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1. Summary

This Report concerns the Environmental Fate and Ecotoxicology Meeting held on 22" September 2011 at the
Natural History Museum in London, UK, organised by the EU FP7 projects: NanoFATE, ENNSATOX and
NanoReTox and Chaired by Claus Svendsen (NanoFATE Coordinator) as part of the EU NanoSafety Cluster
(NSC). Reportage was done by Karen Steenson and Dave Arnold of ENNSATOX.

A diverse group of attendees/representatives with interests in ecotoxicology from across Europe including:
Belgium, Denmark, Ireland, Italy, Netherlands, Portugal, Spain, Sweden, United Kingdom; and from the United
States attended the meeting with participants representing other interested NSC members, academia,
government and regulatory authorities, and industry.

The meeting covered the following themes:

1 Introduction to FP7 NanoSafety Cluster Projects with an Environmental Context: What aspects does
each project cover?

1 Environmental Load and Fate Assessments: Current knowledge and issues faced in estimating nanopatrticle
sources and predicting realistic environmental concentrations.

1 Ecotoxicology and Characterisation in experimental work T Techniques review: Experiences so far in
terms of preparing, maintaining and characterising realistic nanoparticle exposures in environmental media. Is
there a minimum set of characterisation needs?

1 Characterisation of NP in Environmental matrices and tissues: Characterisation techniques applicable for
nanoparticles in environmental matrices and tissues.

1 End users/stakeholders session i needs & wishes: What do industry and regulators require from the
research community?

The conclusions of the meeting were as follows:

Needs for better understanding characterisation, behaviour and resulting effects on organisms of NPs in
environmental matrices:

1 There is an urgent need to define and agree on what is meant by nano. Standardisation is still an issue.
How are particle modifications such as aggregation and agglomeration taken into account?

1 Given the technical difficulties of addressing the presence and state of ENPs in environmental matrices

(e.g. soils) should monitoring of their presence be purely in physical terms, or could surrogate assays

measuring their nanoparticle specific functional properties and activities (e.g. photo-reactivity) be a usable

alternative?

Understanding bio-membrane interactions: modelling is the future: virtual nanosensor.

How should toxicity of ENPs be expressed? Investigate raw particles vs. complexed, agglomerated,

coated, aged, etc.

1 An increasing use of tracers could be helpful to understand fate and toxicity processes, e.g. stable
isotopes to identify the nanoparticle/material in matrices.

1 Further understanding is required as to how environmental matrices influence speciation and fate and
behaviour of nanomaterials: pH, dissolved organic matter, soil type, water chemistry etc.

1 Do we understand enough about the lifecycle and time lines of ENPs in the soil i read across from
aquatic studies appear to be difficult due to inter-reactivity of ENPs with natural colloids and solid
components?

1 What are realistic environmental concentrations i here fate and behaviour modelling is a valuable if not
the only tool (some measurement needed)?

1 Duration of effect tests previously based on timings of traits and reproductive cycles in test species needs
to be reconsidered and include the temporal scales involved in ENP fate (i.e. if ENP dissolution takes >3
months to present max exposure then a 28 day test will underestimate exposure, effect and risks).

1 There is a need to determine potential for effects on human health and environment and link this to better
exposure characterisation. More work on bioavailability, trophic transfer, organism life histories in relation
to exposure; routes of exposure; what the organism really sees.
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Regulation of Nanomaterials:

1 Progress has been made in effects assessment, but is less well advanced in exposure assessment.

1 Is there an issue regarding human health and environment? Predicted environmental ENP concentrations
compared to both previous environmental loadings seen and Predicted no-effect concentrations (e.g. the
case of silver used over the years and recent work on cerium dioxide).

1 Science outputs mismatch with regulatory needs to legislate: improved communication is required both
ways.

1 Will standard tests (OECD) be appropriate? What are the minimum modifications needed to make them

nano applicable? To what extent are standard tests the best research tool?

Where is risk assessment in the regulatory process? Should exposure be examined and regulated first?

In order to assess risk we need to know how much nano is used in what product types, how much is

released and where it ends up. Improved support and openness from industry is needed to provide data.

