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ABOUT THE OECD

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental
organisation in which representatives of 34 industrialised countries in North and South America, Europe
and the Asia and Pacific region, as well as the European Commission, meet to co-ordinate and harmonise
policies, discuss issues of mutual concern, and work together to respond to international problems. Most of
the OECD’s work is carried out by more than 200 specialised committees and working groups composed
of member country delegates. Observers from several countries with special status at the OECD, and from
interested international organisations, attend many of the OECD’s workshops and other meetings.
Committees and working groups are served by the OECD Secretariat, located in Paris, France, which is
organised into directorates and divisions.

The Environment, Health and Safety Division publishes free-of-charge documents in eleven different
series: Testing and Assessment; Good Laboratory Practice and Compliance Monitoring; Pesticides;
Biocides; Risk Management; Harmonisation of Regulatory Oversight in Biotechnology; Safety of
Novel Foods and Feeds; Chemical Accidents; Pollutant Release and Transfer Registers; Emission
Scenario Documents; and Safety of Manufactured Nanomaterials. More information about the
Environment, Health and Safety Programme and EHS publications is available on the OECD’s World
Wide Web site (www.oecd.org/chemicalsafety/).

This publication was developed in the IOMC context. The contents do not necessarily reflect the
views or stated policies of individual IOMC Participating Organizations.

The Inter-Organisation Programme for the Sound Management of Chemicals (IOMC) was
established in 1995 following recommendations made by the 1992 UN Conference on
Environment and Development to strengthen co-operation and increase international co-
ordination in the field of chemical safety. The Participating Organisations are FAO, ILO, UNDP,
UNEP, UNIDO, UNITAR, WHO, World Bank and OECD. The purpose of the IOMC is to
promote co-ordination of the policies and activities pursued by the Participating Organisations,
jointly or separately, to achieve the sound management of chemicals in relation to human health
and the environment.
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This publication is available electronically, at no charge.

For this and many other Environment,
Health and Safety publications, consult the OECD’s
World Wide Web site (www.oecd.org/chemicalsafety/)

or contact:

OECD Environment Directorate,
Environment, Health and Safety Division
2 rue André-Pascal
75775 Paris Cedex 16
France

Fax: (33-1) 44 30 61 80

E-mail: ehscont@oecd.org
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FOREWORD

As part of its Programme on the Safety of Manufactured Nanomaterials, and in particular work on the
testing and assessment of manufactured nanomaterials, OECD initiated a series of expert meetings to
improve the applicability of the OECD Test Guidelines to nanomaterials. With this in mind, the Working
Party on Manufactured Nanomaterials agreed to organise an expert meeting to address the Ecotoxicology
and Environmental Fate of manufactured nanomaterials.

The OECD Expert Meeting on Ecotoxicology and Environmental Fate took place on 29th-31st
January 2013 in Berlin, Federal Press Office. The event was hosted by the German delegation and funded
by the German Federal Ministry of the Environment, Nature Conservation and Nuclear Safety (BMU) as
well as the United States Environment Protection Agency (US EPA).

This document is an accompanying document to Ecotoxicology and Environmental Fate of
Manufactured Nanomaterials: Test Guidelines [ENV/JM/MONO(2014)1], and includes the presentations
given at the workshop. It is published under the responsibility of the Joint Meeting of the Chemicals
Committee and Working Party on Chemicals, pesticides and Biotechnology of the OECD.
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PRESENTATIONS GIVEN AT THE OECD WORKSHOP ON ECOTOXICOLOGY AND
ENVIRONMENTAL FATE
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Session 1: General Aspects of Environmental Toxicity and Fate of Manufactured Nanomaterials

@)t

BETTER POLICIES FOR BETTER LIVES

Guidance on Sample Preparation and
Dosimetry (GSPD)

Overview, and Areas for Environmental Protocol
-~ Development

—bbéi’allel Workshop: Ecc
29 January
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Overview of the GSPD LI;NV]JM/MONO(ZOQMO] :

* A companion Guidance document to the OECD Test
Guidelines, developed with consideration of the chemical
and physical characteristics of nanomaterials

» Evolution from Sponsorship Program to the Present
* Aliving document

» Addresses all physical-chemical property, effects, and fate
endpoints

« Utility of GSPD vs. amending individual OECD Protocols

v

OECD R

]

) y
e

GSPD : Areas that could Benefit frqngorkshop Discussions

=

SECTION II: TERMINOLOGY ......covvuummmimmcisniscnsiosisasnnnes 13
Dispersion versus solubility 13
Consideration of stability in sample preparati 13

SECTION III: CONSIDERATIONS ON APPROPRIATE DOSE-METRICS .........ccoooovmuiimmimnancnsinnninans 15

SECTION IV: COMMON ISSUES REGARDING SAMPLE PREPARATION AND DOSIMETRY.......16
1. Storage and stability of test 1al 16
2. The ch 1 composition of the test media 17
3. Charactensation of stock dispersions. SERE | ]
4.Ch ion of samples (prepared from stock dispersions) prior to administration/testing...........20
5. Refe 1

SECTION V: SPECIFIC CONSIDERATIONS 22

A PHYSICAL-CHEMICAL PROPERTIES 22
Al Tentative Guidance Relevant to Sample Preparation and Dosimetry for Physical-Chemical
Characterisation 24

A.1.1 Particle size, shape, and $ize diStIDULON ..........ovvueriuumiisceninsce s sss s snssss s sasssanes 24
Al.2 Particle Size Distrib 26
A13 Agegreg and Aggl 26
A 1.4 Chemical description (composition and identification) 26
A.15 Specific surface area 27
A.1.6 Surface CHEMUSIIY ........coumuiiciiicsniis s sssssie s s ssssssssssinss 27
A.1.7 Surface charge, zetap ial and Hamak 29
A 1.8 Influence of water chemistry on ial properties and dispersion behaviour ...................30
A 1.9 Preparation of liquid dispersions; octanol‘water partition coefficients (KouS).....oovomuecuricniccnnnce 31
A.1.10 Crystal structure 33
A 1.11 Interfacial tension..... 33
A1.12 Dusti .34
A 1.13 Crystallite Size 34
A_1.14 Electron Microscopy 35
A.1.15 Photocatalytic Actavity ........... 35
A.1.16 Pour Density 36
A.1.17 Porosity. 36

A 118 Octanol-Water Partition Coefficient 36

@) i e i
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GSPD : Areas that could Benefit from _gﬂgfkshop Discussions

_—

B. GUIDANCE ON PREPARING SAMPLES OF NANOMATERIAL IN EXPOSURE MEDIA FOR

ECOTOXICITY STUDIES 47
B.1 Introduction........... 47
B.2 Aquatic Media Preparation......... ..ot sessis s st 48

B.2.1 Methods of suSpension ... 48
B.2.2 Media quality................. 49

B.2.3 Physical-Chemical Characterisations .. .49
B24 R.epotunz results for media pteparauon APPIOBORES ..o it i e 49
B.3 Non-Aqueous Media Preparation 50

B.3.1 Method of nanomaterial introducti 50
B.3.2 Media quality 50
B.3.3 Physical-Chemical Characterisations ...............cc........ nonressamsersavirasnsa s sesans aseasyesmsens 50
B.3.4 Reporting results for media preparation approaches ..... 50

B4 References. oo v s s n s T S 50
C. GUIDANCE ON PREPARING NANOMATERIAL SAMPLES FOR DEGRADATION,
TRANSFORMATION AND ACCUMULATION STUDIES 54

54
54

C. 1.2 Degradation and transformation ... 55

LS BRORCCOMMMMION ...... .. oo ossissisisuimseasissssssomss st 56

C. 2 Test Method Applicability and Dos:mem 2 507

C. 2.1. Eavironmental behaviour............ccceeeeee. 57

C. 2.2 Degradation and transformation 58

G2 BioaccmmI I On ... e S s i 59

3 L« 64

D. HEALTH EFFECTS. PREPARATION OF A TEST SUBSTANCE AND DOSIMETRY .........ccccc..... 69
il

@)1

OECD m

GSPD Section V.A: Physical-Chemical Properties

_—

ABSTRACT: Near infrared fluorescence (NIRF) spectroscopy is capable =~
of sensitive and selective detection of semiconductive, single-walled
carbon nanotubes (SWNT) using the unique electronic bandgap
properties of these carbon allotropes. We reported here the first detection
and quantitation of SWNT in sediment and biota at environmentally
relevant concentrations using NIRF spectroscopy. In addition, we utilized
this technique to qualitatively characterize SWNT samples before and
after ecotoxicity, bioavailability and fate studies in the aquatic environ-
ment. Sample preparation prior to NIRF analysis consisted of surfactant-
assisted high power ultrasonication. The bile salt sodium deoxycholate
(SDC) enabled efficient extraction and disaggregation of SWNT prior to
NIRF analysis. The method was validated using standard-addition
experiments in two types of estuarine sediments, yielding recoveries

between 66 + 7% and 103 + 10% depending on SWNT type and coating used, demonstralm the ability to isolate SWNT from
complex sediment matrices. Instrument detection limits were detemuned to be 15 ng mL' SWNT in 2% SDC solution and
method detection limits (including a concentration step) were 62 ng g~ for estuarine sediment, and 1.0 g L™" for water. Our

work has shown that NIRF spectroscopy is highly sensitive and selective for SWNT and that this technique can be applied to

track the environmental and biological fate of this important class of carbon nanomaterial in the aquatic environment.

Schierz, et al.2012. ES&T

@) iy
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GSPD Section V.A: thsicaljghémical Properties

Physical-Chemical Property Estimation: ISO and OECD Collaboration

e Octanol-Water Partition

Coefficient
— Key to environmental partitioning,

o Radical Formation Potential
— Correlated with oxidative stress

bioconcentration, and ecotoxicity — Oxygen singlets, superoxide,
— Accumulation of insoluble hydroxyl radicals, hydrogen
nanomaterials at phase interfaces peroxxde; reactive nitrogen
species
— Acellular assays:

Different solutions:
fgememed 1. Modification of traditional K,

hematite

» Vitamin C yellowing

nanoparicies test with added distribution + DCFDA dyes
coefficients (dichlorodihyrofluorescin-
2. Nol:traditional organic dye diacetate) — several variants
absorptiontest ; : %
P » FRAS (ferric-reducing ability of
100 | @ B [ serum)
iy H H I « TBARS (thiobarbituric acid
£ & reactive substance assay; in
g 2‘; . I I , o H presence of U.V.)
28 71 81 87 97 M1 6
pH

Owater  Ginteface  Doctanol - Hrjstovski, et al. 2011. JESH

GSPD Section V.B.1: Preparation of AqualLsMedia for Ecotoxicity Studie$ .

Preparation of TiO, Aqueous Stock Dispersions fE)r Toxicological & Environmental Testihg

*  Alteration of stock solutions by sonication:
— Sound waves— shock waves /T </=10,000°K
— Undesirable alterations to nanomaterials
* Reagglomeration, sintering of nanomaterials, scission of nanomaterials such as CNTs
changes in surface chemistry due to water-generated reactive oxygen species,
degradation of other media components
*  Protocol for dispersion of P-25 dry powder in deionized water
— Uniform dispersion / Mean particle diameter ~70 nm, /Little undesirable changes /
Reproducible due to standardized reagents, materials, equipment, and dispersion preparation
steps / Specific for sonication conditions
— Proposed calorimetric method to report sonication power, independent of instrument
+  Extension to other nanomaterials for stock dispersion preparation

+  Extension to dispersion in biological media

Bubble Agglomerate

High
pressure
cycle

NIST Special Publication 1200-3, in conjunction with CEINT
v Taurozzi, Hackiey & Wiesner. 2011.Nanotoxicology
e R Taurozzi, Hackley & Wiesner. 2012.Nanotoxicology

“x, ) Implosion hittp./fwww.nist. gov/immi/np-measurement-protocols.cim

shock waves

Low
pressure
cycle

15
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GNSPD Section V:B: Ecotoxicity :ﬁéémple Prepa_r_ati_qﬁ

« Dispersion methods, suitable for chronic exposures:
— Agitation (stirring, sonication)
— Acid treatment
— Dispersant use (NOM, Gum arabic, SDS, SDC,THF) often involves agitation

Table 1. Multiwalled nanotube (MWNT) particle characterization and Daphnia magna 96h acute toxicity results®

Zeta Hydrodynamic LC50
Nanoparticle suspension pH potential diameter (mg/L)
MWNT in 18.8 mg/L DOC (SR-NOM) 8.08 NA 706.4 £35.9 248
MWNT in 15.2 mg/L DOC (SR-NOM) 8.23 -289+37 629.7+26.8 1.90
MWNT in 104 mg/L DOC (SR-NOM) 8.29 NA 655.7+21.6 2.25
MWNT in 5.1 mg/L DOC (SR-NOM) 8.25 -21.1£38 655.5+276 2.06
MWNT in 2.0 mg/L DOC (SR-NOM) 7.86 -265+46 NA 2.78
MWNT in 15.1 mg/L DOC (ER-NOM) 8.61 -328+4.14 7033+19.1° 4.09°
MWNT in 15.7 mg/L DOC (BR-NOM) 8.14 -30.6+5.04 52804247 1.91

Edgington, etal. 2010. Env. Tox & Chem.

