanoscale Zero Valent Iron Substance: Iron On the market

(nZvI) Particles in Contaminated
Groundwater Treatment (e.g.
Nanofer 25, Nanofer 255 and
Nanofer Star®@)

Particle size: <80-200 nm

Surface functionalisation or treatment: iron oxides/hydroxides

Shape: core-shell structure

Mechanism: Zero Valent Iron is oxidised to its +2 and +3 state and during this process
reduces organic and inorganic impurities

Nanomaterial according to the EC definition

TRLY, MRL10
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19

20

21

22

23

24

25

26

27

28

29

Description and use

application

Nanoenergetic materials for use
in explosives and propellants

Quantum Dot nanoparticles in
LCD displays for electronics

Complementary Metal-Oxide
Semiconductor (CMOS) for
integrated circuits

Silicon nanephotonics in
optoelectronic devices

Silver nanoparticles / carbon
nanotubes infused ink for
radiofrequency identification tags
that could be easily printed on
paper, plastic, textile, glass and
metallic surfaces and in flexible
and wearable technologies.

SageGlass® - Electrochromic
nano-film smart coatings for
reducing thermal losses and

glare in glass

Power Chips - Power generation

Double walled silicon nanotubes
for lithium ion battery anodes

EAI SuperGel - Hydrogel for the
surface removal of radioactive
contamination

ThermoDox@®& - Smart nano drug
delivery system for the
treatment of breast and liver
cancer

Opaxio® - Smart nano drug
delivery system for cancer
treatment

Carbon materials for flexible and
wearable sensors

(e.g. SIMplECG™ - Cloth-based
nanosensor technology for
cardiac monitoring)

Identification and characterisation parameters / mechanism of action / EC
definition

Substances: Nanothermite systems composed of hydroxide-aluminium and various metal
hydroxides such as bismuth, copper, nickel, cerium hydroxides

Particle size examples:

40-80 nm (copper oxide)

150-200 nm (final product)

Shape: aluminium nanoparticles, copper oxide nanowires

Mechanism: Material stores energy which is released when initiated by an external source
(mechanical, thermal or shock wave)

Some may be nanomaterials according to the EC definition

Substance: Varies (e.g. cadmium, perovskite quantum dots and lead sulfide)

Particle size: 2-10 nm

Mechanism: Absorb short wavelengths of light and emit a narrow spectrum of light at a
slightly longer wavelength

Nanomaterial according to the EC definition

Substances: Carbon, Gallium, Iron and Silicon

Size: Currently around 12/14/16 nm chips. 5 nm chips expected in 2020.

Mechanism: Basis of integrated circuits and work by varying the resistance of current flow
within a circuit. The width is controlled by voltage.

Not a nanomaterial according to the EC definition

Substances: silicon

Shape: Spheroidal-like particles, semiconductor core
Mechanism: optical (create a dielectric waveguide for light)
Not a nanomaterial according to the EC definition

Substances: Carbon, Various metals (e.q. silver) and polymers

Surface functionalisation or treatment: polymer sheath (coating)

Shape: single walled carbon nanotubes, metallic nanoparticles

Mechanism: Information from radiofrequency identification is captured by a reader through
radio waves

Substances: Indium tin oxide and others

Shape: nanometre film foils

Mechanism: When low voltage is applied to the electrodes, a charge is created between the
layers which changes the optical properties of the glass

Substance: Carbon, silicon oxide and titanium oxide
CMOS Size: 65 nm
Mechanism: Heat is applied to create energetic electrons to generate power

Substance: Silicon

Surface functionalisation or treatment: coated with silicon oxide
Size: 30 nm (wall thickness)

Shape: nanotubes

Mechanism: oxidation reaction at the anode; electrochemical process

Substances: Various polymers

Shapes: nanoparticles and gel

Mechanism: absorbs radioactive material. The polymer material when exposed to a wetting
agent form a structural scaffold that allows absorption

Liposomes
Mechanism: responds to a temperature trigger to release the drug (exo-trigger)

Substance: Polymer based
Shape: nanoparticles
Mechanism: responds to tumour enzyme (endo-trigger) to release the drug

Substance: Carbon

Shape: fibres, films and monoliths

Mechanism: convert physical or environmental stimuli into detectable signals. SImplECG
collects continuous multi-channel Electrocardiography (ECG), heart rate and respiratory rate
data from the garment and transfers it to a web-based portal

Market
forecast

On the market
TRL9, MRL10

On the market
TRL9, MRL10

On the market
TRL9, MRL10

On the market
TRL9, MRL10

On the market
TRL9, MRL10

On the market
TRLY, MRL 10

TRL5-6, MRL9

TRLS-6, MRLS

On the market
TRL9, MRL10

TRL7-9 MRL7
Currently in
phase III
clinical trials

Approval
withdrawn in
2009

On the market
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and use

echanism of action / EC

Market
recast

30 ClearOhm® - nanowire Substance: Silver On the market
transparent conductive film for Shape: nanowires TRL9, MRL10
displays (electrical devices with
transparent conductors)

31 Grat-FET™ - Graphene Field- Substances: Graphene and Silver oxide On the market
Effect Transistor Size: TRL9, MRL10

300 nm (Back-gate oxide thickness)
40-50 nm (contact metal thickness)
Mechanism: uses a nearby electrical field and the associated voltage to modulate the flow.

32 CFQD® - Cadmium Free Substances: Various (core can include: indium, magnesium and phosphorus ions; shell can On the market
Quantum Dots for displays, include zinc, sulfur, selenium, iron and/or oxygen) TRLY, MRL10
lightings and biomedical Particle size: ~10-100 nm
applications Shape: nanoparticles with a core and shell

Mechanism: an external light source excites the particle and it absorbs this energy and re-
emits the light in a different colour

33 Nanoweb® - transparent Substance: Various including aluminium, copper, nickel, platinum and silver On the market
conductive film for use on the Shape: nanowires TRL9, MRL10
surfaces of plastic and glass Mechanism: conductive and transparent for display applications (transparent conductor)

34 Bikanta® - fluorescent Substance: diamond On the market
nanodiamonds for biomedical Particle size: <~100 nm TRL9, MRL10O
imaging probes Mechanism: Fluorescence properties from neqatively charged nitrogen-vacancy centres. By

applying laser, radio frequency radiation and a zero magnetic field to the nitrogen-vacancy
centre results in optical excitation of electrons. The electrons decay to ground state by
emitting a photon.

Nanomaterial according to the EC definition

35 QDot® nanocrystals - for Substances: Cadmium mixed with selenium or tellurium On the market
medical imaging and optical Surface functionalisation or treatment: zinc sulfide (shell) TRL9, MRL10
imaging Shape: nanocrystals consisting of nanometer-scale atom clusters

Size: 10-20 nm
Mechanism: absorb photons of light and re-emit the photons at different wavelengths
Nanomaterial according to the EC definition

36 Visudyne® - treatment of age- Substance: Verteporfin On the market
related macular degeneration Confirmed at the nanoscale, no further information is available TRL9, MRL10O
(AMD) and choroidal Mechanism: Light activated drug (photosensitiser)
neoavascularisation

37 Targeted core-shell silica Substance: Silica TRL7-9, MRL7
nanoparticles (Cornell or C dots) | Shape: Spheroidal Currently
for medical imaging of nodal Size: ~B-7 nm diameter undergoing
metastases surface functionalisation or treatment: polyethylene glycol (PEG) with peptide ligands, cyclic clinical trials

arginine-glycine-aspartic acid-tyrosine
Mechanism: Imaging agent by fluorescence
Nanomaterial according to the EC definition

38 Hensify® - NBTXR3 (Nano X-ray) | Substance: Hafnium oxide On the EU
nanoparticles - for cancer Shape: nanoparticles market.
treatment Other: agueous suspension Received

Mechanism: The nanoparticles are exposed to ionising radiation with the hafnium oxide authorisation
generating a large number of electrons. This amplifies the dose of energy inside the tumour in April 2019.
which increases the efficacy of radiotherapy.

39 Vitoss® - Bone graft substitute Substance: Calcium phosphate On the market

Particle size: ~100 nm

Shape: nanoparticles arranged in a 3D scaffold

Mechanism: resembles human cancellous bone. Calcium phosphate resorbs during the
natural remodelling of bone and 3D bone regeneration is facilitated

40 nanOss®- advanced bone graft Substance: Hydroxyapatite TRL7-9, MRL9
substitute Mechanism: provides a bone void filler that is resorbed and replaced by bone during healing Approved for

use in the EU

41 MaioRegen® - nanostructured Substances: Collagen and Magnesium hydroxyapatite On the market

implant that can be used for
orthopaedics

Shape: Multi-layered matrix

Fibres (collagen)

Mechanism: based on the nucleation of hydroxyapatite nanocrystals onto self-assembled
collagen fibre

TRL?7-9, MRL9
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Description and use

application

Identification and characterisation parameters / mechanism of action / EC
definition

Market
forecast

42 Biodegradable Nanopolymer Substances: Various On the market

Bone and Tissue Scaffolds Shape: nanoporous materials with nanoparticles integrated in the scaffolds TRL9, MRL10
Mechanism: allow tissue cell attachments to a biodegradable matrix which then acts as an
intermediate extracellular matrix

43 Nanolog® Audio molecular Substance: Carbon TRL9, MRL10
junction device for amplification Size: 4 nm, & nm and 8 nm On the market
in guitars Mechanism: Quantum mechanical tunnelling

44 Florescent silica nanobeads for Substance: Silica TRL9, MRL10
imaging and sensing Particle size: 25-150 nm on the market

Mechanism: Emit light in the blue, cyan, and green light spectrum

45 CANdot® fluorescent quantum Substances: Sodium yttrium fluoride: Ytterbium; Thulium-doped On the market
dots for solar cells, LEDs and for | Particle size: 13nm TRL9, MRL10
fluorescent labels in biomedical Mechanism: Absorb short wavelengths of light and emit a narrow spectrum of light at a
research. slightly longer wavelength

Nanomaterial according to the EC definition

46 Carbon-Based quantum dots for | Substance: Carbon and Graphene on the market

imaging Particle size: 1-4 nm (graphene) TRL9, MRL10
Mechanism: fluorescence
Nanomaterial according to the EC definition

47 Trilite™ Fluorescent Nanocrystals | Substances: Cadmium sulfide selenium/zinc sulfide On the market
for nanoelectronics and opto- Surface functionalisation or treatment: oleic acid, carboxylic or amine TRL9, MRL10
electronics Particle size: 6.5 nm diameter

Mechanism: Absorb short wavelengths of light and emit a narrow spectrum of light at a
slightly longer wavelength. The emission wavelength is tuneable.
Nanomaterial according to the EC definition

43 Alloyed Quantum Dots for Substances: Cadmium Sulfide/Zinc Sulfide On the market
various applications including Shape: nanocrystals TRL9, MRL10
display, lighting and biomedical Particle size: 6 nm diameter
applications Mechanism: Absorb short wavelengths of light and emit a narrow spectrum of light at a

slightly longer wavelength
Nanomaterial according to the EC definition

Third generation of nanotechnology applications - Multifunctional nanosystems

49 Fully-Implantable Cochlear Substance(s): Lead Zirconate Titanate TRL1-4, MRL4
Device Enabled by Piezoelectric Mechanism: The piezoelectric sensor is located at the side of the chip that is positioned at the
Sensor for medical applications middle ear; this receives acoustic stimuli (sound waves). The piezo ceramic material bends in

response to the pressure variations creates a change in voltage and convert sound waves to
electric signals. The transducer is made of a film with multiple nanolayers.

50 Cyberplasm for targeting Substance(s): Silicon and Carbon TRL1-4,
diseases and advanced Mechanism: Environmental stimulus captured by the neurons are processed by an electronic MRL2-3
prosthetics in healthcare nervous system and converted into electrical signals. The electrical signals produced by the

nervous system generate movements

51 Magnetosprillum Magneticum Substance(s): Magnetite TRL1-4,
bacteria in data storage for the Magnetite crystals form on the sections of a surface covered by a protein MRL3-4
production of micro hard disks

52 DNA for storing digital Substance(s): Synthetic DNA TRL5-6, MRL4
information Mechanism: The system integrates fluidics, electronics and infrastructure to create a full

automated DNA storage device

53 Use of graphene dots in quantum | Substance(s): Graphene TRL5-6,

computing Mechanism: The graphene quantum dots, for 98% of the time do not have a spin. This MRLE-7
decreases the tendency to interact with the spin of neighbouring atom’s nuclei which
dismantles their undefined superposition state.

54 Biomimetic enzyme Substance(s): Acrylamide as monomer, bis-methylacrylamide as the crosslinker and TRL5-6,
nanocomplexes for treating ammonium persulphate /tetramethylethylenediamine as the initiator), protein, DNA, MRLE-7
alcohol induced liver damage nanocapsules (glucose oxidase, alcohol oxidase)

Size: Average diameter of 30 nm = 7 nm

Mechanism: Two or more enzymes with complementary functions are encapsulated within a
thin polymer shell to form enzyme nanocomplexes, which exhibit improved catalytic efficiency
and can be used as antidote in cases of alcohol intoxication.

35 Molecular, self-assembled and Substance(s): Gold, silica, DNA and synthetic biological material TRL4, MRL4
hybrid inorganic nanomachines Size: ~1-100 nm
for medical applications, Mechanism: Supramolecular interactions within multicomponent molecular structures can be
scavenging environmental used to perform non-trivial mechanical movement and put into widespread use in a variety of
toxins, molecular computation nanoscale molecular devices.
and beyond

56 Artificial photosynthetic cell Substance(s): purified ATP synthase and bacteriorhodopsin TRL4, MRL4
producing energy for protein Mechanism: The photo-synthesized ATP is consumed as a substrate for transcription and as
synthesis an energy for translation, eventually driving the synthesis of bacteriorhodopsin or constituent

proteins of ATP synthase.
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® Avanti Polar Lipids, Inc.
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® Sigma-Aldrich®
ILIMOZIR, FHFEE BERENXE, Y- JO-J. 2. BLUMERISSERTSE
BEEF M FBLVT IBEVMOLERNIOT2BLTVEYS (BR2MEELEIES. R FHAX
N 2 nm~400 nm OE£F/HF. F/OYR BLUFI7-F>; BHRERE. 27947, It

TSIV TOETF Ry, BMEERT RFRE) =,

ESRRICRIT%3E=E (EUON ISULT)
MIHCEASNTVS, BKRIEVIEICEASNSEE 2-58 3 HADOYTIZINLEEBI D ETHBE
ZEZBL. mOIVIWRBFELLT, RADFHFICEREZRD, 0TI THRZ—EDT5E%ER

LT\ 2 FECEAIRY NZEH I BLZIRELF T . BIIT DL LUTFOFFECRSTECBDFT,

o [/ EML TRBUSE ] RIBINE L. [1=MEEEN ] [4EYD-FEEYD ). [BH- AL ZfERL

ERF RO TEEFHEFHIRER

o (EEREE ( [PVF1I-5) [DFE-H-1 ) REAFEIILHDOENDRII-Z>)

51 https://www.micromod.de/en/product-overview-10.html
52 https://avantilipids.com/products
3 https://www.sigmaaldrich.com/technical-service-home/product-catalog.html
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Term

Additive

Article

Component

Constituent

Impurity

Main
constituent

Table 4-1: Definitions

Definition
A substance that has been intentionally added to stabilise the substance (stabiliser).

An object which during production is given a special shape, surface or design which
determines its function to a greater degree than does its chemical composition.

Substance intentionally added to form a mixture.

Any single species present in a substance that can be characterised by its unique
chemical identity.

An unintended constituent present in a substance as manufactured. It may originate
from the starting materials or be the result of secondary or incomplete reactions
during the manufacture process. While it is present in the final substance it was not
intentionally added.

A constituent, not being an additive or impurity, in a substance that makes a
significant part of that substance and is therefore used in substance naming and
detailed substance identification.

Mixture Mixture or solution composed of two or more substances.

Monomer A substance which is capable of forming covalent bonds with a sequence of
additional like or unlike molecules under the conditions of the relevant polymer-
forming reaction used for the particular process.

Mono- As a general rule, a substance, defined by its composition, in which one main

constituent constituent is present to at least 80% (w/w).

substance

Multi- As a general rule, a substance, defined by its composition, in which more than one

constituent main constituent is present in a concentration = 10% (w/w) and < 80% (w/w).

substance

Polymer A substance consisting of molecules characterised by the sequence of one or more
types of monomer units. Such molecules must be distributed over a range of
molecular weights wherein differences in the molecular weight are primarily
attributable to differences in the number of monomer units. A polymer comprises
the following:

1. (a) asimple weight majority of molecules containing at least three
monomer units which are covalently bound to at least one other monomer
unit or other reactant;

2. (b) less than a simple weight majority of molecules of the same molecular
weight.

In the context of this definition a ‘monomer unit’ means the reacted form of a
monomer substance in a polymer.

Substance A chemical element and its compounds in the natural state or obtained by any

manufacturing process, including any additive necessary to preserve its stability and
any impurity deriving from the process used, but excluding any solvent which may
be separated without affecting the stability of the substance or changing its
composition.

Source: ECHA (2017b)
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2.1

Table 4-2: Substance identification parameters in REACH Annex VI section 2

Paragraph

IDENTIFICATION OF THE SUBSTANCE. For each substance the information given shall be
sufficient to enable each substance to be identified. If it is not technically possible or if it does
not appear scientifically necessary to give information on one or more items below, the reason
shall be clearly stated.

Name or other identifier of each substance - Name(s) in the IUPAC nomenclature or other
international chemical name(s); Other names (usual name, trade name, abbreviation); EINECS
or ELINCS number (if available and appropriate); CAS name and CAS number (if available);
Other identity code (if available)

Information related to molecular and structural formula of each substance - Molecular and
structural formula (including SMILES notation, if available); Information on optical activity and
typical ratio of (stereo) isomer (if applicable and appropriate); Molecular weight or molecular
weight range

2.3

Source: ECHA (2017b)

Composition of each substance - Degree of purity (%); Nature of impurities, including isomers
and by-products; Percentage of (significant) main impurities; Nature and order of magnitude
[ ppm, ...... %) of any additives (e.g. stabilising agents or inhibitors); Spectral data (ultra-
violet, infra-red, nuclear magnetic resonance or mass spectrum); High performance ligquid
chromatogram, gas chromatogram; Description of the analytical methods or the appropriate
bibliographical references for the identification of the substance and, where appropriate, for the
identification of impurities and additives. This information shall be sufficient to allow the
methods to be reproduced.

—75. ECHA (2017b°°) Tld. ¥BEFZOILZHEMICIOT. DENMMMEDOR D DILZ M E—1tE

BEECIOTERRICHBNEINBZEBARTVNET  TOUREENBHF FAFOYE TEBIEETI N,

REACH./CLP DO#EHMNT. —EDYWEICL TIRITREIETEITY . 20IHE. D, HLLIE

BNOMEHRIBERNROENES . LT MERUTO 2 DOEE) I -T(CHFBIENTEET.

54 OECD. (2018). Section 4 Health Effects. In OECD, OECD Guidelines for the Testing of Chemicals.
Organisation for Economic Co-operation and Development.

55 ECHA. (2017). Guidance on information requirements and chemical safety assessment, Appendix R.6-1 for
nanomaterials applicable to the Guidance on QSARs and Grouping of Chemicals. European Chemicals Agency.
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56 ECHA (2019). Available at:
https://echa.europa.eu/documents/10162/23047722/appendix_nanoforms_draft_to_peg_en.pdf/bb84f0ca-
7688-5293-604e-fb43982c7afd
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Table 4-3: Nanoforms characterisation parameters

No.

2.4

2.4.1

2.4.2

Paragraph

Characterisation of nanoforms of a substance: For any of the characteristics, the information
provided may be applicable to individual nanoforms or sets of similar nanoforms provided that
the boundaries of the sets are clearly specified. A justification shall be provided to demonstrate
why the sets are appropriate for the hazard assessment, exposure assessment and risk
assessment of the individual nanoforms that are manufactured and placed on the market. The
information in points 2.4.2 — 2.4.5 shall be clearly assigned to the different nanoforms or sets
of similar nanoforms identified in point 2.4.1.

Names or other identifiers of the nanoforms or sets of similar nanoforms of the substance

Particle number size distribution with indication of the number fraction of constituent particles
in the size range 1 nm — 100 nm.