=A =

What are the solutions?

1 Itis important that stakeholders work together to ensure innovation, exploitation and commercialisation of
nano products within the boundaries of acceptable risk to human health and environment.

T I mprove education and under s toavid a 6O Fdnkersteimfood 6typpy c on
reaction. Thoughtful dissemination of nano issues in the media is required.
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2. Introduction

This report concerns the Environmental Fate and Ecotoxicology Meeting held on 22M September 2011 at the
Natural History Museum in London, UK. The meeting was held in conjunction with the 6™ International
Conference on the Environmental Effects of Nanoparticles and Nanomaterials, The Royal Society, London,
19"™-21% September 2011.

2.1 Aim

The meeting was organised by the EU FP7 projects: NanoFate, ENNSATOX and NanoReTox and Chaired by
Claus Svendsen, Coordinator of NanoFATE, with participants from all three projects taking part in subsequent
presentations and discussion. Reportage was done by Karen Steenson, ENNSATOX Project Manager and
Dave Arnold (SETAC), ENNSATOX Dissemination Work Package Leader.

Much work has been carried out in the area of safety testing and hazard assessment of engineered
nanoparticles (ENPs) and engineered nanomaterials (ENMs) in human health with relatively little being done
to address safety and hazard of these materials in aquatic and soil ecosystems. This is being addressed by
European-funded FP7 projects. Therefore the aim of this meeting was to bring together the Environmental-
Related Projects of the NanoSafety Cluster (NSC) to discuss issues of common interest and further address
this shortfall.

The following areas were addressed:

1 Introduction to FP7 NanoSafety Cluster Projects with an Environmental Context: What aspects
does each project cover?

1 Environmental load and Fate Assessments: Current knowledge and issues faced in estimating
nanoparticle sources and predicting realistic environmental concentration.

1 Ecotoxicology and Characterisation in experimental work T Techniques review: Experiences so far
in terms of preparing, maintaining and characterising realistic nano exposures in environmental media. Is
there a minimum set of characterisation needed?

1 Characterisation of NP in Environmental matrices and tissues: Characterisation techniques
applicable for nanoparticles in environmental matrices and tissues.

1 End users/stakeholders session i needs & wishes: What do industry and regulators require from the
research community?

2.2 Meeting Format and Attendance
Workshop attendees were invited to represent:

1 EU Nanoparticle projects that include work estimating the fate and effects of nanomaterials in
environmental organisms and their environments;

1 Key US Environmental Nano-ecotoxicology and environmental fate projects; and,

1 Regulatory and industry end-user community.

The result was a diverse group of attendees/representatives with interests in ecotoxicology from across
Europe including: Belgium, Denmark, Ireland, Italy, Netherlands, Portugal, Spain, Sweden, United Kingdom;
and from the United States. Participants represented other interested NSC members, academia, government
and regulatory authorities, and industry.
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The final agenda is summarised in Table 1 and found in Appendix I, whilst the participants list can be found in
Appendix II.

Table 1: Workshop Agenda Summary

Introduction: FP7 NanoSafety Cluster Projects i the Environmental Context (Meeting Chair: Claus
Svendsen, Coordinator, NanoFATE)

Session i Policy needs & environmental load and fate (Chair: Claus Svendsen, NanoFATE standing in for
Rudolf Reuther, Nanosustain & Nanovalid)

Lucy Gilliam (Defra, UK) gave a presentation on policy i shopping list of needs and wishes, from a UK
policy perspective.

Andrew Johnson (NanoFATE) i what do we estimate is going to waters and soils, and problems faced
in doing this including national and European wide assessments of predicted environmental
concentrations.

Discussion

Session 1 Experimental fate and ecotoxicology and characterisation needed 1 techniques used and
experience review (Chair: Teresa Fernandes, Marina & QNano)

Jason Unrine (CEINT i University of Kentucky; and TINE) i The US experience in ecotox tests till now i
with focus on advanced characterisation

Nico van den Brink (Marina & NanolmpactNet) i what characterisation is needed. What is possible, and
what are the questions ecotoxicology still has?

