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HVA ER RISIKO?

Fare + eksponering =
Risiko

Fare = den iboende evnen til et kjemikalie til 8 ha negative effekter i miljget

Risiko = sannsynligheten for at en skade inntreffer pa mennesker eller gkosystem
ved en gitt eksponering til et kjiemikalie

qC NiBiO



@KOTOKSIKOLOGISK RISIKOVURDERING

Fare identifisering /
Effektvurdering

Forventet ingen effekt
konsentrasjon (PNEC)

E

A Ikke giftlg Giftlg Valdig gl

@kende
negativ effekt

@kende konsentrasjon




@KOTOKSIKOLOGISK RISIKOVURDERING

Fare identifisering / . .
Effektvurdering Eksponeringskarakterisering

l

Forventet ingen effekt Estimert konsentrasjon i
konsentrasjon (PNEC) miljget (PEC)

Risikokarakterisering

ke gifly  GIfg Veldig giftig

PEC < PNEC Dande

PEC > PNEC

@kendse konsentrasjon

\4

Risikoforvaltning I
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STANDARD @KOTOKS TESTER

v Standard (in vivo) tester utfgrt i laboratoriet

v" Overlevelse, vekst og reproduksjon

v’ Tester utfgrt pa et begrenset antall velkjente arter
v" Akutt/kronisk
v' Akvatisk/terrestrisk



OECD Guidelines for the Testing of Chemicals, DECD Guidelinzs for tha Testing of Chemicals

Section 2

FEifects on Biotic Systems

am Biotic
Sysinms

&

155N - 2074-5751 (online)
DOl - 10.1787/20T45781

The CECD Guidelnes for fhe Tesfing of Chemicals is a collection of about 150 of the mast relevant intemationally agreed testing methods used by
government, industry and independent lsboratories to identify and characterise paotential hazards of chemicals. They are a set of tools for
professionals, used primanily in regulstory safety testing and subseguent chemical and chemical product notificstion, chemical registration and in
it of new chemicals and

Subscribe to the feed

Hide I Show Absiract

«chemical evaluation. They can also be used for the selection and ranking of didh & during the
products and in toxicology research. This group of tests covers effects on biotic systems.
Also available in: French
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OECD

[0 108 Sep 2008 Test No.

OECD
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OECD

[0 05 Sep 2009 Test Mo.

QECD

O 150ct2008 Test Mo

OECD

[0 160ct2002 TestNo. 223: Determinztion of Developmentsl Toxicity of a Test Chemical to Dipteran Dung Flies(Seathophaga stercorania L.

240: Medska Extendad One Generstion Reproduction Test (MEQGRT)

241: The Larval Amphibian Growth and Development Assay (LAGDA)

238: Sediment-Free Myriophyllum Spicatum Toxicity Test

238: Water-Sediment Myriophyllurn Spicatum Tecicity Test

238: Fish Embryo Acute Toxicity (FET) Test

237: Honey Bee (Apis Meliifera) Larval Toxicity Test, Single Exposure

210: Fish, Early-life Stage Toxicity Test

211: Daphniz magna Reproduction Test

228: Fish Short Term Reproduction Assay

201: Freshwater Alga and Cyasnobacteria, Growth Inhibition Test

234: Fish Sectual Development Test

235: Chironomus sp., Acute Immahbilisation Test

209: Activated Sledge, Respiration Inhibition Test (Carbon and Ammonium Owxidation)

223: Avizn Acute Oral Towdcity Test

233: Sediment-Water Chironomid Life-Cyele Taxicity Test Uising Spiks

Nlatar or Spiked Sediment

229: Fish Short Term Reproduction Assay

230: 21-day Fish Assay

231: Amphibizn Metamorphaosis Assay

232: Collembolan Reproduction Test in Sail

22: Predatory mite (Hypoaspis (Geclaelaps) aculeifer) reproduction test in seil

{Scathophagidae), Musca astumnalis De Geer (Muscidse))
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11 Sep 2005 Summary of Considerations in the Report from the OECD Expert Group on Ecotoxicology
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DECD

11 July 2006 Test No.
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OECD
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QECD
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OECD
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OECD
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224: Determination of the Inhibition of the Activity of Anaerobic Bacteria
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OECD RETNINGSLINJER FOR
@KOTOKSIKOLOGISKE TESTER