* Average NOM concentrations in U.S: 1-10 mg/L
I + Little effect on toxicity of same NOM @ different concentrations
@» IH:.I‘ : There is an effect of different types of NOM on toxicity 8
3 ?Do CNTs represent a Category of Nanomaterials for Ecotoxicity?

OECD

hudlh o

Ecotoxicity — Sample Preparation %ﬁétegory Approaches

SAMPLE Preparation: Ma, etal. 2012a. ET&C, ?Category Approach?: Ma, etal 2012b. ET&C
with Robust Summary in TiIO, Dossier

120

Ph icity of TiO, nanoparticles 100

300

A

- 2

§ 20 7 »

g e ) °°

- .. el °

& . oo,

3 sfee o o § 20 0% °

g o ® SSR

Z 100 o OlmgL ©  Labomtory light

‘5, 50 °  025mglL 30-25-20-1.5-1.0-05 00 0520 25 10 38 a0

= v 05SmglL Log(TiO,, mg/L]

o
0 4 8 12 16 20 24 Fig. 4. Phototoxicity of nano-TiOto Daphnia magna under simulated solar
Time (h) radiation (SSR) and laboratory light: median lethal concentration (LC50)
(SSR) =29.8 (95% CI. 24.8-35.1) pg/L; LC50 (Lab light) > 500 mg/L.

B g3/ 0]  rmos 7—3,— z , N *

g 3w / g f

i —4— i

g - / i

:i'i 1000 * 200 mglL G 5 & oo 2000 00 P 00

= s00 ¢ S00mgL Photocatalytic ROS peoduction (uM OCL) Integraned energy (260-500 om, Wik

v 1500mgA G ; ; ; ;
0 * ROS estimation method specific to TiO,: 3'[p-aminophenyl] fluorescein
0 s LIRS - Targets hydroxyl radicals and hypochlorite
Fig. 3. Nano-TiO, exposure system characterization during the 48-h - more resistant to light-induced oxidation, rel. to other DCFD dyes
toxicity assay for Daphnia magna: (A) change of aggregate size during » MOA: ROS-induced damage to respiratory & ion exchg. surfaces with SSR
exposure under simulated solar radiation (SSR), (B) change of aggregate size - Photocatalytic ROS production: solar radiation & [TiO;]
during exposure under laboratory light, and (C) change of TiO, concentration - Estimation of Ecotoxicity based on ROS production
during exposure under laboratory light. - different crystallinities (surface properties, uptake/adsoption)
- Categories:

* Aggregate size stable @ low concentrations/ionic strengths
- DLS, TEM. and Flame AAS analysis during tests (exudate effect)
- Exposure media replaced every 24h.

«Titanium dioxide
- Other insoluble metal oxides?
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GSPD Section lll. Ecotoxicity Dosimetrics

+ Metrics: Particle number, mass, (active) surface area, ion concentration

« Mitigating Factors: Photoactivation, presence of DOM and sulfides
particle size, particle age...

+ Mechanisms of Action: Direct (ROS, membrane deformation, protein
denaturation, DNA damage by free radicals) and Indirect
(particle oxidation and ion release)

+ Categories? certain insoluble particles (CNTs, metal oxides), soluble
metals

+ Lessons from Human Health Inhalation studies?

Kennedy, et al. 2012. ES&T

with existing predictive toxicity models. This study investigated the implications
of freshly prepared versus stored 20 and 100 nm nanosilver stocks to freshwater
zooplankton (Ceriodaphnia dubia) in presence and absence of dissolved organic
carbon (DOC). Results indicated that while the acute toxicity of nanosilver
decreased significantly with larger size and higher DOC, storage resulted in

e -
Stored particles S0 gt
“”.g-""' .
. . - - . - . . 2
significant increases in toxicity and ion release. The most dramatic decrease in sy @ .

particle (2.0-2.4 fold) and dissolved silver (2.7—3.1 fold). While a surface area
dosimetry presented an improvement over mass when DOC was absent, the presence of DOC confounded its efficacy. The
fracti(in of c!issc{lveql silver in the nanosilver suspensions was most predictive of acute toxicity regardless of system complexity.

GSPD Section Il on Ecotoxicity Dosimetrics:-Silver lons or Particles?
Mechanism of Action?

1. A series of studies compared the potency of uncapped nano-Ag to Ag+ at acute and
sublethal levels using D. magna & Fathead minnows (Hoheisel, et al. ET&C,2012):

Overall, these studies did not provide strong evidence that nanosilver either acts by a different mechanism of toxicity than
ionic silver, or is likely to cause acute or lethal toxicity beyond that which would be predicted by mass concentration of total silver, This
in turn suggests that regulatory approaches based on the toxicity of ionic silver to aquatic life would not be underprotective for
environmental releases of nanosilver.

Surface area normalizes for different sized particles: ion release ->gills-=circulatory failure,

or surface-mediated direct particle toxicity

2. A second series of short-term/early life stage studies with uncoated, coated, & dispersed
nano-Ag suggests ion vs. particle impacts may be associated with the trophic level
of the aquatic test species (Wang, et al. ET&C, 2012):

120
e

100
g%
o 60
= a0 * Efficientaccumulation of Ag+ by some algae

20

100 | 40 * Cladoceraingest particles which dictate toxicity
_ B0
g » Particles can be accumulated in chorion of zebrafish embryoto block

40 .

a0 pore canals and generate higher levels of ROS than Ag+

o

I e
- 80
§ o
* a0

20

@ "0 0 Tap, 7 Tog 75, 11
g Mg ity
R are T et D e
— ATCay —
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GSPD Section C2.2 - Degradation & Transformation:
Wastewater Treatment Removal of NMs

+ OPPTS 835.1110, Activated sludge sorption isotherm

— Test guideline traditionally used to estimate removal of soluble chemicals during
waste water treatment due to sorption to sludge

— Guideline underestimates NM sorption to sludge (Kiser, et al. 2012. ES&T )
FDH Sludge > Bacterial Biosurfactants - Decreased Sorption of NM to Sludge
— Use of fresh sludge shown to be predictive of nanomaterial removal
+ Unclear which NM properties best predict removal

— Functionalization; other material properties including size, density, zeta potential

mFresh OFDH-14d

I
100 [ Group ]
Group |
80 [ |
s
g 60
Q
-4
=
340
o
a
0% 0% 0% = 0% ]
20 Removal Removal Removal _ Removal ES
e i i N Ol |
CIT-Ag PVP-Ag PVP-Au Car-Ag GA-Ag TA-Au Car-PS Sulf-PS ag-nCé0
@, Figure 1. Percent removal of nanoparticles after exposure to 800 mg/L TSS fresh or FDH- 12
OEcé ;-I“ II 14d activated sludge; error bars represent t standard deviation of duplicate samples.
hudih

GSPD Section C1.1: Aggregation/agglomg;afibn & Sorption in
Ground & Surface Waters = Environmental Fate

* High Throughput Screening alternative to Packed Columns (OECD Protocol Lacking):
* Faster

« Easily standardized: available 96-well plates; NIST polystyrene microspheres
» Assesses retention/mobility of nanoparticles in porous media
*» Highest potential throughput for NPs that absorb light or fluoresce (plate reader)
» HTS system tested with SWCNTs & fullerenes to represent a range of properties
* River sediments and high purity quartz tested - Data useful for Model Building
Robust Summary in SWCNT Dossier: Bouchard, et al. 2012. Water Res.

'

350
1

Wlota quartz sand

W Calls Creek sediment

0.001% 0.01% 0.05% 0.10%
SDS-SWNT SDS-SWNT SDS-SWNT SDS-SWNT

ag/nC60 Polystyrene
60-nm
Il ) a Fig. 5 — The mean and 95% confidence limits of the
ny

‘ distance required to achieve a 3—log reduction
NP NH

@’)q

OECD
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GNSPD Section C2.1: Abi(?éﬁg;ansformation

Dissolution Kinetics of Nanosilver

Ag-NPs freshly synthesized —%—-» Ag-NPs in the environment

Lab. Species SOux ; <0, HS = CIF Env. Species
Nanosilver e i Nanosilver
lonic Silver ; lonic Silver

Ag,SO, ? Kinetics ? :
i Silver Sulfate

Ag', solubllity 8 givier Chloride
Silver-NOM

Thiols, K=10%32

K,;=5.92.10% S/\/\,\/\

How NOM affect the
stability of Ag,S ?

E % e Medium-term  Long-term

Levard, et al. 2012. ES&T

Initial organic coatings
Affect stability and toxi®

@)y

OECD I!!'.I. ) B ,
Areas of Irig;est

« Sample Preparation and Dosimetry for Aquatic Toxicity Tests
» Dissolution Kinetics of Nanosilver

+ Inherent Biodegradation (OECD 302B)
+ Removal of Nanomaterials during Wastewater Treatment
» Nanomaterial Categories

o Nanomaterials for Pesticidal and Industrial Uses:

— Silver and copper (FIFRA)

— Industrial uses (TSCA) > Total # of notifications: 137

W Inorganic Carbon

W Heterogenous Substance
W Metals

M Mixed Metal Oxides

@)

@)

M Organic carbon
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AhtiainenJukka | 29.1.2013

The OECD Test Guideline Program

(ecotox and fate)- appropriateness of TGs/
Needs for testing MN

LY RES

The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MN
Content
" Nanomaterials in the environment-
" what do we know about fate and effects?
= What we would need to test
" Applicability of OECD test guidelines and EU test methods
for the assessment of nanomaterials -
" Ecotox test applicability
“ Environmental fate test applicability
" OECD Test Guideline Programme - how to handle the guidance
" TG development and guidance documents and MAD

“  Guidance for similar matrices and test or for nanomaterial groups?

E@M@S MAD = Mutual Acceptance of Data
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Nanomaterials in the
environment — fate and
effects?

[t@ [Il;)a @S 29.1.2013 | OECD expert meeting for ecotoxicity and environmentalfate, Ahtiainen Jukka

The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MN

Nanomaterials in the environment — fate and effects?

Theoretically most nanomaterials would be probably bound to
each others, other particles and colloids (humic acids)
Sediment as a sink- re-suspension?
Wastewater treatment: bound to sludge - soil exposure -
reactions (Ag-S)
Surface layer of marine waters (NOM, surface charge)
Plankton and plankton (particulate) eaters
Physical interactions e.g. with fish gills

NOM = natural organic material

E&D[!:B @S 29.1.2013 | OECD expertmeeting for ecotoxicity and environmentalfate, Ahtiainen Jukka
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Nanomaterials in the environment

Mzr Chemistry (pH, Salts, DCﬂ]
! | : ] ! |
e

2 ! surface- Exposure
iJ ﬁ = modified and
% NPs Bio-uptake
Stable NP ? Dissolved
suspension metal
Aggregated

NG
1 1 1

( Synthatic Coating | (— al., ES&T 2012

&@ ﬂ:{] @S 29.1.2013 | OECD expert meeting for ecotoxicity and environmental fate, Ahtiainen Jukka

Biomagnification of nano-Au

B,y I oy

’ (]
o L 0,000 o ¢
:... LY -. ‘..% -
BMF
Judy et al., ES&T 2011 5nm:6,2
10 nm: 11,6
15 nm:9,6

&@ ﬂg @S 29.1.2013 | OECD expert meeting for ecotoxicity and environmentalfate, Ahtiainen Jukka
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Applicability of testing
protocols and
methods to NM

testing

&@ ﬂ:{] @S 29.1.2013 | OECD expert meeting for ecotoxicity and environmental fate, Ahtiainen Jukka

The OECD Test Guideline Program (ecotox and fate]- appropriateness of TGs/ Needs for testing MN

General applicability of test methods for NM testing

®  Biological “endpoints” or measurement variables are relevant and
applicable for NM testing e.g.
= Number of offspring in reproduction tests
® Bioaccumulation into tissues
= CO, production in biodegradation test
= Many apical endpoints in mammal tests
®  Some new “nanorelevant” endpoints might be needed
®  Dosing and dosimetry of the test material and NM detection and
characterization very important — Guidance to be developed
®  With guidance and OECD test guideline-can MAD be still applied?