Discussion

Session i Characterisation of NP in environmental matrices and tissues (Chair: Martin Hassellov,
NanoFATE & Marina)

Iseult Lynch (QNano) i What is possible and what can be accessed in QNano?

Andrew Nelson i ENNSATOX: What is possible (New technology developed in EU projects such as
ENNSATOX) and what may soon be possible? Is a holistic model achievable?

Discussion

Session i End-users/Stakeholders i needs and wishes? (Chair: Richard Owen, University of Exeter)
Panel Discussion
Dave Arnold (ENNSATOX) i Summary - Way Forward

Preliminary presentations in each session were intended to set the scene and encourage discussion from
participants to identify gaps in the study of the ecotoxicity of ENPs and ENMs. The findings are reported
below.

3. Presentations
3.1 Representative NSC project presentations - the Environmental Context

1 Hinamox (David Sanz)
0 8 participants from 6 countries in 3 continents
o Concentrates on examining toxicity of metal and metal oxide NPs on biological systems.
o Looks at behaviour, fate, bio-persistence, bio-kinetics, exposure and behaviour of NPs; fabrication
& characterisation of NPs; uptake/ distribution/ release in vivo; NP interactions with cellular/non-
cellular systems.
1 Marina (Janeck Scotts-Fordsman)
o Starts November 2011, 4-year integrating project; 47 scientific and industrial partners from across
Europe/World; coordinated by Lang Tran, Institute of Occupational Medicine, Edinburgh; kick-off
meeting, 16-18 November 2011, Rome, Italy.
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o Aim to develop reference methods/tools for managing risk of ENPS/ENMs - materials
characterisation, exposure, hazard and risk in human health and the environment.

o Will also develop risk management strategy including monitoring systems and measures for
minimising massive exposure via explosion or environmental spillage.

o 50:50 work balance between human vs. Ecotoxicology, but more budget for human health

o Will interact with the other large NSC projects: Nanovalid; QNano, Nanodevice and Nanofutures.

1 Nanopolytox (Margrethe Winther-Nielsen)

0 Runs: 1st May 2010-30th April 2013, 8 partners, coordinated by Socorro Vazquez-Campos,
LEITAT Technological Centre, Terrassa (Barcelona), Spain.

o0 Toxicological and ecotoxicological investigations of raw and aged nanomaterials

o Ecotoxicity studies (Fish embryo toxicity in vitro 1 draft OECD FET test), Collembolan
reproduction (in vivo i OECD 232/ISO 1267)); Fate studies (Fish dietary bioaccumulation study,
Adsorption/desorption, Transformation in water/sediment, Transformation in soil)

NanoFATE, ENNSATOX and QNano are described below.

3.2 Policy needs & environmental load and fate (Chair: Claus Svendsen, NanoFATE in place of Rudolf
Reuther, NanoSustain & NanoValid)

Lucy Gilliam (Defra, UK) i UK policy needs and perspectives i shopping list of needs and wishes

Needs were:

1 Definition of nano!

1 Detection methods - in air/soil/water.

91 Criteria to distinguish between particles and materials and natural / engineered/ intentionally released

1 Lifecycle analysis tools for industry & regulators.

1 Fill data gaps - still gaps and fragmentation i studies are contradictory i research required to overcome

these has not been captured.
1 Good communication.
1 Regulation must be based on better understanding, evidence-based.
1 There must be international action and information sharing i UK wants to play key role.

Issues arising from discussion

1 Standard tests may miss effects: design of methods and exposure mechanisms important, e.g.
feeding/not feeding; water being static/moving 1 previous problem chemicals (e.g. DDT, TBT) in
environmental field have been picked up by epidemiology NOT risk assessment using standard tests 1 we
might expect the unexpected again.

1 How much nano material is on the market and how much is used? E.g. variability of nano-silver in clothing
and what comes out. Difficult to get information on ENPS/ENMs from Industry 7 currently voluntary
reporting. Also issue of data confidentiality re: competitors. There was a need to work with Industry. Need
for more open dialogue and transparency. In the case of pesticides i the amount used every year was
basedonsal es and matched to farmerds use. Also PCB inven

T French Competent Authorities are calling for compul s
undue burden on industry.

