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company

RAS AG founded in 2016 as fusion of

= rent a scientist GmbH rent a scientist® e

scientific services since 1995 ideen bewegen

= ras materials GmbH
production and sales of nanomaterials since 2010 0@9

materials

RAS AG offers development services, technologies and materials for the creation of
technological based product innovations.

__RAS AG
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business units

rent a scientist®
» Our R+D services brings innovation to companies.
We shape markets with creativity and knowhow.

» agpure®

= Antimicrobial additive with outstanding properties
and maximum safety for man and nature.

ECOS®
=  Silver nanowire technology.
Transparent, conductive surfaces for a variety of applications.

new materials
» Together with our partners we are always working on absolute new
materials and technologies.

__RAS AG
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Applied Microbiology

Journal of Applied Microbiology ISSN 1364-5072

REVIEW ARTICLE

Silver nanoparticles: the powerful nanoweapon against
multidrug-resistant bacteria
M.K. Rai, S.D. Deshmukh, A.P. Ingle and A.K. Gade

Department of Biotechnalogy, Sant Gadge Baba Amravati University, Amravati, Maharashtra, India

Keywords Summary

antimicrohizl methicillin-resistant

__RAS AG
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Nanosilver — mode of action
Release of Ag*

Zorstdrte Mikroorgansimen
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Nanosilver — mode of action
Antimicrobial activity

__RAS AG
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Rai, M. K., Deshmukh, S. D., Ingle,
a. P., & Gade, a. K. (2012). Silver
nanoparticles: The powerful
nanoweapon against multidrug-
resistant bacteria. Journal of
Applied Microbiology, 112(5), 841—
852. http://doi.org/10.1111/.1365-
2672.2012.05253.x
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(aapure®

Technology

Dimensions

= Mean diameter 15 nm

= 99 % of particles < 20 nm

Formulations

= Stable in aqueous and organic dispersions

= Incorporation in polymers and resins

Permanence

= No release of nanoparticles (Ag®) from solid matrices

= Continuous release of smallest amounts of silver ions (Ag™)

__RAS AG

NM:-series of representative manufactured
nanomaterials. NM-300 Silver.
Characterisation, stability, homogeneity
Klein, C.L.; et al.
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(a?;pure®

Some of our products

agpure® W10
= 10 wt.-% nanosilver, stabilized, solvent: water

agpure® W50
= 45 wt.-% nanosilver, stabilized, pasteous

agpure® MB6500
= (0,65 wt.-% nanosilver masterbatch,

- No agpure® nanopowders

__RAS AG
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BPR (EU Biocidal product regulation) in practice
The legal inequality in the EU is disturbing

= Inthe Art. 95 list there are a manifold of silver ion releasing substances

that have to be assessed seperately whereas there is one general substance (new but Art. 93.)
where very different substances are thrown together:

The Ag* releasing substances just differ in
the inert carrier system, but they have been
seperated:

—
VS A Contains:

Photocatalytic Titaniumdioxid
Photodynamic Colorants (Methylene blue)
ZnMoO4 (pH-shift, ,acid surface®)

+ Nanosilver as a ,,new existing“ substance

__RAS AG
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Timeline
As at March 2018

* BPR (EU) No. 528/2012 came into force: additional nanospecific risk assessment needed
- Nanosilver became a ,new existing” substance

» Substance dossier for nanosilver has been submitted acc. to Art. 95
» €€ ECHA fee: Submission for inclusion in the list of relevant persons; Article 95

* Inclusion of nanosilver into (EU) 2017/698 (pre-stage to Art. 95)
» €€€ ECHA fee: Approval of an active substance ,silver as a nanomaterial®
» Additional studies and assessement has been added to the dossier

» €€€€€ KEMI fee: Evaluation of the dossier
* Evaluation finished by Swedish KEMI (RMS) and assessment report submitted to EC

» Approval of nanosilver as an existing active substance for use in PT 2,4 and 9

__RAS AG
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Regulation and Safety Assessment

International standard reference material

= Data for nanospecific risk assessment required
= QOld data (colloidal silver 1900°s etc.) are not accepted
= Where can we find data?