No. Paragraph

2.4.3

2.4.4

2.4.5

2.4.6

Source: ECHA (2017b)

Description of surface functionalization or treatment and identification of each agent including
IUPAC name and CAS or EC number.

Shape, aspect ratio and other morphological characterisation; information on assembly
structure including e.g. shell-like structures or hollow structures, if appropriate

Surface area (specific surface area by volume, specific surface area by mass or both)
Description of the analytical methods or the appropriate bibliographical references for the

identification of the information elements in this sub-section. This information shall be sufficient
to allow the methods to be reproduced.

73ikm

Roco MRZEULIERZ. BUNBEERTERINTVST/ITIZITREL F/77./00 - HmzEigd

HEDTY, INEESHEIEITDIEREE. 1~100 nm OUA XOBERKI FIRME(CESEZBVTVETD,

F)57)02-DEAROERICTITMEIERRF. Roco DimBEIL—LAT—IZKIEICEZTI(C. F )70

O —ICAOIDEERDFEZIR T HEZBRELTVET, 8 2 BLUE 3 tBHR0F/577./05-0h

BERFEIBCHED. TOSTIM—AIBE 2 HRDEE T /IFUTIN2WOMFELFEUR. ERIGHA

(CHT BT - SUNF /K FEBERMEEM IS AT BICILIMZIRCHIIPEFRYRTT . (FEA

ERF ) TA-LOMBELLTHRISNE I, 7S T FOLIRBIIIBEDIH S TOFT /HESH)

BM@RMNIEU TIEIROFRILHDET . 7S TIVALF (IR 2RO T RSB TH, FhF (3T

JAT = \VEBZBuREENHOEF TN, I7EFESIEENEN. FIRT-IOBEEHIVIESTT,
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JRCICENIE, BEUARL DFEDIMT (B3FJRT -V EZBZ DN, BREM(CII TSNS /AT -V ORERE
BEAIDRF2F /ITITIVEHBINED, REIELRZFEOR TEAMTONTVEI . 7/77./0
S-DEOHRMEAREINDMREFE T IXTITIUCEDHDIN BLLBINICRUTEROSEEZLIFENT
9. BIUMRZEER(CEDZEINE, FIXTUTIOEETHIN-ENDET. (100 nm %Z8Z3) 5+
BTEOBRNRHIRZERIDEERLBICRDFT, OLMEHE. PIRE [F/EERFIRA R
(nanostructured particulate material) 1EMERCENTEET, FFHICOVWTIE. &-SUDF /ST

B3I —ARITATERLET.

% 3 HROF/TV/0S R, SHEES /S AT AEULTE. 100 nm U TFOBA XD FE—5—
(Ellis i) vEREMAHMAIE (Berhanu i) OIAFREFAFENEDSNTVET . DFE-I-H@mNE
MRYEHOFIRFEIEZ THIEBONF T, FHCOVTE. BRI -XRITATERLFT . &k

R IYMAT RIKEM L HBEN BT BROSIFZEBITVET.

AR NCEENTVDE 2 (38 3 HAR0F /7705 -REHIICDONT, REACH RREIDFERIC
LRM@NESN I I BRI, TOZ 1V MF—LFBRNEZ RO Y& OYECTIZEREIED
H49>Z1 (ECHA, 2017¢>) OIBEHCHEL . $XAfiDMERE. AR, R, TH1 > 2L ELR. 188HC
T, VDEROHEREF, IMRMMEASINIAKOBEMEFIRINET T, IR RE. BLUTH1>Ex
SMOYNIRRNERZRL . ARG RO =R, REFRIMNETT THA(E WRYIORFE
DEHNZROEGEK CERBERDEBEFIHAHAENETT EERILELT, FIR. KA. FETYA
HBERMSREIN., BERCEISNRFNERDFL A HAFIVATE RMAIDERNEDHE HI T
FBHOT-II0-MRHEENTVEY . HERIFIRNEICFIATESILEFRSRV s, FHEFRANE

ORI NIEETOHBIEETT

57 ECHA. (2017). Guidance on requirements for substances in articles. European Chemicals Agency.
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Source: ECHA (2017c)
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ZFTYT AT D 6 DTY,

o ZFvS1:

o ZFvf2:

e ZFvJ3:

o 2Fv/4:

® ZXFvJ5:

e ZXFvJ6:

BB LFEUTIT/NSA—-H(CEAL T, REACH MIBEDUER. EC B1EDE

WERAY5L(C5%E

MR OEEEEERLE T,

MRV OMEREZIER I 5L TOVIEMI 2R FHIEBOEE M Z LU, LOBIFRN

HZEDIANEHIRFLE T . BAFERFERNIESNRVES. AT 3 ([CEHFET,

MBI, TTH BRI (CHBERIBEB MBI (PEEMNEENTLINFIRTLET
MEFFEEM I RIMORACHZN MRMKREICEESNTVET,
MEFTREM TN S DB TERIHE. ATV 4 (LEHF T TS DIZEE
27T 6 [CEHET,

Bl &-SIHF /SN EOEEBE P EFHREESHNETNTVINZHIBILET .

3 DOBMICEAT. MERMOIEFERNARETRBEDON, BB ELTESYIN
AR RIBEDTHN MFRYDIXODEBD (FT> T F FI(FFvUT7EL THBET DN ZHIlT
LET. BEMRBEAINZ WSS (320350 2~3). MRS @mENE//EEY

OHFEDEEHRBINETY . EENBBEINS VMEFEEFATYT 5 (CEHET.

EBIC 3 DDOEMICEAT. WERMNEAEREL TmEHBINDINEINZIASNMCLET .

BENRBEADZES . WM EMREHRINETT,

MERMOEFHIEE BN AZROEE I R E IR I BT, 4 DOBRICER
FI FRTCOBENEDHRYCEBARINDIDITEHDFEA ). BEMRBEINE

WSS RIS TT

ST IXTITIUC

TENTOET . 1 ORYNDEFEALDIRB T MBS THD. F/8EMENL EC #1E5

DEETENN-ENTOEEA. EORD, FT/EEMRHTHU TIBI OIS NSGA-IZ LA T 2N E

h&HhFET,
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1.1.9 5¥—AR5974

EFIRFER-SVDFISTII

BT —AZATA(E &F IKIFEE-SUNT )P IVICEATZIEDTT , ENSOERIES. SME0F
BT I RIEE . WEOME/MROER. BLUERRDZRIN—BHREI -T2 (&, FELFHATT
IKSA=ADEEFHRICRI T2 IR TORIEDERIGEL TVWET . &1 /M F(FRAREMEEL N LR
BT, BHMEL B X IR ABEHERBEDN I A -T2 ZEZ DL TIEMEICAEE - BN 245 R
MRABSLUA R ERIES (RFORE ST HIBRL™S) | KEARMTONTVET . &F
E (RIBEOCFNE T LAEGIAR) ZFRALT, A FOYA XZIEEICEARZ BN TEET, HIZ(E
15~50 nm O FHAX (G, RFERDTFCRE T £F MIFORAR. HIZEEK, L. OYR, 54
PEVR B, EREDERLZ BRAARCOVWTLERATTMTONTHSD, KREFRESLVIEHLEHEER
2B TERTRENTEET RFAIFEIV/IIE (ERERERTFRE) RIFR (FILFIILIUS
WIZIGEIEERE) hSIERREN., TOMREEEMEDOIDICEZAINZ N ITRFR Arg-Gly-Asp 73
t& (RDG Ec3l); fRRACEEL TIOF7Y—-LEEZRIAVITIVFZY . Z2DOMOME. BLURIY
— (F/HFER TREIRIF-OFEAfEAINIFREEERID CTAB,; BiDNFEIRILLTEE, &
MERBORETHZY>/N\IETZ01 R I 2 EIMNH R 2R OMRERIY-ORIEZILEOVRY ) %
fEAU THRRIEENTVE T, BREREREBRMTONTLVRRADE T SR FA-ADRG(E. BYNXES T
L, ZRUEERMNAOERIRNEN T , REEEHZEL TER L REMZE T SR FICFIEL, SKREDH

ERRERCLBAS T R ICRIRE T BENTEFT,

EFIMFER-IINT IS INENR-RETBEET /T)./0S-DIsRBER 4-4 (LJANET,

8 Surface plasmon resonance (SPR) is an optical technique that measures changes in index of refraction
caused by changes in mass near specific metallic surfaces, and changes in the bulk refractive index of the fluid
above the surface. - Source: (LaFleur & Yager, 2013)
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Table 4-4: Examples of gold nanoparticles from the invento

Description and use

application

Aurolase® - Silica-
gold nanoshells
(Auroshells®) coated
with (poly)ethylene
glycaol (PEG) for the
thermal ablation of
cancer cells

Identification and characterisation parameters

Substances: Gold and Silica

Surface functionalisation: (poly)ethylene glycol (PEG)
(PEGylation)

Particle size:

- Silica core of ~120 nm

- Gold shell ~15 nm

Shape: Spheroidal-like particles, nanashells
Mechanism: Nanoshells convert light into heat and
thermally destroy cancer cells

Not a nanomaterial according to the EC definition
(>100nm)

Market
forecast

TRL7-9, MRL7
ongoing
clinical trials
in the US

Sebacia Microparticles
for the Treatment of
Mild to Moderate
Inflammatory Acne

Mono-layered capped
gold nanoparticle
chemiresistors for
testing for lung cancer

Aurora®-DsSG
Nanoparticles used as
contrast agents in
imaging applications

Aurora®@-PLC
nanoparticles for the
development of novel
molecular delivery
strategies or
intracellular biosensor
applications

Aurimune®

Substances: Gold and Silica

Surface functionalisation: (poly)ethylene glycol (PEG)
(PEGylation)

Particle size: Gold shell ~150 nm

Shape: Spheroidal-like particles, nanoshells
Mechanism: Manoshells absorb Near Infra-Red (NIR)
light and laser irradiation

Mot a nanomaterial according to the EC definition
(>100nm)

Substances: Gold, silica, conducting polymer
Particle size: Gold nanoparticles 5nm

Shape: Spheroidal-like particles on silica chips (or
wafers)

Mechanism: Surfaces of cancerous tissues emit
volatile organic compounds that can be detected by
gold nanoparticles through the electron density
change in the particle surfaces, which causes a
maximum shift in the plasmon absorption.

The qold nanoparticles, which are nanomaterials
according to the EC definition, are synthetized in a
two-phase system to form monolayers. Mono-layered
capped gold nanoparticle films are then deposited on
micro-sized thermal oxide silicon wafers by using an
electron beam evaporator.

Substances: Gold - Auss (fifty-five gold atom
nanoparticles)

Particle size: 1.39 nm (core)

Surface functionalisation: capped with
triphenylphosphine ligands and diglyceride ligand
Nanomaterial according to the EC definition

Substances: Gold, Dodecane-1-thiol (stabiliser)
Particle size: 3-5 nm

Surface functionalisation: 1-Myristoyl-sn-glycero-3-
phosphocholine

Nanomaterial according to the EC definition

Substances: Gold

Surface functionalisation: PEG thiols loaded with
tumour necrosis factor (TNF) proteins

Particle size: 27 nm

Shape: Spheroidal-like particles

Mechanism: on-demand release of anti-cancer agents
(TNF) by using the surface plasmon resonance
triggered by light

Nanomaterial according to the EC definition

On the market
in the Us
TRL9, MRL10O

TRL1-4, MRL4

On the US
market

On the US
market

Ongoing
clinical trials
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EU BIKETHIH TIRFEENTVWSER T M FARA-AOREAFIEL T, Sebacia Acne Treatment it
HOET, SUHIT7EFOENFOREIT. MFHAX(FHI 150nm TI., RUIFL>-HJUT-)L (PEG)
(C&BD-TA>ITREMNE LELTED, FEENSEEORESEHREDERE CERSN ARt
REL - -BBEZIRIN T BLICFARETEE T, PEG TI—T U SNzE - SUhF /2 TIoflidfc 2 D
HO. Aurolase® “°IINABEICERINET . Wiesner Group®® T(E. £F /HIFOICEELITE%
FALT. (P> FRIVIDIEIRYE S (CE D AT —XBLUVBHERIBRD) A XS T AICE -V
F )2V ZBFELTVET . &F /A F BRI TRIMEE(CSE N RIRINZ B U, BRI CREINDL
HEEELE BRI NAREICERTEEX T IFERROAR(CESENS L. LEFEFHMESIN TR
BUIA® (RESIAEDHIB), L-H-BEEATRIT—(CEIRU T, EONAMIRERUET ., £55

OHREORETERRRERNMTONTOET,

& NFPEEERRESRTACOFIAT LN TE, REEMZEL T, JABE (I2/WE. T
FR BLUZOMDEEMERE) ZIBHIADIENTEET, RIC, RETIAESHIBCLOT, HRED
BREEBR DI EBRIBTIREEDAS T R ZEITTEF T, COBHIELT Aurimune® H&D. KIF
BA4Z27 nm O&EF /R FOXRMAIC. FAZFRMEITDI2)\UE. BBIEFERF (TNF) MEEEnTuE
9, BEEOMERBRBORNCISICENDET. Y/ AGRBE(LENE T, BB ZEHITIC. PAZIRT
ZENBEMTY, MBI R (RES) THRESNBVLSIC, K F(E PEG TI-FT12J2NET, E5(C, T
WARIZATESE TRERRREAD RyF > )% tE I B, LRRERF (50 B _ EO7/EETHE
N2> INIE) PRIFR (2~50ED07Z/BETHERENS RDG) BREDU>N—FIZFUH > RTHRIF
RENMERIEENTVE T, DUV N—(IFOEDT . BRIEEDIESZT—T v T8 2 B
ABICEDB TR IZUNTEFT , IOULEAMIDFEALE 2 DOME ., £ESINTHERRENTVET,
ENSEARNREET, HKRASIEFHIFHZIFS. BEMEVWTT (EFREEMRIE IR OAE
D). UNE. FEIEDHBEZ EITEEDIHIC. MUN BRI TERICHEEETEE T, SMEBORIE

TEMELTESEZ T3NS, EE /RIS F BENEERFT . I5UIF /7705 - ISRAO—EB(E.

%9 https://nanospectra.com
60 https://wiesner.mse.cornell.edu/res_nanoparticles.htm
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ZORIFHAZN 1~100 nm O&FEEINTHD., T I/XTUTPIEHRTENTEET, & 4-4 OILFAH no.
4~6 NNISEZHULE T, INSOT—A T, SESNTZ REACH MIEE VI OB S LUFHEATF/ (5
—HTHIIFUTINEBRIBLFEAI ZENTEE T, FENC. ECHA (2019°Y) Tl EEORIL
DVBEDT JAZASERAZ T /R FOLOBHBIBEDZ S BHOS T OLRICREITDIERZIRM I DL
SFRELTVET, UNU. -T2 BLUBRR baNIZ&. I3UIT)70./03 — s ORI FH 4 Xh'E
B 100 nm ZBZBZENHDET . TOUIT—ATI(E. BfiE 100 nm 2B TLWSHHIMrI3 LT, I-F
() EIHEBRLZ B B INRENEDN E2 ECBIEDERCEDVWTIMIZT /NTUVINEHRT ENT
&30 IUBBAMEICHBOTVERA. 1 DORIRELT. BERESLUZEEH (NTP). 2FD
298.15 K &0 101,325 Pa [CRAWT. I-F1> U FdHEE b BER THNE, BIHED A XiEREN
TORDESHDHIBTCHTD, ENEBBINEEEZIZENTEET, I-T429N RIKIT. BARIIE

AN BEERULEDRNE LD T RIBE. I-T12 I EEBRINETRHOFEA.

KIFHA XS BB OBMBEEBZ TOBONEWSHIBRICHIZD, I—F4 > PHE LA BB IAREN
ESMDVTIE, SBRBINAFIZANMETHD., [BEUR] & [TRIA] DREZHRAIZEINE EFE
ERAEBEZ XTI DDEENNETT ., &H(C. RELIB(CRATIIRMIBIRCOVTE, BIMOIER
NEZBNBRETHZHEEZBNET 2, HAHI no. 3 (ICBALTIE. FIFHYAZ 5nm OSHIFHEBIT/IL
LATERKEN. TNZEAL T IIN-2T-T1>JUIED T Y, TN /EEMRITHD. ECEIES
DEETEIN-ENTOERA. TR &-SUNF/STLEIME. BEY. MROVTNTHZIH? &,
SN BLUHIFOMERECICERASN 3 ZOMOYIE L. BRDIMEEHRINREN ZHDMEBEDRERRD
BN EASMOERRZMEN. FREMRBICHEBINTVZRLZHAEN? ECHA (2017b) SLU

OECD (2018) Tld. ‘BEMES DB DEVNIAZTRENTSD. BEEMER. EZERISRLT 2 DU

61 ECHA. (2019). Appendix for nanoforms applicable to the Guidance on Registration and substance
identification. Helsinki: European Chemicals Agency.

62 ECHA (2017b), in discussing UVCBs, suggests some identifiers for the complex biological macromolecules,
such as enzymes and proteins, that can be used for the functionalisation of the nanoparticles: standard
enzyme index, genetic code, stereo configuration, physical properties, function/activity, structure, amino acid
sequence. In addition, it is suggested to identify enzymes according to the international system for enzyme
nomenclature, IUBMB (International Union of Biochemistry and Molecular Biology).
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LOMBERELTESNZEDEENTVET, T/ DUEEEEARITY (SVh) EEVERE I (£)
EERTB3IETESN. TNMEZRIETT S, Ui T &-SUHT S EEEY TEHDER A
ECHA (2017c) ([CfEX(E. SRAID 1 AT, WRYNOMEERRTEIDETT,, Auroshells® =70
HIF& Sebacia VORI FIMALEE - SUNT /S TILTHD, TNTN. EEEBMOBEFHILBRBEDERE
BCFIRENE T A7vT 2 (&, FPR/RE/THA O MMEFHERR DB R EHEREICBIRL TL2 N IS
ZETT, ZOT—ATIE, FEEORARE R ERRORGEICXTL T, YIIBMAZRMEF R LD AE
BARL CL\DEBRRE(CHESR (TR LETEE B A. & - JUNT /S TVIFHRBREET 127> TH.
BERBICRSCRZELE T, BIIFIC. ZOIEFEMERR. DFD. &, JUH. BLUOXRELIR(EREIN2MMOME
(PEG. V)\VERE) BARSHEEIZRILLET . AINKDARSBEEIZRIIL. IOREKHEBECRETD
HOFFRFERTY . Z7v7 3 TR WRIHSYIEMNCO BRI RE R B EEREMNEFNTLSH
ZHIMTI DL ZRHBNEYS , Auroshells® /0K FE Sebacia VO FOVINICE. BB
AR BELEREMEEENTVER A LOT. FHAEERATYT 6 (SEDTECRDFT ., UNU. 5Hiiz
SIEFBIHICATYT 6 TUARENTWVDERE. IOUFERRD XTI SRDE(IREEL TL\ERA L. REACH O
EER(CAE>THRMMNRHNEINEIRT I Z7z6(C. ECHA (2017¢) TIRHEEN TV /AL, BT/
K FHSEMIATABEE T, BERDF/NTIVINICH T 2EMBI TRTIDHNENHDFT . tEHIE
£ VI DI 2.4.4. TR, BYIRSE. HIREEFEECEEBEREDHEIIBECRT 2IEHRE =M
FBLITKOTNVET, LIz T REACH FRRIDEE 3(3)IADFERICAEO THIEEHRI HEIDH| Hfr(CHE
BRE($H 2000, 55 (MR IT(CHIFD 50%LAEA 100 nm LU ORI F THERR SN ZERRIFIRY)
B) ZHAEKUECEBISOER THN-EN3F /XFIZIIRTIONT, BOULILIEHREERI DKM

TO—FHIEBEFII TICEHO TVWAESZET.