1 Regulation on a case-by-case basis, i.e. in nano form of chemical.

1 Problems of definition of nano i refers to science i problem because toxicity is not just due to size.

Andrew Johnson (NanoFATE; Nanoparticle Fate Assessment and Toxicity in the Environment) i What do we
estimate is going into waters and soils, and problems faced in doing this

1 Project details:
o 12 partners, 9 countries, 4 SMEs, 2,497, 100.
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il

o Focus is on environmental fate and risk of ENPs of example high-volume products for which
recycling is not an option, using ZnO, Ag and CeO2 particles of varying size and surface
chemistries.

o Projects follows ENPs from product use, through waste treatment to final fates and toxic effects in
the environment. It assesses the applicability of current fate/risk assessment methods and
identifies improvements required for assessing ENPs at an early stage.

o Phase 1 (18-months) i characterise particles; particle behaviour in medias; acute & chronic
toxicity; estimate worst case environmental concentration; and, train all staff cross discipline.

o Phase 2 (30-months) i track particle property changes during fate studies; detailed fate studies at
realistic concentrations 1x, 10x, 100x PEC; bioavailability studies; detailed toxicokinetic and
toxicodynamic studies using sublethal endpoints; and spatial risk assessments (EU).

o Will test in environmental medias: sewage sludges, soils, soil pore waters, fresh and marine
waters, standard ecotoxicity test medias.

o Organisms used <1mm to >5mm.

o Will also look at data from the PROSPECT Project.

Exposure is critical to potential for impact. Since this cannot accurately be measured yet there is a need to
use/develop models to predict exposure concentrations.

Looking for ENPs in effluent is difficult/expensive. If find particle is it really an ENP?

Sources of ENPs and dispersion in the environment could be via landfill/incinerated and mainly down
drain into sewage works i rivers and the land through sewage sludge applied to land.

NanoFATE uses EUSES model (EU standard for chemicals/biocides) as a starting point i coefficients/
degradation rates for different compartments 1 local/regional/continental i has examined silver: EUSES
calculation of silver in Sewage Treatment Plants (STPs) and river water /sludge: 100-140ng/l in sewage
effluent is reduced to 1.4-2.5 ng/kg in soil and 8-14 ng/l in river water. Assumption regarding transfer of
residues is that 57% sludge is applied to land and mixed to 20cm. This for the UK gives more than
50ng/kg and 5-20 ng/kg in most other scenarios.

Degree of dilution by rivers is important: best case is Norway and the worst case is Belgium and UK
(related to population density and discharge to rivers and STPs).

Using GIS based water quality models, concentrations of silver in river water can be predicted and are
lower than above. For rivers in most populated areas this is predicted to be 1-10 ng/l silver.

How does the model compare with reality? Therefore CEH monitored 9 STPs for silver output: monitored
>450nm (particulates) and <450 nm (soluble) scales. STPs removed 98% patrticulate silver (2-450nm) and
49% soluble so the mean exposure concentration in effluent was just under 1ng/l per capita (4000 STPs;
22Km rivers) i below 2ng/L. Thus the reality is <1ng/L compared with the EUSES predictions of 8-14ng/L.
So 1ng/L would be a good value of silver to test if seeking environmental realism.

Also looked at Cerium dioxide used in diesel fuel to improve combustion. Predicted emissions are based
upon 95-99% retention by the exhausts. Calculation based upon buses emitting 12.59kg/yr and cars
5.65kg/yr. Calculation of concentrations in soil are very low: urban soils=.0015kg/yr which is 0.003% of the
naturally occurring Cerium dioxide in soil. River water prediction: 0.024ng/l.

The lowest aquatic organism EC50 value is 3mg/l so toxicity is not an issue.