= agpure® W10

= The official nanosilver reference- and testing
material (NM 300 K) for the “OECD WPMN - sponsorship
program”
= Certified Reference Material BAM-N001
at the Federal Institute for Materials Research
and Testing (German BAM)

__RAS AG
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Regulation and Safety Assessment

OECD WPMN sponsorship program — Different Nanoforms/Grades of Nanosilver have been used

) & 1 General informatio
4) & 2 Classification and Labelling
4) & 3 Manufacture, use and exposure
) & 4 Physical and chemical properties
2) & 5 Environmental fate and pathways
<) & 6 Ecotoxicological Information
@ & 6.1 Aquatic toxicity
& 6.2 Sediment toxicity
& 6.3 Terrestrial toxicity
& 6.4 Biological effects monitoring
& 6.5 Biotransformation and kinetics
& 6.6 Additional ecotoxicological information
) & 7 Toxicological information
@) & 7.1 Toxicokinetics, metabolism and distributic
@) & 7.2 Acute Toxcity
@) & 7.3 Irritation / corrosion
@) & 7.4 Sensitisation
@) & 7.5 Repeated dose toxicity
@) & 7.6 Genetic toxicity
@) & 7.7 Carcinogenicity
@) & 7.3 Toxicity to reproduction
@) & 7.9 Specific investigations
@) & 7.10 Exposure related observations in human
& 7.11 Toxic effects on livestock and pets
@ & 7.12 adaitional toxicological information
& 7.13 Invitro toxicological information
& 8 Analytical methods
) & 9 Residues in food and feedingstufls
® ‘; 9.1 Preliminary; Metabolism in livestock and ¢

4.0 Stability and homogeneity

4.1 Appearance

4.2 Melting point

4.3 Bolling point

4.4 Density

4.5 Paiticle size, size gistribution

4.6 Vapour pressure

4.7 N-octanol-water paitition coefficient

& 4.8 water solubllity, hydrophilicity, dispersibility

CE@EeEEiEe
BEEBEBEE

& 4.9 Solubility'dispersidility in organic sohvents. «

& 410 Surtace tension
%) & 4.11 Flash point
) & 4.12 Auto nammability
& 4.12 Flammability
») & 414 Explosiveness
‘ 4.15 Oxidising properties
& 4.16 Oxaation reduction potential
‘ 4.17 Stability in organic solvents and identity of
& 4.18 Storage stability and reactivity towards cor
419 . thermal
& 420pH
& 421 Dissociation constant
& 4.22 viscosity
& 4 23 Adawtional physico-chemical Information
& 424 Agglomerationfaggregation
4 .25 Crystaline phase
4.26 Crystalite and grain size
4.27 Aspect ratio, shape
4 .28 Specific surface area
4.29 Zeta potential
4 .30 Surface chemistry
431 Dustiness
4.32 Porosity
433 Pour density
4 .34 Photocatalytic actraty
4 .35 Radical formation potential
4 36 Catahytic acthah

SEbEBEEEB66E

Flags | Name | Name Country | Remarks
Type
other: Silver Powder Korea, Reference substance: silver
7440- Republic | / silver(1+) /7440-22-4, EC
22-4 of number:  231-131-3, EC
(silver) name: silver, CAS number:
7440-22-4, IUPAC name:
silver(1+)
other: Citrate-stabilized
7440- AgNPs
NanoComposix
uncapped nano-
scale silver, 10, 20,
30,50 nm sizes
NM-300K silver < Klein C, Comero S,
20 nm Stahlmecka B (2011): NM-
Series of representative
manufactured
nanomaterials NM-300
silver characterization,
stability, homogeneity. JRC
Scientific and  Technical
Reports.
DOI:10.2788/23079
SARPU 200KW
Silver nanoparticle | Korea,
(Korea) Republic
Of

(G1L0Z) "€G "ON S[eusjewourN peinoeinuep Jo Alejes

8y} U0 SaLIBS - | 1YV d - STTOILYYIONYN YIATIS NO H3ISSOA (NWJM) Sieusjewouen

painjoejnueyy uo Aued buppiop Juswdojorsqg pue uonesado-0) ojuiouooy Joj uonesiuebio

L1HVd/91L(5L0Z)ONOW/WI/ANT
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Regulation and Safety Assessment

agpure® exposure assessment

= Nanoparticle inside # nanoparticle release
= Safe use of silver nanoparticles:

= Exposure of silver nano particles during
production unlikely
» REACH-NanoHazEXx: Rip-oN 3
= No abrasion of nano particles is

detectable from polymer materials

= M. Vorbau, L. Hillemann, P. Fiala, M. Stintz, A. Rommert,
D. Eichstadt: Kleine Teilchen in der Luft? Farbe und Lack
116 (2010) 12, 25-29.