Sediment-Water Lumbricules Toxicity Test Using Spiked Sediment

Temestrisl Plant Test: Vegetative \igour Test

Temestrizl Plant Test: Seadling Emangence and Seedling Growth Test

- Lemna sp. Growth Inhibition Test

Diaphniz sp. Acute Immebilisation Test

- Sediment-¥YWater Chironomid Toxicity Using Spiked Sediment

Sediment-YWater Chironomid Toxicity Using Spiked Water

: Enchytraeid Reproduction Test

- Earthworm Reproduction Test (Eisenis fetidaiEisenia andrei)

: Fish, Juvenile Growth Test

- Saoil Microorganisms: Mitrogen Transformation Test

- Soil Microonganisms: Carbon Transformation Test

: Fish, Short-term Teeicity Test on Embryo and Sac-Fry Stages

- Honeybees, Acute Oral Toxicity Test

: Honeyhees, Agute Contact Toxicity Test

- Fish, Acute Toxicity Test

- Fish, Earfy-Life Stage Toxicity Test

- Fish, Prolonged Toxicity Test: 14-Day Study

§: Awian Dietary Toxicity Test

- Avian Reproduction Test

- Earthworm, Acute Toxicity Tests
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OECD Guidelines for the Testing of Chemicals,

Section 4
Health Effects

IS5M - 207T4-ETEE (online)
DOl - 10.1787I207T45758

OECD Guidelines for the Testing of Chemicals.
Subscribe to the feed

Hide § Show Abstract

The OECD Guidslnes for fe Testing of Chemicals is a collection of about 150 of the mest relevant intenationally agreed testing methods used by
govenment, industry and independent lsboratories to identify and characterise potential hazards of chemicals. They are a set of tools for
professionals, used primarily in regulatory safety testing and subsequent chemical and chemical product notification, chemical registration and in
«chemical evaluation. They can also be used for the selection and ranking of ¢ i during the development of new chemicals and
products and in toxicology research. This group of tests covers heslth effects.

Also available in: French
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[0 22 MNov2DD4 TestNe. 430: In Vitro Skin Cormrosion: Transcutaneous Electrical Resistance Test (TER)

26 July 2013 Test No.

430: In Vitre Skin Corrosion: Transcutaneous Electrical Resistance Test Method (TER) QECD



ANDRE @KOTOKSIKOLOGISKE TESTER

v’ In vitro testing, organer, cellekulturer, ...
v’ Forklarer giftstoffers virkemate
f.eks. gentoksisitet, immuntoksisitet, oksidativt stress
v Alternativ til dyreforsgk, etisk grunnlag
v" HIGH THROUGHPUT

z
& IDEAL
% BIOASSAY
i—.
Hgy kontroll =
Enkel >
Rask g
&
-
& NATURAL
MULTISPECIES
COMMUNITY
CONTROLLED
ECOSYSTEMS
FIELD
STUDIES
Lav akologisk relevans ECOLOGICAL REALISM

SB NIBIO Breitholtz et al 2006
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PARACELSUS REVISITED

«Alt er gift og ingenting er uten gift; bare dosen avgjgr om noe er en gift»

Stemmer ikke for nanomaterialer!

Agglomerering Konsentrasjon Form
Agglomeregation State Conceniration Shape
S
Overflatespesiering  gydaca "¢ [
Speciation ] bty
Fo| B , Size  Stgrrelse
Overflateladning ~ Surface o] B -

Charge E .

= [1]
T A
Funksjonalisering av  gudace E E @ . @? D ’EI Size

overflater Functionality ﬁ; Distribution
]
& O &

Porgsitet / Porosity / - Structure / Struktur /
Overflateareal  Surface Area Soimpcaton Crystallinity  Krystallinitet

Stgrrelsesfordeling

Sammensetning

SB NIBIO Hassellov & Kaegi 2009



- Size, size distribution

KARAKTERISERING AV TEST MATERIALER ER VIKTIG

...0G VANSKELIG

Characterization (as on the shelf)

Characterization (in respective media)

Appearance (IA)
Melting point (1A)
Density (IA)

N-octanol-water partition coefficient (WR)

Water solubility/dispersibility, hydrophilicity

Solubility/dispersibility in organic solvents,
oleophilicity

Auto flammability (IA)