MAD = Mutual Acceptance of Data

[tu:ﬂ[!% @S 29,1,2013 | OECD expert meeting for ecotoxicity and environmentalfate, Ahtiainen Jukka
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The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MIN

Do we need new information and endpoints for
NMs and in which area?

" Degradation and bioaccumulation

" Existing test could be OK (detectionissue)

" Enhanced screening tests maybe needed
" Physical-chemical properties

"= -yes we do, urgently!- but who will harmonize these?
" Toxicology and Ecotoxicology

" Many of the existing endpoints are OK, but some

additional could be considered

tules

The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MIN

Methods for environmental fate - degradation

Biotic degradation

» Many methods exist and CO, production can be measured e.g.
from labelled material but...

 Most current carbon-based NMs tend to be of an inorganic
nature- but more biobased are coming, and there are coatings

 Assessment of transformation and metabolites instead of the
rate of mineralization can be more relevant

Abiotic degradation and transformation

» New test protocols and novel detection and characterization
methods are needed

Ew”ﬂ @S 29.1.2013 | OECD expert meeting for ecotoxicity and environmental fate, Ahtiainen Jukka
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The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MN

Methods for environmental fate - bioaccumulation

Bioaccumulation test methods:

« From water to fish (OECD TG 305 + dietary exposure)
* Accumulation into sedimentworms (OECD TG 315)

« Accumulation into earthworms (OECD TG 317)
Detection methods

» Radio-labellinge.g. C'* for carbon containing NMs

« Neutron activation of metal NMs

* ICP -MS, HPLC, FFF-ICP-MS

« Electron microscopy

[t@”fa @g 29.1.2013 | OECD expert meeting for ecotoxicity and environmental fate, Ahtiainen Jukka

The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MIN

Methods for biotic effects

Sample preparation of the NM

» Information and characterization of the original material

» Dispersion techniques (sonication, stirring, direct addition into soil..)
» Characterization of stock dispersions and dosed samples

Test media and conditions during the test

* lonic strength can affect NM agglomeration

+ Calcium concentration and hardness

» pH and alkalinity affects especially charged NMs

» Dissolved organic matter can act as dispersant or cause agglomeration

[t@”fa @5 29.1.2013 | OECD expert meeting for ecotoxicity and environmental fate, Ahtiainen Jukka
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The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MN

Current OECD guidance on NM testing

Preliminary review of OECD test guidelines for their applicability to
manufactured nanomaterials (2009)

' Guidance manual for the testing of manufactured nanomaterials: OECD
sponsorship programme - rev1(2009)
Guidance on sample preparation and dosimetry for the safety testing of
manufactured nanomaterials (GNSPD-2010)- now revision published 2012

' Dispersion protocols for in vitro testing (on-going work)
' Development of integrated testing strategy for NM testing (started)

tukes

The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MIN

Current needs for OECD guidance on NM testing

Some test guidelines may need small revisions e.g. in scope and
applicability

Dispersion protocols needs to be harmonized (on-going work
with some knowledge to be published)

Guidance documents for various areas (e.g. inhalation toxicity,
soil and aquatic ecotoxicology...)

Guidance for various groups of materials (+)

Development of integrated testing strategy for NM testing

[twﬂfa @S 29.1.2013 | OECD expert meeting for ecotoxicity and environmental fate, Ahtiainen Jukka
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OECD Test Guideline Programme
- how to handle the guidance

- Tools to address regulatory data
requirements

[t@”fa @S 29.1.2013 | OECD expert meeting for ecotoxicity and environmental fate, Ahtiainen Jukka

The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MIN

Why to have OECD Test Guidelines or EU methods (also)

for NM testing? % For testing intrinsic properties
of chemicals (substances)

® Binding OECD countries and
selected non-members

OECD test
guideline

Avoids duplication of testing

Reduces use of animals

160 million euros saved each
year (2010)

“easily” adopted to EU
regulation (440/2008) for EU
regulatory needs

Laboratory
Practise

tukes
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The OECD Test Guideline Program (ecotox and fate)- appropriateness of TGs/ Needs for testing MN

OECD Test Guidelines and Guidance Documents

TEST GUIDELINE GUIDANCE DOCUMENT

* Regulatory need * Regulatory need

* Covered by MAD * Not covered by MAD

* Fixed test protocol with validity * (Canbe atest method, or it
criteria provides technical guidance for

* Thorough validation needed with the use of test guideline

fixed protocol » Validation could be limited
* Takes time and resources and
cumbersome to update » Faster to develop and revise

tukes

Stakeholders (authority, NGO,

industry, academia) initiative

TG proposal (SPSF) by MC

National Coordinators of the test
guideline programme

=

Validation
package

Commenting rounds

A

Draft
TGs

"OECD

procedure

Final approval by WNT at the meeting or written

v

secretariat

-

| Joint Meeting , policy level and publication

tukes
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OECD Test Guideline Programme - how to handle the guidance
or guidance documents
" TG development and guidance documents (GDs) and MAD
= [fthe guidance given in the GDs can be seen as refinement of the test
quideline, should the result be still under MAD?
= Qr should the NM specific guidance be inserted as annex in the TG?
“  Guidance for similar matrices and test or for nanomaterial groups?

Metal CNTs
oxides

Soil tests
Sediment tests
Aguatic tests
Bioaccumulation

Degradation

E@ﬂ%@g 29.1.2013 | OECD expert meeting for ecotoxicity and environmental fate, Ahtiainen Jukka

Thank you for listening!

1S
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Ecotoxicology of NM — Knowledge,
Challenges, and Perspectives

Richard. D. Handy

Ecotoxicology Research and Innovation Centre,
University of Plymouth, UK.
rhandy@plymouth.ac.uk

RESEARCH
WITH
PLYMOUTH
UNIVERSITY

Aims

« Knowledge — summarise what we know, but more
importantly, what we don’t know.

* Challenges for ecotoxicity testing.
— Detection in tissues.
— Getting the exposure methods to work.
» Perspectives
— Progress with modifying regulatory tests.

— Making use of the fundamental science tow
underpin regulatory test assumptions.

— Protecting most of the organisms most
time?
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What do We Know so Far?

* Toxicity/Survival:

* Acute lethal concentrations at mg/l levels, data sets
weak on many organisms and chemistries.

 Chronic toxicity data sets lacking.
* Growth and Reproduction:

* Species may grow normally, but reproduction can
be affected.

» Target Organs and sublethal effects:

* Evidence of effects on all the major body $¥&
mechanisms not understood. :

» Uptake mechanisms partially docume
poorly understood.

Acute Toxicity Data For Fish

Nanoparticles LCy Species Toxic effects Authors

Nanoscale zinc oxide 1.793 mg/L Zebrafish Both ZnO and ZnO/ bulk aqueous Zhu ef al. (2008)
(nZn0) in aqueous 1.550 mg/L for suspensions delayed embryo and
suspensions 96 h larva development, decreased
ZnO/ bulk (Particle sizes) their survival and hatching rates,
and caused tissue damage.

Nanocopper suspensionin 1.5 mg/L for  Zebrafish Lethality associated with Griffitt ef al.
water, resulting in 50-60% 48 h histological and biochemical (2007)
of added mass leaving the changes in gills
water column.

Nanosilver suspension,and 40 pg/L Zebrafish Both silver and copper caused Griffitt ef al.
sonication. For48 h xicity in all organisms. (2008)

Nanocopper 60 pg/L Zebrafish Griffitt ef al.
(2008)
nCg,aggregate in suspention 1.5 mg/L Zebrafish nCg; delayed embryo and larval Zhu et al.
For96 h development, decreased survival '
and hatching rates, and induced
pericardial edema. 4
Cygy fullerene solubilized by 0.5 mg/L For Fathead 100% mortality within 18 ho
tetrahydrofuran (THF),or 48 h. minnow mg/L Cg, stirred in water'd
solubilized by stirring in lead to any mortality with
water hours.

Review, Handy et al. 2011.J Fish Biology
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Gill Injury 1n
Trout from
Nano Copper
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pH Effect on Particle Toxicity?
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Adult Zebrafish Exposed to 1 mg/l TiO,
Retain Sufficient Health to Reproduce

Total titanium concentration in
whole adult zebrafish digests.

Titanium (nmol g*)

Table 1
Na+K+-ATPase activities at the end of the exposure period (day 14) in brain, gill and
liver tissues of zebrafish.

Treatment Na*K*-ATPase activity at day
14 (pmol Pimg protein-' h-')
Tissue

Brain Gill Liver

Control 373 £0.15 191 +£ 053 1.09 +0.13
1.0mgl-! bulk TiO; 3.05 +0.03 1.84 = 0.60 1.00 + 0.00
0.1 mgl-' TiO2 NP 4.23 £ 093 0.51 £ 041 0.66 + 032
1.0mg!-" TiO2 NP 4.73 £ 093 136 £ 0.70 0.66 +0.29

Embryo Quality is Effected By Exposure.
Latent Effect on Unexposed Embryos: Ti0O,

Ramsden et al. 2013. Aquatic Toxicology 126, 404— 413

Cumulative number of viable embryos (<2 hpf)

Fig. 5. Cumulative number of viable embryos (<2 hpf) produced by control (clear
squares with dotted line), 1.0mg1-' bulk TiO, (light grey squares with close-dashed
line), 0.1 mg1-! TiO, NPs (dark grey squares with dashed line) and 1.0mg!-! TiO,
NPs (black squares with solid line) treatment groups of zebrafish after the exposure
period.
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Relative gene expression >

Relative gene expression ©

Chronic Sublethal Effects: Gene
Expression i Earthworms Exposed to Cy,

Van der Ploeg et al. 2012 Nanotoxicology

1.4 Catalase

[Cgol malkg soil

Glutathione-S-transferase

—

1 I
0.8
06 I
o
2 04
Z 02
0 0 15 154

[Ceol mg/kg soll
Coelomic cytolytic factor 1,
,.|CCF-1

L

Relative gene expression O

15
[Cgl malkg soil

In

15
[Cw]_mgikg soil

Chronic Sublethal

Effects: Integrity of the
Epidermis in Earthworms
Exposed to Cg,

Van der Ploeg et al. 2012 Nanotoxicology
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Effect of T1iO, on Swimming
Behaviour of Trout

Boyle et al. (2013) Aquatic Toxicology 126,116—127

750 4 A

600 —

450 —

Time (%)

Total distance moved (m)
Velocity when active (cm s'l)

Control  Bulk NP Control  Bulk NP Inactive Low Medium High

Relationship Between Activity Level
and Potential for Mortality

(after Priede 1977, Nature)

S =
g ‘ - %
2 4 ;
b5 &
B3 Mk oo £
= =
m .'a
2 - =
o 2 o
£ - 0.001 ©
~ A

© o [Is]
T [=1
o o o

0.44
0.56

o o =%
o o -~ 5
o o O

0.86
0.82
0.98

Metabolic rate relative to scope
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Dietary Uptake and Food Chain
Effects

| Posterpose Dietary Carbon-
o based NPs
Growth & Food
Intake

Fraser et al. (2010)
Nanotoxicology

Amount of food (g)

O control
WSWONT
|60

No shape efi
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Bioavailability

& Uptake
Mechanisms

Shaw and Handy
(2011) Environment
International 37, 1083-

f NPs
ER/Golgi 3 .
1097.