= Similar results on abrasion in all the
other projects related to nanorisks 100000 1 e

__RAS AG
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How to prepare a BPR-,

Find the data and just do it

3PR Active substance information

Y Text fiter

& 0 Related information
& 1 Applicant
[ 2 gentity of the active substance
[ 3 Physical and chemical properties
@@ 3 Physical and chemical properties of the active substance
& [&) 3 Appearance
@) Appearance
.
[ 3.2 Metting point / freezing point
[ 3.3 Acidty, alkalinity
&' 24 Boiing point
B’ 35 Relative density
E* 3.6 Absorption spectral data (UV/VIS, IR, NMR) and a mass spectrum, molar extinction at relevant wavelengths

[ .7 Vapour pressure and Henry's law constant

B’ 38 Surface tension

[ 3.9 Water solubiity

[&" 210 Partiion coefficient (n-octanol/water) and its pH dependency
[&" 311 Thermal stabiity, identity of breakdown products

E" 3.12 Reactivity towards container material

[ 3.13 Dissociation constant
&' 314 Granulometry

& 3.15 Viscosity

[& 3.16 Solubiity in organic solvents, including effect of temperature on solubilty

[& 3.17 Stabilty in organic solvents used in biocidal products and identity of relevant breakdown products
& 3.18 Additional ph h

I properties of

[§ ¢ Physical hazards and respective characteristics

[R5 Methods of detection and identification

@ Add
Data source A

Reference

tle Author Reference type ear
Safety Data Sheet |RAS AG |other:Company Data |

Bibliographic source

Testi

DOSSIER ON SILVER N... [OECD Environment, He... [other:OECD WPMN DO... [2015

Metalic [Dr. Challa S.5.R. Kumar _|review article or handb... 2009

ENVAMMONORUTS)1... |
58!

78-3-527-32151-3)

@ Add
Data access
data submitter is data owner
Data protection claimed
yes, but wiling to share
Materials and methods A

Test guideine

v

v

Other

Remarks

Qualifier Guideline

no guideline followed

@ Add
Principles of method if other than guideline
AIX

GLP compliance

Nano-Dossier*

Regulation (EU) No 528/2012 concerning
the making available on the market and use
of biocidal products

DRAFT RISK ASSESSMENT REPORT

(submitted by the appiicant)

* ¥ x
* *
* -
* *
* X

Silver, as a nanomaterial

Product type <PT 2, 4, 9>

Product-type 2: Disinfectants and algaecides not intended for direct
application to humans or animals
Product-type 4: Food and feed area

Product-type 9: Fibre, leather, rubber and polymerised materials

preservatives

© Copyright 2018
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How to prepare a BPR-,Nano-Dossier”
Selection: Different grades of nanosilver for particular endpoints

----- € 8 Toxicological profile for humans and animals

~-E*I 8.1 Irritation |
- @ [82(Cf. 8.1.2) Eye irritation |
- [ 183 Sensttisation |

® 2.4 (Cf. 8.3.2) Respiratory sensitisation
--E*|8.5 Genetic toxicity in vivo /in vitro |

® 3.6 (Cf. 8.5.5) In vivo genotoxicity study in mammalian celis

- Jgi’[ 8.7 Acute Toxicity
E 8.8 Toxicokinetics and metabolism studies in mammals I

@ E"I 8.9 Repeated dose toxicity|
- [gi’| 8.10 Reproductive toxici

~ E*I 8.11 Carcinogenicity|

__RAS AG

E’l 9.1 Toxicg' tc_)laquatic organismsl
~~ n 92 Terrestrialtoxic'g, initial testsl

-- [ | 8.3 Terrestrial tests, long term |
- [l 9.4 Effects on birds

-- || 8.5 Effects on arthropods |
~~ [ | 2.6 Bioconcentration terrestrial |

-- I 9.9 Effects on mammals
e = | {9.10 identification of endocrine activity |

© Copyright 2018
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Take home message
Nanosilver as a biocidal substance in the EU

= Scientfic studies show a very strong antimicrobial activity
of silver nanoparticles against multidrugresistant germs.