Flammability (IA)

Stability in solvents and identity of relevant
degradation products

Oxidizing properties (IA)

Oxidation reduction potential

Explosiveness (1A)

Storage stability and reactivity towards
container material

Stability towards thermal, sunlight, metals

—

—
—

—
—

Dissociation constant (1A)
pH (1A)

Composition/purity

Size, size distribution
Agglomeration/aggregation

Zeta-potential

Biophysical properties (AA) (protein
binding/corona characterization, residence
times, adsorption enthalpy, conformation
changes on binding)

Dissolution (WR)

10N oI aggregation
Crystalline phase
Crystallite and grain size

Aspect ratio, shape
Specific surface area
Zeta potentia Test item preparation protocol, conditioning,
homogeneity and short term stability
Surface chemistry (WA)

Stability and homogeneity (on the

shelf, in water and organic solvents)

Dustiness

Porosity, pore and pour density

Photocatalytic activity

Catalytic activity

Radical formation potential

WR, where relevant; IA, if applicable; WA, where available; AA, as appropriate.

qC NiBio

OECD 2010 in Oksel et al 2015
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PARTIKKELST@RRELSE OG STORRELSESFORDELING

Agglomeregation State Concentration Shape

s
| CETEREN R
Surface (" f': [ S
Speciation (v . | ML
Size
Surface ‘
Charge | |
- P
Surface | iz
Functionality Distribution

14



PARTIKKELST@RRELSE OG STORRELSESFORDELING

v' Flere studier* viser at giftigheten gker med avtagende partikkelstgrrelse
v' Stgrre oksidativ skade ble indusert av TiO, NP med mindre partikkelstgrrelse

v" Av 20, 80, og 113 nm Ag NP, viste de minste NP hgyere gentoksisitet, cytotoksisitet og
utviklingstoksisitet

v’ Forskjellige mater @ male stgrrelse pa, hver med sine fordeler, ulemper og
anvendbarhet grenser

v Anbefalt & kombinere ulike metoder, og & oppgi sterrelsesfordelingen framfor kun
den gjennomsnittlige st@rrelsen.

* Men ikke alle

SB NIBIO Gurr et al 2005, Oksel et al 2015, Park et al 2011
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PARTIKKELST@RRELSE OG STORRELSEFORDELING

Method

Parameters measured

Sample required

Particle size range

Additional information

Electron microscopy

Atomic force
microscopy

Dynamic light
scattering (DLS)

NP tracking analysis
(NPTA)

Centrifugal
sedimentation

BET surface area
analysis
Laser diffraction

Mobility analysis

Acoustic methods

Particle size
Size distribution
Particle shape
Agglomeration
Particle size
Size distribution
Morphology
Surface structure
Agglomeration
Particle size
Size distribution
Agglomeration
Zeta potential
Particle size
Size distribution
Agglomeration
Particle size
Size distribution

Particle size
Surface area
Particle size
Size distribution

Particle size
Size distribution

Particle size
Size distribution
Zeta potential

Dry

Wet/dry

Wet

Wet

Wet

Dry

Wet/dry

Dry

Wet

0.3 nm-pm

1 nm-pm

1nm-6 um

10nm-2 pum

5nm-10 wm

5nm-1pwm

40 nm-3 mm

2nm-2 pm

20nm-10 pm

(+) High resolution

(=) Expensive and complex

(=) Vacuum is needed

(Dhawan & Sharma, 2010)

(+) 3D images

(+) Works well in ambient air

(—) Particles should be on the surface.
(Powers et al., 2006)

(+) Cheap and fast
(—) Sample polydispersity may distort the results.
(Tomaszewska et al., 2013)

(+) Particle-by-particle basis

(—) Dependence on the settings

(Hassellov & Kaegi, 2009)

(+) Accurate and repeatable results

(—) Takes long time for small particles to sediment
(Laidlaw & Steinmetz, 2005)

(—) Size distribution is not provided.

(Dhawan & Sharma, 2010)

(+) Fast and flexible

(—) Dependent on optical parameters

(Kiibart & Keck, 2013)

(+) Commonly used for aerosols

(—) Interpretation of results may require additional
information.

