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Overview

Introduction

 Introduction - What and where is nanotechnology?

*  Where is Nano relevant across the EFSA “Farm to Fork” continuum
* Why is RA & ERA of nanoforms different to “classical chemicals”

How nanomaterials may benefit or impact things we value?
 Direct application examples

* Food and Feed

» Plant disease control & health

Animal health Anlmal fesd

. . . Biological Snd weltare ~
» Unintended exposures — contamination & pathways to harm = | d wertare 18 —
* Routes and forms of exposure R
« Comparison to Classical chemical Exposure and Hazard Assessment ‘. W

Implications for ERA considerations, approaches and tools
* New hazards or exposure routes?

« Environmental fate

 Biodegradation/ accumulation/ biomagnification

» Technical / Analytical needs + Test Guidance
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What and where is nanotechnology?
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They have wide application and it is
a fast growing market. =
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What and where is nanotechnology for EFSA?

oy »

Food
Food
ingredient contact Supplement

ey material (41)
(42) (190)

Food
additive
(142)

Novel Feeq : Biocide Pesticide
food additive ©) (32) -
(4) (15)

) Gold @ Chitosan ® Clay Silica

® Iron @ Nisin @ Zinc oxide @ Nano-composite

@ Silver @ Carbon nanotubes @ Titanium dioxide Nano-encapsulate

Peters, R.J.B. et al (2016), Nanomaterials for products and application in agriculture, feed and food,
Trends in Food Science & Technology 54 (2016) 155-164
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What defines “NanoMaterials”?

EC (short) Definition: ..material with 50% or more of the particles in
the number size distribution having one (or more dimensions) <100nm

Small stone

X 1000
\ ”-‘
PM10 o
X 1000 RESAD
) 'S \
Nano

g o < » . S 20m | — , 02 0m e,
- . i B A
; .
NAanoFASE:
Ecology & Hydrology . B EEE RWE e LN

NATURAL ENVIRONMENT RESEARCH COUNCIL



“Classical chemicals” vs Nanoforms

The main (E)RA difference: Dissolved vs Suspended behave different

lons: Particles:

wo €0

0

Kd = [A]solid/[A]aqueous Kd = [Np]solid/[NP]aqueous

JL SEM of ZnO NPs attached to soil ore water DOM, by
SLU | Sreises antorsumversie PL Waalewijn-Kool & CAM van Gestel, VU Amsterdam

Swadish University of Agricultural Sciences

Slide from Geert Cornelis
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Where is nanotechnology for EFSA?




Where is nanotechnology for EFSA?

Plant Health il Plant
: Protection

—— “Example 1

Animal health

Biological and welfare -

hazards

Food Food
additives packaging

Example 2




Plant disease and nutrition
Nanoscale Nutrients and Root Disease

» Fungal pathogens reduce annual crop yield by 20% and economic return by $200 million,
In spite of $600 million spent on control

» Many micronutrients (Cu, Mn, Zn, Mg, B, Si...) stimulate or are part of plant defense systems
» However, these nutrients have limited availability to roots when delivered in soil
» Can they be added via topical leaf application and translocated to roots?

Nanoscale micronutrients (Cu, Zn, B, | g Transplanted » Monitored yield, disease
Si...) applied to leaf in greenhouse into infested soils and root content

re ¥
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Slide fro Jasonhite (Eler and White (2016)




Plant disease and nutrition

Nanoscale Nutrients and Root Disease

» Single foliar application of NP (bulk, salt) CuO, MnO, or
ZnO (100 mg/L) to seedling; transplant to infested soil
worked.

» NP CuO treated plants had:
> Increased yield,
» greater disease suppression (AUDPC),
» and higher Cu root content.

> Bottom line;

> A $44/acre cost for NP CuO suppressed a root pathogen
of eggplant,

> increasing yield from $17,500/acre to $27,650/acre

Slide from Jason White (Elmer and White (2016) Environ. Sci.: Nano. 3:1072-1079.)
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Release & Exposure - Nanomaterial fate in the environment:

Where, what and for how long?