= agpure® NM 300K nanosilver: Responsible development for sustainable
and safe use of nanosilver is reality

= Silver and nanosilver are well regulated within the EU
» Substance dossier has been submitted and is currently under evaluation

= OECD WPMN data have been created by using different nanosilver
grades — regulating authorities have to consider

= Nanospecific risk assessment of nanosilver:
Silver ion related risk >>> nanoparticle specific risk

__RAS AG

© Copyright 2018 confidential 18



Thank you

Gregor Schneider

RAS AG

An der Irler Hoehe 3a
D-93055 Regensburg
GERMANY

Fon: +49 (0)941/60 717-305
Mail: GS@ras-ag.com
WWW.ras-ag.com

__RAS AG
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Regulation and Safety Assessment

national and international R&D projects

= NANEX = UMSICHT
= Global-NanoMaPPP = Ecological fate of ®| ="
= Several other EU-Projects nanosilver in polymer
= ENPRA textlles. |
= http://www.umsicht.uni-bremen.de/
" INLIVETOX * NANOSILBERPARTIKEL . ==
= MARINA = Nanosilver particles - =
= LICARA mechanisms of action
= TECHNOTOX and study of possible
= Textiles functionalised with iterzEtiupvithiics e
nanotechnology to eliminate (fﬁlcltifc?nd molecules. ntp:nanosiver

toxicological risks

__RAS AG
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Regulation and Safety Assessment
Biocompatibility
= Eye irritation:

= HET-CAM-Test
= OECD TG 406

= |n-Vitro-Cytotoxicity:
= |SO 10993-5
=  Mutagenicity :

Vsl

= OECD TG 471 y = Inhalation:

= Allergic potential: = OECDTG 413
» Local Lymph Node Assay (LLNA) = Oral:
= Epicutaneous test = OECD TG 408

= Skin irritation: = Reproductive and
= OECD TG 402
= OECD TG 404

= OECD TG 406

__RAS AG

= OECD TG 413
= OECD TG 422

Developmental toxicity:

© Copyright 2018 confidential
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Regulation and Safety Assessment

Ecology
= Environmental toxicity studies: Additional Eco-Studies
= Pelagic species: , = Activated sludge:
OECD TG 201, 202, M OECD TG 303, 209
203, 210, 211, 221 #} = Wastewater Treatment Plant:
= Microorganism: )a" Nitrification works optimal, even in a
OECD TG 217, 201, worst case scenario (>1 ppm nAg)
ISO 15685, DIN 38412 L 48, = Studies show, that nanosilver
DIN ISO 17155 particles have always been
Soil species: present on any surface
OECD TG 232, 222, 219, 207, made of bulk silver

ISO/DIS 17512-1

__RAS AG
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Vermeintliche Silber Resistenz

=  Wissenschaftliche Daten fuhren zu folgender Schlussfolgerung

Molekularbiologische Methoden lassen ein Silberresistenz-Gen vermuten
Genotype # Phenotype
Studie der Forschungsinstitute Hohenstein (mit S. aureus):

= “Gewohnung an steigende Silberkonzentrationen tber 2000 Generationen, um eine Resistenz
hervorzurufen.

= Nach einer Generation auf Silber-freiem Medium verhalt er sich wie jeder andere Stamm und wachst
nicht auf Silber

= Es fand also keine Resistenzbildung statt.
Es wurde bis jetzt keine Resistenz von Bakterien auf subinhibitorische Silberkonzentrationen bewiesen.

Bakterien sind solchen Konzentrationen seit Milliarden Jahren in verschiedensten Habitaten ausgesetzt
ohne dass sich eine Resistenz gebildet hatte (Silber ist ubiquitar vorhanden. paunderer et ai 20067)

Es gibt keine direkte Evidenz, dass Silberresistenz-Gene eine Kreuzresistenz gegenuber Antibiotika
verursachen kann.

Eine Resistenz speziell gegen Nansilber kann es nicht geben.

- Es gibt keinen Beweis, dass der Gebrauch von Silber zu Resistenzen flhrt.

__RAS AG
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