Issues arising from discussion:

1 EUSES is very conservative.

1 Need to know how much of ENPs are being used.

1 Particulates could agglomerate in a system and thus have a different exposure potential from the native
particles.

1 No major silver toxicity issues have been reported during years of high use in the photographic industry.

1 There is no direct toxicity testing of effluents from STPs.

1 All models are simplifications how accurate do they need to be? How much measurement is needed for
validation.

1 What about speciation of NPs such as Ag and NP-complexes with organic matter i AgNP vs. bulk i
contributing to colloidal vs. particle? Particulate phase could be NPAg with Ag entrapped in large organic
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molecules T still unsure what chemistry is correct i should we worry about large Agglomerates which in
certain circumstances could release AgNPs?

Are we understanding the chemistry in rivers i geologists would say that all particles come from rock!

NP problem in eco i nature/size/encapsulation but once in sludge, including colloidal form, no longer NPs
T talking about a mixture T how can this best be studied in the environment?

How are particles changed by organisms, e.g. what is silver? NPs can become colloid/binds to organic
material T but then can be taken up by something like an earthworm which may convert it back into an
NP.

3.3 Experimental fate and ecotoxicology and characterisation needed i techniques used and experience
review (Chair: Teresa Fernandes, Marina & QNano)

Importance of:

f
f

1

Manufacture, use, disposal, accidental release of ENPS/ENMs into environment i soils/water systems
Materials

o0 release

o Form of released materials

o Aging

o Mobility

0 Association with other chemicals/materials
Toxicity testing

0 Toxicity/ bioavailability/ uptake/ short vs. long term exposure/ units of dose/ endpoints/ test
species/models

Link to exposure

Bioaccumulation/food chain transfers

Persistence (environment/body)

Characterisation (what/when/where) i need to address requirements

Need to progress with structure-activity relationships

O O O O o

Jason Unrine (CEINT 1 University of Kentucky; and TINE) i The US experience in ecotox tests till now 1 with
focus on advanced characterisation

Presentation/Issues arising from discussion

il

Importance of exposure and how ENPs are presented to organism, e.g. naked or coated in dissolved
organic matter

Trophic transfer experiments i studies on gold particles looking at trophic transfer from soil to worms to
bullfrogs - higher accumulation seen in bullfrog kidney and liver from worms having been exposed to gold
in soil compared to worms being gavaged with gold plus a bolus of soil. Opposite results for the spleen.
Exposure routes and life history of the organism are therefore important in assessing effects.

Tobacco plants to tobacco hornworm 1 plants grown hydroponically in Au NPs. Look at trophic transfer
factors T in this case there was concentration of particles. Need to take into account physiological
differences, e.g. differences between vertebrates vs. invertebrates.

Oxidation of NPs and other transformations important for bioavailability.

Mesocosm exposure i differences have been seen between lab situation and natural ecosystem i
sediments, water and aquatic plants.

Majority of NPs are going to go into waste waters i need realistic way to examine this i Cranfield
University has pilot waste water treatments plants which are going to be used to look at TiO2, ZnO, and
Ag.

Important to look at modifications of NPs through aging i Ag converted to Ag sulphide i however sulphide
can reoxidise if dried out and therefore may change toxicity; may also be transformations of ZnO e.g.
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modified with phosphates which may be dependent on pH i importance of complex chemistry going on in
the environment i sulphur may not be present in high concentrations in the soil but there may be high
amounts in waste water treatment.

1 Organisms may see natural vs. reconstituted particles i how would we prove this? Will need different
lines of evidence. Organisms might give some indication of what they have been exposed to e.g.
increases/decreases in metallothionein.

Nico van den Brink (Marina, NanolmpactNet) i what characterisation is needed. What is possible, and what
are the questions ecotoxicology still has?

1 It is important to understand the behaviour of NPs in soils since soils are important in supplying
ecosystem surfaces and to study the interactions of NPs as powders or in solution with/without carriers.
However NP will interact with carrier. Two NanolmpactNet workshops in 2008 and 2009 had been
conducted in this area.

i Once more importance of characterisation (size/ dissolution/ surface area/ charge/ composition/
chemistry) and characterisation following exposure (adsorption/ dissolution/ functionalisation/ aging/
agglomeration/ stable dispersion).

1 Expensive equipment required to characterise materials i this is available in academia but unlikely for
routine testing.