1) ENM enabled 2) Environmental 3) Object-oriented multimedia fate models
Product value chains » »cell” » dynamically connecting “Environmental cells”
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Release & Exposure - Nanomaterial fate in the environment:

Where, what and for how long?

s w 1) ENM enabled 2) Enwronmental 3) Object-oriented multimedia fate models
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Standard test vs. Field exposure (Pristine NP)

50nm AgNPs
(uncoated)

150 o~
iiie

NanoTrade AgNP

4

Ageing dosed soil for
0,2,7 & 12 months
® AgNPt=0
% ¢ AgNPt=2
- ¢ AgNPt=7
AgNPt=12 * Indarkat20+1°C
*  Continuously aerated
*  Moisture loss adjusted
1OIOO ZOIOO 3OIOO 4OIOO SOIOO
Total Ag soil (mg kg-1)
Soil EC50 T=0 T=2mth T=7mth T=12mth
(mg/kgdry soil)
AgNP 1420 (407-2432) 588 (65-1110) 142 (5-278) 34 (-117)
AgNO3 49 (46-51) 30 (16-43) 90 (29-151) 104 (63-144)

Diez-Ortiz, M et. al. Environmental Pollution, 203, 191-198 (2015)

Distbtion

Funciionaiy.

SEVENTH FRAMEWORK
PROGRAMME

Porasity/ Siucurel  ussatoyang
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Pristine Ag-NPs

Ag,S-NPs

(mg/kg)

(mg/kg)

Testing pristine vs exposure relevant NPs

Kinetics of whole organismal uptake of Ag-NPs in Earthworms

Total Ag (ICP-MS)
Uptake T

15
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® AgNPtotal e==AgNP total modelled
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Baccaro, M. et al, Environ. Sci.: Nano, 2018, 5, 1107
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Particulate Ag (spICP-MS)

Marta
Baccaro

10 20 30 40 50 60
Hours

® AgNP particulate = ===AgNP particulate modelled
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® Ag2Sparticulate — ===Ag2S particulate modelled



Testing pristine vs exposure relevant NPs

Kinetics of uptake of Ag and Ag,S-NPs by wheat in different soils

— Soil 1 — pH7 2%OM
----- Soil 2 — pH6 4%0M

Uptake into roots
Soil conc = 10 ppm

100 = = Soil 3 - pH5.5 15% OM
100
__'
°
Pristine . —$
20 nm Ag NP LUFA2.2
10
........................ Sta n d a rd
—-oTTTT T - SP ———— o W 0 e 1=Yo I W ERY S [=].
\l
1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Days post-emergence Days post-emergence

* Uptake from Ag,S was only about 2.5 times less compared to pristine Ag
e Accumulation was higher in soil with high pH and low organic matter content
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Implications for ERA considerations, approaches and tools

New hazards or exposure routes?
« Hazard: For current forms only really photo-reactivity and ROS generation
* Routes: No new routes, but rates and internal transport vary between forms
Environmental fate
» Very different - rules if and where there may be possible Nano Exposures => should inform what Nano-
form(s) are “exposure relevant”
* Long time scales => Current standard hazard tests may not be “worst case”
=> Pre-aging of test media?
Biodegradation/ accumulation/ biomagnification
 Tested exposure forms must be the relevant ones
« Form (size and speciation) of internalised material ideally identified

Technical / Analytical needs + Test Guidance
« New analytical and testing techniques needed (kept simple and repeatable)
 Move from “Solute based” to “kinetic” tests

Sorption Degradation Leaching

OECD 106 OECD 307 OECQ_ 312 t E C H A
D coane I »

ICPMS to New analytics X-ray based | pggl) =~ cermereensree
spICPMS | | for organic NMs | | for speciation




Overall conclusions

* Be aware that the “nano specific elements” Nanotechnology benefits in agriculture
will differ between interned uses and the
materials involved — must be addressed in the A
problem formulation stage. agrochemical
« Because of this and widespread use of
nanomaterials in other sectors, exposure in \’ i , §
the food supply may become significant e )
safety: sensors
« An understanding of fate processes, Andpatiogens

- —

mechanisms of action/interaction is needed to = S\
enable accurate ERA.

pest control

plant disease
suppresswn

e

stress tolerance by
genetic material
delivery

less environmental
impact

efficient use of
water and energy

U

N

. Nar_lotechnology has the poten_tial to improve White and Gardea-Torresdey
agriculture, and trade-offs against safety and wasrem
uncertainty should be discussed