83 For example, see Pham et al. (2002)
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ER{EEXT JhIF

L8R T JRIF (3 JRFOBSM. HFH . SLUHIVMEEZRL. SHEERR BYNXES T A,

BWRT—98RE. S\ AATS ST AA=D2) | BKROEEBREDDDEIERIE, HLUHERID

JUZF 1w IBNBICHEIT BARBEDCE (Fujimura H&U Miyak, 2010 ) (SIEAZNTVET, IRTEF

BAENE T LUTF(C AR NIICEFNTVWSERLER T /AL FICADS5, 58 2 /77056

RICHFETEZEDERLET

Table 4-5: Examples of iron oxide nanoparticles from the inventor

Description and use

Identification and characterisation

Market
forecast

10

application

Feraheme® / Rienso®
(Ferumoxytol injections)
- Superparamagnetic
iron oxide nanoparticles
coated with PSC for the
treatment of iron
deficiency anaemia in
adult chronic kidney
disease patients

Ferumoxtran-10
(Combidex®/Sinarem®)
- Superparamagnetic
iron oxide nanoparticles
used as contract agents
in Magnetic Resonance
Imaging (MRI) for
evaluating hepatic
lesions

Endorem@® (Feridex®) -
Iron oxide nanoparticles
coated with dextran for
MRI applications

Resovist@-
Superparamaqgnetic iron
oxide nanoparticles for
liver contrast

parameters

Substance: Iron oxide (Fez203)

Shell: Carbohydrate shell of polyglucose sorbitol
carboxymethylether (PSC)

Particle size: mean diameter 3.25 nm

Shape: Irregular cubic maghemites

Mechanism: Iron oxide nanoparticles create
microscopic field gradients in a strong microscopic
field. Superparamagnetism is a form of magnetism
which appears in ferromagnetic or ferromagnetic
particles which involves an external magnetic field
being used to magnetise the particles.
MNanomaterial according to the EC definition

Substance: Iron oxide (Fe 03)

Particle size: 4-6 nm and hydrodynamic diameter
of 20-40 nm

Surface functionalisation: coated with dextran or
other polysaccharide

Mechanism: Superparamagnetic iron oxide (SPIO)
nanoparticles coated with carboxydextran are
accumulated by phagocytosis in cells of the
reticuloendothelial system (RES). Most

malignant liver tumours do not contain RES cells
and therefore do not uptake the iron particles. The
resulting imaging effect is an

improved contrast between the tumour (bright)
and the surrounding tissue (dark).

Nanomaterial according to the EC definition

Substance: Iron oxide

Surface functionalisation or treatment: dextran
Particle size: 6-9 nm

Mechanism: As per entry 10

Nanomaterial according to the EC definition

Substance: Iron oxide

Surface functionalisation: dextran

Particle size: hydrodynamic diameter of 45-60 nm
Mechanism: As per entry 10

Manomaterial according to the EC definition

59

Approved on
the EU market
in 2012 but
withdrawn
from the
market in
2015. On the
US market.

Withdrawn
from the
market in
2007. MNow
undergoing
clinical trials
in the EU
TRL7-9, MRL7

On the market

Approved on
the EU market
in 2001,
discontinued
in 2009,




Description and use Identification and characterisation Market

application parameters forecast
11 VSOP C184 by Substance: Iron oxide Stopped from
Ferropharm - Surface functionalisation: Citrate (coating) further
Superparamagnetic iron | Particle size: core diameter 4 nm - total diameter: | development.
oxide nanoparticles 7 nm +/- 0.15 nm
coated with citrate for Mechanism: As per entry 10
MRI contrast agents Nanomaterial according to the EC definition
12 GastroMARK® - Iron Substance: Iron oxide on the US
oxide nanoparticles as Surface functionalisation: poly [N-(2-aminoethyl)- market
contrast agent for bowel | 3-aminopropyl] siloxane
and abdominal MRI Particle size: 400 nm
Other: in suspension
Mechanism: As per entry 12
Mot a nanomaterial according to the EC definition
(>100nm)

UZ MUK (SRBERIEEE(EEL ( [SPIO) EMF(END) /K FTHD. MAMIREDAA—>
SICHEFRBRIEIETS MR NERFIEL THET - BIFSNILEDTY . TNHEERRDHEEEL. A FY
1R FAREFS. BRZEMBRBTOI7 I 2ERFL. BRIEHOBEMZI—YNMILES . Wang
Y.-X. J. (&N SPIO MAHRROSICRFESNZRE, IO E1—SWERSE (CT) AFvExILF
AT AGZHIBEEE (MRID) (HMERTURZ. CNSORMOESCEHT, STEBIOEFEOI> M
MERRINBFHEREN ADZIR - READ FRICEREIN LS (RO TEFRU, ZOFER. SPION-XDORGR
Z(FHEHSEZHLTVET,

LR T JRIFORIDISRAEL T, LRSIV T KOBRME O T FEAENEIFBNET . #iL
FOMEELICED, Fe” OB ESISERA S TR OBIEEFIHT RN TE, RELLHRARS
RFE(CORMDTVET . BAM(C(E. RUXY—-0-F1>F 3Nz nzVI F./€0ff#k (Nanofer 255®)
o 2nm O FeO B E#k> 1)L TEONE nZVI (Nanofer STAR®) ELEEU T, —F4> SN TOLRW
nZVI (Nanofer 25®) (FEEDEIEHFNTT,

REACH HiEZ VI TRHSN TVDHBI B LHFBUT NS A-A=EAINE BRDE LIS IR F
ZOARE(CHRI B LUNFEUT (FB2LETEEIN, 70./05— (DFD. HEEEZE T DIL(CAIF DEBE
MMERINSTTE. BIUENICLOTEIFRISN DT /K FOZEL) 2B LB TEZRA. &+
SUNF /ST DBEERERC, REHEECEHATIER (WESE VIO 2.4.3) (CELTEMOA(Y

SANMRMHENBIL T, BRBDT /) IA— LA T—EUIBRMBRISNSLIICRDFET . eRIEMIESE VI T
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(&, BEFEND T/ IA—- LMEORIELFIRICEUT, 15252 (LRI DLITKHTVET . BB
(&, I8 3.5. T FESNI RO HERERAZIEM I DLICTKDTVE T, AEROGHAL, (F<EFHE. U
TAF1->ONTFT1I-F-AOZLHERICREIHEE. RAUBORBRE. BLU— BT ADER
DEROHOEELRDET , FARRASATACEEFNTVWRREORRTIRTF (ECHA, 2015%),
FHCRANTBYAERE (&, THARENTULS. BULIIEVDSE(IC_ EHEN3EFRIEND T /NTUT7 IO RRHEE
AT IOISE TEBHDER A COBRRBEMIICE. T/ITUTINORRER T OT RRYIUZ N

MMEIIDEEZBNET

BFE-H-

FTIZT =L THIEIEN 2HEEEZ RIT TEBEOMFELIF LIS, 7 /77./05-OFRHARDEFO 1
DTY, 2016 &£ /-NELZFE(L. 5 FHAMOIATTICLD, Jean-Pierre Sauvage. Fraser Stoddart.
B&LU Ben Feringa (CBESNFEUIZ. 2 FHEMIZO—5—. v ML, ROTEL THERELE T . S0 TlE A
vF. O-F—. T3> BLUHEY — brU7ELTERTES DNA F/0RY hOFEETETO MM TEIE
BITONTVE T DFHMIE. (1) 05— Z(vF. TOR3, Sv L. OA—h—. SFIvb, EXybig
ECENMTIEMEDTESR. HLU (2) EZHIAN. KA BERILZHIANRE, HREEINTT2h(C
ERAENZIRIF - ANORE, (CLOTHEEINF T BFF/IAT AR BRI T, RET. FBUA
OIRRET, BABMASEZITVET ., BSEMET /Y, 2FD. D FOEHOBFBEMILCKEFI DD
FHIBTE, SHRZEMEINRENET . BEHEBET /Y OEEREIZSNE D h—T7U)0
—ERIBUSEETIN BATEKF /Y- D FENTES DNA T/ BLUFIRT-IDIA
—5— (DNA D#—h-) [CEAUTIEAFTEITRTY . AFRORFFEHT /N UICEETZEDOTT
W FEAEBHMBIN-20F )XV EMESNTVET, HIlE T5FFEE TSN Janus /-4
— BIU & SUh DULS 2wV THEBN I, 3BT INUZRBEDF I T JE-T-HHDET .

B ISR A BHETHD, AERIENMSEZIFNF 2B BCIDALIENTEET, EH(C, 5t

64 ECHA. (2015). Guidance on Information Requirements and Chemical Safety Assessment - Chapter R.12:
Use description. Guidance.
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BBRIBIC DR EERNNEV, IEFERHIHICEIFTO/EBINEIRETT . LN L. BT /NS UICLERT
ERESHEMENTY, )\ Ty REHE-BT VS D OBIE SRR TS EERESNTVET, Ellis MO
(& 1~100 nm ORAROD FHBH LU AT LICERELE TIEDTT ®, Rauscher fth CEAREICE
NTWA&LSIC, EC O NM EE(E AFE [F/X7U7IV] OEEELT K F22H93 (FFAFTHE
EN3) M#L DEDRFIRMBE(TRELTVET . D FHEMIKLF. DEOERSNIPIERIR 15
DI\ E TR ENE Y. Rauscher I TIEES(C, EC O NM EE(E () BRI FICBREINDE
IATVWET , UTehD T AMEESHED 1~100 nm OEEFIRORERKE) \1 Ty Ry TR, BUINEES
DERICEIFI/XFUTITY, EMEE VI ([CHIFE. BEiRENDT ) TA— ADEDHFIS JU4FE
[HFNIA=5. BARIICE 2.4.4. THAK, 7ARTMES LUZOMMORZEEF BT BURIEE. HIZ
(FRBRES P ERBS LR EOEIBECRIBIEIR] ([C&oT. D FHEMDICFHER Y IREIAZIR(C
B9 2BIMMERTIRMEENF T, LIZU ATIBMEOIERRPEIDAEN 2T RILF - DFBFACOVTOIER
REFAETY, Ellis. Moorthy. Chio. B&LU Lee THERSNTWBLSIC. ATFH /IS %5%5TUTHE
HILTBBROREKN7ZTO-FO 1 D&, B2 ORI OBEREZBAFECL . R, FHETESNTVSEDZIEHEC
HAHILTBLTY, (FEALDIHZE . B FHEOMBIORAR, FRE . F(ETHAMEFMAREIDEREL
BERE(CBIMRU TV EBBREICHER AT 1T BTENTEE Y . IOUIT — AT} D FHEmZ EHBYAR. DFD
BEOYEN B BDYIREHET CEICERDARIBEBRVERDNE T, 122U, Janus FJE-5—-(F 2 DD
{EFWCRBIEER DT HIFTHD, T5FF-EF /R F(CL DB LKROMBE DRSO TEEN
REENET, COBE. MIBNAARUEFHEROVNINHLDRESHEREICRAMRL TLDH. BRFERFER
FESNTVEEA. DFHMOTONATEITICRAFESN TV, COBDT/T7./0—ICADESE

{BICFFER 2 ELE T

65 1SO 26824:2013, Particle characterisation of particulate systems - Vocabulary, international Organisation
for Standardisation, 2013.
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1.1.10 &5

tIEEN/z REACH MRRIOMIEE VI TRHSN TVDMBIS LURFATINIA-F(E BB T4
— LAY E % BRFE(CEHBI LSS BT BEN TEE T, EC BISOERICEENTVS. KIFHA XIS
HEIOBMEZBZ TVBINESNDFIRFICHTD, I—FT1 > PEERRLZ BB INSNESHNMELTIE, &5
BAHATDANBETY , BB RAMIEE X B S B2 DEENEB IR DEBDNET, S5(C.
BHM BB BIORENNEH ., 7>/ IBPEERZEAU THERREEN3 L2 E R I dE . REUIE
OV TOIRMEIRICBIL HRRZME I 3N BRE DRI DEEZANE T, ARSI AT AIC
SFENTVRBIEORREIR T (ECHA)., 4HCTHRAMMIMEEE L. FEREINTLS, BULRAVS5(C s
N3EFREND T INTITINOREPHEREZERIA T 2DICBY TEHDEE A BIEIBFIRORMC(E, 7/
IFUTNOREERFOF Ry IR MMEIIDEEZSNET . REIC. REACH FRAICHETHIAN YD
G EINHIRTTZIz8HD. ECHA (2017¢) TRMALTWDHA RSA(F, BEFER T JRIFNSEM ML
BEMET. BRZFT/ITUTINOEKBITHTI ZIEN TEET,

MIESE VI OFBIS JIFEUT I/ IXA=(F, T /ITI7 N2 REESNTZODEL TR 2L I(CE%5T
SNTH. 56 2-5 3 EROFI/INFIT7INZEDEE 2-58 3 HROF /770> —IHHAOERYR T IHHEE
UTWER AL NSA-AE F/TA— LADOWEZ B UIFEUT T LI(CEZSNTHD. LOEMILRTY./0T
—(FBEINTVEB AL, 25UET7/05—(CBL T, BIOHII S LTI/ SA—FTEU T OE

e KDZBENHBDET .

o  TRILF—AT/FEBRIBIDIER

BIZ(E . pHORE. W5

o TRENTHLEE/RATSNBBE

6 ECHA (2017b), in discussing UVCBs, suggests some identifiers for the complex biological macromolecules,
such as enzymes and proteins, that can be used for the functionalisation of the nanoparticles: standard
enzyme index, genetic code, stereo configuration, physical properties, function/activity, structure, amino acid
sequence. In addition, it is suggested to identify enzymes according to the international system for enzyme
nomenclature, IUBMB (International Union of Biochemistry and Molecular Biology).
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PIZ(E, =R TIEEN T DEMDIRH  BARIBH, BEA X2

o AHMEBRIBICHIVTIEECSFT/NTUT IV, F/HEEYD. FEF/MEEMRINZELL

PIZ(E, #2R% - AZIR - REMEDZEAE

BB LI CSA=F(E, FIIFTITPI, DFED RIEDTOKREBDH'EME 100 nm U ORLF
THASNZEARN FIECBEAEINE T, Roco MEEL. KIREETIEIET ST /7T/./0C—ILHD
HACE, EC B1EOF/INTUVIERTEIN-SNBVWF/BEMEF /I BEMREZEINET,
Wobhlleben f(CLNIE, RIEAT/FT7/05— (3, BHILUSHEEL T IR FIRNBEZHRE I 500U
TEABNFELL. UNU. SETOEZE ERDBFTHRE ERASNTVS /7705 (FIZIE,
Aurora®-DSG Nanoparticle) IIMCESULERIFREDFEA LDEMARBIC(E. Wohlleben B

(FEZEAIN—23>0 3 DOEERMERZIERHL TVET,

o 1 DHOE™E EFRYMISTIVREDFLWF IIFITIVNS, EMES AT LABLUVY1-
SAUNDBEITTY,

o 2 OEHOEEE. F/BEMEEMFIHET I EFRICHEB TR MM’ EIEEIN. PiEEBEOH]

FIRFIXFTUTINEEEDICENTVSIETT,

e 3 DOHOEAE, MaE. DX B2, BLUFFHIEEEONT S ANENINE S AT A2EOR

RS, F/RBRBERETINELLVITRTT,

HEE/IAEBOERBO N AEMBERNROIERICKD. FBRIMEF T (58 2 F23sE 3 HoF)/
NTUTIOBHREZTERBEEBRVEDLEBONET . F5(C, BN 3 DEOEEN'S. 56 2 F2(35E 3
HAROFI/NTUTINORIEE /FA B FPBOISAZEFIELTVWSIBENEL LIhD T FIXTUTIL

ZREBIC, BUKMEASNMEZ/ UL IZRE TRIE/MA I BLFFRINTOEE A,

Bf&(C. Wohlleben fANERTVDLIC, 1 IR=232(E FIXTUTIERBOMES AT ALOEER

VEFRZIEIET 22ECH DO TVET . T/BEMRIDIFET I LR, RIFOHYAZPRARICEEFS Y, 3D 5
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AR (BHBEMEEY). RE/RECF. REARIGHE. B5RICHREERR/ RICBIEZ 6D
STEAENMBETT . UNU. BSURMBZIFHII2EIF O EORFE. SATLROD, F5ITFH /AT

ORI EH BT CRRL TOER A S50 ZSUILEEICT I —EUETEFRFFELTLRNE
igjﬂ

Il
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1.2 REACH MR DekiE

2018 £ 12 A 3 BH. KMNEBERE. [F/T4—-L] 28I 573 E2RHECTRIEDOEL T, REACH

MIRID—EPEREZIRIRLEU. MO 2FAEFRRICONTI(F, 2020 £ 1 B 1 BYTEAINET .

ek, F/XTU7IUE REACH OBRMRTHOELZN REACH (C[EFI/NTITINORZREZE(CBIT S
BHRNBRENCEHINTOFEATUL. ZORHBEER. 32595 [F/I4—L] ZBFIDHEN
HIBRVEVWSERRICUIUXERUELUL . SEIVEERUFHREMA G, HIRSNTVWSF/NTITILOIE
FAPHECEIDBHRANBOFHEICES IDBOLEIFINTVET, S5(C. FINTITILOEARBIREF
HEPEOERIE. T/XTUTNZRECEURSTTE. FT/XTIZIVICEDELZEENIHIRROIREAD
URJ, MHCZDIVRIZBYCEIR T DFEICONT, FEFTIEEZISNTVET . COFRRMREICONT
(&, HEPBHEITL — RCBVWTBLCLERESNTVWBIAROF /ITIZI NS, F/NEZENTIAR T D4F

YReEtDF /NTITIVET. REACH OEREREICEFNDIETO [F/I4—-L] ZXHRELTVEFET,

S, T )IA-LOYPBINRTICONT, BERRIITIRELVRINERSBROEWSRBINIATRENTUVE
9. CORBIDOFIFEL T, REMBE VI TlE, —EDEENBRLINZBE. BERE (JEROT ) TA—

L —HE3RETEDRLRATNE T,
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1.2.1 F)IA-LOEE=

REACH #REIDMIEE VI (CENE [F/T4—L41 Eld. IHEEOIREE(CHIN, FIzldoa<tEEUIER
&Y (FIVT-R) BUKESBKESURREY (7J0XL—N) THOY . BORIFERFHA XD
(5133 50 %A LEDRIFICOVT, 1 DU EDIMEEHEN 1 nm~100 nm DY A XEE DK F2EF
2. RAFLIFEEENIE 2 OZETH. HIFLEL T, 1 DULEDSMEZTEN 1 nm Ki@EDI5—L >,
3012V —IBLVEEN-R> - F)F1-TBSFENET . FHINTVD T I4—LAOBLZE AR,
HEMHAFKEZH— (RC) OIHESE [MINZERDT /ITFUVINOERE CTIERAIN L AEORIE ]
TRAEERUAESRLTORLSIC. BRINEZEEREIES0T /ITUTIOERICS S AELCRIE0
T, FINTITINDERDEITEIRIHEZEMNIC, BID JRC DIRES (CAEZELTFH/NTITIL
ZEBI I B FECRATRIERNAMIUR) ZIREMERFTI . 7/I4—Al& REACHHIEEZ VIDtIS
32 2.4 [CEDVWTHEEBUT B NRFNERDER A 2.4.2~2.4.5 (CRENTNFA—H (R FEEEICL
DHEDT, IRBLUZOMORREF H 45, REWIBEREMEE(L, LEREE) OMIECLOT,
WMEC 1 DFREZENU EORBZ T ) IA—LNIEENZENHDDET 733> 2.4.2~2.4.5 [CEHRS
N 1 DFEEFEROFFT I GA-INEL T DL TOZREN) \WFEZEDIFR TRVGS(E. B2
3F)I7A=LNERIENET . N\yFRZENE, —EDOTOCRNIA-F (BIZE, HFER. BE, BE.
BHEXTYTERE. FERFIE. 20M) TERINZRIETOCRICEBO/NIA-IDERDNMSELET,
CORREICBNT, TOCANSGA-FF) \vFHEE 2 R/IMET DD EETEES . NSt TOE
ANGA=HINEEB(FINT, BRZFT/ITA—-AORNIFT, BETOTINERRDEFC(E. FHETF/ IS5
—ANFEALRIUICRZEBHDET . IOUILRIRDT ) TA— L% T ) TA— Ly hO—EREL TEFRRIRET
T, TOLIBBE . FUTINSA-IDZLNNE W, F)TA— Ly MOVER D EECRDET . &

{ERNEVNEE, BB T ) TA—LZF—OTYNTEDIRSCEDEBRAMIINER(CRDET,

57 Please note that some substances may not require a registration. For further information on substances
exempted from the REACH Regulation, exempted from registration or regarded as already registered see
sections 2.2.2, 2.2.3 and 2.2.4 of the Guidance on registration.
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1.2.2 i REACH 1R#REH

S8 : https://echa.europa.eu/-/revised-reach-information-requirements-for-nanoforms-are-you-ready-

1>h05923>

Introduction

Webinar: Getting prepared for new
REACH information requirements for
nanomaterials

12 November 2019

Jenny Holmqvist, ECHA

Jenny Holmgqvist,
Coordinator International Affairs and Nanomaterials, ECHA

“ECHA

Why?