1 Need to get dosimetry/exposure test right/behaviour of particle i need real-time analysis 1 preserve
particle properties to measure later on.

1 Test need to be cheap and feasible for routine testing.

I Timing is also critical T usually related to lifecycle of organism but NPs also have lifecycle so perhaps
should be related to lifecycle of NP?

9 Studies will go on in NanoFATE and Marina.

I Soils are complex i need simple tests/tiered approach but also need fundamental studies and further
characterisation.

Issues arising from discussion

How do we choose realistic concentrations?

Need to add components on time-dependent process of NP fate.

Need to develop QSARs from a suitable mechanistic basis both within and between particle types.

Exposure/characterised needs to be known.

Tension between papers vs. regulation i when reporting results would be nice to have more information

which makes paper useful such as provided for regulatory purposes however journals want less

information. Need to clarify rules with the main journals.

Can we group classes of NPs?

1 People trying to use well-characterised NPs. T QSARs exist for chemicals with basic mode of action, but
they are less good at predicting toxicity of chemicals with specific mode of action. Need to be realistic
about what QSARSs can do.

T Andrewisay i f NPs dondét represent a pr obi hmmeéndhdllengeost p
that there i sndt rselveshnmvkoyet tbalsstagetherrfon futaré scegariasu

1 One approach is to develop pilot waste water treatment plants and compare concentrations regulatory
levels. Also possible to spike your own sludge then test with worms/plants/microbial communities.

1 Effect of NPs in marine ecosystem directly from sunscreens i is any information on this available?

Hazards have been looked at in labs using marine organisms, but sampling from marine systems as not

yet been done. Importance of time/aging needs to be looked at i need to think about chemistry of particle

T need to see what happens to a particle having gone through biological system, i.e. biotransformed NP,

on timescales of weeks/months. Long-term studies are needed, not only short-term tests.

=A =4 =4 -4 A
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3.4 Characterisation of NP in environmental matrices and tissues (Chair: Martin Hassellov, NanoFATE &
Marina)

QNano (Iseult Lynch) T What is possible and what can be accessed in QNano?

il

7MG (poojaéct budg-gear infasttuuvkipyoject; 4tarted 1* February 2011; 29 partners
from 13 countries, with 25 additional non-EU funded partners.
Project concentrates on characterisation of physico-chemical properties of ENPS/ENMs rather than being
nanosafety per se
Three pillars:
o Joint Research Activity (JRA) T tools/ protocols/materials
o Networking Activity (NA) i training/best practice
o Transnational Access (TA) i sustainable infrastructure - supplies 3000 user access days to NSC
Community; 6-monthly calls; first TA call 1% November 2011 with deadline 31% January 2012.
Proposals for TA reviewed on feasibility/contribution to ERA; first-time users given priority along
with NSC researchers depending on relevance/how sound scientific work/outputs were; outputs
must be published (technically can be patented); will also include data analysis on areas e.g.
transcriptomics etc; TA fully technically supported; also priorities for labelling particles.
Nanomaterials hub - positive control materials for apoptosis/genotoxocity/oxidative stress and test
materials; Hands-on laboratory training links into the knowledge hub T materials from other projects and
developed in QNano
QNano would try to capture research done in other projects. Considering size, 100nm or less is
considered nano i however can biological system sense the difference between 101nm or 105nm can
they tell the difference? The test method used might work for one particular NP type i but how many
different methods would be need for different types of nanomaterials?
First physico-chemical round-robin being conducted to assess all characterisation equipment/facilities;
first biological round-robin also underway with positive control material for apoptosis applied to all test cell
culture systems
QNano now looking for similar round-robin with materials suitable for ecotoxicity testing systems. What
are the training needs for the ecotox community? What controls for ecotox need to be identified? T in situ
characterisation work packages. Delegates were asked to contact Iseult Lynch with suggestions by email.
QNano was currently compiling a list of equipment at the TA sites. What equipment would be of interest in
the ecotox community? The toxicology research group was chaired by Teresa Fernandes.

Andrew Nelson i ENNSATOX: What is possible (New technology developed in EU projects such as
ENNSATOX) and what may soon be possible?