HS énz“ : f

. + .
Meher CT
+  Me* .

|—6 -18 mV J

Mucous layer Donnan potential

1-3mV
Transepithelial potential

Metal NPs Alter the Gut
Microbes 1in Zebrafish

Merrifield et al. (2013) Environmental Pollution 174, 157-163

Representative Dendrogram and PCR-
DGGE fingerprint
Code Closest ID

T
@D
o

Similarity

Closest ID source

Sensitive to Cu

REE R

8 ... N
" Sensitive to Cu-NP

Uncultured bacterium clone  GIT of zebrafish

Uncultured bacterium clone  GIT of zebrafish

Cetobacterium somerae GIT of fish

Cetobacterium somerae GIT of fish
Citrobacter freundii Estuarine sediments
Uncultured bacterium clone GIT of zebrafish

Z10 Uncultured bacterium clone GIT of zebrafish
Sphingobacteriales
Z13  bacterium Soil
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Contemt (mmol)
cEBBEBEI

Perfusate Ti0,
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Al-Jubory and Handy

- (2013)

E’ Nanotoxicology

i

:

(A) Control;

(B) Bulk TiO,;

(C) TiO, NP;

| (D) Bulk TiO,
0.5% COy;

(E) IO, NP 0.5 %
CO;

(F) Cyanide

(G) Vanadate

(H) Nystatin

Perfusate flow (mI)

Flux Rates of Water and TiO, NPs Across
Trout Intestine

Al-Jubory & Handy (2013) Nanotoxicology

Mucosal [TiO,]
(1mg I)

Net TiO, flux, J,e; 1io2
(nmol g h)

Net water flux, JneLHEO

(ml g* h)

Initial rate

Overallrate

Initial rate

Overall rate

Normal CO,

.38+ 0.
Control 0.38+0.26

0.43+0.07

-6.22+0.85

-7.50+ 1.18

Normal CO,

.58 + 0.55*
TIO,NP 258055

397+£1.137

-17.56+4.00*

-18.01£4.16

Bulk TiO, 164+0.78#

1.42£054#

-26.28+ 2.52"#

-28.54+ 319

LowCO, 0.64:+ 0.41 0.20:+ 0.04 -5.04+ 163 -415£0.37
Control
LowCO, 69.49+61.57 9.48+ 4.37 -19.14+ 3.90% -29.06+ 12.34

TiO,NP
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Standardised Ecotoxicity Tests

Maintaining the dispersion

Measuring concentrations in organisms
(cause and effect)

Metal salt controls and particle dissolution

OECD210 Fish Test: TiO, NM101
Settles Rapidly in Freshwater.

i

Spr J Figure. 1. Image showing the
= . 4 settling out of NPs in a beaker
1 containing 40 mg I'* TiO, NPs.
Although not visible in this
image, larvae generally swam
at the top of the water column
as soon as they were able.
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Immediately after
Dosing & 24 h
later.

Ag Concentration {pgfl)

A 1 OECD 210 fish
test: Total Silver
Concentrations

I

100 250
AgNP Treatment (ug/l)

Figure 1. Total silver
concentrations from exposure
to (A) Ag NPs and (B) AgNO,
reference, immediately after
dosing (grey bars) and after
24 h just before the water
change (black bars) e d
are means and SD ©

15 replicate mea

e
[=I1

=

Ag Concentration (pg/T)
= W -
n O

-
=1

=

5 10 2
AgNO; treatment {ng/l)

Simple Optical Methods

Windeatt and Handy (2012) Nanotoxicology

Some materials

have an

absorbance peak

that can be used to

track ey

— —CNT

concentration. . N SN

Mostly only works
down to about 1
mg I concs.

Absorbance

+ Easy to do.

Wavelength (nm)
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Behaviour of
TiO, m Gut

Salines

Mean [Particles]x10¢
Mean [Particlesjx106
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Silver Nitrate Also Forms Nano scale
Particles in Saline Conditions!
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&

Concentration of ionic silver (mg ')

o
-

Time (h)

Concentration of ionic sitver (mg I'")

-~ Saline — BHI control media

Ag NPs/AgNO; in Milli-Q
Ag NPs/AgNO: in saline
Ag NPs/AgNO: in saline-BHI

Behaviour of Silver

Nanoparticles
Compared to Silver
Nitrate

Rapid ICP-OES Method for Detecting T1 Metal
from T10, NPs in Fish Tissue

Ti0O; NP spike
(gL

200
200
200
200
200
200

Shaw et al. (2013) Chemosphere, in press.

Tissue

Muscle
Muscle
Muscle
Muscle
Muscle
Muscle

EEEEBES

Within-fish Ti metal

Fish and sample
Number

Fish 1 sample 1
Fish 1 sample 2
Fish 1 sample 3
Fish 1 sample 4
Fish 1 sample 3
Fish 1 sample §

SD (SEM)

Within-fish CV (%)

Fish 1 sample 1
Fish 1 sample 2
Fish 1 sample 3
Fish I sample 4
Fish 1 sample 3
Fish I sample 6

Within-fish Ti metal

= 8D (SEM)

Within-fish CV (%)

Triplicate reading

1
10.17
1034
9.80
10.64
10.15
10.67

Ti metal (ug g)

2
952
1041
946
1045
1024
1047

10.14 = 0.50 (0.12)

490*

14.18
14.89
1337
1262
1432
13.02

1523
15.04
1444
12.73
13.65
1326

1386 =093 (0.22)

672*

3
0.18
974
042
1089
1049
1044

1492
15.00
1284
1260
1415
1319

Mean + SD

962 £0.51
1016 £ 037
9.56 =021
1066 £ 022
1029 = 0.18
1052 £0.12

1478 £0.54
1498 = 0.08
13.55 £ 0.82
1265 +0.07
14.04 =033
13.16 £ 0.12

SEM

0.20
021
012
0.13
0.10
0.07

031
0.05
047
004
020
0.07

sample

CV (%)
523
362
218
207
17
119

365
032
6.02
0.35
248
094
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Extraction of Carbon Fullerene (Cg)
into a Liquid Sample

Sonication of tissue
Repeated HNO; digestion
Liquid sample dried
Toluene to dissolve Cq,

Toluene extracts analysed
HPLC

Park ef al., 2010. Chemosphere 8$1:1227-1232

Cy in aqueous phase Park et
al.,2011. Nanotoxicology

Water samples with nCy,

— Same as above, but no digestion

Cgy amount (ppm)

—

——
T T T
80 100 120
Time (h)

Ti0, Particles in the Gut Epithelial Cells?

Al-Jubory and Handy
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Intracellular Saline Environment Causes the
Dissolution of Ti0,

Al-Jubory and Handy, 2013 Nanotoxicology, in press

Dialysis Expt: 8 ml of 100 mg 1'! of TiO, NPs, bulk
TiO, stock dispersions in saline. Beakers containing
492 ml of saline (total volume 500 ml).

50 -
4 Control

® BukTO,
404 @ TO,NPs

Cumulative Ti release (ug)

Perspective on Ecotoxicity Testing

Progress is being made on exposure methodology and
with the detection of NPs in the test systems as well
as the organisms.

Understanding of particle behaviour in ecotoxicity
tests 1s quite good — we just need to control it!

Some materials show greater toxicity than substances
in the OECD sponsorship programme.

Linking exposure and uptake with biological effect is
still hampered by tissue detection issues, but theses
progress.

Keep an open mind for the “unexpected”
responses.
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Any Questions?

45
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Environmental fate of
nanomaterials — knowledge,
challenges, perspectives

Graeme Batley

CSIRO LAND AND WATER, Sydney, Australia

Environmental fate of nanomaterials —
knowledge, challenges, perspectives
Overview

* Solubility

* Aggregation

* Behaviour in natural waters

* Degradation/transformation

* Sedimentation

* Bioaccumulation

* Fate in wastewatertreatment plants

* Risk assessment

* Research needs

I
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Background to nanomaterial fate research

Studies of nanomaterial fate in aquatic systems began
around 2004

Understanding of the behaviour of natural nanomaterials
(aka colloids) was refined in mid 1990s (e.g. Buffle)

Extension of colloid theory to nanomaterials in waters in
mid 2000s

Terrestrial systems have similar pattern: natural colloids
(1996-2000), and nanomaterials (2008-)

Studies in environmentally relevant natural systems (2010-)

I O
Nanomaterial solubility

Carbon-based nanomaterials are virtually insoluble in waters
Fullerene solubility 10'® mol/L

Often ‘solubility’ means ‘forming stabilised suspensions’ (e.g. for CNTs)

‘Dispersion” of CNTs in water @ ;,’\\\ (Deckeler and Premkumar,

Nanoscale Res Lett, 2011)

Surface functionalisation enhances solubility

Metal-based nanomaterials have finite, but often low, soft water
solubility

CeO,: <1lpg/L

Citrate and PVP-coated Ag: = 100-500 pg/L

Exception is ZnO: 7-12 mg/L

I
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Nano ZnO solubility

Synthetic soft water pH 7.5

Zinc nitrate Nano ZnO BulkZnO
12 10 mg/L 20 100 mg/L 20 - 100 mg/L
g 10
B
E 8
5
- 6
b
> 4
©
=)
0 T

012 3 465¢6T7

Time (h)
Znis toxic to most freshwater aquatic species at < 5mg/L

(Franklin et al. ES&T, 2007)

Nano CeO, solubility

Low chloride soft water pH 6.5 40 mg/L suspensions

#Disheed
Sigma-Aldrich CeQz E Antaria CeQ; 0.1 pm filered

Ce concentration (pg L
3
e+ —
il
et
—

Ce concentration (ugL)

i
40 i 40
00t pmtees
‘ * 2; Eanaﬁf‘inmd:i» ® 72 oo 12 24 Aaa ‘43 ‘m ;2
Durationin media (h)
*  Micron-sized CeO, - Nano CeQO,
72-h solubility ~130 ug Ce/L 72-h solubility <1 pg Ce/L

{Angel et al. 2011)
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Silver nanoparticle solubility

— AgNP
Nominal [AgNP] = 40 mg/L =
(88 - 93%)
6000 - (Lab synthesised, citrate-coated)
Ag+
5000 ® Ag* on surface 4
(thiosulfate A9 Ag r
4000 o — extracted) Ag*
0 - Qo
§ 3000 v.. ° e © (7 - 9%)
< 2000 A
1000 1 - Dialysed Ag (Ag*)
O @] (0-1.3%)

0 O—O o 0O o]

0 10 20 30 40 50 60 70 80
Time (hours)

Low chloride soft water pH 7.5

I O
Solubility via surface oxidation

Nano Ag releases Ag*

Ag* N
Oxidation
Ag" Ag Ag' — Ag*
Desorption
Ag*
CdSe quantum dots release Cd?* 250 mg/L > 80 mg Cd/L
Cd
Se Cd Se Cd Removal of surface atoms
cd Se Oxidation e
. Cdse “ g Cdse + Cd? +Se0,
cd QD se Qap
Cd uv
Se S
Cd ge cd Se € cd

(Derfus et al., Nano Lett., 2004)

I
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Nanomaterial aggregation

* Aggregationis dependent on:
. nanomaterial formulation, surface coating and surface charge, and steric effects
g ionic strength and pH of water

*  Many assessments of nanomaterial toxicity are using nano-aggregates >100 nm

250
Nano Ag in o h.!omlnal Initial size in
200 AgCit size, nm soft water, nm
£ soft water )
o | Ce0, 34 164
g 150 ¢ )
g + Antaria
2 100 Ce0, 12 570
Eu Umicore
s0 . AgPVP AgCit+ HA Ag Cit 14 17*
o™ P n n Ag PVP 15 16
o 20 40 60 80
Time, h * Rapid aggregation to mm size in seawater

@

Natural colloid aggregation

Natural colloids comprise clays, hydrous Fe, Mn oxides, NOM, exopolymers

Smallest colloids (<100 nm) disappearfirst (by aggregation); the largest particles
sediment

