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NanoFATE European scale framework
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NanoFATE European scale framework
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WATER: Standard worst case RA — 1) Exposure

PEC derivation:
Along 1.2 million km of EU rivers

Assumptions:

*  Estimated actual production volumes for EU27
(Piccino et al., 2012 J Nanopart Res 14:1109-1120)

* Even use EU wide (also NO point sources)

e  No WWTP removal or “in river sedimentation”
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European Ag NP vs. lonic risk map (PEC/PNEC)
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Ag NP PNEC = 168 ng/L Ag+ PNEC= 26 ng/L
Combining worst case 90%ile (no WWTP loss and no in-stream loss) PEC with HC5 (safety factor of 5)
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Water: Nano improvements for worst case RA

PEC derivation: PNEC derivation:

Turn the map into
a distribution chart

WWTP removal of 50%

100
90 - r)
PECs 80 - ‘
. 70 A nano Ag without STP removal
% of total river length .
where the 60 - nano Ag with STP removal
concentration is 50 - HCS for Ag+
exceeded 40 - @ @= o HC5 for nano Ag
30 A
20 A
10 -
0 T T T " T 1
1E-3 1E-2 1E-1 1E+0 1E+1 1E+2 1E+3

90th percentile concentration (ng L)

SEVENTH FRAMEWORK
PROGRAMME



Modelling “availability” across EU Water types

PEC improved by addressing NM “fate” & “functional behaviour” across “media” in detail
(equally PNEC studies needs to be linked to “media effects” on hazard potential).
STANDARDISATION IS NOT ALL!

Debye length at 20C, nm

Analysed EU water properties
relevant for NP fate (e.g. ionic
strength, pH, CEC, DOC,....)
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Effect of aging transformations on particle Tox

* Particles artificially aged to mimic post WWTP speciation

‘Z % due to Disolution ‘

100 -
1 Control

Ag+
N Ag-MNP

i *

80 | BN sAg-MNP

* In moderately hard reconstituted water .
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Standard C elegans test:

Treatments: 02 SO NP L L S @O S LRSS S
N
° Concentration (ug/L)
Cor'ltrol o Figure 1. C. elegans mortality after their exposure to Ag*, Ag-MNPs and
* lonic control Ag* Pristine PVP Ag NP sAg-MNPs in Recon for 24h withoutfeeding. Yellow area represents

amount of mortality due to dissolution of Ag*. * indicates significantly
different than control (p < 0.001)

* < 20% of mortality attributed to free Ag*in
experiments without feeding

* Genes expression in Ag-MNP and sAg-MNP
had more in common than either did with Ag*

* Artificially “Aged” sulfurdised Ag NP

Daniel Starnes: “Sliver Nanoparticles get better with age”
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SOILS: Standard worst case RA
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TINE - “real world” and long term in the field

The Transatlantic Initiative for Nanotechnology and the Environment
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Sludge production at Cranfield Unuversnty, UK

Three sewage sludge streams
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Control lonic NP

SS SS SS

- Mixed with soil to Max. Zn loading from
sewage sludges in US soils = 1400 mg Zn/kg
- Aged 6months in outdoor mesocosms

Zn limit:
2800 mg/kg
\ 4

Equivalent Ag:
250 mg/kg

T I e
US EPA Guideline (CFR 40 part 503) ‘//}/ﬁlﬂfﬂﬂ%&_ \




Effects on earthworm reproduction
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Earthworm body concentration

Zn concentrations regulated by
Eisenia fetida = 80-120 mg/kg
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Reproduction + Earthworm body concentration
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Earthworm body concentration
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Medicago Nodulation (Legume N-acquisition)

!
Judy, J. et. al. ES&T (In press) = control soil (o BS)
B Control BS
6 - B Bulk BS
B Nano BS
= 51
=
=
-~ 4 -
@
=B
w
S 3
=
=
(=]
Z 2 -
1 -
n

g & 8§ &

mg Zn/kg dry mas

8

Qo

In

M Control m Bulk Nano



So what is different about the metal from NP?

Question: What “difference” caused the SS metals to be more toxic?
Synchrotron speciation work by Greg Lowry and Jason Unrine’s groups:

Pilot WWTP: Lab reactions:

No ZnO left and Big differences in the detail
no overall Zn Speciation difference ~0nm o s
Zn-FeOOH
Control lon
Zn](PO.‘)2
amorphous
Characterisation in soilds: Mechanistic Lab experiments:
Zn: no overall difference / Ag: <LOD Understand reactions and rates

-> effects on fate and tox



Release/Exposure
Assessment (WP3 & 4)
——
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Decision-trees

GUIDEnano 18M Review Meeting — Barcelona, 28th-29th May 2015

Aim: to generate
xposure and
azard estimates
using as much of
existing data and
methods as
possible.