1 Project details:

o 2. 81 Mfartnery 36-month project which aims to comprehensively evaluate the relationship
between the structure and functionality of nanoparticles and their biological activity at all stages in
the natural water cycle from source to biological impact:

0 To synthesise/source and comprehensively characterise representative groups of nanoparticles:
SiO,, ZnO and TiO, of varying morphology and dimension.

0 To characterise the interaction of the nanoparticles with, and their permeability in, supported
phospholipid membranes as relevant biological membrane models.

0 To characterise the interaction of nanoparticles with in vitro models of cell and tissue culture (e.qg.
fish hepatocytes, ascidian eggs and squid giant axons).

0 To characterise the interaction of nanoparticles with in vivo models of several different species of
key aquatic indicator organisms including zebra fish and Daphnia magna.

0 To analyse the behaviour and fate of nanoparticles and their impact on models of biota in
environmental aquatic microcosms.

o To configure a mathematical simulation of the behaviour of nanoparticles in aquatic environments
taking account of their interactions with biota of increasing complexity.
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Talk forecasts new scientific challenges in the next few years in nanotoxicity studies - two major
developments are studies in nanoparticle-biomembrane interactions and global modelling of toxicological
processes

Model cell membrane systems been developed to study interaction of NPs with biological membranes. An
on-line, high-throughput nanosensor had been developed which looked at biomembrane activity.
Suppression of peaks (electro-chemical potential) shows the interaction of NP with the membrane. Zinc,
silver and silicon dioxide NPs had been tested in the system and a mathematical model had been
developed. In vitro and in vivo studies were also being conducted in the project.

Observed that phosphate buffer used capped zinc oxide and same affect was also seen with fulvic acid. A

6virtual 8 biosensor was currently under devel opment.

Issues arising from discussion

It was important to characterise the speciation of particles.

Could receptor-mediated effects be studied? Could proteins be incorporated into the interactions? Yes,
this is something which is going to be examined in the future along with endocytosis.

Could reversibility be studied? Yes, but hasnodt
been incorporated into the computer model.

Curvature of the organism is important.

Mark Rehkamper i Prospect, Imperial College London - Stable isotope tracing

il

Stable isotope tracing technique described for tracing NPs. NPs can be synthesised with non-radioactive
isotopes such as °®zZn or *®Ag 7 non-radioactive. These isotopes behaves chemically as the element.
Isotope ratios can then be determined by mass-spectroscopy (ICP-MS, HR-ICP-MS, MC-IP-MS) and can
be used in a normal exposure test. Cost of an isotope such as ®*Zn is a dollar to 10 dollars per mg.
Tracing principle T tracing against high natural background 7 gold previously been used because it has a
low natural background and there is a distinction between uptake of dissolved and particulate element
forms. ®*Zn/**zn ratios can be used to compare uptake into aqueous phase and organisms in comparison
with natural background levels. Therefore Zn NPs can be followed.

Powerful technique which has historically been used in food web analysis.

Technigue could also be adapted for tracing cadmium from NPs such as quantum dots.

3.5 End-users/Stakeholders i needs and wishes? (Chair: Richard Owen, University of Exeter)

Pressing needs:

|l

1
1
1

Issue with detection of ENPs against naturally occurring materials

Life-cycle analysis tool

Terminology and definitions

Primary concern is how longs its taking 7 there is a time lag between innovation research/scale up vs.
research on impacts/implications vs. policy/regulation 1 it is a complicated process which is taking
decades i massive disconnect i how can we be smarter/reduce time? Delays are no good for
environment or health of general population.

No hazard/no risk approach 1 just to examine toxicity of existing materials will take 34-53yrs and cost
1.18sbillion.

Issues arising from discussion

1 Risk characterisation could be done at local/regional/global level i could this be covered by REACH EU
regulation? If regulation is too hard then market can be affected along the value chain.

1 Industry is currently waiting for something on nanoregulation. Most are following REACH because it is
currently legal but there are concerns about what will come in retrospectively. How can this be resolved?
Europe is further along than US i for some nanomaterials beginning to bring impact and policy/regulation
together.
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1 What is the minimum set of information needed? Area needs something from the regulator.