Centre for
Ecology & Hydrology Nq Q

NATURAL ENVIRONMENT RESEARCH COUNCIL =

’P
"



We are learning, but with good guidance an direction we can make it through the “rough stuft™!
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http://www.nanofate.eu/
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Feed and Food - Animal feed to animal products

Transfer Study of Silver Nanoparticles in Poultry Production
Gallochio, F et al, 2017, J. Agric. Food Chem., 65 (18), pp 3767-3774

(141 pg kg to 269 ug kg?)
oJe: 9 With 5-20% as NP ~20nm

AgNPs 20nm AgNPs 20 nm + Ag*

spICP/MS, SEM, AAS

6x 1mg/kg
over 22days

1) Technical issue:
The size limit for
detection Is
~20nm

spICP/MS, SEM, AAS

muscles, kidneys
Ag” (20 ug kg1 to 49 pg kgt
NP 0% as NP >20nm

| 2) ERA issue: The mass balance says “most” left the chicken, but in what form?




Bioaccomulation: Does “the dose make the poison”?

(™
N SILVER UPTAKE AND TOXICITY IN EARTHWORMS

(IWEEK AGED SOILS)

Particle binding
P Or to cells ‘ ¢ PVP AgNP
rticie upta ® AgNP

90 ~

0 B Ag+
50nm AgNPs =2 60 -
(PVP coated) §
. 3
L ‘ g
0‘ S
S o  Xom S
50nm AgNPs é’
(uncoated)
Te g~ W .
00 _°
7y .’
|
0 . . Y 3 @ —@— —— .
0 20 40 60 80 100 120 140 160 180

AgTi worm
Diez-Ortiz, M et. al. Environ Tox and Chem 34 (10), 2263—-2270 (2015) g Tissue, ug/g wo
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NP mobility in Soil vs Earthworm driven bioturbation

Sampling strategy Analysis Results
B day day

Without worms

7142128 714 2128 W|th worms
% 8 11111111
Soil - top

N Marta
Worms > 1 l Baccaro
Pore water ‘ ]
[Total-Ag] |
Soil-middg ICP-MS
Soil-botté?

ng;b leachates - .' i E l - __B= I :
4

X ray computed tomography o & o

(o]

mg Ag/Kg dry soil
SN

e

Unli=lp WAGENINGEN [H Baccaro, M. et al, submitted 2018 N anA§§



Exposure assessment what is released to environment?

Waste Water Treatment PIant

],.

Denitrification ’
1
l

. . Nltnflcatlon
.~ Anaerobic

. b

Z digestion \ I .
i
Secondary

| clarifier
Sludge mixing

Sample collection
B\

eéawa S
aquatic research goco NanFAb’E



Exposure assessment what is released to environment?

Waste Water Treatment Plant — Ag and CuO NPs

Pilot WWTP

Sludge (1d,S1)
Sludge (18d, S18)
Effluent (1d, E1)

0 Effluent (18 - 37d)

25150 26500 25560 25600 25650
incident photon energy [eV]

eawag

aquatic research

normalized absorption
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Real world “Aged” sewage sludge NPs trials

Three sewage sludge streams

Zn+Ag Zn+Ag

7 3 4

Control Ion|c
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

US EPA Guideline (CFR 40 part 503) ‘//4/ ﬂﬂ\_&&\\‘\’\.




Effects on earthworm reproduction

6-month aged SS Soil control
10 years of yearly SS application : | Control SS
% metal full metal
— O B NPSS
é 3 O B lonicSs
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NOTE: US collaborators found the same effect pattern for plants! Lahive



Effects on Clover nodulation
Medicago Nodulation (Legume N-acquisition)

Control So0il (Mo BS)
Control BS
3 1k|1‘m

—1
I
I
B Mano BS

Nodules per plant

45% Aged Biosolids

In

g

g

z
s i

mg Zn/kg dry mass
=
=

=

=

N Control W Bulk Nano

Judy, J. et. al. (2015) ES&T 49 (14)



Real world “Aged” sewage sludge NPs trials

Question: What is different when metals arrive as NP vs. ions?
' 1 W |

* Three sewage sludge streams: Control, lonic and NP

_ : ~30nm o, sz
* No Zn Speciation difference and no ZnO left {

Zn-FeOOH
ZnS

Zn;(PO,),

Control lon

amorphous