Decision tables

Data entry question or Answer Action  DNEL Uncertainty
decision table
1 Arethere regulatory binding fes goto 2
for provisional OELs/DNELs boto3
or the exposure relevant
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2 Which isthe OELs/DNELs DNEL_VALDNELis Js DNELinh, Jlow
alue: VE defined. Jong-term
Finish.
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4 Launchesdecision tree on alid poto5S  definedin definedin
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NM behaviour and fate is key, but hard to measure.
Build better models for: Where, in what form and for how long?

1) ENM enabled 2) Environmental 3) Object-oriented multimedia fate models
Product value chains » »cell” » dynamically connecting “Environmental cells”

& release pathways reactors Nano ZnO (ng/L)
ENM . < 10 London (UK)
SR B 1001000
% N C -:-mnn
a! R
ENM 4
Prod. Manu.
= =L C
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Conceptual workflow for a framework to deliver dynamic multimedia fate
prediction both in a generalised model environment and GIS enabled mode.
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The WWTP: ‘dynamic’ _eawag

experiments NanorAsE
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. W
Schematic WWTP Lawag .

activated sludge activated sludge secondary glarifier
non areated (7 m3) areated (7 m3) (11 m?)

addition of Ag-NP ——

_ _ sampling
influent (primary Q effluent to local

clarifier) sewer system
(23 m3/day)

1

sampling

sludge
(1 m3/day)

sludge recycle flow (2.5 m3/h)

TSS

Hydraulic g e age oH T 02 TSS(ML) ooy

retention time
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Ag-NP in a WWTP ke -
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eawag

aquatic research

NAnoFASE

2mg L of Ag-NP Sulphidized Ag-NP
or silver nitrate

DI water, pH 7.5 Released Zn/Cu

MS particle cation
(CuS/ZnS)

1
+ 2+
249(s) + 502(aq) + 2H(ag) + MS(5)=Ag2S(s) + H200) + Maq)

MS + 2054—S05™ + M(qu)

Ag —NP of different sizes (10, 20,‘40, 70, 100 nm) were reacted
with different types (CusS, ZnS) of different crystallinities

(weakly crystalline, well crystalline) at different concentrations
(40, 80, 130, 200 uM)




‘ »' _... Reacting Ag-NP with CuS-cryst: eawa

Effect of the Ag-NP size
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Thalmann et al, EST, 2014



" ., Reacting Ag-NP with CuS,,;:

m,,_. Effect of the CuS concentration NQnoFASE
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Sulfidation kinetics .SaWag...

NANOrACE

0.78(3)  0.52(3)

0.53(2)  0.60(2)

Thalmann et al, EST, 2014
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Predicted nanosilver in UK soils and risks

______________________ Nanofate HC5
For silver ion 6,200 ug/kg

______________________ Nanofate LOEC
for nanosilver 4,800 ug/k
______________________ Nanofate PNEC
1000 forsitver-on1,240 ug/kg
2
[a]
S
f 100 -
§ Note the Nanofate nanosilver
5 PNEC w rived from X1 fety f r
: C was derived fro 000 safety facto Nanofate PNEC
2 for nanosilver 4.8 ug/kg
3 10 8.79 8.73

Local expected 25cm 1 Local expected 25 cm Local worst 12 cm 1 yr Local worst 12 cm 12 yr UK national worst 12 UK national worst 12
yr 12yr cm lyr cm 12 yr



Predicted nano ZnO in UK soils and risks

Nanofate LOEC

For nano ZnO 119,000 ug/kg
Nano ZnO predicted UK soil concentrationsvia sludge applications

0000 e ————— NanofateHES
Note the Nanofate nano ZnO For Zniion 34,700 ug/kg
PNEC was derived from X1000 safety factor
10000
S Nanofate PNEC
for Znion 6,900 ug/kg
939 918
1000

100 -

Soil concentration (ug/kg DW)

10 ~

Local expected 25cm 1 Local expected 25 cm Local worst 12 cm 1 yr Local worst 12 cm 12 yr UK national worst 12 UK national worst 12
yr 12yr cm lyr cm 12 yr
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