1 Huge body of data but there is conflicting information from various tests. All information is published from
the scientific community but regulatory information is not published. Therefore there is a need for better
communication. Is there anything that can close this such as case studies? Some of these are currently
underway but not necessarily working through the structured processes of risk assessment. Could this
gap be filled by projects such as QNano?

1 If the risk assessment of metals is considered i this was not satisfactory in 1992. Improvement was driven
from regulators and involved industry which coupled with models speciation/bioavailability and hazard
data to support the development of new modelling approaches. Systematic studies were conducted to
address this and now environmental quality standards are scientifically based. What is industry doing in
UK? In general there has been a dearth of industrial participation. How do you get industry involved? A
comprehensive report on Industryds view was produced
and Chemistry KTN i UK Industrial View. There remains a pressing need for further engagement to
address this.

4. Meeting Outcome

Way forward - the outcome of the meeting was summarised by David Arnold, CEO SETAC-Europe,
ENNSATOX.

The conclusions of the meeting were as follows:

Needs for better understanding characterisation, behaviour and resulting effects on organisms of NPs in
environmental matrices:

1 There is an urgent need to define and agree on what is meant by nano. Standardisation is still an issue.
How are particle modifications such as aggregation and agglomeration taken into account?

1 IGiven the technical difficulties of addressing the presence and state of ENPs in environmental matrices

(e.g. soils) should monitoring of their presence be purely in physical terms, or could surrogate assays

measuring their nanoparticle specific functional properties and activities (e.g. photo-reactivity) be a usable

alternative?

Understanding bio-membrane interactions: modelling is the future: virtual nanosensor.

How should toxicity of ENPs be expressed? Investigate raw particles vs. complexed, agglomerated,

coated, aged, etc.

1 An increasing use of tracers could be helpful to understand fate and toxicity processes, e.g. stable
isotopes to identify the nanoparticle/material in matrices.

1 Further understanding is required as to how environmental matrices influence speciation and fate and
behaviour of nanomaterials: pH, dissolved organic matter, soil type, water chemistry etc.

1 Do we understand enough about the lifecycle and time lines of ENPs in the soil i read across from
aquatic studies appear to be difficult due to inter-reactivity of ENPs with natural colloids and solid
components?

1 What are realistic environmental concentrations i here fate and behaviour modelling is a valuable if not
the only tool (some measurement needed)?

91 Duration of effect tests previously based on timings of traits and reproductive cycles in test species needs
to be reconsidered and include the temporal scales involved in ENP fate (i.e. if ENP dissolution takes >3
months to present max exposure then a 28 day test will underestimate exposure, effect and risks).

1 There is a need to determine potential for effects on human health and environment and link this to better
exposure characterisation. More work on bioavailability, trophic transfer, organism life histories in relation
to exposure; routes of exposure; what the organism really sees.

= =

Regulation of Nanomaterials:

1 Progress has been made in effects assessment, but is less well advanced in exposure assessment.
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1 Is there an issue regarding human health and environment? Predicted environmental ENP concentrations
compared to both previous environmental loadings seen and Predicted no-effect concentrations (e.g. the
case of silver used over the years and recent work on cerium dioxide).

1 Science outputs mismatch with regulatory needs to legislate: improved communication is required both
ways.

1 Wil standard tests (OECD) be appropriate? What are the minimum modifications needed to make them

nano applicable? To what extent are standard tests the best research tool?

Where is risk assessment in the regulatory process? Should exposure be examined and regulated first?

In order to assess risk we need to know how much nano is used in what product types, how much is

released and where it ends up. Improved support and openness from industry is needed to provide data.

=a =4

What are the solutions?

1 Itis important that stakeholders work together to ensure innovation, exploitation and commercialisation of
nano products within the boundaries of acceptable risk to human health and environment.

T I mprove education anmo & nlly r ¢ tomasod ia &lJQ Frankersteim food - type
reaction. Thoughtful dissemination of nano issues in the media is required.
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Appendix I: Meeting Agenda
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