Left with particles 10-1000 nm

Rule of thumb for electrostatic stability is +/- 30 mV/
Surface charge effects <

Clays, NOM v Inorganic colloids =
FezAl-b'xyhycﬁ'c SSHVE Fulvics E
/ -Near nedtratparticles r%a Biopolym

rapi - L Small Agaregates ] STABLE
pg A h# (stanle 2 4 & 8 0 12

STABLE

60
40
0
o

UNSTABLE

Zeta%otenta my,
LB

——

Gals

Large Agaregate
(Unstable Suspension]
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Homoaggregation and heteroaggregation

Studies in synthetic solutions deal largely with homoaggregation
In natural waters and soil solutions, heteroaggregation dominates

ROS o s

Homoaggregatlon . z
nght J * meama\mbbh sus(‘::ea:r‘;o
* and reactivity

Heteroaggregatlon

Heteroaggregation i g *

Theoretical approaches (DLVO) not successful predictors of aggregation due
to polydispersivity, non-spherical shapes, and varying properties of NMs
Further complicated by surface coatings

regation increases
meummsmm
transport and reactivity

Lowry et al., ES&T, 2012

D

Stabilising nanomaterial suspensions

By modification of surface properties
Addition of surfactants to fullerenes, CNTs
Surface oxidation or functionalisation of CNTs

Surface coatings on metal and metal oxide nanos (citrate; PVP etc)

Stabilisation by natural organics (humic, fulvic and tannic acids)

MW(CNTs (enhanced dispersion, both steric and electrostatic contributions).
Increased adsorption of HA with ionic strength

¢ With nano TiQ,, Au, Ag, Fe,0,, HA
interactions both hydrophobic (high pH)
and surface charge related (low pH)

¢ Disaggregation of Fe,0, at neutral pH
(Baaloushaet al. ET&C, 2008)

(@ ]
TEM of MWCNT and HA (Hyung and Kim, ES&T, 2008)

&
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Nanomaterials in natural water systems

Natural colloids in freshwaters: 1-20 mg/L (higher in soil waters)
Fulvic and humic acids (NOM) (<50 nm)
Exopolymers (fibrillar colloids) (<50 nm)
Hydrous Fe and Mn oxides (hm-um)

Expected environmental concentrations of nanomaterials in
freshwaters: <20 pg/L (50-1000 fold less than colloids)

Sizes 20-500 nm

Adsorption of NM to NOM/Fe oxides is likely rather than
adsorption of NOM to NM seen in lab studies

I

Nanomaterial aggregation in natural waters

© _{ . .
Heteroaggregation with natural ° 1 mg/L CeO, + filtered river water

colloids in unfiltered river water " 0— o o 5
leads to sedimentation of B

nanomaterials e & e

In filtered river water, CeQ, is e ——
stabilised against sedimentation S = un]filtered riverT Wate: ! :

by NOM — homoaggregation in 0 2 4 6 8 10 12
first day Time (day)

(Quik etal., ET&C, 2012)

Later studies with nano Ag, CeO, and C60 showed 8-100% removal

depending on water characteristics

High DOC stabilised against sedimentation

(Quik etal., SETAC Berlin, 2012)
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Carbon nanotubes in natural waters

CNTs unable to be stabilised in natural waters

Partially stabilised at high TOC (>16 mg/L) after
vigorous agitation

Some anionic and neutral surfactant-facilitated
CNT suspensions are stable (Lin et al. Env Pollut, 2010)

Heteroaggregation with natural colloids is major pathway for
CNTs in aquatic systems

Need for the development of novel and more accessible
experimental techniques for the study of heteroaggregation
between NPs and other colloidal particles (chen et al. Env chem, 2010)

Nanomaterials in soils

Aggregation of CeO, and soil colloids

Counts

0.90 1.80 2.1 160 450 5.40 B30
Xray energy (keV)

TEM image of a CeO,NP aggregate EDS spectrum of the aggregates shows
in 0.45 um filtrates of soil spiked peaks of Al, Ca, Fe, K, and Si that
with 12.6 mmol/kg CeO,NP suggest that the aggregates also contain

natural colloids

Cornelis et al., ES&T, 2011

I
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Degradation/transformation of nanomaterials

Abiotic degradation
Hydrolysis — few data

Metal oxides not affected but maybe coatings are
C60, CNTs might react slowly, adding -OH or -COOH
Photodegradation — data needed
Metal oxides not affected but maybe coatings are
C60 rapidly degrades in sunlight, t;,; = 20 h unknown products (Hou and Jaevert ES&T2009)
CNT possibly similar
Oxidation/reduction
Nano CeO, - CelV/Celll mixture in nanos — increased CelV with added humics
Biodegradation
Effect on coatings
Polymer coatings (PEO)on NMs can be degraded by microorganisms (Kirschling et al. ES&T, 2011)

Carbon-based materials might biodegrade - testing needed

. ©
Sedimentation of nanomaterials

Sediments are ultimate repository of nanomaterials in aquatic
systems
But they are mostlikely not present as nanoparticles

Binding to sediments (sorption isotherms)
C60 and CNTs expected to bhind to NOM in sediment

Bioaccumulation from sediments

ONano-Ag

-
= =

In polychaetes, CNTs accumulate around gut § ™ lneness”
lumen but no uptake into gut tissues ‘; .
- simply voided (Galloway et al. Env Pollut 2011) % : e
i 4
Silver bioaccumulation in polychaetes 3 ] .
No other nano studies reported " Concenationn Ago v s

(Conget al. Aquat Tox, 2011)
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Bioaccumulation of nanomaterials

Bioaccumulation
Nanomaterials

. Direct Uptake ‘
..-: I"l
~

.'_-: + P s Food Chain Uptake

. i !?__ .Q e _' -
Algae Surface adsorption — (Zhu et al. J Nanopart Res, 2009)

N

Bioprocessing (Hull et al. ES&T, 2011)

Direct Uptake l

Excretion (biodeposition)

Is bioaccumulation of nanoparticles different to that of dissolved forms?

I O
Some bioaccumulation findings

Gold NP uptake in clam (Corbicula fluminia) limited to digestive tract with
excretion (changes in shape and size) (Hulletal. £5&T,2011)

CuO uptake in mussels (Mytilus galloprovincialis) in digestive gland but
‘Trojan horse’ delivery of Cu?* (Gomeset al. ES&T, 2011)

H

CeQ, uptake in fish, snails, but fast elimination

High snail uptake from surface sediments

(Zhang et al. Chemosphere, 2011)

BEEEE82888

i T~

. . i
More studies needed to determine uptake pathways§ A N
and mechanisms and sites of accumulation § Sy
™ thhﬁ_._.

0 s W0 1% H0 2/ W0 M0

Time, h

I
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Nanomaterial fate in wastewater treatment

Removal efficiency
90-97% efficiency for <100 nm particle removal (Mueller and Novak, £5&T, 2008)

Measured TiO, removal 82 £ 21% for 10-50 pg/L in effluent (ciseret al,, £5&7,
2009)

Surfactants prevent aggregation

Activated sludge isotherms?

Transformations

Fullerenes aggregated and removed (kyungand Kim, ES&T, 2009)

Before reaction with HS-  After reaction with HS

CNTs , quantum dots?

Silver sulfidation to Ag,S in S-rich

environments — detected in sludge [*
Initial Ag-NPs

100 nm

(Kim et al. ES&T, 2008)
Levard et al. ES&T, 2011

Ag* released: ~ 2% <0.3%

I

Toxicity of nanomaterials to sewage bacteria

Ag, TiO,, ZnO, C60 and CNTs have all been shown to be toxic
to activated sludge bacteria

Possibility for compromised bacterial activity in WWTP,

resulting in the discharge of partially treated chemicals
[(Musee et al. J Environ Monit, 2011)
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Nanomaterial exposure assessment

Models of exposure in waters (soxall 2007; 0’rien and Cummins 2009, 2010, 2011;
Gottschalk et al. 2011)

Attempt to consider life cycle and environmental fate
Usually black-box semi-quantitative and subjective
Based on best available data

Kinetic model of agglomeration has difficulty with NOM-NM interactions
(Arvidsson et al. HERA, 2012)

Apart from accidental spillage, effluents from wastewater treatment plants
were predicted to be the largest source of NMs

TiO, 1-10 pug/L; Ag 10-100 ng/L; CeO, 0.1-1 pg/L
Need to populate models with environmentally relevant data

I O
Fate-based ecological risk assessment

In freshwaters
Based on PEC/PNEC ratios

TiO, 1-10 40 Batley and McLaughlin, 2008
CNT <0.1

Ag 0.03-0.3 1 Mueller and Nowack, 2008
CeO, 0.1-1 3000 O’Brien and Cummins, 2009

Too early to develop PNECs for soil exposures as most experimentation
was conducted under non-relevant conditions

Sludge to land may need assessment
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Research needs for nanomaterials in waters

W= well studied; M= moderately studied; L = limited data

Fate topic Synthetic Natural Research needs
solutions waters

Solubility Product specific studies

Aggregation W L Modelling behaviour in natural waters

Photodegradation L L Data gap but minor issue

Biodegradation L L For carbon-based NM and coatings

Bioaccumulation L L Food chain studies (uptake pathways)

Sediment behaviour L L Assumed low bioavailability?

WWTP fate - M Need to better define discharge
concentrations

Exposure data - L Life cycle studies; realistic field data

Risk assessment L L Needs effects data

New materials L L Consumer products; semiconductors;

I O
Overall findings and research needs

Need for improved fate studies in natural water, sediment and
soil systems that are realistic and environmentally relevant

Avoiding possible artifacts of high concentrations

Need for more toxicity testing to better define no effect
concentrations

Minimal environmental risk from engineered nanomaterials
with current usage

May change if there is widespread usage

I
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Thank you

CSIRO Land and Water

Graeme Batley

Chief Research Scientist

t +61 297106830

e graeme.batley@csiro.au
www.csiro.au/lorem

CSIRO LAND AND WATER
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Session 2: Environmental Toxicity and Fate of Manufactured Nanomaterials — Compartment Water

Stimulus Presentation
Degradation/Transformation of NM

Jed Costanza, Ph.D.

US EPA Office of Chemical Safety and Pollution Prevention
OECD Expert Meeting on Eco-toxicity and Environmental Fate
January 29, 2013
costanza.jed@epa.gov

Office of Chemical Safety and
Pollution Prevention (OSCPP)

= Protect people and the environment from potential
risks of chemicals through:
= Toxics Substances Control Act (TSCA)

» Evaluate safety of "new chemical substances” before
they enter into US Commerce

» Maintain TSCA inventory of chemicals in US Commerce
= Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
» Pesticides to be “registered” before being sold in US

» EPA must find that use “will not cause unreasonable
adverse effects on the environment” — the safety
determination
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Nanosilver Registration

= EPA conditionally registered nanosilver product “HeiQ
AGS-20" on December 1, 2011

= First and only pesticide registration known to contain
nanosilver or nanomaterial

= EPA used available data and conservative assumptions to
evaluate the risk from exposure to textiles treated with
nanosilver

« Potential to reduce amount of silver in textiles

= Granted a conditional registration for AGS-20 as a textile
preservative while requiring generation of new data over a 4
year time period and occupation protection measures

AGS-20 Exposures

Nanosilver-Silica Composite |
= Nanosilver sintered to SiO,
= 1,000 nm overall diameter Required New
- " Risk Assessment

[]
*.*. '+ * Nanosilver — 1 to 10 nm (avg)

tye and in the 50 nm range
L] _J
Agt Ad’ . .
pe Ag AT N Existing Risk
©° “ae Ac IOnic silver
M AT Assessment

%%, (See Egger et al. Appl. Environ. Micro. 2009, 75:2973 for AGS-20 details)
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Required Tier I Data for AGS-20

Physical Ecological Effects

Characteristics

» Avian Acute Oral Tox

+ Aquatic Invertebrate
Acute Tox

* Fish Acute Tox

* 90 Day Inhalation

+» 90 Day Dermal Tox

+ Modified
Repro/Developmental Tox
Screening Test

» In vitro Micronucleus Assay

+ Particle Size
Distribution
» Surface Area

Release

Nanosilver

No

Characteristics

or AGS-20 No Further Testing

Released?