« Enable companies and
authorities to assess:

Hazardous properties of
nanomaterials

How they are used safely
What risks they pose to our
health and environment

Determine appropriate risk
management measures

echa.europa.eu “

REACH BMIELD. BERVHEBG, F/IFITION\G - RIFHE, Z2BERE
L RRRUBRIRICSZBURY UZRIRRSAY MOOWTEHI TE2L3(CBDEY .

What changes?

+ New annexes introduce clarifications and
new provisions for:

+ Characterisation of nanoforms or sets of
nanoforms covered by the registration
(Annex VI)

+ Chemical safety assessment
(Annex I)

+ Registration information requirements
(Annexes III and VII-XI)

+ Downstream user obligations
(Annex XII)

@
echa.europa.eu

FRUSBETE. F/IA-LREDFYIIHIE— 23> (LEMER ST, B
BIBREMF. TRI-Y-0FEBOVTHE(LIN. FRBENMEAINET,

What you can expect from today

« What is a nanoform and how
to build a set of similar
nanoforms

« How you can fulfil data
requirements for =
characterising your nanoforms ’s:

« Overview and practical 1]

examples of new IUCLID fields /
for reporting nanoforms f/ f

echa.europa.eu

ABWR F/IA-LOME. F/T4- Lty bOERTSE. T-IBFOIBIEL
75\ FIIA— LEIRE T BIeHOFHR IUCLID OEIEE BN RHIZ IR TEET,

Q&A panel
——— Send questions about
= ... the presentations
ECHA .
runchEAN - Send messages if you
A Asicy. have any technical
e difficulties
echa.suropa.eu
Q&A (2DW\WT

“ECHA

Q&A panel

« Send questions at any time

« We can only answer questions
related to the scope of the
webinar

« If your question is not
answered by the end of the
webinar, send it via our
contact form:
echa.europa.eu/contact

S/
—

echa.europa.eu “

91EF—(CBIS3ER : echa.europa.eu/contact
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1.2.3 EERUVMSREOEH

BERNRUYBREOEM

HECHA

Requirements for

registration and

substance identification
ing prepared for new

on requirerm
anomaterials

12 November 2019

Tuomas AITASALO
Abdelgader SUMREIN

Tuomas AITASALO,
Scientific Officer, ECHA

Overview

Definitions
+ Nanoform
+ Set of similar nanoforms

Joint submission of data

REACH Annex VI Section 2.4,

« Particle size distribution

+ Surface functionalisation or treatment
+ Shape

Crystallinity

Specific surface area

considered
together

acha,auropa.au w©

ARKE, T/74-LPZOLYIOER. T-FHEIRH. REACH HEE VI 5
23> 2.4 (KR, REMEEE/LIE, FOR, f58. (EREE) OMZEEHRALEY.

Nanoform

« Form of a substance:

« Particles in an unbound state or as an aggregate or as
an agglomerate
50% or more of the particles in the number size
distribution, one or more external dimensions in the
size range 1-100 nm
Derogation fullerenes, graphene flakes and single wall
carbon nanotubes with one or more external
dimensions below 1 nm

R

acha.ouropa.eu

3DOERED. [F/T4—4L] FEHELENTEY,
(F¥( 3.2.2 [F/TA—LOBEZ] TERENTLET.)

Nanoform guidance

« Variation in section 2.4.2 to 2.4.5 parameters
— a different nanoform
» unless from a batch-to-batch variability
+ Batch-to-batch variability: inherent to
manufacturing process
+ Process parameters can be modified only to
minimise batch-to-batch variations

S

933> 2.4.2-2.4.5 TEBRSNTVB/SX-FIOZEN, Ny FRIZETROEG
BICRD, B3 /IA—LERDINE T, NyFRIZ B RIS TOEID/5A-45
WB4EU, NyFRIZEIZ B/ INRICINZ 2126, TOCRNSA-FIOEENEIEETT,

acha.ouropa.eu

TECHA

Set of similar nanoforms

« Group of nanoforms characterised in accordance
with section 2.4, with:
«» Clearly defined boundaries in parameters in points
24.2t02.4.5
« Justification that hazard, exposure and risk assessment
can be performed jointly
Nanoform can only belong to one set of similar
nanoforms

S 4
023> 2.4 TEOIBNIT /T4 — AZ—D DD T ) TA— Ly MBI 3

EINTE, INBIEL RADD 2.4.2-2.4.5 TINSA—IDERNAREICE RSN TVE
I, e, /\Y— R, (E<EEEHE. URYFHEE —H#E(ICRMET BTN TEET,

scha.ouropa.eu

“ECHA

Set of similar nanoforms: Guidance

« Justification why hazard assessment can be
performed jointly
» Needs to be applicable for all endpoints
+ Needs to be supported by data

+ Nanoforms do not need to be put in different
sets due to different uses
« All uses need to be detailed

S 4
NF=REHENOODDT /T4 — LIS TEN THALERIETEDRE. BiF

By bR TBTEMERET (V- REHMBEDIEHIL) . 220, fRitansk
T BYMTHN-ENTVSET ) TA— AORKRTHIBENHDEY .
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BEHRNRUYEREOEMF

Joint submission
Step1l [ step2 Cm> step3

Legal entity

Joint submission
Jointset 1 Joint set 2
e

‘
o]

EIEIE]

EIE]

=

E
EIEE ¢
ElE] /=

¥
!
i

E
5]
&

(2] [2]

Gl
EIE!E

e e R
EE
5|

FI)IA— DERFEUDD. FBDT TA— LDy MEZBU T, SRA&BICT -5y h
ZIRH T BIHOFIEOEBEETY (REACH Annex VII-XI data) .

=]
Em—
Reporting principles

« Range of values reflect:

« Batch-to-batch variability for a nanoform

« Boundaries of the set for a set of similar
nanoforms

+ Analytical data needs to show:
« Typical value of a parameter for a nanoform

« Boundaries of a value for a set of similar
nanoforms

acha.ouropa.ou an

T4 LB RMERITIBE . BREE. /74— LI/ FHOZEE)
HERRDT I IA- LY MDEEERU, Elet ) TA— LT B/ 5A-HDERR
BB, RUSRBOT ) TA— Aty NI S BMBORRZ RS BENHDEY .

EECHA

Particle size distribution

Reporting

« Histogram and table of values

* dyo, dsp and dg, values

+ Number fraction of constituent particles
(50-100%)

« Length of elongated particles and lateral
dimensions of platelets

« Separate reporting for particles falling under

different shape categories {-ﬁ\
Uy

BREG WEDMICBIL T EAMSLALR. KIE (d10. d50. d90) OfE. 18
RALFOEREIS (50-100%) . R&TiE BRIMARICHIEENZHITFO
WEREZRETIVENHDET .

‘echa.ouropa.ou

Particle size distribution

When should nanoforms not be included in
the same set?

+ Threshold effects

« particle size has an impact on dissolution rate,
solubility, toxicokinetic behaviour, fate,
(bio)availability, (eco)toxicity

R

BREQ HEOHFEESISEIY/I4- AOBENREIN TV RS, BB3T/
TA=LEYy MU TEERIILENDDEY . MR Q. BRRE. BRE. SVWE
& B, SAATRASEYT4. EESHCHEESXET.

Surface functionalisation or
treatment

Reporting

« IUPAC name and CAS or EC number of each
surface treating agent

« Description of main features of the surface
functionalisation/treatment process

« Molar ratio of each surface-treating agent used

« Description of functionalities introduced by

treatment
BHRE (S REOMARL QIRECEIL T, ZRELIERID IUPAC &1 CAS/
ECES, REMAE(, MUIRTOTROERIFHOFA., HALEERMULESD
BILLE, AVB(CES TRIBEN ZHEBEOEZIRE I DR ENHDFET .

‘echa.auropa.eu

Surface functionalisation or
treatment

Reporting

+ Information on indicative weight-by-
weight contribution of surface-treating
agent(s) over total weight of particle

Indication of percentage of coverage of
particles’ surface if possible

+ Schematics to visually describe treatment

including functionalities formed on surface
if applicable {!9

acha.ouropa.ou

BiRE (G REOMEEL UIBCRUT. HTFORES (WY 2RMLIEROZ
5% (BRBZER) OBER. FIEE THNIERIREOR R, S5ICRAICAZHKS
N3HEEZRIAT MR (RHTIHEDH) ERETILENHIET .
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BEHRNRUYEREOEMF

Surface functionalisation or
treatment

When should nanoforms not be included in
the same set?

In principle, each different surface-treatment
result in different surface chemistry — forms
with certain treating agent reported on their
own

Nanoforms containing particles without surface-

treatment and with surface-treatment {,\

acha.ouro

pa.ou

BB RELIES ) IA— AEIERMUUES ) T4 — LADELMO, REDIEHIR
URISEMADEN (RBOERENFIEEEIBRIREENH2) NERHSNBIHAEIC
(& BBZF/TA— Ly U TERIZRENBDET.

Surface functionalisation or
treatment

When should nanoforms not be included in
the same set?

Nanoforms containing particles with different
surface-treatments can be in the same set if:
1. Surface treating agents are chemically similar
2. Resulting surface chemistry is similar in terms of
specific functionalities introduced and overall
composition of particles’ surface
. No significant variability in percentage of
coverage of particle surface

. No difference in (eco)toxicity of used surface
treating agent

&
Bi3E & RELIEFAMEFHHRLL REOEZHMEENMEL K FREO
WIREICASBEICN BV, EEBEP IS IFRT IR EEZS IRV
RHENBIHE . RPDIREWUEDT ) TA— LTI —-TILTBENHRET,

acha.ouropa.eu

EECHA

Shape including aspect ratio and
information on assembly structure

Elongated Multimodal [

Spheroidal

Pl Aflermat e

T 1one e shapes gt

swizais) ameascns. sgntcamy - Sphemii/ElongalegPlsiols
‘Shape categories. hcast ange 5 han the ceves tao
| [y phsiat - etaeslLond
SpnecodlalFlasiets

— — — | Gangatee/Pascies

[Spheroidal (BkfZ22¢) 1. [Elongated (OvRAE) J. [Platelets (FL—h
&) 1. IMultimodal shapes] ® 4 D(CAZREDFEUIABEEI TS,

Shape including aspect ratio and
information on assembly structure

Reporting
+ Shape categor(ies) and specific shape(s)
« Concentration of specific shapes, if applicable
« Number of walls or layers for assembly structure
+ Elongated particles and platelets:
« Aspect ratio
» Rigidity (recommendation)

&3

F/7A- LOFERICEAL T, BRER ARRNTIV- FEORIR, ZHIZHE
AT EORARDIRE . HEIIBEIC I ZERVEOH. 7ARY MERUBIME
(BFIRMIREL) OBERERHIZILENDIET .

acha,auropa.au

Shape including aspect ratio and
information on assembly structure
When should nanoforms not be included
in the same set?

+ Shape

+ External dimensions

= Aspect ratio

= Rigidity

of the nanoform particles do not enable their
(eco)toxicity to be assessed jointly

s

BEREQ. IR IMEDE. PRI L. BIEOBUONERDSN B ECE. 2R
3 IA— LY ML TERTIRENBDET, IBNE, TNSORARDELCE
D, ERESME—EGEHBT BEN TERLWNSTY,

echasuropa.eu

Crystallinity

When should nanoforms not be included in
the same set?

« A priori nanoforms containing particles with

« different crystal structures

« one specific crystal structure and mix of crystal
structures

+ When justified, nanoforms with different crystal
structures can be in the same set

Crystallinity
Reporting
+ Name(s) or crystal system(s) of the structures

+ Concentration of each crystal structure present,
if applicable

F/74-LAOFERICBELT, BREE BEORAT (BRR) . ZHIHER
BIERBEDREDFRZIRHITIVENDDEY . SRE L. BOIEREE
OFINETFHI—CRE) ($RRBT/IA- Ly U TEEIBRENGDET,
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BEHRNRUYEREOEMF

Specific surface area
Reporting
« Range of specific surface area

« Skeletal density if volume specific surface
area is reported based on BET

When should nanoforms not be included
in the same set?

« Specific surface area has an impact on
dissolution rate, solubility, toxicokinetic
behaviour, fate, (bio)availability or
(eco)toxicity

HEREFECEIL T, BE(d. IEREIA. BET (CBOVWTIREINZIHEICEBR
BEOERIRMIDIVENDDEY . LEREEOENL., BFHRE, MI+R
TAIR BIE, J\AATRASET1, ERESHCHEESABENTEET,

ly

Analytical methods

« Analytical data needs to be obtained
on the particles as manufactured

+ Description of analytical methods or
appropriate bibliographical references
need to be provided

acha.auropa.au =

BHESNTALF (LRI BDMT —INRDENET . FILBERE (. DT75ELE)
REBFSROVTOT YR MIDLENDDEY.

EECHA D

Analytical methods |=|

Particle size distribution

+ Recommendation to use one electron
microscopy technique

Shape including aspect ratio and information
on assembly structure

« Electron microscopy

« Most appropriate technique based on the
material properties

‘echa.ouropa.ou =

BREE REDMZIASNCIBIHIC. BEFIRHIRELERI L EEEN
FY, 50 BFEMIREQ>. TARY MEREIIBSE e SHMRT T IRE
TRLHDEERIFRORBMTEET,

TECHA N
....................... =
Analytical methods |—|
Crystallinity

Electron diffraction or x-ray powder diffraction
More that one technique may be needed for
characterisation of amorphous nanoforms

« Rietveld refinement or other appropriate method
for quantitative phase analysis

FERMECRIT 2B, BFEHT XRD (#95k X #REIT) #EU CEUSIBCE
NTEEY . PENIPADT /T4~ LOFHTIC (S, IO (XRD ° XAS &)
PRECRDET,

Analytical methods

Surface functionalisation or treatment

Most appropriate method(s) to analyse the

composition of the particles as a whole,

including their surface treatment

+« Recommendation to provide analytical data to
identify the functionalities/treatment layer(s)
formed on the particle’s surface

%

‘echa.auropa.eu »

BREQ. 77— LORARNER (REWEZZSORFEAOHER) 2R
TERROBYIBDIITIELRIRT DU BN HDET . FIBIRETEHHNUELH FZREIC
FERENTAEREDEZ BARECS 2OMTT — Y2 IRH BT BEIHLET .

Analytical methods

Specific surface area

« Usually gas adsorption using the Brunauer-
Emmett-Teller (BET) isotherm (ISO 9277:2010)

« Skeletal density (ISO 12154:2014) needs to be
measured and reported if volume specific
surface area is reported based on BET

iy

acha.ouropa.ou =

F/7A-LAOLEREEG, —ARICTILF U7 —-IXyb-75— (BET) ERiRE
ERUAARAEICLDRITEINE Y AMELLREEN BET (CEOVWTIREINSS
A, BI8EE (ISO 12154 : 2014) ZRESSITREITILENHDET .
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HECHA

New IT tools and formats

Webinar: Getting prepared for new
REACH information requirements for
nanomaterials

12 November 2019

Anna Daszynska, ECHA

Anna Daszynska,
Product Management Officer, ECHA

What's new in IUCLID 6.4?

+ Fields for reporting nanoforms

+ Technical Completeness Check (TCC) rules
» Disseminated information on nanoforms

+ Updated manuals on dossier preparation

More R ouos
iuclidé.echa.europa.eu/home

IUCLID tools
Validation assistant
Dissemination preview

acha,auropa.au -

IUCLID6.4 Tl(d. F/I4—LIREDERD . TCCIL—Ib. F/I4— LT BIERD

B BHROEMCEIZINI17IOBHBECOVNVTOHBEEEZFIATEE
9., 5¥U<(. iuclid6.echa.europa.eu/home 2&88,

HA

Section 1.2 Composition

NEW: ‘State/form’ mandatory for all inquiry and
registration dossiers (including update dossiers)

acha.ouropa.eu

923> 1.2 486k

A BUVEDESLVEHRESE (BRBRESV) (493 [State/form)]

Section 1.2 Composition

Select to activate fields
relevant to nanoforms

Not possible to submit with previous versions of IUCLID

acha.auropa.au s

723> 1.2 48k
F/TA— LICEHET 2D EFDEIR

ZECHA

Section 1.2 Composition

BN |

ECHA manually checks
justification during
completeness check

Edit text template to address all relevant points
023> 1.2 8%
ECHA 37+ X MR TEE T,

Section 1.2 Composition

“Justification for reporting set of similar nanoforms’

You can attach more information in the "Attached
information’ field

Use 'Cross-reference’ to link to other IUCLID sections
acha,quropa.ou

23> 1.2 #8
DT/ TA— Ly bOIREAT S

73



FRIZR IT Y=ILEZDTA—NY b

TECHA

Section 1.2 Composition

NEW: Fields for reporting characterisation
parameters in IUCLID

+ Shape

+ Particle size distribution and range
Crystallinity

Specific surface area

Surface functionalisation/treatment

echasuropa.eu P

933> 1.2 $8%
AR 1 IUCLID (CBIDFrIV9UE -3 - \IX—9%3REET 585

HA

Section 1.2 Composition

NEW: Information published by ECHA

«  Attachments, remarks and justifications in text fields are
not published

+ Other information is published unless marked confidential
with a confidentiality flag g on the relevant
characterisation parameter

Dissemination preview tool shows you what information
is published

acha.auropa.au &

23> 1.2 48k
##R - ECHA PABIUIIERR (RMSD71b DX MRERRBINERA)

TECHA

EUROPEAN CHEMICALS AGENCY

Section 1.4
Analytical information

NEW: Fields for reporting analytical information

==

(==

“echa.suropa. o0 P

033> 1.4 S3HiER
R DIEREIRE I DR

“ECH

KUROPEAN CHEMICALS AGENEY

Section 1.4
Analytical information

« For each characterisation parameter reported in section
1.2: give corresponding data in section 1.4 and link the
sections through 'Related composition(s)’

« If you attach an analytical report containing the analysis
for more than one parameter, select the appropriate
parameters and analytical methods in the applicable
picklists

« If you cannot provide results for the indicated parameter,
the reasoning must be clearly justified

23> 1.4 DFIER (£733> 1.2 TRESNEEFrI05IE-23>- )5
—HIHUTEY2a> 1.4 THET T —HZRELLET IBHO/SA-HDDH
REREMITIIHSE, BRUZNCEYR/NSA—IEDHITEGRIRLET, )

TECHA

Section 4.28.8
Nanomaterial dustiness

NEW: Endpoint section must be complete

echasuropa.eu &

933> 4.28.8 FIIFUTIDIRTAEA
FAR L IDRR1> b2V ERECTIVENBDET .