(Oberdorster et al., 2005)

(+) Effective in concentrated suspensions

(—) Difficult to interpret the data

(Powers et al., 2006)

+, Represents advantageous; —, means disadvantageous.

qC NiBio

Oksel et al 2015
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PARTIKKELFORM

Agglomeregation State Concenfration Shape
X (] ——
Surface "¢ B b
Speciation L

Surface A - i .

T

>
sumﬁm @ u..

Functionality SR Distribution
Fopss
— O ity
Porosity / Structure |
Surface Area Composition Crystallinity
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PARTIKKELFORM

v' Partikkelform pavirker hydrodynamisk diameter, og dermed mobilitet i veesker, samt
avsetning- og absorpsjonskinetikk i et biologisk miljg.

v" Hvor viktig partikkelform er for toksisitet har blitt vist i flere studier

v' Lange multivegg karbon nanorgr var mer gifitg for rotter enn korte/flokete multivegg
karbon nanorgr

(150 nm AR=3

v Sglv NP antibakterielle aktivitet var formavhengig

v Partikler med sideforhold 3 ble lettere tatt opp
i celler enn partikler med mindre sideforhold

B ~ T Grattonetal 2008

¢ A
FR N e T
= €
# 2
i *
e A
P )
T 4
.
L4
v

X
g SR

Percent Internalization

Time (minutes)

Opptak i Hela celler

SB NIBIC Gratton et al 2008, Oksel et al 2015, Poland et al 2008, Powers et al 2007 18



PARTIKKELFORM

Scanning elektronmikroskopi bilde av celler som gjennomgar frustrert fagocytose, indusert av:

Multivegg karbon nanorgr Amositt asbestfiber

A

3.0kV 8.7mm x1.10k SE(U)

Image: Matthew Boyles, Lesley Young and Vicki Stone

SB NIBIO Boyles et al 2015 19



KRYSTALLINITET

Agglomeregation State Concenfration Shape
X )] e —
Surface '{' : .- :.' -
Speciation * . LNy

Surface d i ; e
Charge E

- I
i A
Surtsce il @ u..
Functionality g Distribution
A ©0 @
Paorosity Structure /
Surface Area Composition Crystallinity




KRYSTALLINITET

v" Nanomaterialer av samme kjemiske sammensetning kan ha forskjellige toksikologiske effekter
pa grunn av forskjeller i atomordninger og krystallstruktur

v" TiO, NP av samme stgrrelse men ulike krystallinitet ble undersgkte for produksjon av frie
radikaler:

Amorfe partikler viste den hgyeste fri radikalaktivitet, fulgt av ren anatase og anatase/rutil
blanding. Ren rutil ga det laveste produksjon av frie radikaler

A Rutile Ti0, (110) B Rutile TiO, (101)

0117 (o1}

@ o LliandShen2014

SB NIBIO Jiang et al 2008, Oksel et al 2015 21



OVERFLATELADNING OG FUNKSJONALISERING

Agglomeregation State Concentration Shape
E E T TSR
Surface "¢ =
Speciation v,

g:ﬁ‘“ A D . , Size
= O o
E - 1 &
surce 8N @ ] .

Functionality @’: Distribution
ﬂEh
A O EE
Parosity / Structure /
Surface Area Composition Crystallinity

22



OVERFLATELADNING OG FUNKSJONALISERING

v Overflateegenskaper spiller en veldig viktig rolle for

v interaksjoner mellom nanopartikler og deres omkringliggende miljg (biotisk og abiotisk)

v' Agglomerering
MPA-AuNPs MPNH,-AuNPs PAH-AuNPs

Shewanella ) Bacillus )
\ oneidensis 1 1 subtilis
Tnxi::ity Surface Binding
Hydrophobic AuNP Zhu et al 2010 I I
Toxicity Feng et al 2015

SB NIBIO Feng et al 2015, Oksel et al 2015, Zhu et al 2010 23



HVA MED EKSPONERING?