» Dissolution Kinetics

» Textile Leaching Study
» Attrition Study

» Applicator Inhalation
and Dermal Exposure

SXED STy
o )

Tier II Testing

ANOUANy
5 .
¥ agenct

%, gt
& <
AU prote

Tier II Data if Nanosilver Released from AGS-20

Physical
Characteristics

Ecological Effects

» Particle Size
Distribution

» Surface Area

= Zeta Potential

» Modified Aquatic Food
Chain Transfer

» Terrestrial Plant Tox

» Aquatic Plant Growth

* 90 Day Inhalation

+ 90 Day Dermal Tox
+ Modified
Repro/Developmental Tox

» UV-Vis Screening Test

» Algal Tox ; ;
« In vitro Micronucleus Assay

+ Chronic Effects on
Sediment Dwellers

J

Environmental Fate

» Rate of Deposition

» Activated Sludge Isotherm

» Adsorption/Desorption

+ Soil Column Test

» Sludge Respiration Inhibition Test

(VED STy
. o ’a:,l

ﬂn‘]“MNJ
o
¥ agenct

&

L
4, A
"ai prove 5
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Testing Proc__:J ress

= Testing must be completed by dates given in an
enforceable schedule

< Product Testing /s
UV-Vis spectra

Solubility

Product Characterization{ s, ~_
Surface area :‘t%
Particle size and size distribution = ™=/

Release Characteristics ¢
Dissolution Kinetics
Textile Leaching Study
Attrition Study
R Applicator Inhalation and Dermal Exposure

Dissolution Kinetics

Ag-NPs freshly synthesized —+>Ag-NPs in the environment

Lab. Species 0, i e O Env. Species
Nanosilver
Ionic Silver

Ag,S0, ? Kinetics ? Naf:‘OSI!Ver
Ag*, solubility s Ionic Silver
Silver Phosphate

Thiols, K=10%2

A Silver Chloride
Silver-NOM

Initial organic coati

Affect stability and tox
i How NOM affect the

stability of Ag,5 ?

E Shol Medium-term  Long-term

«=,  Image Source: Levard et al. £nviron. Sci. Technol., 2012, 46:6900
4 % Focus Issue: Transformation of Nanomaterials in the Environment
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Dissolution in Aqueous Suspension

= Rate at which nanosilver transforms into ionic silver in
aqueous suspension

= Increases with decreasing pH and increasing temperature (Liu
and Hurt, Environ. Sci. Technol.,, 2010, 44, 2169)

« Decreases with increasing diameter (zhang et al. Environ. Sci.
Technol,, 2011, 45 4422; Ma et al., Environ. Sci. Technol., 2012, 46, 752)

» Follows first-order kinetic model (Liu and Hurt, £nviron. Sci. Technol.,
2010, 44 2169; Lee et al., Environ. Toxicol. Chem. 2012, 31, 155)

= Rate at which nanosilver composite transforms to ionic
silver in agqueous suspension

= Immediate fast ionic silver release followed by prolonged slow
release (Sotiriou and Pratsinis, £nviron. Sci. Technol, 2010, 44, 5649)

Dissolution Kinetics Protocol

Flask with 0.5 mg/L nanosilver (~ 60 bill particles)

Rate and form of silver released in:

= deionized water,

= natural river water,

= and moderately hard reconstructed water.

Darkened temperature controlled chamber on a flatbed
shaker at 150 rpm
= Experiments conducted in dark because nanosilver not likely
to be exposed to sunlight after reaching wastewater

treatment facilities or after discharge to water bodies
(sediment bound)
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Dissolution Kinetics Protocol (cont.)

= Sample collection frequency to determine kinetic
model or time to 50% dissolution

= Sample Fractionation

= Collect sample through 0.45 pm filter for 450 to 10 nm
particulate fraction

= Filter half of sample through 3 or 10 kDa ultrafiltration
membrane for ionic silver fraction

= Analytical
ICP-MS for Total Silver Required
Ion Selective Electrode (ISE) for Recommended
ST ionic silver fraction
0 UV-vis spectroscopy Recommended
ﬁ vy - Particle Size Distribution Required if Detected 10

Biodegradation of Fullerenes

= Fullerenes unlikely to pass ready biodegradability test
= 0% degradation for SWCNT, DWCNT, MWCNT, MWCNT-
COOH, €60, and C70 in OECD 301D — Closed Bottle Test
(Kimmerer et al. Chemosphere, 2011, 82:1387-1392)
s Fullerenes may degrade during inherent
biodegradability test

= SWCNT and MWCNT were degraded by horseradish
peroxidase when hydrogen peroxide present (Allen et al. Nano.
Let.,, 2008, 11:3899; Zhao et al. J. Phys. Chem. A 2011, 115:9536)

= (60 degraded by ligninase enzymes (Schreiner et al. £nviron. Sci.
Technol. 2009 ,43: 3162)

e
"4 e
L pRoT 11
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CIosinc__:J

= Environmental Fate methods are highly dependent on
Physical-Chemical characterization techniques, for

example:
= Particle Size Distribution

= Surface Area
= Zeta Potential
= UV-vis
= Ion Selective Electrode (ISE)
= EPA believes establishing robust physical-chemical
characterization guidelines is key to robust fate and
ecotox guidelines

&
"
L pROY 12
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“ fj_s.photos#e&er.ébm >
right Eric Engbretson

Introduction

e Bioaccumulation, often in fish

¢ Bioconcentration factor (BCF), measure for bioaccumulation

Legislation B vB species

REACH >2000 =>5000 aquatic organisms
GHS >500 - fish

UNEP (Stockholm Convention) >5000 - aquatic organisms

e Test guidelines:
- TG 305: Bioaccumulation in fish: Aqueous and dietary exposure

- TG 315: Bioaccumulation in sediment-dwelling benthic
oligochaetes
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Measuring bioaccumulation

e 2 methods: [c ]
1) Rate constants ratio (kinetic) BCF = 1t = = organsm7
2) Concentration ratio (steady state) [Cuerer]

[oe)

Uptake & Depuration concentration

1.2
1.0 !
5 0.8 /f_ . \ —— organism
- / I \ — water
.
€ 0.6 = steady state
Sos l’l ! \\
[=]
% 0.2 4
nnl\L
0 7 14 21 28

days

Fate and Behaviour | 30 January 2013

Revision of OECD TG 305

Published on October 2, 2012: o N
dx.doi.org/10.1787/9789264185296-en s o
‘Major’ changes e
- Inclusion of a “minimised” aqueous method | - o
- Inclusion of a dietary exposure method = i
- Introduction s
'Minor’ changes ',:M*
- Fish size and growth - B —————
— Solubility and use of solvents ==
- Fish lipids R -
- More focus on kinetic BCF o

4 Fate and Behaviour | 30 January 2013
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“Minimised” aqueous method

Uptake & Depuration concentration
1.2

1.0

c

Sos yauli q —fish |

® / \ — water

€06 1

g

c 0.4 A 1

5 ,, —0—0—0—0—@
e
0.0 & ‘ . . -

0 7 14 21 28
days

e Minimised set of sampling points
¢ Kinetic calculation of BCF

Fate and Behaviour | 30 January 2013

Dietary Exposure Method Uptake & Depuration
o concentration
e Kinetic approach 12
0 I S—
e Sampling in depuration phase only 08 / 9
£ 0.6 {
Joa
¢ Assimilation efficiency (a) calculated from: 502 / 'h
- depuration rate constant (k) 0.0 e
- fish concentration at end uptake (C 4) 0 7da.,s 14 2L
- food concentration (Ciyoq)
- feeding rate _(I) Cou- K, 1
- uptake duration (t) o= I.C, 1-e%

o Ixa=wmk
Ixa

e BMF corrected for food/fish lipid and growth BMF =

2

6 Fate and Behaviour | 30 January 2013
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Potential issues with nanomaterials in TG305 (1)

Aqueous exposure

* Most nanomaterials are not/poorly soluble in water

e Can stable suspensions be used in these tests?

e Sorption (to fish, suspended matter, walls of test vessels, etc.)
¢ Dissolution rate, aggregation, sedimentation

Dietary exposure
e Spiking of food (best method?)
e Stability of nanomaterials infon food?

Fate and Behaviour | 30 January 2013

Potential issues with nanomaterials in TG305 (2)

General issues
e Duration of the test

Sampling/dosimetry issues

e Analysis
- Measurement of substance/particle in water/food
- Measurement of substance/particle in test organism
- Is substance/particle bioavailable

e Aggregation/disaggregation

8 Fate and Behaviour | 30 January 2013



ENV/JM/MONO(2014)1/ADD

Potential issues with nanomaterials in TG305 (3)

Principle
e Passive diffusion of (organic) substances into (lipid) tissue
e (Ultimately) Thermodynamic equilibrium assumed

Uptake & Depuration concentration
1.2 1.2

|

1.0 1.0
H 0.8 f_ : \ —— organism | | 0.8 /\
B / I \ — water ’ / \
Eos — steady state{-{ 0.5
0.1/ | \\ or |/ N
9 0.2 4 3 0.2 4+~

0.0 . ‘ I . k 0.0 ‘ . . -

0 7 14 21 28 0o 7 14 21 28
days days

Fate and Behaviour | 30 January 2013

Other species more suitable for nanomaterials?

Mussels
- Nanoplastic in blue mussel

0,12 7
Egon- %%%%%%%%%%I
-
g‘; 01 { { {
E g 0.09 1 X Without M. edulis
- * With M. edulis
0,08 T T T r
0 2 4 6 8

Time (h)

Wegner et al. 2012, Environ. Toxicol. Chem.; DOI: 10.1002/etc.1984

10 Fate and Behaviour | 30 January 2013
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Other species more suitable for nanomaterials?
Daphnids

Uptake Depuration
: —+— 1.0mg L™ treatment

—a— 0.1mg L™ treatment

, in Daphnia
[=2]
o

(gkg™

based on Ti(IV) ions ‘

Body burden of nTiO
"~
o

0 . — T T ¥ + 4
0 12 24 36 48 60 72 84 96
Experimental time (h)
Zhu et al. 2010, Chemosphere; DOI: 10.1016/j.chemosphere.2009.11.013

Fate and Behaviour | 30 January 2013

Other species more suitable for nanomaterials?

e Mussels

¢ Daphnids

e Sediment species (benthic oligochaetes - TG315)
next session

12 Fate and Behaviour | 30 January 2013
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Other issues with different test species

e Is it allowed by legislation?

77 PAHs

6 1 - [
w2 . = A s - Fish
R 4 - —i1— — == Crustaceans
o3 - — & __|__ I -=- Molluscs

.# | b o —]

-] n = «un_ | =—BCF = 5000
=211 i i -

1 -

0 T T T 1

3 4 5 6 7
log Ko

Bleeker EAJ & Verbruggen EMJ, 2009. RIVM Report 601779002/2009: http://www.rivim.nl/en/Search/Library

Fate and Behaviour | 30 January 2013

Potential issues with nanomaterials in TG305

Principle
e Passive diffusion of (organic) substances into (lipid) tissue
¢ (Ultimately) Thermodynamic equilibrium assumed

Test setup
e Test duration

e Adding/maintaining compound in system (including water/food)
e Analysis of compound in water/food/organism (nano vs. hon-nano)

14 Fate and Behaviour | 30 January 2013
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Session 3: Environmental Toxicity and Fate of Manufactured Nanomaterials — Compartment Soil &
Sediment

Break out group on ecotoxicity
(compartment soil / sediment) — testing
and characterisation

Kerstin Hund-Rinke

Z Fraunhofer

IME

Ecotoxicology

Soil- OECD TG ... Sediment — OECD TG ...