Pay attention

« Report identity and concentration of constituents,

including any additives or impurities following REACH
requirements

« If you report different classifications in section 2.1, make
sure they are linked correctly with compositional
information in section 1.2

+ Report separate endpoint study records in sections 4 to 8
for each nanoform or set of nanoforms, clearly detailing
the test material used in the studies

acha.ouropa.ou s

SEREIE (REACH BEHTES 3R/ AHN e SHTORELHEMOMRE.
723> 2.1 TRBZDIERETIHE. TI23> 1.2 DHERBERCDU> I
$HBIL, 223> 4-8 THEMEAEINITA MR BRHEICEE RS 52L)
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TECHA

Pre-check your dossier

+ Use validation assistant to
minimise failures and
potential rejection of your
submission

+ Use dissemination
preview to simulate the
information from your
dossier that will be publicly
available on ECHA’s website

‘echa.auropa.eu

BIREROEATHER

Supporting material
echa.europa.eu/manuals

= | Dashboard

acha.ouropa.eu

HiR—r&E#R (echa.europa.eu/manuals)

CECHA

Additional support

Field specific help text in IUCLID:
Click the question mark icon @

Questions

Submit your questions to ECHA:
echa.europa.eu/contact

More material
ECHA and IUCLID webinars

acha.surops.su

BAIYR=b
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Conclusions

Webinar: Getting prepared for new
REACH information requirements for
nanomaterials

12 November 2019

Jenny Holmqvist, ECHA

Jenny Holmgqyvist,
Coordinator International Affairs and Nanomaterials, ECHA

EECHA

Take home messages

« Get familiar with the new
requirements now - don’t
wait until the last moment
Do the best you can with the
guidance and support
material available by 1
January - do your best to
justify what you can’t fulfil
ECHA and Member States
are here to support you

R
P

BEEIE (1) : LV REACH BHHIIBNR2L. 1 A 1 BETICHAI>R0ER
AVWTREOEHEEITICE. ECHA RUNNBEFEHREEYR- N3¢

acha.europs.eu

Take home messages (2)

» Guidance activities ongoing to provide
information on the best advice to fulfil
information requirements

Further development of test guidelines
ongoing - key priority for application of
regulation

Search for nanomaterials on the EU
market and overview of REACH
information requirements and available
methods
euon.echa.europa.eu/search-for-nanomaterials

EUON

acha.suropaeu

EEFHE (2) : BFREMHEZBLILHOT R\ RREFTHBIE, TAMA
RS> ZEBICHFERTHRIL. EU TIHICHII2FT/ITUTIVCETRRTRRE

Material published

Video recording, presentations and Q&A:
echa.europa.eu/support/training-material/webinars

acha europs.eu

W
b

EER (BEHD)

ZECHA

Q&A panel

« Webinar open until 13:30
Helsinki time to answer
questions

If your question is not
answered by the end of the
webinar, send it via our
contact form:
echa.europa.eu/contact

echs.europs.eu

SEER (BEHD)

MECHA

Thank you!

echa.europa.eu/contact

Subscribe to our news at

echa.europa.eu/subscribe

Follow us on Twitter
@EU_ECHA

Follow us on Facebook
Facebook.com/EUECHA

echa.europa.eu/contact
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1.3.1 F/IFVFPNICHTHMEURRDO—ER (2020 £ 3 ARS)

NM* J5IICBI T 3R EWIER F/RRBRHEIE DR HEOEBENHSNRL BIFOEETHE EWIETE
EEE EU I3VR NIVF— FUR-Y AUI-F> INII— A58 R1Y 159V7 1¥UR PAUDERE h¥4 BE A-ZARSY7
NM ([SHT3RFIDHEH o o o o o o o (o] o o o (o] o
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e IR NM RIS NM RIS NM RIS NM RIS NM RIS FIRAENE FIRAENE FIRREE FIRAENE NM NM NM NM
BIE(ER ) it L L L L En En L L iR @i & S5 (—apER) &
B}/ BHOBH(TE) 50 0 0 D) D) D) AN D) D) D) 1 EIRD 1D A A
BB/ SNEB/ER £E5 BE BE L] L] BE5 BE5 5E BE B B BE B 25
HETNMOES ] ] - O O
Z | mmom = o o [ [
*Rg WA o o o ) )
L] AR (URE) - o o o o
D | eEomem - - o o -
E it - - - - -
fLiEE - - - - -
38 (HBIER) o o [¢) [¢) [¢) [¢) o o [¢) o o [¢) o o
ES o o o o o o O O o O (€] - - -
& AR (BFEHIED) o O o o o o o o (€] o - - - -
S SHEINER (U257 o o o o o o O O o O - - - -
B[ rme owzam ) [&) [&) ) ) ) o o o o = = = =
Z HEBER (BET %) O [e] [e] o o o o o o o - - - -
F HRRE (XRD %) o o o o o o o o o o - - - -
Z J-744 (KEHEL) O O O o o o [e] [e] o [e] - - - -
3 REEE (RERE) o o o o o o (€] o o o - - - -
IL WESE - - - - - - - - - - ¢} - - -
E (KNS - - - - - - - - - - O - (€] -
- - B2T—Y - - - - - - - - - - (€] - (€] -
iliT 5% = = = = = = = = = = = o = =
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KINM: FIRFUPI, %2 587 R ESBHORHRUESR, X3 B8 | ¥EBHORY, 4. —HEHERE) ; RRPOUZRINMENONBIMEE, %5.1-] [OOVWTERPZEKRL TVET ., LOEERER/BHIBRICOVTE, EEOBEZ TEMITESFORESRU T,

SEHN 1. RNHEAK LY —, BERIREECREIS IRCEE (2019) , 2. B

5o
=88R,

REACH HiRIDEKIE (2018) , 3. B

EER, (FEXE-ETE (2018 ) |, 4.

5. AV1-7>, F/IFUTINOLDOIGRELERFORE (2015 4) 6. FHHBHMRMEE, THF/ITU7IORZEM, No.87 (20184) 7. Zof (RMEPIEBILRBILBOR—LR-F)
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1.4 EIRSE- S ORIVAICSFZRMOMR DUNEE - 228

ER TSN [Nanosafety Cluster Week 2019 (F>X—4-OX2N\=4>) | P
[ANNIC 2019 (I5>X-/)0)) | KU [Japan NANO 2020 OEBR&SEZEL. F/XTU7IATF)
T7/02-0REMICE T IRIFORI F RO - HIE(CRA I 2RO R ZUNEL . BIBZIT
WEUZ. B8 EFSZRTESNIEILER (FEEICHITZF/NTUTIOZEHICEITIHER HIE

1BIRE) ([OVTE. BET 2IRESFEISIGHE - DL MBOEI23a>TERLELUR,.

1.4.1 FoX-9, +)€-I7571-9329-914—7 2019

20195 108 7-10 8. 7N =7-ARVI\=F T, [FIIFVT I A IR=23>2DURAITTCAX R
VZIANF D ACEEI BEFEDEERL ] £WVOT—X T, T/ REHMFRIERREMTONELL BRET
(& AF=IHRNA = (CHFRVRIN =TS 30, F /22 MT—H0ERICRL T, IRIRCFROEEN
EmmSNFUL, £l2. A (CB#ESINT Nanosafety Cluster Scientific Conference Tid.
NanoCommons. NanoSolvelT %2 \(& NanoInformaTIX REDRFTOAFTMRNIFEREIN, T/
FUTWDURIT7EAAS MYZIHNF D RACEU T, BNEOT =70 E)T1 EFRIET)> T O EIN
EamcnEUL,

FFHRICDWTIE, calIBRAte DIR—AR—ZICHENT, BEEEDOFERAIA RI—E7YTENTVET

(http://www.nanocalibrate.eu/calibrate-final-conference) .
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F)79)05- YAIBNTF 2 ARVEDSEA

FREE (BEREE) O Carlos Eduardo Lima da Cunha &0, BRI ICEDVVEEBEIBERY R X M—EREL T,
F)75)03—OYRTHINF > ZORHEHY0. [Safe-by-design| ZERD AN RERFAZLEEIC DWW TORRD HBOEL,

Dr. Georgios Katalagarianakis, BRHZES

IN=ZHLKZED Eva Valsami-Jones iU Iseult Lynch 3% &D. Nanosafety Cluster DS&DIEEIFSEHIDWLT
DREERNHDEUZ. 2OH, BINEER(CHITDSEROERELT. Materials for tomorrow. Safer products (SbD).
Consumer focus. Innovation focus ® 4 IBEHHEIFBNTVET.

79




(#tZ)

FIRFUTZNDYRI SR DS MDIREBEMADAZ NI S5IT74 ZADIEIT

J=ZN034FRFEDKhara Griegert8t &, X1 Fv— F/)70/0S—(HBEHOFETHD [MMOFTEEAM(CEGITSDFT VR
PRORANTSI742R] (BT BRBORENBDELRZ. TORT. F/IFUTINIT I BURIFHIEDOEFEH (&, &2 BRIZ
FIAHEEMZFEL TELIRUL. ZNANSARIRURVEHMICED L ICHEET INELRZ D AR ZE S 8HEh. ENICEHT
T RUNBRICEERENTVET,

Dr. Georgios Katalagarianakis, BRMZES

FSBBEEATTES -0 (FOX-J-Ft—-T71t>49-) D Keld Alstrup Jensen 814D, caLIBRAte 7017 M)
FEHNEZDRRECOVTOHRENHDFEDUIZ,

~ Key factors for risk governance

Risk governance/analysis should take into account w

sector and type of application

& Conceptual nano-risk (innovation) S[ecaLIBRAte
governance framework

fecal BRAte

« risk domains (e.g. workers, consumer health, end-of-life of

l oo ] P | Gototent | mhum” mu..ml product(s)),
o e ey + regulatory domains
* prior knowledge or background conditions in terms of public
opinions and media coverage
’ h ] l l ”’ « level of awareness or knowledge of SHs

~+ actual or perceived risk-benefit ratio of the specific product
+ quality, reliability, and ease of understan of available
ation such as e.g. EHS and NM cha\llxerization data,
rocedures, and product informatio

Copechugen, Dxwbar 7, 2019  Copenhagen 7% October 2019 ¢ ‘—‘i:‘

Coaper Stage-Gate® Idea 1o launch model h
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The caLIBRAte project and main objectives — coordinator Keld Alstrup Jensen, NRCWE, DK

L)

SFLERae

Seagrate

The caLIBRAte Project
& Main Objectives

Coordinator,
Professor Keld Alstrup Jensen, Ph.D., M.Sc.

caLIBRAte
Performance testing, calibration and
implementation of a next generation
System-of-systems Risk Governance
Framework for nanomaterials

Coordinator.

Profeszor Keld Alztrup Jenzen, Ph.D. M.Sc

s s[ecallBRAte
= e
Project at a glance?

* Coordinator: NRCWE (KA. Jensen);
* Administrative coordinator (M. Moser-Johansen)_

* Budger: ca. 97 Mio € —EC ca. 8 Mio €
Duration: 42 Months

- i nrene.d
[—— [RN——-— Commtoom Oovmer7, 014
® Z =
Project advisors Project request by the EU! Key calIBRAte Objective
* Build a state-ofthe ort and flexible rizk banding tool fo keep pace with Development of @ Nano-Risk Governance Framework and  web-based
develspments in innovaticn and risk research. Tool for assesment and management of human and environmenal ritks
- - |, cngaing and of N and NM e e
— e | s cone et o e b s i i
8 DerkBrower ) = . should focus an ing, the calibration an rauning of Gpporant and percaived risks and rands in nanatac
H— B e s foc an he s the clbrnion and e e 1) Scraaningof opperert oud parcsived ik on rancs i anstachrelogy
! — = = developrment o ok picistion o bording ol o bk b %) Contet sansing, avaftativ and flly wasrared pradicive vt
5 Knracrieger Nortn Carlin State University (frmes KT} usa environmental risks. sk azessmont operationol at difforant information levels
Wende! iohlleben o . ! needs and concerms, ofth 5 Sotary-by-dasion camammant ond muti-criaric Sadiicn mERoT
8 o Tk ki sy st s ] Emsrmment [ insurance secior. Risk tion should be undersiood ' ing, -1
David £zoulzy Genter forInternatioral Environmental Law (CEL) e “ R
s Meoat P o * Emphass should bo given o tho davalopment of guidanc for important el " Gare® producti
Andriteinia  Robar Bosch G o Fasves in Risk Asscasment. Risk acceplance is stongly offoctod by o clear mvodel, the IS0 31000 risk governance framework, and the Emerging Rizk
ndersranding of the risks, the benefirs and the uncerainties porcaiod Manogement Framework DIN CWA 166492013 E/DIN SPEC 21299,
on adquiry and frus.
T E——r=—om ===
% Conceptual nano-risk (innovation) ~ S[3GaLIBRAte = d[icaliBRAte @  Design of Overall Work Progress  3[acaLIBRAte
governance framework Vision

2,

i i
g and Validation is Key 0 na:,d\ Confidence
Coaper smge-gute’

User Capacities!
e |

Tools” must be Aligned Wit

 The Nane-Risk (Innevation) Governance Partal becomes a central site
athering or livking out to validared information, resubs, and tocls 1o
suppart nans-rish innovation governance.
i chers and indu

from which
they can manage their nano-rizk azsessment, -management and overall
aqovernance during nanc-innevation and produdion.

Commtogm, Govmer7, 019

z ecaliBRAte

+ R&D and
Industry

Service Providers

Commogm, Oovoe7, 1010

SricallBRAte * Wesress: memamsssibnar
1 rarermins ~ Sao ol .

Introduction — Andrea Porcari, AIRI, IT & Christina Benighaus, DIALOGIK, DE

ScalBRAte

callBRAte FINAL CONFEI ICE
Understand ehold hnology
knowledge, needs and concerns
{Ocieber 7%, 2019 - 9.20-10.15)
Rr—
: . i v ik
o e righaes OLOCK, 3
. ——
ey ergenectorn, S oo RONE 5
-+ Cioing ranerts and i
7% October 2013 +—

Public and stakeholder expectations on nanofech: J[zcal|BRAte

A fong journey through the hype cycle

Pesk ofinfisted
expectations

EXPECTATIONS

TIME

e it e o, e Fe 1995
catisRaze inet Confarence, Kopennagen 7 October 915

Public and stakeholder awareness and “zcallBRAte
expectation: an up fo date view fo inform e

callBRAle fosls for risk governance

Known known
Unknown Known
naan wnknawn
Unknown
unknown

CatisRste Kl Contarence, Kopennagen 7% Octoser 2015
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calBRATe consultation: & mixed-method sacal IBRAte
approsch covering all risk yovernance stakehslders "

sams
2 b -
Resesren, pascy,

-
= = == |===

CaLIBRALE Final Canference, Kapennagen 7 October 2215

Pusie

SFealifRAte

callBRAte FINAL CONFERENCE
Under " kehold ' y
knowledge, needs and concerns
", 2019 - 9.20-10.15]

. ot e v
govemenca , Chistina Barighous, DIALOGIE, DE

rasmorch and

ety orgonzatons. Pets Knas, NECWE, DF
+ Closing ramark and &

7 onserms =

Features required ky stakeholders for @ nane~ zrzcal |BRA
risk gevernance system e

- Based on state-of-the-art knowiedge
- L e s

- allowing for human and environmental exposure, hazard, and risk

* Qualified for =
« Considering existing and future generations of NMs
« Flexiblz and easy to use for a wide range of specialists

decisions of the system)
. i reliabiliy, effecti transparency

2nd open access, long-term sustainability

CaLiERAte Finl Conterance, Kapentagen 7% Oitober 2013

Multimethod stakeholder assessment

Benighaus, DIALOGIK, DE

of views and perspectives on nano-riskgovernance — Christina

Himet kehold.

d wide
of views and perspectives
on nano-risk governance

as

Presensed by v Benighas, DIALOGIK
Ezabeto Borscla (A1)
s gt UNEVE ok Chvany B,
Tedwologcl Univeiny) e K OECWE)
e Aleup Jensen,

pentagen 7% October 2015

JegakiBRALe
Stakeholder Profiling in callBR Ate
Novelty of wrk compared fo existing literalure and surveys
on stakelioldsr views on risk governance

¢ mermrtpmtzomporsn ot @)

* Using mixed methods (qualitative and quantitative approach], Q
«comparing views of all types of stakeholder categories
(mixed approach)

* Considering nanomaterials and s!l their application arsas
(ot sector specific]

CBUIBRALe Finsl Conference, Copenhiagen 7 Octaber 2915

Stakeholder Profiling in callBRAte (con
Novelly of work compared to existing literature on stakeholder
views on risk governance

* Cowering risk awareness, perception, assessment,

Irisk governance cycle)

* Distilling needs, priorities and expectations for
2 Risk Governance framework for different stakeholder
groups (stakeholder profiling)

* Up to date (new empirical study) @

CalIBRAte Fnal Conference, Copebagen 7 October 2015 :

SEcallBRAte

My knowledge of nanstechnology is ... (online survey)

= Sermany-Total = Denmark-Total | O3zsm-Tots)

catUBRAze Finat Confarence, Copennagen 74 Oxtobes 2915

Level of knowledge
of the different stakeholder groups (Delphi) [=calIBRAte

X

TesaBRAte

* Level of public knowledge of nanotechnology is stil low

® Industry, researchers, policy makers and
informed public rate their level of knowledge middle to high

(D
& 6

CatisRste Kl Contarence, Copennagen 7% Octoser 2015

ScalBRAte

Nanstechnalogy has for me a ... connatation (anline survey)

catUBRAze Finat Confarence, Copennagen 74 Oxtobes 2915

Public Connofation of Nanctechnolagy  J[°CaLlBRAte

* Nanotechnology has a positive to neutral connatation for
public/society with positive effect on life

= Isa solution for technical and/or social problems and should
support the development of the society

= But clear concern about the safety of nanotechnology for the
society, environment, economy and individual and family
health (public and workers’ health)

catisRaze inet Confarence, Copennagen 7 Octoser 015

SecalIBRAte

Perception of risks deriving from production, use and
disposal of NMs and nano-preducts (Delphi)

Worker health
s
ical & p’
Ethical and social _ bttt
ain
—indusry
e
T —
—cs0s oo sacery Ort)
Economic aspects ‘Animal health
Environment

scale 1rvery low to 5-very high
CaLIBRAzE Final Conterence, Copenhagen 7% October 2013

SFcatiRRALe

Level of knowledge on NMs and neno.
perception (Delphi, Online survey)

b e
AU SO i el o

ECEd
inzaeege o
i 3] ] 333 151

EEE
pereicnorens

Leveiat
percagiien ot

234 23 1) 34 255
[y m——————
o

CaLIBRALE Final Canference, Capennagen 7 October 2015

“[ecal|BRAte

EHS and ELSA 9

= Majority of well aware of
Health and Safety issues (EHS) and
Ethical, Legal, Social concerns/aspects (ELSA)
posed by nanamaterials i all the application domains

* C50°s has general cancerns about EHS risk and ELSA posed by
HMs and nanatechnology development in all the application
domains followed by public, researchers and industry

* Worker health and the environment face the highest risks
relation to NM production

CalIBRALe Finel Canference, Copennsgen 79 Octabier 2215

n Sectors (Delphi) ¥[3galIBRAte

Risk Pereep!

secallBRAte

Purchase Intention = | would buy nanc-
related products ( Public Online survey)

LTerses

2 Cosmetics

[ —

3: Electranics
4 Housshold Appances -

6:Food packaging
7oreate
8 Clearing / Care Products
9 Medical proguctz
10 Bulding materisis (2

11 Agredure

ves, n any case Ne, under
no circumstances

CBLIBRALE Fnal Canference, Capennagen 7 Octaber 2015

cal|BRAte

Perception of nanc-risks in indusirial secors an.
i#s effect on the market (Delphi, Online survey)

co:
oy et | 2o
e (b mion [resepnen
[V EUN i e
—
g 2 2 2o 1
e
P ——
priiad
Jircien 2l 2 24 i 2
e ——

CalIBRALe Finel Canference, Copennsgen 79 Octabier 2215

SecalBRAte

Purchase

tenfion and uncerfainty of potential risks

QHighest concern relates to the sactors of textile, food (packaging), agri-
faod, environment, chemicals & materials and cosmetics

a

s geate orp

the body (2.g. cosmetics, food, agriculture)
[,

¥ eI

Qperceived uncertainty on potential risks of WM is 3 limit to their
penetration in the market — need of unbiased and trustable information,

based on scientific evidence. -

CaLiERAte Finl Conterance, Capeniagen 7% Oitober 2013
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Risk assessment procedures for nano-reluted 5 cal IBRAte
products and NMs (Delphi adealarinad
Not
Shightly important Moderately
important %

important
%

0%

Fmportant
36%

produces* (from the Delphi study).
CalIBRAte Finsl Conference, Copentagen 7 October 2015

Risk - Long-term menitoring of the impact of  JSCALIBRAte
nanomaterials on public health and the environment is ...
(Online survey)

——

CalIBRALe Finel Canference, Copennsgen 79 Octabier 2215

Adequacy of current guidance and regulation for

SecaLiBRAte

effective risk governance (Delphi

Censumer Information: "I have ... of the risks of

nanotechnologies” (online survey)

scequatzintormation §

cathcartivtormation S

caLUBRAte Fnel Conferensc, Copentagen T Octobes 2013

Summary of the stakeholder profiling 3[ecaLiBRAte

« The idea of applying risk assessment procedures in all stages of product
development s gaining ground skoinindusy)

jority
g0 ond barrier for sk governance of NMz

LI -

CBUIBRALe Finsl Conference, Copenhiagen 7 Octaber 2915

Nanotechnologies - summary of findings

seen as a symbol of innovation and progress,
use could imply both benefits and risks
highest risks perceived to safety of workers, consumers and
public health and impact on environment in the use of NMs
tendency towards a convergence of opinions between
differant (industry, researet ions, policy-
eriented organizations, general public)