Den varierer mye avhengig av

v' Maten nanomaterialer blir inkorporert
i forbruksvarer

v' Maten disse produkter blir brukt
av forbrukere

NANOMATERIALER

BULK OVERFLATE

O,

En bestanddel eller Strukturert overflate, belegg
flere bestanddeler =~ PARTIKLER og strukturert belegg

@

Bundet til overflate  Suspendertivaeske Bundetikompositt  Luftbarne

Hansen et al 2007 24



DATABASER FOR PRODUKTER SOM INNEHOLDER NANOMATERIALER

USA: Woodrow Wilson Center for Scholars’ Project on Emerging Nanotechnologies

http://www.nanotechproject.org/cpi/

DK: The Nanodatabase (snart pa norsk ogsa)
http://nanodb.dk/da/




LOGIN #= DANISH ~

% The Nanﬂdatabase SGG | DATABASEN HVAD ER NANO? TIPOS OM ET PRODUKT NYHEDER AMALYSIS WASTE TREATMENT ANALYSIS OMOS

FS?G e ASEN http://nanodb.dk/da

T m— n 2181 PRODUCTS
FILTERS -
Albertsons Chocolate Syrup >
Mano Risk Category
Year Manufacturer  Albertsons
Manomaterial T { N @‘ i -
. - L XL X X
Categories Category Food anc v nents
Nanomaterials
Nano Element Locations Kraft Jet Puffed Marshmallow > .
Mano Risk Category
Manufacturer
e— ok gvbeee
Category , Food
Country Of Origin
Country Of Production
Hershey's Chocolate Syrup >
Mano Risk Category
Manufacturers ManoEethmer
. MNanomaterial @ /ﬁ) @| (B ()
Potential Exposure Pathw: L (-
s Category ood N @ \!/ -
Added On Or After Date
T MEMs with peanuts  »
T b MNano Risk Category

Manufacturer  Mars

Manomaterial
Category Fiox

m




Eksponering Giftighet

—

<—— Ukjent

Middels Hay

@0

Professionel Forbrukere Miljg  Mennesker

Miljg

NANOVERTM Cleansing Soap

Nanogist Health and Fitness, Personal Care / Korea, Republic of

Chantecaille Nano Gold Energizing Cream

Chantecaille Health and Fitness, Cosmetics / United States

NanoRiskCat

I

Humans

NanoRiskCat

I R

Humans Environment

@ ® @® ® @®

Environment

P )/

Image Reference Nanomaterial

Gold

Available in

Denmark, European Union
Link to webshop

shop

Image Reference

Nanomaterial Evaluation and Location of the
Silver Nanoelement

Suspended in solid

. " Evaluation and Location of the
Available in N t

Denmark, European Union Data: Exposure Profile Chantecaille Nano
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NORSK BIDRAG TIL EKSPONERINGSKARAKTERISERING

Bruk av radioaktivitet for 3 spore NP i forsgksdyr og jordsmonn

y-straling

SB NIBIC Oughton et al 2008, Coutris et al 2012
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NORSK BIDRAG TIL EKSPONERINGSKARAKTERISERING

Bruk av radioaktivitet for a spore NP i forsgksdyr og jordsmonn
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SAFE BY DESIGN

Solkrem med 20 nm TiO, NP Solkrem med 20 nm TiO, NP tilsatt sma mengder mangan

SB NIBIC Risk Bites — Andrew Maynard 30



TAKE HOME MESSAGES

1. Risiko er fare (toksisitet) + eksponering, og det er ikke tilstrekkelig a bare forholde seg til fare.

2. Toksisitet males mha retningslinjer som ble lagt for vanlige kjemikalier, og justeringer trenges
i noen tilfeller.

3. Omfattende karakterisering av nanomaterialer i testforhold ma til for @ kunne gi brukbare
resultater.

4. Mange faktorer pavirker nanomaterialenes risikoprofil.

5. Kunnskap om disse faktorer kan brukes til utviklingen av tryggere og mer baerekraftige

materialer.
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TAKE HOME MESSAGES

1. Risiko er fare (toksisitet) + eksponering, og det er ikke tilstrekkelig a bare forholde seg til fare.

2. Toksisitet males mha retningslinjer som ble lagt for vanlige kjemikalier, og justeringer trenges
i noen tilfeller.

3. Omfattende karakterisering av nanomaterialer i testforhold ma til for @ kunne gi brukbare
resultater.

4. Mange faktorer pavirker nanomaterialenes risikoprofil.

5. Kunnskap om disse faktorer kan brukes til utviklingen av tryggere og mer baerekraftige
materialer.

Det er sannelig pa tid a ikke skjaere alle [nanomaterialer] over én kam, og
ikke omtale dem som en enhet. Det gj@r vi ikke med resten av kjemikalier.
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