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Outline

* Project background

e Model overview and key features
e (I will complete this slide last)
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GUIDEnano and NanoFASE

e GUIDEnano (EU FP7)

— Evaluate and manage human and environmental health risks of nano-
enabled products

— Web-based Guidance Tool for industry
— www.guidenano.eu

e NanoFASE (Horizon 2020)
— Integrated Exposure Assessment Framework

— www.nanofase.eu

 Both projects require the development of computational
exposure models — eventually linking to hazard
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Presentation Notes
GUIDEnano objective: to develop innovative methodologies to evaluate and manage human and environmental health risks of nano-enabled products, considering the whole product life cycle

Guidance tool – towards the design and application of the most appropriate risk assessment & mitigation strategy for a specific product

NanoFASE – Nanomaterial Fate and Speciation in the Environment
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Key features of the fate model

e Model world
— Compartments: surface water, sediment, soil and WWTP

e Kinetic
— NM flows as mass fluxes
— Incorporates reaction and transport rates

e Bioavailability
— Mobility and spatial distribution over time are critical

e Compromise between mechanistical accuracy and operational
simplicity
— Use of fate descriptors such as attachment and distribution coefficients
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The kinetic approach recognizes the dynamic nature of nanoparticles. The increased reactivity of materials in the nano-sized regime, coupled with the complexity of environmental media, implies a chemical speciation that changes over time. Different chemical forms have different mobility and thus, different bioavailability. 

The time-dependency of chemical species concentrations is an essential feature of the developed model since it evokes realistic time-dependent (and better spatially-defined) exposure scenarios whereas available hazard values are almost always considered static.
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Environmental compartments
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Model approach and terminology

Soil compartment: sl

e Web-based tool — object-

O rl e nte d Zone-object: plow layer aquatic Zone-object: plow layer solid
— Compa rtments £ Dimensions, volume, % < Dimensions, volume, depth,
: depth, surface i ¢ surface

— Zones — aquatic and solid

— Processes (transformation

and transport) Yy

e el e ey : pH, ionic strength,
— Activities — human-initiated d

temperature + specific | : :

events : aquatic properties
— Timeframes
* Sources of information :"s Three zone composition classes *
— Existing literature * Aquatic :
— Experimental validation * Solid (Soil) ]
:, * Air (Gaseous) d
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Zone concept
Each zone has a static medium composition (aquatic, solid, air)
Zones represent geographically different parts of a compartment (e.g. near emission source or further away from emission source in rivers; basins and tanks in WWTP)
Figure is an example for soil 


From existing literature	- used to set up conceptual framework
		- reaction rates (e.g. sulfidation)
		- transport processes (e.g. adapted equations for heteroaggregation)
		- transfer factors (e.g. removal in WWTP to get an idea of partitioning)

Experimental validation	- attachment/detachment coefficients
		- sedimentation rates (in relation to NP size)
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Timeframes and processes

Soil compartment: sl

Zone—object: slz1 I Zone-object: s1z2 I
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Timeframe concept
NM form and concentration are considered static within a timeframe (if NM transforms or is transported, new timeframe)
Transport processes can be local (within zone) or between zones of the same compartment
Transformation and/or change in concentration is considered as a local process (from timeframe 1 to timeframe 2)
Biocompartment exposure will be considered according to these timeframes (WP6)
A simplified way of dealing with multiple occurring processes
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Waste water treatment plant (WWTP)
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In the GUIDEnano tool, the users have to be able to ”build” their own WWTP scenario using different zone objects (like Lego pieces). 
Zone conditions: flow rates, residence time, turbulence (ON or OFF)
Important compartment because


Rivers and sediment

:D Process affecting the NM only =) Process affecting the SPM-bound NM ===y Process affecting all forms of the NM

)

Timeframe 1+x

| \,

Box j

Bed load transport _ Bed load transpo

Adapted from: Praetorius, et al. (2012) Environ. Sci. & Tech. 46, 6705-6713
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Soil

WWTP sludge |
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2 zones: pore water (aquatic, where transport mainly happens) and soil particles (solid, receives NMs with sludge)
Uptake can happen from both zones, depending on organism
Transfer between zones can be reversible (katt and kdet) or irreversible (ktrans due to irreversible loss, e.g. irreversible attachment, dissolution, other transformation, etc.)
Also possible: transport by bio-perturbation (soil-regurgitating critters)
NanoFASE will look at the transfer rates and mechanisms in detail, relating soil properties (e.g. texture) with NM properties

Equation symbols:
u = 
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Kinetic approach to concentrations in soil

Differential equation: @ g—f = —uf g—g — KgetpS — kgtt0C — ktmnsfHC

Analytical solution:

Exposure concentrations to be compared with hazard

E values depending on organism
£ 7000 - 50
- 4.5

§ 6000 &
2 - 40 g
E’ 5000 3 Reversibly deposited - 35 &
w [T,
s - 30 w
S 4000 - —— Aqueous concentration S s £
v s
g 3000 Permanently deposited 2.0 £
- i o
2. 2000 - 1> g
E oo Transported - 1.0 E
4]
S < \- 0.5

0 — T T T T 0.0

0 10 20 30 40 50

Time (s)

SETAC Europe - 26th Annual Meeting Nantes, 23 May 2016 -



UIDER"2 NAanoFASE

Speciation and bioavailability: link to hazard
Based on the EC50s

Optjons
v
The EC50 is compared The EC50 is compared The EC50 is compared
with the modelled t- with  the maximum with  the  average
dependent exposure modelled t-dependent modelled t-dependent
concentration exposure exposure
integrated over time t. concentration. concentration.

Independently of the option it should be argued the limitations regarding:
1) The static values for the EC50 and the dynamic modelled exposure.
i) The media used in each which will be inevitably different.
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Case study: Ag nanoparticles
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Ongoing work

e Experimental validation

e Descriptors for transformation and transport
(attachment/detachment, sedimentation)
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Conclusions and Outlook
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