* lack of harmonized approaches across regulatory domains
uncertsinties in the implementation of regulation

further research is needed on evidence-based

approaches for risk analysis

CaUUBRAte Final Canfernce, Copenhogen 7% October 2015

Key factors for risk governanes Ly

Risk governance/analysis should take into account @

« sector and type of application

« risk domains (e.g workers, consumer health, end-of-life of
preduct(s)),

regulatory domains

« prior knowledge or background conditions in terms of public
opinions and media coverage

level of awareness or knowledge of SHs

actual or perceived risk-benefit ratio of the specific product
quality, reliability, and ease of understanding of available
information such as e.g. EHS and NM characterization data,
safety procedures, and product information

CalUBRAte Finel Conferenc, Copenhagen T Octobes 2013

Wixedemethod Arsrocch S8 scal BRAte
™ e high 7 s FeguslorsRisk

[ Betphi-survey  EELE_CR B e Managers.
e
- ==
e bl |

== =
e -

gl = T e =

e e e I
—
- mm o
B

=

What we analysed

Extracted information on what the relevant staksholders
want/need/think on
+ Awareness, acceptance and risk perception
- Capacities and best practices in Risk Management
+ Weeds, priorities and expectations for 2 Risk
Governance framemwork

+ Insurance coverage for nanc-related risks

CaUUBRAte Final Canfernce, Copenhogen 7% October 2015

EcallBRAte
“Uncertainty about risks with nanematerials -

for my purchase infention” (Online survey)

Uncersainty about risks with nanomaterials is
significant/unsignificant for my purchase intention
% 10%  20% 3% 4% 5O

 Germany - Total
i)

gy | -

o — ' Dermart: - Total
s
o — Spin-Total
——— io
oy —
e e

CalUBRAte Finel Conferenc, Copenhagen T Octobes 2013

Consumer Infermation - Indication of the fype of
nanomaterials in a produet (label) and list of all
ingredients on the packaging (labeling), (Online survey)

Ma, of courze net

‘SUIBRALE Pl Comferenc. Copenagen 7 Octaber 2913

Views and needs for risk assessment and nano-risk governance in research and industry organizations

Pete Kines, NRCWE, DK

s[acal|BRAte

Views and needs for risk assessment and
nano-risk governance in research and industry
organizations

Presened by Pere Kines (NRCWE)
Contrbtors

Andiron Porcori & Bisabatta Borsella [AIR1)
Ohvisine Banighons, HIALOGIE

Miaria Louia Kirkagaord (Tachnological Urivarsty Desenark)
Keld Alstrup Jonzen (MECWE]

e r————GE SR ]

“[ical|BRAte

Safety culture maturity model

// r
.
- =

~ Seren Kierkegaard

= The art of helping others understand
[z=iiioz “F one s truly o succeed in
/ Ieading a person to.a specific place,

m ‘one must first and foremos take core to

find him where he is and begin there.”

e
CBUBRALe Finel Conference, Copenhingen 7 Octaber 2915

SecatiERAte

How do academia and industry attain and apply

knowledge about nanc? (WP4)

O5H co-ordinators interview statements Exemplary
Nan

Risk comprehension "
Ly s [proscive|
Actions Proactive
communication

=
S

—

e

e
‘aUUBRALe Fal Confeencr. Copenhogen 7% October 2015

SFcakiBRAte
Needs: The nano life-cycle
* Nano-specific OSH programs and risk assessment

procedures that cover all aspects of the lifecycle -
from research and design to disposal

Idea — Design - Production - Use - Reuse - Destruction

[5H = Dumuptinns sty and hasit]

SFcaLiBRAte

Stage-gate model

Research & innovation value chain perspective

IpcakiBRAte
Precautionary principle and hierarchy of controls

Appropriate precavtionary measures should be taken
even when the cause and effect relationships are not
fully established scientifically

Hierarchy of Controls Nano-safety

| A 4 - Design stage
=

« Powder - Slurry

« Ventilation

- Training & job rotation
- Gloves, mask

= =
v

catUBRAze Finat Confarence, Copennagen 74 Octobes 2915

catisRaze Finet Confarence, Copennagen 7 October 015

CatisR e Kl Conterence, Copennagen 7% Octoser 2015
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SFcatiRRALe

Needs: Information

= Easily accessible * Exhaustive
= Easily understandable = Applicable and low level
= Up-fo-date of complexity
= Reliable, unbiased * Harmonization — across
information on impacts domains and
and implications internationally
= Transparent * Risk-benefit evaluation
® Robust * Benchmarks
specific guidelines for impl current legis|

Not just ‘what to do” but also *how to do it

SEcaLifRAte
Needs: Regulation pricrities

= New regulation specifically for NA or infegrated in

existing regulatfion 2

= Specific requirements in “horizental’ regulation
(programs e.g. REACH, CLP)
or
= Specific requirements in ‘vertical’ regulation
(cosmetics, medical devices, biocides)

IpcaliERAte
Needs: Research and business
= Improving risk communication research-to-business (R2B)

and business-to-business (B28)

= Increased agreement and confidence of these actors is
a prerequisite o inform and shape public opinion on
issues related fo risk governance of nanotechnologies

Conterence, Capennegen 7% october 2013

CaUIBRALe Finel Canference, Copennsgen 79 Octabier 2015

‘ealiERAte Finl Conterance, Capeniagen 7% Oitober 2013

Needs: Framing, eredibility, culture and collaboration

= Geographical, polifical and cultural context — critical
in how MM are handled and perceived

® Regulators, engineers, social scientists, communication
experts need fo collaborate effectively in framing
information on NM

= Both eredi
consideration

y and eulture need to be taken into

“[ical|BRAte

Needs: Adaptability

® No one-size-fits-all solutions!!

= Initiatives need to be transferable, scalable and
ble - balancing g i
and implications

= Allow for flexible deployment of multilevel and
integrated risk governance inifiatives to support
i and i

excellence

&ecaLIBRAte

Needs: Integrated in business model

= 15045001 (2018) OSH standard where OSH must be
more effectively infegrated in the business strategy,
processes, and leadership, as well as ensuring
employee influence

® 15021505 (2017) Governance
* 15031000 (2009) Risk management

(osH=

e el sefay and et

caUUBRAte Finel Conferenc, Copenhagen T October 2013

CBUBRALe Finel Conference, Copenhingen 7 Octaber 2915

‘aUUBRALe Fal Confeencr. Copenhogen 7% October 2015

G[acal|BRAte

Needs: Effective tools

Research that aims 1o find cousal relationships between various
types of safely inferventions and ovicomes, and patrerns of
effectiveness across contexts (infernal validity focus), and thus tend
to

De-contextualize knowledge

If results are to be used in @ meaningful way in proctice (company
level, knowledge brokers or palicy level) (External validity focus],
thus there is o need to

Re-contextualize knowledge

Remerber _ tare i on nverse i e

IecaLiBRAte
Nana Tools (examples)

Sz P Nane Safety Observer
Stoffermanager Hans

SSD/SSWD/nSSWD
HanaGsAR

SimplaBonstians

Guidatlans (s.9.lfe cyeia)

CARA nanoSCAN (DS s.g. e cycle)
SUNDS (05 .. ife oycla)

[ ——

Hana-safaty C

ver - App Temglare

caUUBRAte Finel Conferenc, Copenhagen T October 2013

CBUBRALe Finel Conference, Copenhingen 7 Octaber 2915

degatipRAte

Submitted publications

= Porcari A, Borsella E, Benighaus C, Grieger K, lsigonis
P, Chakravarty S, Kines P, Jensen KA (Submitted).
From Risk Perception fo Risk Governance in
Nanotechnology: A Multi-Stakeholder Study.

= Kirkegaard ML, Kines F, Jeschke KC, Jensen KA
(Submitted). Risk pereeption and safety cubture in
the handling of nanematerials in academia and
industry = case studies.

‘aUUBRALe Fal Confeencr. Copenhogen 7% October 2015

Take home messages: Stakeholder needs

= Developing tools: Internal vs. external validity
= Easy accessible - easy understandable
= Credibility, culture & collaberation

Regulation — horizontal & vertical

Adaptable and sustainable
»

Life-cycle — stage gate

Integrated in business

= Harmonization /
= Framing

JegakiBRALe

Thank you for your attention

Pete Kines, pki@nfa.dk

PhD-Civil Engineering, MSc-Psychology
Division of Safety Research
Mational Research Centre for the Working Environment
Copenhagen, Denmark

caUUBRAte Finel Conferenc, Copenhagen T October 2013

CBUBRALe Finel Conference, Copenhingen 7 Octaber 2915

Selection of human risk assessment tool candidates aligned with stakeholder needs — Wouter Fransman,

TNO, NL

Selection of human risk assessment tool
candidates aligned with stakeholder needs
Wouter Fransman

oI AR v, THO, K, IOM, AVI, TUT, K, NSCWT, MISVIK

—_ scaligrate

WP 2: Key objective

= Compile and further develop human exposure, hazard and risk
assessment models to enable integrated qualitative to
quantitative occupational and consumer risk assessment

* To position these models in the Cooper stage-gate innovation
chain according 1o different user and stokeholder-specific
requirements.

* To integrate and assess the value of imovative technologies in

s g s tpenre

et Weding apstcaten ot et ot e of
s posses Osperions maties products

———— GUIDER*

these models ﬁ
- e e Crre WAL |
™ aliBRAte
Humen Risk Assessment modelling To<Ks and Deliverables
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HicallBRAte

Hugal|BRAte
Geel 12.2 Werking methed for assessment of models
+ %o Idenity he most itable. existng HRA modlels o each sage gate of - e
von, deponding on stokeholder and veet requisements
* These models will be implemented in a system of systems of the Colibrate - . R
project and validaled for vse i
o une ~
== | =
e 0
o 1
l.
—rw Fcaligrate sacaliBRate FealigrAte
T2.2-1. lnventory of HRA model - D2.3 Further development of HRA tosls
et O e Y N i * Dovelop a guidance for the further development of the HRA
Prscartaracy e S BT T . tools through innovative and existing methods.
e A R | e e
St i R i & P——— R - Extensive dascriplion of ssleched sodels and missokches with
B T e o s e [ okeholder crteria
— v of madel i fions for further devel el
e e anes o e e I P - Defindion of questions for further developament of the model
—_— o po e == — - Workthop Io define sobfin in the form of imovafive and exising
St corperves vecoe of 43 5mpbon " e methods
——

D2.3 Further development of HRA foels

Solutions were defined for all mismatches of HRA models
with stakeholder criteria within the 12.3/T2.4 workshop

sATOS auiTioNs T Answins

Main sutput

= “Pricritizafion of human risk asesment models for mandactured
i i far different stages.

g
of product imavation™

Prospective alternative methods to support HRA and decision support — Penny Nymark, KI, SV

e

o 8

FeeaLiBRAte

Prospective alternative methods to support
human risk assessment and Safer by Design

decisions

Penny Nymark, Vesa Hongisto, Pekia Kohonen and Roland

Grafstram (K1/Misvik Biology]

with CALIBRALe partners TNO, RIVM GAIKER, UH, NIOH, NRCWE,
)

UT and Sabina Halappanavar (Health Canada)

calIBRAte final meeting 7% October, 2019
Copenhagen

New Approach Methodologies (NAMs)

They a0 cover » vaiety of rew tzsting
o0, 2ien 2 mign-Dwoegnpt sreening.

e,
toxiotinesc or tmicadymemic knowedse

Towards Rigorous Materials Production: New Approach Methodologies

ial to Impr: Pradices
Nymark et al. submined

EETyE—

) —————— T
s ot oS B~ o L
prosmad 1

., | o hezara |

Evaluation of NAMs

Criteria

in line with:

= Stakeholder needs — assessed extensively in
callBRAte

= Validation ariteria - ECYAM modular approach for
test method validation

Potential for providing input info current parameters in

callBRAt lected human risk tools

Integration of NAMs along the Stage-Gate Funnel
37 of 50 NAM: suggested for

Foctsheet 6

NAMs to facilitate a tiered workflow for deriving
information useful fo exposure estimafion and modelling

en next generation safety testing
workflow

Guidance on implementation of NAMs along the
Stage-Gate and inte human risk assessment tools
FR———

Ongoing work: HTS, Toxicogenomics and AOPs

e ToOAY

w85y

nd WEDHESDAY st 11:30 by
s

cmblon ronking o gronpig Hibe
= ke croing rores roforanca agents wih b sy
= Predictve Toxi o 7 i

= Sarvan on o AOP 2l tsicy bimarier
— pplcabia i igh hrughput mensas [EPA/NTP S1500+]

Viomarker duta e WD SOAY
f— o v
o ok g e Wi 4y i T e b
BRI =
Fo=] oo orer @
R,
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A Nano Safety Governance Portal supports
Safe by Design and Risk Governance

P,
# patRoLs

From GOVANAND

Cluster proje :I:’:-'HW &
FP7 H2020
@ENM | [sFcalBrA 4 PATROLS)

NanoRec? {.’pNannsmeW
mém = .
o

GovAfNlano -
ey e oy
— o
k=

Selection of environmental risk assessment tool candidates aligned with stakeholder needs - Sara

Ngrgaard, DTU, DK

S[ecaLlBRAte

i gt

Selection of environmental

risk assessment tool candidates

Objectives [GcaL|BRALe

ik g

* Compile available tools relevant for
enviranmental risk assessment (ERA] of
nanomaterials/products

* Identify stakeholder needs relating to

Compiling available tools EgaLIBRAte

e pririnct

= >500 nanesafery available...
* Focus on envirenmental rools:

. Matrial flow inte the envirenment and H—

Y transport batwasn env. compartmants
; ; ERA of NMs ot different siages in the TNy 2. Fate and ransport witkinbatwaan
]

aligned with stakeholder needs oeation fommel LY , B :

Sare oo Seranson, OTU - Select tools in lignment with stakeholder pryery 3. Effects on environmental species Ii
needs te be included in the Portal -~ 4. Uprake and accumulation in env. species
L,m 5. Environmental risk estimation

Compiling available tosls SEcaLiBRAte Identifying stakeholder needs TEcaliBRAte Wantitging mkeholderneads S[icaL|BRAte

i total 38 tools identified mm—
* Published, peer-reviewed took fargeted
* Modek /methods not yet available as
ready-to-use software also included
* Some tools were not easily defined and
evaluared:
- Different versions
- Embedded tools
lude licora nanoSCAN

Overall tool eriteria

- Apply 1o both human and env. RA
tools [derived in collaboration)

ERA specific ool eriteria

- Criteria for outcome differentiated
for hazard, exposure and risk

- Crifieria regarding input data
were not considered

==
—— =

Ovrviow of product imsovation (blus) and sofaty-roaitad [rod) ocivite roportad by the
prefact Tanarog I ot e difforant stages of ha product innvation poreez: (grey)
ond Edgar (2015)

Identifying stakeholder needs SEcaL|BRAte

Identifying stakeholder needs

EigRA

Identifying stakeholder needs FécaLlBRAte

.18 i —
e ’  Level and 1ype —
of feedback oo
| s T N varied
* 4 questionnaires bl
quest *+ Phone interview
+ 4] criteria most useful
+ Options for free text, add-ons and pinpointing 3 T e N e
most important criteria
Identifying stakeholder needs F[ecaLlBRAte Selecting tools aligned with needs F[ecal|BRAte Selecting tools aligned with needs F[ecaLlBRAte

Key points expressed by stakeholders:
* The (same) stage-gate approach ;&3
not used by all companies ¥

For sach 100, the fit against stakeholder criteria was assessed
using the primary literature (= ool score record)

A scoring scheme was developed based on the score records fo
quantitatively rate tool suitability ot different stages:

4 % e ——

+ Middls ages are the most impertant 50 ¢ S — T ¥

* Confidemiality is cruciall v et et [w— i

* Regulatory compliance is the main driver Tameens e rn ol M onaredsy, Ve e = H

* Hazard considered first — then exposure and risk U sl —— H woon

* KISS (= Keep It Simple Supid!) — espacially SMEs lack — o . Lo
‘expertise fresources for HSE work e et i o [
Selecting tols aligned with needs spcal |BRAte Selecting tools aligned Selecting toals aligned

* Algorithm 1o caleul for each rool- inaric

Flowfate/hazard/uptake fools:
Tool-Stage Score = § Criteria scores X (priority criveria 142)/2

Risk fools:
Tool-Stage Score = ¥ Criteria scores X (priority aiteria 1+2+3)/3

* Scores allows for comparison within ool categaries —not berween
- s they have different application fields

with needs

+ Similar scoring profiles across
stages within ool categories
* Most tools lex,
developed by experss for
exper use
= most suited at middle /later
stages

* Based on this - fools were.
ehesen for further testing and
calibration

with needs

PATE SimpleBoxdNano
Mendhano.

HAZARD  SSD/SSWD/PSSD+
NonoGSAR

RISK ‘GUIDEnana.
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Prospective alternative method candidates for ERA and decision support — Michael Burkard, EAWAG, CH

for ERA and decision support

Michael Burkard
T.102010

o e bt et ot e S ey

Which methodsidata is available?
- Screen avallable environmental omics data
- Analyse and synthesise the data

How can we use it?
% identify common ENM specific respanses
- Understand systems-wide molecular response:

- Support sk assessment models

There are less data
& s6ts public than
expected.

46 transcriptomic
data sats were
identified

1. Number of replicates
Genomic (60)

& o
=™ of bioinformatics (e.g. reporting guidelines)

& platforms in a coherent way and reliable statistics (pFDR
<= 0.05; +/1.2 (log2)

Q== 2@

.
N .

s
> Bias towards high number of DEGs.
> Siatistics ars arbitrary and still no standard protocols

S SIS

. Mot ot 2 b

3

Q — -
<t

What we leamed?
3 Low number of data set (st gape)
-  Unifed snalyis srtegy s saeni) (diverse formass)

What we achieved?
> Development of 2 pipeline

W5 3 Besponse profies for ENM typesforganisms

-
e
60 imEmmmmmL.,

WPS: Transcrptomic profiing of D.rerc
é.—g. Eg
g omes

E[écaLI BRA(:

manorisk governance

Identification and evaluation of human exposure and environmental release measurement data fit for

testing exposure assesment models - Socorro Vazquez Campos, LEITAT, ES

LEMET Faarae

Identification and evaluation ofhuman
exposure and environmental release data
for testing exposure assessment models

‘Prasantar: Socorro Vazquez-Compos

LEMaT /s THOs (& NGNS e

e ————rI

TgRAe

Key objectives

= Main objective: to provide af least 5 suitable valve-chain
case studies (new and existing) for demonshration of
calIBR Ate risk governance framework

= T6.2 - Evaluation and re-unalysis of case studies
= Evaluate data quality in relafion fo the parameter requasted by fhe
models
= Select high quality data sets
= Provide dafa sats for modsl tesfing fo WPT

TFeaiaRate
Key results

More data avaiableon | i@ 7%
= T610mdT62 | occupational domain -

J - e %,

s’

[memen | opm—|

e

) e

conrpaTAL

LETEy

SFeaiBRAe

“EaligRAL

T6.2 - Evaluation and re-analysis of case studies

= Relevence

* Source domain
= Type of M=

T6.2 - Evaluation and re-analysis of case studies

* Study desion

i v NN
* Reliability | i,

To compare real data with data
predicted by the model!

=

N
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LETET “pcatiBRALe

T6.2 - Evaluation and re-analysis of case studies

= Completeness

N Parameters not commonly
* twisionrate | reported but sensitive parameter

LETET “peatiBRAte

Trwatrgen eone

T6.2 - Evaluation and re-analysis of case studies

= Ranking of data quali

Quality
from o-1

LETET TaLIBRALe

=

T6.2 - Evaluation and re-analysis of case studies

* Parameterization
* Fonseca 2018 - Parfcie release and control of worker exposure diring
is, handling ond ‘monufachred

nonomaterias in fume hoods.
3 Nanopart Res (2018) 20: 48.