.. 207: Earthworm (mortality) ... 218 Chironomids (reproduction)

.. 208/ 227: Plants (growth) ... 225: Lumbriculus (reproduction)

.. 216: Microorganisms (N-trans-
formation

.. 217 Microorganisms (C-trans- — Challenge for ecotox-testing:
formation) Application of ENMs

.. 220: Enchytraeids (reproduction) (soil / sediment composition)

.. 222: Earthworm (reproduction)
.. 232: Collembola (reproduction)
— Medium: Terrestrial testing - spiking of soil or feed
Sediment testing - spiking of water
— Procedure of spiking

— Characterization of exposure (bulk, pore water, ion
concentration)—» discussion tomorrow

Z Fraunhofer
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Aim of application of test guidelines

= Regulatory testing (— decision)
Characterization of ENM — environmental impact, labelling
Pragmatic test design (suitable for routine application)
= Academic testing (— understanding)
Environmental impact
Effect of different test conditions

— Consequences, e.g.

m Procedure of application
m Test concentrations

m  Which pragmatism is acceptable?

Z Fraunhofer

Ecotoxicology

Soil - OECD TG ... Sediment — OECD TG ...
.. 207: Earthworm (mortality) ... 218 Chironomids (reproduction)
.. 208 / 227: Plants (growth) ... 225: Lumbriculus (reproduction)
.. 216: Microorganisms (N-trans-
formation

.. 217: Microorganisms (C-trans-
formation)

.. 220: Enchytraeids (reproduction)
.. 222: Earthworm (reproduction)
.. 232: Collembola (reproduction)

— Medium: Terrestrial testing - spiking of soil or feed
Sediment testing - spiking t or water
— Procedure of spiking

Z Fraunhofer
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Spiking of soil vs. spiking of feed

Soil / Sediment Feed
= According to guidelines / = Simulation of exposure via
procedure established for feed
conventional chemicals "
= Homogenous exposure;
Pros no / limited avoidance

= Exposure can be quantified
= Test designis comparable for
all organisms

Z Fraunhofer

Dry application “soil vs feed”: TiO, (P25)

Eisenia andrei — number of offspring

60

40

20

Stimululation [%]

Application in soil Application in food

-20

| 050 mg/kg ®100 mglkg @200 mglkg |

= Spiked soil and spiked feed (cow dung) resulted in comparable effects
— Spiking should of soil be preferred. (?)

Z Fraunhofer
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Procedure of spiking: dry vs. wet

Dry spiking Wet spiking
Water Soil extract
Without dispers. | With dispersant
Pros | = High concentrations | = No interference | = High test = No
= No chemical concentrations chemical
substance as carrier = Stable dispersion carrier
— no toxic (natural
interference carrier:
= Homogeneity using HA)
soil or silica sand as
carrier
Cons | = Low concentrations | = High test con- | = Toxic interference
difficultto achieve centrations with dispersant
difficultto = Functionalization of
achieve (limi- the surface
tation: WHC,,,,.,
agglomeration)

Z Fraunhofer
IME

Dry spiking: spiking procedure

Following the procedure for water insoluble chemicals:

— mixture in a small amount of a solid carrier

— addition to soil

-_—
Z Fraunhofer
IME
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Procedure of spiking: dry vs. wet

Dry spiking Wet spiking
Water Soil extract
Without dispers. | With dispersant
Pros | = High concentrations | = No interference | = High test = No
= No chemical concentrations chemical
substance as carrier = Stable dispersion carrier
— no toxic (natural
interference carrier:
= Homogeneity using HA)
soil or silica sand as
carrier
Cons | = Low concentrations | = High test con- | = Toxic interference
difficultto achieve centrations with dispersant
difficultto = Functionalization of
achieve (limi- the surface

tation: WHC,,,,.,
agglomeration)

Z Fraunhofer

Application “dry vs. wet”: TiO, (P25)

100 Eisenia andrei — number of offspring

2580 Dry Wetapplication
é@o * in deioD. watei
§40 ||
£20 +— ||
5 0 T T T
50 100 200 10 20
mg/kg mg/kg mg/kg mg/kg mg/kg

= Dry application: concentration-effect relationship

= Wet application: increased effect 2 increased bioavailability
but: no concentration-effect relationship

= Comparable results for plants, microorganisms (N- and C-transformation)
— Dry spiking should be preferred. (?)
Exception: simulation of realistic pathways (?)

=

Z Fraunhofer
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Application “dry vs. wet (deion. water) vs. wet (soil

extract)”: Ag

Microbial N- Dry Wet

trans- . Eluate of a Eluate of a
formation Deion. water sandy soil loamy soil
EC50 — Day 3 nd 20.1 nd 17.3
[mg/kg] & (16.3 — 25.8) o (11.2 = 25.1)
EC50 — Day 8 10.8 141 11.5 9.1
[mg/kg] (7.7-13.1) | (10.5-184) (nd.-n.d.) (3.5-12.1)
EC50 — Day 22 7.2 6.1 9.2 nd
[mg/kg] (71-73) | (6.0-6.2) (8.5-9.4) &

n.d.: not determined due to mathematical reasons or inappropriate data
= No obvious difference between dry and wet application

= No obvious difference between suspension in deionized water / soil eluate

(sandy, loamy)

= Only due for ion releasing ENMs?
— lon releasing ENMs and stable ENMs should be treated separately. (?)

Z Fraunhofer

Dry application with a solid carrier “soil vs. silica sand“:

A
sgil microflora — nitrate formation rate

100 - Expt?rlmentl - Experlr}nentll
—_— | |
X 80 ;
5 60 !
3 40 i
£ 20 :
- . . m
o S ! o S N o & 3
0% L g D@,%'a“ ° 2% i@ 066’3’“
g\\\ | c_.,\\\ ;_;\\\ ;__‘\\\
$@ Lge Je N\Ce
|
100 mg/kg ‘ 10 mg/kg 100 mg/kg 10 mg/kg

= Ecotoxicological results reproducible

= Homogeneity proved by chemical analysis

= Bioavailability of NM: soil > silica sand
— Soil as carrier should be preferred. (?)

79
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Can we provide answers?

Ecotoxicology

Different procedures for different ranges of applications (regulatoryt. /

academic t.)
Matrix of spiking: soil / sediment vs. feed
Procedure of spiking: dry vs. wet
Wet spiking
without vs. with dispersant
aqueous solution vs. soil extract
Dry spiking: procedure of spiking
One procedure for all ENMs?
lon releasing ENM / stable ENMs
Coated ENMs / uncoated ENMs
Hydrophobic ENMs / hydrophilic ENMs

Z Fraunhofer
IME
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Break Out Group
Fate & Behaviour

Fate and behaviour
OECD 106, 312, 315 and 317

Thomas Kuhlbusch IUTA (Ger)

Stimulus presentations:

Jason Kirby CSIRO (Australia)
Anne J. Schneider RWTH (Ger)

Key topics

Mobility of NM in soils
Transformation of NM in soils

OECD Tests
- 106
-312

Decision Tree: filling third tree suggested this
morning by Break out group Eco-toxicology
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Summary of Fate & Behaviour for Soils

* Stimulus presentation Jason Kirby setting the
basis for the discussion

* Background for all soil related studies:
pathway / form of entry into the system

Recommendation: Review current guidance
related to e.g. waste water treatment,
nanofertilizers, nanopesticides.

Nanomaterial Overarching
issue

Dissolution Dispersion testing

Surface water =N Soil compartment

OECD OECD
OECD OECD 1067 3127
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Nanomaterial Overarching
issue

Dissolution Dispersion testing

Soil compartment

OECD OECD
315? 3177

OECD 312 not needed to be conducted if
no stable suspension can be produced; also see water session

OECD 315 und 317 —test will be pursued but it e.g. defines the way how spiking will be done

Recommendation:

Development of a consistent set of test guidelines
for Dissolution and Dispersion testing =
consequences for further testing in e.g. soil tests
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OECD 106 — Adsorption / Desorption

shaking over a specific time X

s not feasible for"n
New TG «000"?

OECD 106 i

e.g. centrifugation

Mixing ratio soil — testsubstance

Determination of the mass of the substance
in the supernatant after centrifugation /
filtration / time X

Summary possible new TG

* Aim: Indication of mobility,

benchmarking for expected environmental
mobility in soils

* Results: Enables assessments through ranking,
setting “reference points”

* Preamble on the use of this method essential
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Summary possible new TG (2)

* An approach was presented and discussed

« Several issues to be resolved e.g. “non-
equilibrium method, shaking time, filtration
vs. centrifugation, electrolyte, number
concentration, how to add NM....

Recommendation: May be evaluated as a new
test method. Needed evaluations have to be
conducted including on the use of the results.

OECD 312
* Generally applicable
* Specific preamble and b
recommendation should |
be added ¥

* E.g. definition on important
parameters for soil selection,
recommendation of a set of soil
types, size distribution
measurements before and
after penetration of the
column, NOM definition.......

« =» for regulative purposes =» average soils?
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OECD 312

-

Recommendation:
Amendment / Guidance on
the use of OECD 312 for
nanomaterials should be

produced Y JIN
e.g. no dry spiking - T

Open questions, remarks

* No big mobility of NM seen and to be
expected in soils

* Can/ shall we define extreme cases? Or shall
we define an average case?

* Test for remobilisation?

» Test for bioavailability? (e.g. extraction
methods?)

* Discussion on soils / sediments!
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Key topics

bioaccumulation of NM in soils
transport and fate testing in sediments
bioaccumulation in sediments

OECD Tests
-317
- 315

Decision Tree: filling third tree?

Overarching issues

Guidance on measurement methods for
different NM in different media = important
for consistency

Guidance on reporting of test materials and
procedures in more detail

Guidance on spiking - general advice but
decision on which method to apply also
dependent on the guideline
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Transport and fate testing in sediments

* Sediments are distinctively different from soils
in view of e.g. bioturbation, turbulent
transport (river), different NOM

* Still no specific missing guidelines were
identified

* The important points specifically related to
sediments are covered in e.g. OECD 315

OECD 315

(bioaccumulation in sediments)

* Generally applicable

* What do we learn? How do we use the results in
the regulative context?

* Body burden after a certain exposure period
- partitioning into tissue
- total body burden (skin, gut..)
both should reported

» Spiking: preferably wet sediment spiking =
reasons for dry sediment and water spiking

* BAF (see e.g. OECD 305 Annex 1) ongoing
discussion
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OECD 315

(bioaccumulation in sediments)

Recommendation:

Amendment / Guidance on

the use of OECD 315 for
nanomaterials should be
produced

e.g. data interpretation, spiking

OECD 317

(bioaccumulation in soils)

* Generally applicable

* Some points are not applicable for NM, other
have to be more specified

* Body burden after a certain exposure period
- partitioning into tissue
- total body burden (skin, gut..)
both should reported

* Spiking: Both, dry and wet spiking may be used in
view of different bioavailability, wet possibly for
better controlled size distributions
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OECD 317

(bioaccumulationin soils)

Recommendation:
Amendment / Guidance on
the use of OECD 317 for
nanomaterials should be
produced

e.g. body burdon, spiking ..
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Break out group — day one

- tired approach / decision tree

* First step: Tests for dissolution and
dispersability

» Second step: Tests agglomeration of NM in
suspension

* Third step: Tests biodegradation

— Specific (bio)degradation tests for coated NM
needed

* Fourth step: Tests abiotic degradation

Applicability, available techniques and tools, available knowledge
& test can be implemented

Still it is helpful to measure certain material properties, although we
might incorrectly address some nanomaterials due to inappropriate
methods

One nanomaterials alone might consist out of different fractions with
Different properties (size, shape, compositions, coating) = internal
heterogeneity
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Environmental behavior & fate testing
decision based, tired approach

1) Dissolution / dispersion [ aggregation

material dissolution
material dispersion -

pH4,7,9
w & w/o presence of NOM -
Sonication (to be specified) }
test supernatantafter 24h

pH4, 7,9
w & w/o presence of NOM/protein
filtration over 3 kDa (~ 1.3 nm)
filtration blank with dissolved material
In relevant concentration
filtration series to get kinetics

Organic C found abovex %_
(consider surface area)

Suitable TG for OD in NPs

no

(criteria)

yes
(criteria)

dispersion stability

’| caCl2 and Cas04

aggregation rate constants or
attachmentefficiencies or CCCs for

at defined number concentration
pH 4, 7, 9 and effect of NOM at CCC

Environmental behavior & fate testing
decision based, tired approach

2a) Transformation/fabioticdegradation
2b) biotic transformation

Determination of biologically accessible organic matter
Temperature gradient TOC measurement

No organic C found

- No suitable guidelineyet?