S[ecaLlBRAte

i g

T6.2 - Evaluation and re-analysis of case studies

f—
* Expesvre
= Fon P ——)
sumplions: : POT——-1
, [ —
. wme ot [ ———]
200w, Froquancy ke [U—— o

©

e
L

LETET ecaliBRAte

caiaRate
Progress in Task 6.2 - Evaluation and re-analysis
of case studies

= Hazard parameters it Q
Foper Femases 2018 T ———
et iy = et 1 2
ooyt Dot

s °

- [*]

Specih suface wes Q

e nano ard bk o]

[ ©

: mmmm S

G[ecaLiBRALe

i i esn

Progress in Task 6.2 - Evaluation and re-analysis
of case studies

[rr—

LEITd GacaLBRAte

i rABE
Teimgit G L

T6.2 - Evaluation and re-analysis of case studies
Farameterization available for festing:

. ManSaker,

===z

25 £5 GUIDEnanc, >25 E5 HanoSafar and Stoffarmanager Hana
£ o ey e, b e oy sy B i, O

* Consumer exposune medels (ConsExpe, ConsEaponans) [

“Whele I cyele” model (Swiss Precavtionary Matix, LICARA Nanascan)

© oty s e, e s it

= Environmerial fate model (SimpleBordblane) [l e T

LEITAT ecaliBRAte

Techotegeat Evier oo e
Conclusions and Qutlock

® Task 6.2, D6.3 - Human exposure and environmental reiease

daia selection for model performance festing as input for WF7
- Doto collectad in he inventory (D5.1) hava base usad for ocupational

ol fasfing (HenoSafar, Stoffan Menagar rans, ConsExpa, CUIDEnces)

raported and ara rot macaurcble

« Parometsr such oz OFls nens are not commaniy evilasia

- vy hiah va
. E fen) 2 b
abie

ooy

[rr—

New state-of-the-art value chain exposure and environmental release case studies — Ana Sofia Fonseca,

NRCWE, DK

FocaiBRAte

New state-of-the-art value chain exposure and
environmental release case studies

Ao Soic Fontccg, Camite Deiive, Ao S55minc
iz Parman, Oiics Amuere Charil, Ofiics L2 5

B pavsrae
MOTIVATION AND RELEVANCE

) o et coproachis macaguare for sncsieg sats v f 1

Lack of parformanca tasing (validafon] and desarstrafion ora seme of e ko
+ for raaching Ganaral aczeptance and st ha nana-cpocific sk cazmant
and mamagament ocis. High quality meczuromant daro for madol rasing & neadedl

k KEY OBJECTIVE

Spuracen, Keld Almrup Jonsen s Socerrs Yosqien Compas

Final Conterence, Building C:
7 October 1019, Copenbagen (Denark)

‘of value-chein case-studies ond - Iy
‘model performance tezting and
demanstration of the usbiity of

KEY RESULTS

# New valuerchain casesstudies

G LETAT ¥ MREH MEE  scalibRAte

New value-chain case-study: TiO, used in paint formulation

Gemmr LETET V. BT ER  grcaliprate

[T T——————

G LETET . BT EER  gpcalibRAte

New value-chain case-study: TiO, used in paint formulation

G LETAT ¥ MREH MEE  scalibRAte

New value-chain case-study: TiO, used in paint

B LETET ... N m F[ecaLiBRAte

New value-chain case-study: Production of $i0; acrogel panels

e IR REN  ascalibRAte

[ )

Mising information,

P—— wa

[ ———

¥
E—— E Hﬁnk e
e r— =
== o

A

[T ————y
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clrate e LETET ¥ B wmousue
inted electronics New value-chain case-study: Cu used in printed electronics KEY RESULTS
¥ Existing valwe-chaiy oli
-G fo peimted sisctrenics i for printedt elsesronics - -
I [y [ - o= R i B0 7~ AN o
- 5 ettt | - - ettt | - s —
B | S [T | | e e P e I o 1 e,
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Identification and evaluation of physicochemical and toxicological data fit for testing hazard assesment

models — Martine Bakker, RIVM, NL

pcatiBRAte

Collecting phys/chem and tox
data fit for purpose

Marti Bokkar (BVM], callBRAss parmers DTU, EAWAG, FIOH,
IKER, IHESIS, K1, LETAT, MISVIK, CEH (HERC], 1RCWE, THO fndl
& Jahzzheva and Peter Riria

= alERAt:
Hew o get there

Aim: Nano-Risk Governance Framework
with information and tested tools

Performance testing of selected twols

Collect values for tool input
parameters
* Phys/chem and tox data
« foradiversity of NMs

[ T —

Collecting values for toal input parameters

1 setecto 1o R et

2. Existing data:

— Tyme o dorfJJENOP . fcce e
available?

~  Available dato fic

3. Compiling e

SFealigRate

~  Compare raquired data with available data
~  Are available data of sufficient quality?
~  Generare new data 1o fil gaps

ol o o T o e

TFeatiRAte

lm....._l' 1. Required data

Selected took: Required input parameters?

Methods:

* Information from
scientific literature

- Contact tool owners

Result: List of required
input parameters

ol o ek o i o e 4

TgRAe

What are required input parameters?

X % x X x

*
x !
X i
- %
x xm =
«
%
x
x [ x m | x H

Data i (¥) could be coveree by defaults

e e—r—

TFeaiaRate

B =

~  What rype of data do existing darabases contain Are these
dara available?

Method: On-line survey to

nanoEHS-atabase owners

Results: Responses from 26
database-owners

[T e Tep—

]

Types of data in 26 databases

TFeatiRAte

s3]

B
0

A

e er—

! - 2. Bxisting data

Availability of data

TgRAe

vimsie aniine or by

gt

Available data from five projects
were collected in the callBRAte
eNanoMapper database

poriimibnrertage -

ey er—

FgshigRate
€+ hups{jsearch data enanomapper net/about_calibrate himl e}
g
Nano safety data

caLIBRAte database

D content

[T e e p—

lm....._l' 2. Existing data

Available data from other sources?

TFeatiRAte

Method: collect information from other sources.
Selection of data in workshops and dialogue with
tool testers

Results: derived DNELs/DMELS and ecotox data
for a number of reference materials

P Te—

! - 3. Compiling a database

Compare required data with available data

J[ecal|BRAte

orek gtrecnc

Method: Gap analysis for 34
reference NMs, using cal IBRATe
database and other data sources

Result: 12 reference NMs were
pioritized for gap filling experiments

i o o gt 12

3. Compiling a database Elﬁﬁamlriwte
Result for 12 NMs
[ p— |
e |
T 1
= 5 ]

[T e T p—Y
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Are available data of sufficient quality?

Method: Literature search on
data quality evaluation

]

Result: Data quality evaluation
method developed

Collcin s o o d o parsco 15

cal|BRAte

i e

3. Compiling a database

calIBRAte data quality evaluation method

Bl o Clbese outout: RO, depens e it
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Results of quality evaluation of existing data

= Quality evaluation time-consuming!
= Lack of needed metadata for majority of data sefs

® Less stringent first fier evaluation method applied

— Increase the number of materials
~ Increase the extent of data gaps | SuPRlement with
—— calIBRAte case-study
" and synthesized
materials to increase
number of materials
for model
performance testing

~—

3. Compiling a database sacaLIBRAte

Generate new data te fill (most critical) gaps

Method: Measurements on
phys/chem properties of NMs

Results: e.g., size, composition and
coating, dissolution; reactivity data;
dustiness data

Collctin e st o g o parsons 36

I[ecaL|BRAte

Teberis gmtriace
Overall result: 29 material datasets with DNEL
DMEL values for HRA model performunce testing

=

o nmegenross oo
e Srismigecieass  m Sowe
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Cotecin e s ot o 13

Good variation
characte

a[EcaLiBRAte

P et

S[acaLlBRAte

- g
Conclusion
= 29 NM datasets fit for performance testing
= Challenges:
= (Non-Javailability of (mera-)dara
= Transfer to inpur paramerer formar
= Insufficient phys/chem data in most studies!
~ Insufficient in vivo tox data fo set DNEL/DMELs on the most
well-characterézed reference materials!

S[acaLlBRAte

ok e
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New hazard studies testing the effect of porosity and coating on nano material toxicity — Niels Hadrup,

NRCWE, DK

New hazard studies
testing the effect of
porosity and coating on

nano material foxicity

5j-caLiBRALe [REETIN

Hypotheses:
1) Porosity?

- =

2) Copper doping?
3) Synergy of porosity and
copper?

Spersy

£} S[ecaLIBRAte

e prrince

Synthesis and physical chemical characterisation

9. thermograimenic analysis with mass specrometry.

% Woterlozz  Mathylation - coating
1 fy
. 1] .
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& Thocxompie of NACWE-085 Poruos sifica 300 1m

7a Materials secaLIBRAte
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calIBRAte

& Fcal BRAte

ok prnen

Silica parficles were not texic in ecotoxicity studies

a

S[ecaLIBRAte

ere not toxic in dermal or eye in

vitro assays and studies with rats

But s#er pulmonary expozure >

Bur: Effect after lung exposu

cal|BRAte

i g

n branghaalveclar fuid 1230

Intratrache; Neuraph

Ropiation, |

1010

8 apmo

) S[ecaLIBRAte

Similar effects were observed for the acute phase respanse in

But o efec on genotox . o

o genotoricty was ooserved wth (24X Faining
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e EcaLiBRAL

Effects in reprotoxicity of earth worms
P—— .

@

= FeatiaRate

Effects in Zebrafish and Daphnia magna
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Inflammation on day 28:

Hetrophils in bronchashveolsr Fuid st 28 dayz of expazure

5 FEeaLiBRAte

i gt

Conclusions

1) Porosity?

e

2) Copper doping?  iTis e )
3] Synergy of porosity and ..

copper? e
reicasearom i the pares

Thank you for

listening: LEITAT

! misitiokogy @53)

Developments towards use of omics and adverse outcome pathways - ready for risk assessment? — Dario

Greco, UH, FI

Developments towards use of omics
and adverse outcome pathways -
ready for risk assessment?

Dario Graco, PhD
‘Associete Professor

<GR€<O

"

Needed elements

DATA ANALYTICAL METHODS
+ Rational asparmental design + Stondard diata preprocessing
+ aualny + Requlatory mechansms
+ FAlfiness + dosetime dependency

152 Tx public datasets

A Mullpls deges w1 tima porss.
B Mullipla desas

G. Muttipis tim peints

0. O dasa, ane time pont

Common issues with omics data

+ Bad oxperimental dosign:
RS —

+ Nuamber of eplicaies

+ Lackoty

+ Poor reporting:

+ Whssing nfor

phenotype data

+ vpheeretation ofshaty poorly chiaractersed

Common problems

Multipie doses, multiple time points.

LI o
cotamtag L)
& 9 ~
Lo oo g

% Toxicogenomics Toolbox
https://github.com/Greco-Lab
&
FEsn e
FINLAND

Software development strategy

' %Lw.)}
2) é ’ @J » @gﬁ;‘

b a’_{}éﬁ ‘B

1) i)

Reconstruct Gene Network

Robust Network Inference
Inference of a robust co-expression network by combining the
predictions from an ensemble of network inference methods.
B 3

Kot at a ACS N, 2017

INSIdE NANO: schematic view
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metal NPs and
neurodegeneration

S o0 50, g, 2009

S ot 5. P 209

The Data
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3D MODELLING

BAL cell
Correlation

Number of Genes
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omdde 1531 e @
aate 159 s es

S o i e,

Number of associated genes to BAL cells

i 8
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i m

Genes
common to
all BAL cell
counts

S o i e,

Developments towards high-throughput screening methods - ready

Grafstrom, KI/Misvik, SV

for risk assessment? - Roland

misvik biology

D towards high ghp!
methods - ready for risk assessment?

Professor Roland Grafstrom
Misvik Biology Oy, Turku, Finland
Karolinska Institutet, Stockholm, Sweden

[ Petda Roland

caLIBRAte, Final Conference, Copenhagen, 2019-10-07

The HT testing of

Data points: 30100

Coreageofone  coversgeof13 cowageol  genomewids roduced esture set
g cndpciots | multiie endpoints Cowersge  (400.2500 ganes)

The Ki/Misvik HTS/PTGS approach fits an
in vitro-only-based risk assessment paradigm

ToxHGVinnovs
Rz 18z (Genetta Soft)

Role for

HTSPTGS.
AOF concept
s s srmar s o

ot pey petubities

Ongolngrecent projects are listed

Human Cellular and Tissue Experimental Models

Level of human

Key concept followsd: be as simple as you can but as complex as needed!

SItic  Organoids  Bjomimetic, Integrated.

Static Static
Deuiture  Wepheroids  PO? inFludic  Fluidic MPS Fluidic Organ
Ps MPS

MPS = Micro Physlological Systems.

Misvik's “HT-Tox5 scoring” for screening and
ranking of nanomaterials
N T

:\ o
; =
= 7|
e
=

Pr——

“Tox5-score” is an in vitro toxicity scoring and ranking concept:

. a
- Covers growth, death, energy state, genotoxicity and reactive-oxygen specles
- NM (different

image gating. stc.)
+ The metrics are combined/scaledinormalized using ToxP| software
+ The output score is applied to compare, group and potency rank tested agents

Considerations of serum effects in HTS
toxicity testing of environmental agents
Model: human lung bronchial epithelial BEAS-2B cell line

+ Serum often scavenges resctive agents including nanomateriale WMz}

biolagical fuids, &.g. lung surfactant
- Anslysia w. or wo. 10% FBS cavers the most commonly used range of serum
cutture modsis
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N ials (NMs) d at Misvik
Commercial metal oxide Nits
Slica-based paint additive NMs

NANOSOLUTIONS  project;  surface-functionalized  NMs  (carboxylation,
pegylation and amination/am|datien)

NANOREG-2 project; referancs NMs of ragulatory and Industrial relevance
PATROLS of requiatory and

NMs studied within caLIBRAte project

Nenporous and porous silicas for addressing passive and reactive metal

Case studies:
Fine pigments and mineral filiers used in paints from Beck & Jorgensen
Ceating of roof ties for antipoliution and antibacterial action
Functionalized nano-dlamands and Hallsy sites

HT-Tox5 scoring: dose-response heatmaps and
clustering of the modified silica NMs

ranking of the caLIBRAte silica nanomaterials
indicate 3 to 7-fold differences in potency
(HT-Tox5 scoring; 18800 data points)

Tox-score fold-change

waw
72| Guo nanoparticies 37 34 [68
68 | Non-porous Silica 100nm-te 24|27 [27
71 |Non-porous Siica 30nmcuome | 24 | 15 | 42
69| Porous Silica 300nm-Cud e 13 [ 14 |23
66 | Non-porous Silica 300nm-e 131012
65| Porous Silica 300nm-Ne 12| 16 |17
57| Porsus Silica 100nm-he - FIEE
70| Porous Silica 100nm-GuO e [HENER

‘e » cconbined i o sy o bt senn
e = ot from assays wi

o e s i s

HT-Tox5 scoring: dose-response heatmaps and
clustering of NM paint addi

Toxicity ranking of the caLIBRAte NM paint additives indicate
5to 7-fold differences in potency (28160 data points)

Tox-scors fold change
v W

7 [opTiaes 2550 66 [72] a5
10 [Tylose HX 8000 VG4 55 |71 34
11_[Tylose HS 6000 YP2 sa |73 3s
¢ [PoleStor~ 2000 52 a1
3 |Finntaie wis 59 | 20
§ [ Tiowae TRET ar [ 30
5 [Expancel 451 WE 20 436 a3 |56 24
4 [Ueerse 39 [a7] 26
5_[Socale P Fine Grades 33 19 18
2 [Mersdal 33 1422
12 30 [3s] s
5 _|Sotiumhexsmetaphosphate PLV R
R

HT-Tox5 scoring: dose-response heatmaps
g of the tile coating NMs.

Toxicity ranking of the caLIBRAte tile coating NMs
indicate 7 to 15-fold differences in potency
(Tox5 scoring; 9387 data points)

Tox-score
Fold-change

wol wo W

A1 [Silver, pH 265 18| 63 | 102
T |Tioz2. pH 101 123| 50 | 99
A2 [Silver, pH 4.56 (less siiver lons) 80 | 23|81
T2 | TIOZSIO2 (1:3 ratio), pH 1.73s IR

from assays wih
Wo = dats from assays wihout seum
w = ata from assays wih serum

ToxPi-weighted scoring enables PTGS-driven, AOP-coupled high
throughput-based ranking, grouping and MoA analyses

bttt

Recent toxicity testing concepts agrees with the Ki/Misvik
Tiered High-Throughput Safety Testing Approach

Integrating New Thinking Info » Tisced Tasting Framework

N
== i

[ [y
!
: }
}
i
o e
i et
1

sy sy T, Dt isonsCora o o Totonn

An emerging safety-assessment paradigm based on AOPs
and high-throughput data generation with in vitro methods

Workflow for initial nanomaterials safety testing screens

Materials dispersions are made one by one not at high throughput!)
Nohigh Broughput dispérsion optons are avsilable

+ Samples are ai o

maximize msp.mm shh\hly
Preparation of assay plates (a high throughput activity!)

« Thaw out an aliquot of the dispersions, mix thoroughly, pipatie
dilution series of the material fibraries o 384-deep-well master
plates.

- Seal and reeze master plates if naeded

Make as many replicate assay plates from master plates as neaded
for the whole screen (with mixing steps included)

- Spin, seal and freeze the assay plates

The screens (a high throughput activity!)

+ Take out assay plates from freezer, spin down, remove seals

+ Detach calls and count them

+ Add cells to the assay plates on top of the nanomaterials, expose
for desired time, fix the cels for imaging.

NM interference issues are effectively assessed
monolayer HTS experiments aimed for toxicity ranking
Multiple toxicity endpoints:
CellTiter-Glo luminescence
CellTox Green Fluorescence
Hoechst/Dapi fluorescence imaging

Background interference deduction:
0-hour treatment piates
Applying several fluorescence wavele:
Avoid wavelength-dependent interference
Test staining using several different secondary antibodies
Consider measuring cell numbers instead of intensity:
Apply to imaging methods when possible
Use gating methods to exclude interfering particies
In imaging based methads based on size, intensity, shape,
roundness etc.

Testing and selection of human risk assessment models for the nano-riskgovernance framework — Miikka

Dal Maso, TUT, FI

pcatiBRAte

Testing and final selection of
human risk assessment models
for the nano-risk governance
framework

Mikka Dal Mass, Tampara Univarsity, Finiand
caliBRAm WP 7 taam

[T ———

FecalifRate
Strategy for the models and framewerk testing,
calibration and demenstration
Identification and i

T —

[EcalIBRAte
callBRAte performed testing of g
models on several levels

* Aommant agoina rasds WP forfuren ik
cmmrart (831,053 o oo
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TFeatlRAte

Input and output mapping

e e of o e e
horaragenoour, and ovarlaps
et mor i e mojoriy
* 20 madels (16 nansspacic)
- \Vm\wﬂjdﬂml\wvdnm

- m#nml\nm-inmdhm
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Teartifias C
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wad, = iy = e
complaxity

See poster by Pokimt et 3. P19]

Tt o oo, Copreogentios 219

TgRAe

applie:

ity testing for HRA models — different testing methodologics were

* Guidance, test environments
and reporting templates were
developed for 10l function,
sensitivity and performance
testing

o allow o2 hormenézad tasing a2

pastile, challenging dus 12 tha PiRarest
herarogonciy of ha oo madal
opproazher

~ Brimarily OAT arig, but izo Mante
Giognoi tsting and Manta Carla Cara

wers applod

See poster by Pokkimaki etal. P19]

R tn ot oo, Copbager o 2019

Sensitivity testing results
+ Most and least sensitive parameters for
models

* s inputs as most sensitive
« most are physical-chemical or exposure,
only few hazard,
* eg release rate/concentration, duration.
of cycle/process, stability/haif e,
* a3inputs classified as least sensitive, .. - - =
duration of handling/ duration of activity =
ventilation rate, room volume,

* Sensitivity testing served provided the basis

calIBRAte framework models

See poster by Poikkimki st al. [P19]
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User cansultations with calIBRAte
evaluating framewark tosls PR

SecallBRAte
Perf. testing: ison against
case studies
General Methodalogy =]
1. Compitstion of parameters et AT Gy
e
S g
B (S5 e
e
RS, Emm) e
meeh |

i

=2 1L
AT e e [ i) ()

WP6 input for testing: Collection of data J5aLIBRAte

for performance festing
g [ ——
+ Data was imventoried,evaluated

quality =

by the caLIBRAte tools were

S[ecaLlBRAte

Ay
Parameterisation of case studies to maich inputs

for multiple models

Duc to the neterogeneiy of model nputs ané
the svaisie dam, 3 major effor:ofdata
harmanization ind pirameterizston was made
to generate performarce testing data

oy Fonseca ct . P10, P

J[ecaliBRALe

Teberi gmirsnc

Applied eriteria for performance testing

Tasing 12 5 dona with the intonded purpass of oach tocl
Tazing of HRA modl: s parfarmad with DIEL and Bulk DEL:
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Example performance testing results:  S[3gatiBRAte
Ff included via Licara N

iz performance test concudes that

Sex pomer by Franken &
Franzman 23]

Eo—r—— ==

i m e niiatn vatatms [\ f
.