Abiotic degradationtesting
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Environmental behavior & fate testing
decision based, tired approach

2a) Transformation/fabiotic degradation
2b) biotic transformation

Abiotic degradation test for NPs

- UV light (intensity, duration)
- anoxic/ oxic conditions
- biodurability

tl t2
NP+ H20 . n —y  T3,t4, etc
m If > x% is dispersible
tl 12
Abiotic
physical _ Perform NP
degradation Characterization
NP + H202 or t1 n t2
HClO ——( —
Abiotic
oxidative + reducing conditions
degradation m + sulfidic environment
NP+hydrolase tl t2
— —_—
enzyme n
Biotic
hydrolytic

degradation ND-non-dispersible D-dispersible S- soluble

SS
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Break out group — day two —
bioaccumulation TG 305

* BCF is not applicable!!!

* The aquatic exposure is not applicable, no homogeneous exposure
can be guaranteed (heteroaggregation, attachment to the
organisms)

¢ Dietary as worst case scenario

* Measurement is still a challenge — until more sensitive methods are
available the background concentration compared to the
concentration in the exposed organism should be measured

* Exposure time might be the same, but we will not reach a steady
state

* Internalisation rate — useful ?
* In vitro tests for digestibility as pre-screening test

—> Annex to the TG for the testing of NM or
- New TG for NM
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Session 4: Final Plenary

@)

BETTER POLICIES FOR BETTER LIVES

Working Summary of Second OECD
Parallel Workshop on Ecotoxicity and
Environmental Fate

e Ienary: Protocol Devel‘opment- |

€ Significant progress in NM detection
methods for complex media at low
concentrations:
€ FFF; ICPMS more approachable in near term
€ NIRF and solvent extract techniques developing

® Development of rate constants for aquatic
fate modeling — in lieu of K, measurements:
# Dissolution, transformation, heteroaggregation
may be more important than homoaggregation and
attachment efficiencies
€ New Areas for Aquatic Toxicity:
® chronic toxicity: growth, reproduction,
@) It’ll“i:' el:leyge.ti.cs, new Iljate't'ia'ls, dlff SPP,
oeco WY environmentally realistic concentrats, ADME
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1st Plenary -- Protocol Development - Il

€ Modified 302B/ 310 biodeg tests
& Sludge sorption isotherm (non OECD guideline)

@ Dissolution kinetics for soluble metals (non
OECD guideline)

€ Development of models for fate in receiving
waters: need for WWT releases,
photodegradation, biodegradation, new
materials need to be tested — all @
environmentally-realistic concentrations

€ Need for data on fate of sludge-applied NMs
# Significance of pristine vs aged NMs

&) [

OECD nudihud

Aquatic Testing Protocol Development - |

# Focus initially on simpler/ fundamental protocols
that (1) have data & (2) impact # of OECD TGs

@ Decision tree approach: three tiers

@ Tier I: Preparation of stock/stem solutions for aquatic
toxicity and environmental fate (TiO2/NIST approach,
MARINA). Anchors stock characteristics before dilution for
comparability of results amongst tests; lessens unintended NP
damage; repeatable (std. equipment, energy, monodispersion)

# Stable suspension/size range for certain time

€ Protocols cover individuals nanomaterials, where NM data
already exist (TiO2, CNTs, Silver)

€ May need to do pilot runs to determine applied E needed,
stability with or without stabilizers (NOM, etc).

Consideration should be given to a Categories’ Approach

& [ 4
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Aquatic Testing Protocols - |I

@ Tier I1I: Preparation of Exposure Solutions:

€ Material properties will likely change on addition
to more complex exposure media

@ Accept more than 20% loss of NM during the test?

€ May need test solution replacement (vs flow-
through or agitation):

€ Run pilot to determine material loss (with or
without organisms present?)

® Consider alternative dosimetrics for varying
exposure (nominal concentration as worst
case; geometric mean; etc)

&) [

OECD nudihud

Aquatic Toxicity Protocols -- llI

 Tier III: Conducting the Test

— Media and particle specific decisions

— Dosimetry: Measurement of particle #, mass, & surface area in test
waters during the test (alreadyin GSPD): measure relevant NM
ions released; surface area metric may need further consideration

— Results from high exposure concentrations should be considered
in the context of more realistic (lower) environmental exposures

— Considertesting with NMs which reflect most likely
transformations after introduction into environment (species
resulting from ligand binding).

+ Link Eco testing results with fate testing results via media
preparation, elc.

&) i

OECD
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Aquatic Toxicity: Specifics — |V

» Algaltests

— Assay should be tested in advance for lack of interference due to
particle presence

« Particles confound measurement of algal cell counts/biomass

« Particles alter availability of photon energy (incr or decr. growth)
» Photoreactivity should be considered (ex, ROS generation)

» Material may affect nutrient availability (iron sequestration, etc.)

« Development of Categories should be considered
— Based on material (metal, metal oxide, carbon, ...)
— Based on MOA

— Common approaches to test methods, and predictive toxicity

&) [

OECD

Aquatic Toxicity V: Protocol Updates’ Process

 Decision Tree will be developed

« Decision Tree may become part of the GSPD
— Prefer to update sections of GSPD over time

— Greg Goss, Steve Diamond, Phil Sayre, Richard
Handy?

@)

sl
OECD I I"'

)
udibud
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Ecotoxicity in Soil and Sediment Species
+Test'data limited; OECD test protocols still applicable

+ Continue to move forward with both dry and wet spiking
of soils and sediments; use stock solutions as in aquatic
toxicity tests where feasible; advantages to both
approaches enumerated

Measurements of NM concentrations in soils/sediments
needed (mass measurements feasible for some parent
NM); soil and sediment pore water concentrations are
also important but tech probs. exist. Few on-line
measurement methods

Assessment of bioavailable fraction

Spiking of food, or spiking of sludge to add to soils

Consideration of different types of NMs

Consideration of different soil and sediment types/aging

Are we looking at the most appropriate endpoints?

@» F-ulml Guidelines are applicable to other organisms

OECD

Ecotoxicology: Detection in Soils/Sediments

Aggregation, soluble species, transformed species all affect bioavailability

Total Metal determinations: acid and aqua regia extractions possible for
Ag, but loss due to Cl- spp; backgr metals; radioisotopes effective

EM+EDX (material specific) & EELS (redox specific) for bulk soil anal.
— EM only useful to understand shape/agglomeration size; cautions on artifacts
—  Apply EM after initial screening to decrease labor? Develop Tiered approach in genl
— EDX & EELS more academic application now (-> FFF-Single particle ICP-MS)
— Alternative scrn approaches: X-ray powder diffraction (bulk) & XBS (speciation)
Separation Techniques:

— Pore water separation via filtration (consider attachm. to filters): interpretation of
results difficult; regulatory utility

— Centrifugation: better recovery, but filtration more convenient
Soil pore water analysis: ICPMS + FFF vs. Single particle ICP-MS

— Advantages & disadvantages outlined; may not be readily available methods

— May be more relevant for some organisms depending on exposure mechanism

— NEED: No good correlation between pore water burdens and organism effects
Amountin organism likely key for regulat. purposes; but understanding

state of NPs in soils/sediments is critical to inform overall results
il

I I | Guidance ( vs new protocol); consider regulatory needs
OECD hifhvzt

10

99



ENV/JM/MONO(2014)1/ADD

Environmental Fate Protocol Development - |

Fate and Degradation (Water)

@ Develop a decision tree beginning with dispersion and
dissolution (pH, NOM etc.) — tiered approach

- also necessary as first steps before sediment /
soil testing

€ Current OECD Dissolution TG not applicable
@ Detect dispersion stability (aggregation rate constants...)

@ Biodeg TGs basing on Oxidation of organic carbon only
applicable in few cases (other methods needed to detect
biodeg of organic coating)

@ Abiotic degradation (hydrolysis, photodeg (TG 316,
biodurability....)

@ Pretreatment scenarios (H20, UV, oxid., enzym., red.(?))

S n

OECD l-’l »

Environmental Fate Protocol Development -l

Fate — Bioaccumulation (Water)
€ BCF approach of TG 305 not applicable — no partitioning

@ Dietary exposure (worst case?) in OECD 305 applicable
but often no equilibrium reached > BMF cannot be
determined

€ Uptake rate? — NM may be only attached not
incorporated > Internalization rate?

@ Problems with analytical detection in particular in
tissues

€ In-vitro tests as pre-screening?
@ Research necessary on uptake of NM by filtering
organisms (mussels, crustaceans)

@) i

OECD h%hE
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Environmental Fate Protocol Development -lli

Fate — Adsorption / Desorption (Soil/Sediment)

€ Adsorption /desorption directed by porosity, charge,
NOM (not organic carbon content)

€ Mobility of NM in soil is expected to be very limited

€ Necessary to determine size distribution of applied and
eluted NM

@ Application of dispersion more preferable than dry
spiking
€ OECD 106 should be replaced by another test for NM

€ OECD 312 is generally applicable (preamble/ guidance
necessary)

@ If not dispersable = not necessary

s

OECD l-’l »

Environmental Fate Protocol Development -IV

Fate — Bioaccumulation (Soil/Sediment)
€ OECD 315 and 317 generally applicable

€ BAF is appropriate endpoint

@ Specific guidance needed

€ Wet spiking mostly preferable (may be reasons
why not)

@ Test purged and unpurged worms

@) i

OECD h%hE

101



ENV/JM/MONO(2014)1/ADD

Environmental Fate V: Protocol Updates’ Process

Develop guidance document for OECD 305
(dietary exposure of NM) — technical
adjustments — endpoints to be determined

Develop a tiered approach to determine fate of
NM in Water (decision tree) as guidance
document

Develop a guidance document for pretreatment
scenarios (Change of NM characteristics in
environment)

Develop new adsorption test replacing TG 106 as
>}>)re-test for TG 312 (?)

15
OECD ‘I'

Environmental Fate VI: Protocol Updates’ Process

« Develop guidance for nanorelevant aspects of TG
212

« Develop guidance for nanorelevant aspects of TG
315 and 317
« Develop

@)

OECD



ENV/JIM/MONO(2014)1/ADD

2Md Plenary: Commonalities in Ecotox & Fate |
(Water)

Decision trees to move forward from regulatory perspective
acceptable; should factor in knowns and unknowns, uncertainties

Dosimetrics & regulatory needs: massrequired, surface area, #
concentrations, ion concentration also should be reported where
avaiable; indiv. regulatoryneeds should be considered (REACH,
Other Country specifics)

Media prep between Ecotox and Fate should be similar where
feasible — at least same stem solutions

Bioaccumulation via feeding studies assume that the particle has
limited solubility.
— Considerrate constant for accumulation on external prey
organisms for food chain + digestibility test for predatory
species—> feeding study in tiered fashion?

@) 4

OECD

2nd Plenary: Commonalities in Ecotox & Fate
(Water)-- |l

« Use of NOM/other natural dispersants where
dispersants are needed

+ Stem solutions: do we prescribe a level of polydispersity?

— Goals are consistency and repeatabilty: stable so that
same amount goes to replicates per volume of stock

— Polydispersity may uncouple the standardization
across tests for ecotox and fate

Protocols for Ecotoxicology and Fate of NMs may
vary due to physical-chemical properties of
individual materials

@) i

OECD I
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3rd Plenary session

Analytics may further develop and become cheaper /
better available
Spiking should be similar in ecotox and fate tests —
wet spiking of soil and sediment mostly favoured
but there are cases where dry spiking is justified
Selection of soils: artificial soil vs. sandy natural soil
— 3-5 different natural soils should be selected and
characterized.
Bioavailability : no general approach? Needed?

« Aging in soil

s

OECD l-’l »

Next Steps

« Workshop Summary and Process

— Rapporteurs and Session Chairs provide summary
information to Secretariat who will compile the
Workshop Draft

— Contributions as pdf files will be available
— Report to WPMN 11
» Additions to the GSPD as draft annexes
— Aquatic Toxicity Tiered Approach
— Others??
« Commitments on Protocol Development
= 959

« A Sincere Thanks to all Attendees and the Organizers ©

@) i

OECD h%hE