Example performance testing results:  S[egaLIBRAte

i gt
Nanosafer
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e i
[ Recommended protection factar
ccepable for s specific work situation? §

H

Example performence testing results: J[ecaLiBRAte
ConsExpo Nano
+ e s s

s e e e il
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implemen Trerefore. the 1o = deamed ruitable to includs in the cUBRAe
Nara-Rizk Governance Porta,

i P Cotaroen, G i 2019
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Overview of tested models
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See poster by Fonseca
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Testing and selection of environmental risk assessment models for the nano-risk governance framework -

Anders Baun, DTU, DK

ssaRAe

Testing and final selection of
k assessment

environmental
models for the
nano-risk governance framework

odors Bou, DTU

DTU, HERC, TUT, RIVM, EAWAGS, EMPA

.

%[ecaLIBRAte
Teberis gmtrince
Final selection of ERA related models for the

Conclusion:

nane-risk governance framework

* Fate/exposure

~ SimpleBox4Hano it
ey

= Hazard

= Risk assessment
- SunDS
- GUIDENANG
~ Swiss Precautionary Matrix
~ LICARA NanoScan

i

SFeagRAe
Overview

* Focus on environmental risk
assessment models

* Seleciion of fools covered in
this presentation based on:
~ Seransen ot ol (2019
Hanamerarisl rizk azasmants
Aszazting currantly ovailasle
modal against idenifiad
staksholdar roquiramants for

FEcaLlBRAte
Sikrerne:
Refinement of envirenmental risk assessment
methods
= Improving the inpul fo
environmental risk assessment
models
~ Marerial flow analysis

- Hazard analysis

= Environmental risk assessment

focus

= Combining tools with different é
=1

~ SimpleBox4lano coupled 1o
amospheric dispersion modeling

Tl BRAte
Refinement: Material flow analysis
* Matericl flow models quantify the -

release of ENM 1o the
environment

* From production and use fo end-
of-life and the environment = =
PEC estimation

é | 'Ilmll

* Production volume and the product
distribution are THE important
input paramerers

{
i
|
|

SERLNT
5 (5 o a5

PEC s e = 008 i {menc] P =03 i menr)

Pic= presiciea envirarmental concentration
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FecaLiBRate
Refinement: Coupling a regianal fate model with
atmospheric dispersion modeling
® Environmental fate of ENMs
— SimplaBorsiione (84K model
gjonal scla (500 k500 k]
— Aonomes fulty izad ofe comparimant
* The ENM release and removal
processes can be localized
* callBR Ate refinement:
— PECuan clocod n 38414 10
complimant . rogional and
ot cxasment of ha foct

b

e,

“aligRAL

envirenmental hazard assessment medels

Refinement and testing of

* Refinement: Improving the handling .
of uncertainty in probabilistic SSD 1
= Development of pSSD+

® Testing three SSD-methods using @
common dataset:
= nsswD
- pssD+
~ US-EPA SSD modal as a banchmark

FEcaLinRAte
Development of pSSD+

* Refinement of the probabilistic SSD-
method by Gattschalk and Nowack {
2013)

® The new PSSD* approach avoids the
fitting problem of conventional SSDs
and can be used for small and bigger
darasers.

Wgge . 208) s comsdaresoof prvmatar ey 40 VST I probaie:
St el 1 e e e e o Bsceent
iy

EcaLIBRALe [BeaL|BRAte FEcaLIBRALe
Testing the nSSWD and pSSD+ models | "oemmes Resulis: Comparing model performances © " Ews Hazard model festing outcome R
= Inflvence of nana-spedific ! * The nSSWD and pSSD+ produce more precise HCg

~ Do s g ccring o he . valves than "fraditional” US-EPA model
wonespeciic

Soroicit o eporing = The nano-specfic weighing mode in nSSWD

Does defs oo o 55 significantly affects the generated HC; values:

b ey e e H — Reflocts differances deto usad

Bacommendions o w andlfor g ~ Most conservative approach: Use of NOECs only

* Using coherent and curated = The pSSD+ with reliability evaluation: probably the
input d:;uwmm most viable appreach in data-poor situations
TiO3 (NM105)
GacaLiBRAte Condlusio TegRkARAt

Conclusions

Tools for environmental exposure, hazard and risk

assessment were further refined

Strongest focus on impraving input data as all fools

are already very flexible in their structure

= First comparison of different SSD-tools based on a
coherent and well curated dataset

= The refinements improve the confidence in the

obtained results as evidence by model fesfing and

selection

Final selection of ERA related models for the
nano-risk governance framework

= Fate/exposure

- s
mpleBox4Mana o
= Hozard
- nSSWD
- PSSD+

= Risk assessment
- GUIDENANO
~ Swiss Precautionary Matrix
~ LICARA NanoScan

Introduction - Aleksandar Jovanovic, R-Tech, DE & Keld Alstrup Jensen,NRCWE, DK

-

BRTL ecalipRate

WPE: Nano-Risk Governance framewark
supported by the “System of
Systems” (SoS) approach (cf. GA)
Lo 8Toch; Porkpants KECWE, A, VM, UNIYE, BT
P w—
Stainbeis Advanced ik Techmologies &-Toch

FOCUS: Upaste on INTESRATION &

o “NBGE - NANO RISK GOVERNANCE FORTAL"
— J—

fl s——=(EEN BRTI
From CWA 164492013 and IS0 31000:2018 10
150 31050 — Annex £ Worked example of applying the “10 step.
procedure” [nanotechnologies) (“caLIBR Ate™)

et

Final message:
callBRATe-WPB results

offer passibilties for

fure “docking” of:  ERY
* Tooks

® Data

= Info

Also for cal BRAte, ERRA (European Risk & Resilience Assessment
and Rating Initiarive) can support

= sustainability

* “earn™ AND “get” principles

* smooth transition to sustainable after-project use
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The final Nano-Risk (Innovation) Governance Framework and Guidance - Keld Alstrup Jensen, NRCWE, DK

SFeaLiRAe

(3]

The Phase-Gate Nano-Risk
Innovation Governance Framework
and Guidance

Professor Keld Alstrup Jensen, Ph.D,, M.Sc.

rewe.dk

with written contributions by
Khara Grieger [NCSU, USA)

Design of Overall Work Progress S[ecaLIBRAte

I A e 220
I

(3]

Cepaogen, Oosier7, 2019

oo, Ooser7, 2017

L FPCaLIERALe
Some requirements to the portal and nano-risk
innovation governance framework (WP1,4,7,8)
S

* Based on state-of the-srt knowledge
- Mllowi i bazard, and isk

* Considering existing and future generations of NMz
* Rlexible and cazy to use for a wide range of specinkists
 Mansging confidentislizzues ragarding propristary data

detisicns of the system)

apen sccazz, lang-term suztainability

[r———rr

B IpealipRate
fu  Mano-Risk (Innov: ) Governance Platform

o ween
wampte e

b=y
i

Sioraries

Copmogm, Ooober7, 2018

& FFcaBRAe
The Nano-Risk Innovation Governance Framework
and Project Management Design
= A two-layer structure with:

1} A governance layer - an accountable gevernance board
established 1o manage the governance project and make
“go”, “rawork” or “stop” decisions of the project layer results
and answers.

2] An operational project layer - specific governance sub-
projects are established to generate and provide all the
knowledge, data and docmentation needed to develop and
launch the innovation and answer 1o questions raised by the
governance board.

Refscts sruemure in £ 5., 150 21505:2017

Copmoe, Goober7, 1018

i TcallERAle
Conceptual Nano-Risk Innovation Governance
Framework and Project Management Design

e —
ey

[

H gakiaRAte
Adaptability and Flexibility

= The user defines
~ Which innovation project phases and gates they need for
their specific project.
= The specific projects needed fo address the innovation

= S[scaLIBRAte

oo g

Project Phase and Gate-specific guidance

——

& Development projects [caLIBRAte

ﬁﬁ*‘%&“ e

governance project. "'"'".'T x ——=

~ Decides and select which methods and tools they wish fo use f Wt st vt b g A K B
1o gather and generate the informationneeded for their : e ¥ x = -
innovation governance assessments. i is the resul thar counts 3 Prae T
and will be scored. ) ) P e

~ the type of answer / result scoring of sub-project and / = . S — i
innovaiton gavernance project quesitons (2.g., yes, no, | i
maybe andor scaling). - %

e P G P
s Heallh safety, societal-related projects Epcg_LlBlUlte W[acaLlBRAte TucaLlBRAte

== ==

d’d’d’ﬁi’: =]

Tchokal et oot it X
e g b ad iy s x x

e xox

ey hema Bets hema mema X X x
i Phengiruny xox o ox

Enborenenl A T T T R

o —— xooxx o x

i sty e, i XX xx

Ex seety o, vt s xox oz ox

e A x xx

[ — oo xx

Early and late Pre-RA (considering all standards)

Phase 3-5

Phase 1.3 @

Er=mr——

Platform projects in effect

Copasiogen, Oooe 7, 3010

T[ScallBRALe T W s
ST S e ecesnsmrchgain st pafla Kald s

Thank you for your attention!
sttt
‘www.researchgate.net/profile/Keld_lensen
Sl ik
kaj@nrcwe.dk

ks are well

[ e et v i

Er=mr——

Conceptual nano-risk (innovation)  ¥[@caLIBRAte
governance framework

Copasiogen, Oooe 7, 3010

Introduction to the calLIBRAte Nano-Risk Governance Portal 1.0beta— Somik Chakravarty, R-Tech, DE

#[ecallBRAte

Introduction to the calIBRAte Nano-
Risk Governance Portal 1.0 beta
Presenter: Somik Chakravarty!
Contributions: A. Jovanovic!, M. Jelic!, KA. Jensen?

Steinbsis Advanced Risk Technologies GmbH Stutigart, Germany

MROWE Copenhagen, Denmark

3[ecal|BRAte

-
Outline/Agenda
* What is the Nano Risk Governance Porfal
= The synthesis — The Triad

= How can you use it

qtcma_l;‘I‘BRAte

What is the Nano Risk Governance Portal (NRGP)

Meduling . Govnaes.._ D

Side from A, Joranoic NRGFramework supported by S05 pproach

coneonmaL
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: decallERate
callBRAte NRGP - The Triad
Interactive Innovation
Public Page Govemance
Portfolio

; seatinate
When do | need the NRGP? How can | use it?

= User Case Scenario_ROSLUGHT

I_@'I_.

CampenyA Company B (2 paint company]

* New photecatalyfic « R&D group inferested

egaligRAte
Meet Jack

= New in the office
= First project related to Nanomaterials

= Decides to check out:
callBRAte Nane Risk Gevernance Pertal

substance
Pmllfm' n = Need exploration on the
Tools “ne ibilitis
* Great potential for posibilfies.
oloor et * Project Manager . Jack"
IpcaliBRAte JpcakinRAte FecatiaRate

Public Page

* Basic information on everything Nano

Public Page

= Basic information on everything Nano

Find out about nano!

Public Page

* Finds a Zone for R&D and Industry:
— Guide 1o ID nanomarterial
— Search through relevant guidance on how to proceed
SEalsRAe

RAD and Industry Zore

o)
S

 — %:

B workwth nanc?

oo

ocaHERALe

Public Page

How is nano technology
governed?

s FalBRAte
Public Page
= Access to Nano material related data

Nanodata

; SFcaliorate
Registers to callBRAte NRGP
= Access to Svite of tools and inspirational use cases

Commmma conronma =
3 SecatiBRAte : SecatiBRAte 5 JpcakiBRAte
Registers to callBRAte NRGP Nano Risk Radar Nano Risk Radar
= Starts a Horizon scan for the material in ROSLGHT
coEm
- - -
B - =
° . o=
- =
—— e . o=
B . ==
= - E=
IpcatiBRAte caLiaRate 3 FpcaliBRAte
Nano Risk Radar Starts Nano Risk Innovation Governance Portfolic Guidance
STERR oo
z e Sl L
BaieE
D
ar. ad =
-
pre—— oo, cowonma
. pcaliBRAte TreatifRate FEcatiBRALe
Steps for the Innovation Governance Project Checklist Checklist
—C hecklist = Jack uses a pre-defined checklist templates
— A ssessment - e & — ot cpmren et
. . boa P p————
i . . B 5 Puimmmpen
R eporting = ; Y o)
P o i
S 5o [ p—— nie
e
S
[y P
Cowonma oo, Corronna
TEcaLiBRALe TreatifRate e FpcaliBRAte
Checklist Assessment Report
= Modifies the checklist Asasssment Report
= Questions (Y /N, Scaled, ) o -
= Min, Max, Target T =
- Weights '
~ Mandatory
Corrcena oo, Coonma
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SEalERAte
Meeting with the R&D Team
1 e>(o,

“pcaLiBRAte
Gowvernance Board Assessment - CAR

P

Governance Board Assessment—
tional Layer (Stop/Go/Rework)

FcalBRate

kel

apcatiBRAte “pgaLiaRAte TacaHRAte

Meeting with the R&D Team

Proceed fo Phase 2: Scoping Phase

@

Complatien and sssessment of knowledg gaps on edsting data of techrical
inpartance for use and performance

3 1P Seoping phase.
s

sment of technical feasibilty

ar
i

(Commatons et e o gt scemes )

oo

Access Tool Catulogue on the callBRAte NRGP

= Tool /Guidance /Case study -
selection based on user need

pre—— pre— =
SecatiBRAte e Fecatiarate FecatiBRAte
P2: Occupational pre-risk assessment of key work Jack goes back to the R&D Board meeting with the Thank you for your attention
seenarios Results
= Access to Tool guideline = Find out what happens fo Jack and ROSLIGHT:
Log in to: calibrate.risk-technologies.com
* Access to Case study
* Create a Private Project on Portal, Perform own assessment ezakiBRAte ' ﬁ *
LY—— Hypothetcal Nano-Rik Innovation [t fRuyvn FrTv
rmmcn Project
Cuastudy s s
S R fgly
* Create Report (PDF) ingeedient in indoor paints for degradation L g

o1 SVOCs and self-cleaning purposes.

conposm,

pry=——

conronma

From calLIBRAte and onwards from the perspectives of H2020

Carlos-Eduardo Lima-Da-Cunha, European Commission

research program

- Project Officer

Nanotechnologies, Risk Governance and
Beyond

Dr. Carlos Eduardo Lima da Cunha
DG RTD.F4 - Misterisis for Tomorrow

‘Cartas Edusrdo. LINMA DA CUNHA@=z euraps.u

Risk Aszessment Risk Perception
r— society bazed

Rizk Governance

ccience-bazed srategic policy management

Catalyaiz- Energy - Hezith
Manufacturing - Safery
Socery

o
G &

'

Conzumarsafery - Urazn
Mabilty - Creuar Econamy
Digital Econamy - 21
Perzcnalized Medizine - Defence.
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1.4.2 I5YR, 7IS54R-F)579)05-&FJBA4IVR 2019

HEE C F/IVINOZIR, FITARZIR FIRTUTIV IRIVF—-BRIBIEA. F/)\1AF9))
OS— FIAFTAZD FIE=T74. FIFvI99VE -3 FIRZ1T7IFv)>) OF—X(CBALTRER
MTONEUIZ, oo ARBORRFIOVTIE SMEBOHFLRFRASINTVNET, BE ZLOHAFTHEERNT/

BATOAOEREH BB THOIENS, ZORTHICEZLRDNZIHREDH . LU T ICRIELEUR,

R DT ) JVA5 IV EIEEEE B\ AR ORFEE TOEER

AH>TA—RKRZD Matteo Cargnello BdEDOF—AkD. SRENRAZOHIKCENT T, F/XTU7 I 2B =R

FFCETIRIRNDDEU. B BRIZRCEREZE I3 /ITUTIE, SR TEH TEREEZISNTVET.

nanocrystal power

h‘l’ .‘Tmz:;
= e [ am| S
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RERTIVVAS N OFEREMRERICHIT DRI Al

Skrablak Z#EOF — A& FUZFINOYAR, FAR. #ED> M-IV I BFLVT IITITINOERRTEDHELCE Y 2521 T

DTVET . ARKR T, 17 BEORAREZB I 5T /NTUVIERBEDEIREECONWTERSNTVLEY,

Form and Function of Nanomaterials
Particle Size Mesoscale ‘*w

‘. ' . ° Structure

Architecture
. Nanoscale
= Structnrg::‘

Optlcal Propertles of Metal Nanocrystals

Enumbloltudlu
Single-particle studies
w, -
' -
C L Haner, ). H, Aberastur,D.; Seranc-Montes, A B.

.Y.Zm lml‘..le WWL

Shape-Controlled Metal Nanoparticles Possible

* Internal seed structure
important: governed
by reaction kinetics.

= Capping agent and
anion selection
important.
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REOFRMATILHIFSF/ITU7ID 3D #BiE

7> NI-FKRED Sara Bals BdEDF—ALD. EFTEMER - NI SI—=A\. B2 BZIREE IS AuAg T/ITUTILD

FRATHESRICBE T BERE N HDELIZ,

Compositional changes while heating

AUuAg nanorods

a b

c

100% Au |

»:| »

Voxal intensity
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REBEEROLOOILENT AT -V AT LORFE

F1-UytTRIRFD Simone Schuerle BROF — L&D, FI/XFU7INZAVEBRADIGAICE I 2ImRENHDFELL.

Responsive
Biomedical

DHEST ——— | B
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1.4.3 B%, EIFF/77/05-#ER- Hiie#E 2020

8 18 @ /77./05—#&> MRS U A (JAPAN NANO 2020) Tl F/XFU7IFIRARROETR

BREMTONTHED. BRPLHATABTLECOVNTIBIRZINEL., LU FICEEHUEU,

+)794>1

RSO [F)751> ] $Aiie OBRFEURMORBEORRNHOEUR.

1 IN—23 V&RV, AE—T 1 —[CERREH—EA

NEDO &0, BIREMRICHEIF. Y—F15— -T2/~ NMATD/Z— FHREEERIRIF—ZATEU. FRTATTHEEEHE
fAHOFERIGHOEUL,

NEDO&I(Z About NEDO FSMMAL Fr2019 Budget “SROREEREAR"ICAI 3 D0E

S Three pillars for establishing a sustainable circular society

ONEDOR. [T F/L#— SIREMARBONR] © [RRI10D [ #»15718m 1a30mnusdons |
BEIXRCATERERNROHREBL T ERERTRO T BEEOEY RUEHHETFTERICHTET
—REES. BUHRWLEATT. WET.Z5Lh.NEDOR, Stk rmrmu:zw# |[9—%25—T3/5—| ({4213

s ot il s MO o £ 0 o e Scemserter e == D30k EBBEBATLET.
" thatispan for stablahing dovelopmant and selbig

economic ar
realize it two Basic missons of addressing energy and global enviconmental
probiems and eahancng. nology. society Is the pursult of sustainable

indstral tech o s
i s RSO AN Snergy, 8 circuar econoemy, and bioecanomy in an integrated manner
SESHRFETMOOTREL. RNMRTRIX/NAMELT. nergy sorage technoiogy tuch o bacieries g Pt
EFXEFATIREN. FIRNEERCESIEDE . URIY '){Rﬂ)ﬂlﬂﬁﬂlwl’{iﬂl . A A
WOEROS RN, REEWBLTA /X~ VaveHR e [ R
JTLETHAMBONRPHTBNLEESRLET. e ol emermy 1oty = e
abin e NTaSass
of mduntry, acasemna.
% 2150 promotes the Sevelapment of incuative ane RED risk technokoges. NEL tecte fe ey
S a5 Comaribos 15 e ropabtion of yocl et 3nd arbet crovion by ey
soas_ricrm
awr
ez e Kevvine
imamme [ pe—p—
v—-: % Sustainable J ZC——
e energy [ IR
< - SR R,
o - i ommewm mzive:
- i et o gersten
XY o e )

ERAY (DO TR BIUZOMINED A /<~ 3/ONE HARBLEMLETD
R®.NEDOHH-F/77/0J—BIC/4 2T /S~ T SBM/I(FTI/=

(BB A BT | EWQUELL ZR. BHERTHR LY 9—IC[/\4F T2/S-22vh
HHRBONES TOVIINOURE— B TROT\EET.

m—uunwnn m
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