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Forms of seHregulation to be presented

A Normative:e.g. Standards derived from predictive
environmental and/or human toxicology

A Scientific: nanomaterial (NM) seHssembly in
agricultural chemicals

A De factoself-regulation: delegating government
authority to industry

A Internationalizingde factoself-regulation
(Organization for Economic Cooperation and
Development, Codex Alimentarius Commission)
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Image of nanegpesticide delivery and release
B. Huang et aNanomaterialg411.2.2018)
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Figure 3

Response mechanism diagram of thermosensitive polymer.
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https://dx.doi.org/10.3390%2Fnano8020102

Global pesticide sales (est. 2012)

https://www.epa.gov/sites/production/files/201701/documents/pesticides
Industry-salesusage2016_0.pdf
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Figure 2.1. World and U.S. Pesticide Expenditures at Producer Level by Pesticide Type, 2012 Estimates
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Commercial and technical reasons for the
pesticide industry to employ NMs

A Expiring patents on conventional pesticides

A Very expensive and time consuming to develop new Active
Ingredients (AlSs)

A Cheaper and faster: Existing Als + NMs= a new patent

A Commercial monopoly for at least 28 years

A Riskier and more litigation prone: metallic NMsAls, e.g.
nano! C AT . AT T 3EI OAHN #O0Oj / ( WC

A Less risky: Nan@ncapsulate already commercialized Als

A (Not discussed today: RNA interferatabilized for delivery
by a naneclay and polymer compound)
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Kookana et al : Guiding Principles for Regulatory Evaluation

of Environmental Risks (2014)
https://pubs.acs.org/doi/pdf/10.1021/{f500232f

Journal of Agricultural and Food Chemistry
Table 1. Potential Applications of Nanotechnology in the Pesticides Sector
function how this can be achieved current examples

enhanced apparent solubility nano- and microemulsions emulsion-based registered pesticides, Banner MAXX of Syngenta®

faster decomposition in soil and/or plant nanocatalyst-conjugated ai in SDS-modified Ti0,/Ag conjugated with ai such as dimethomorph;" imidacloprid
microcapsules and avermectin®

controlled release nanocapsules, nanospheres polymeric stabilized bifenthrin;"” nanocomposite 2,4-D;* porous hollow Si-

encaged validamycin®

targeted delivery nanocapsules nanoenapcsulated glyphosate or sulfonylurea herbicide®

protection against premature degradation nanocapsules with catalyst ai Ti0,-M262 polymer metaflumizone; porous hollow Si-encaged validamycin®
conjugate

enhanced uptake/efficacy nano- and microemulsions, nanopermethrin;' nanosphere insecticides
nanospheres

enhanced toxicity to target organism nanodispersions; nanosuspensions  nanodispersed triclosan”®

(lower dose)
nanoparticle as ai nanometals and nanoclays registered Nano-Ag biocide;”* Nano-§i"*™
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https://pubs.acs.org/doi/pdf/10.1021/jf500232f

A better illustration of NM selfassembly and
controlled release in response to an environmental
signal (applicable to pesticides)

Self-Assembly of Hydrophobic and Self-Healing Bionanocomposite-Coated Controlled-Release
Fertilizers

Shugang Zhang, Yuechao Yang®, Zhaohui Tong, Bin Gao, Ni Gao, Tianlin Shen, Yongshan Wan. Zhen Yu, Lu Liu, Xiaoxiao Ma, Yanle Guo, Job Fugice, and
Yuncong C. Li

_ Cite this; ACS Appl. Mater Interfaces 2020 12,

24, 27H08-27606 TN TN
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Hollow Silica NPs loaded with sodium glutinate,
and biopolymer triggering a selissembly and
encapsulating urea (a nitrogen fertilizer)

Nano-coated fertilizer releases in response to water and then
becomeshydralJK 2 0 A O -K§IRf @St F O2yuNBf GKS
release of urea
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Kookana et al (2014):methodology for risk
assessment (RA) of conventional pesticides

TIER 1

TIER 2

TIER 3

TIER 4

I Figure 1.

A pesticide.
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EFFECTS EXPOSURE

Standard toxicity test of
formulation (daphnia, fish,
etc.)

Standard fate studies (Koc,
DT50), Simple models

Modified exposure testing, Scenario-based fate and
TK/TD modelling / SSDs transport models

Micro/mesocosms, ecological Higher tier fate studies
models (IBMs etc.) (lysimeters etc.) and models

Field monitoring (birds etc.) / Field monitoring and
mitigating landscape modelling

Tiered approach to environmental risk assessment of a
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Figure 2. Conceptual strategy for assessing the environmental risks of a nanopesticide.
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Nano-encapsulation increases Al eg¢oxicity
https://www.mdpi.com/20734991/9/1/81/htm
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Pesticide Encapsulation at the Nanoscale Drives Changes to the
Hydrophobic Partitioning and Toxicity of an Active Ingredient
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In vivostudy of Al used in gardens and on house
plants: partitioned by naneencapsulation increases
aquatic toxicity for daphnia

9 00
J
Encapsulated A

Pyrethroid ~449 nm Pyrethroid

Partitioning

Isolation and
Fractionation
Aquatic
=758 nm Toxicity

Graphical abstract
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Experimental assumptions for comparing
aguatic toxicity of Al v. nanéAl

A RA tiered methodology for conventional pesticiaet quite
fit for RA of naneenabled pesticides

A E.g. NP mass/dose metric irrelevant as a toxicity factor

A Adjusting RA for nano: e.g. NP concentration and form of
aggregation; persistence over Life Cycle Analysis

A How do properties of NM coatings (polymers, lipids, clay
etc.) influence Al chemical behavior and theSA 1 1T A A (
Ingredients in pesticides?

A Given these unknowns: estimate the aquatic toxicity of a

nano-encapsulated Al compared to the same Al distributed
freely in the same quantity of purified water
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Experimental design and results (very
simplified) by Slattery & B. and S. Harper

A Nano-encapsulate pyrethroid, an Al of low toxicity in a
concentration applied to house plants and in gardens ;

A Centrifuge the Al nanaapsules and mix the extracted Al in
purified water;

A Compare the toxicity of the centrifuged nantl partitioned
In hexaneand water fractions, with the control Al in water:;

A Expose daphnias to the two liquids and record the time
needed to immobilize them as a toxicity indicator

A Result: The daphnia exposed in water with the centrifuged
Al is immobilized more quickly than the daphnia exposed in
water with the same dose of the control Al in water
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A decisive regulatory parameter and
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Related Topics: Reducing Pesticide Drift CONTACTUS  SHARE @ @

Introduction to Pesticide Drift

Pesticide spray driftis the movement of pesticide dust or droplets through the air at the time of application or soon after, to any site other
than the area intended, Pesticide droplets are produced by spray nozzles used in application equipment for spraying pesticides on crops,
forests, turf and home gardens. Some other pesticides are formulated as very fine dry particles (commonly referred to as dust formulations),
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https://pesticidestewardship.org/pesticiddrift/
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9t ! Q& : peRidtide Fppliéd to the area of its
iIntended application (excludes regulation of harm
to crops, humans and environment outside the
Intended area of application)

In apparent rejection of federal

court, EPA allows continued
dicamba use

By Johnathan Hettinger/Midwest Center for Investigative Reporting June 9, 2020
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A new impediment to enforcing pesticides law
(FIFRA)

https://thehill.com/policy/energyenvironment/523442epalimits-
enforcementpesticideapplicationboundaries

EPA limits enforcement of pesticide
THE application boundaries

I I I I I BY RACHEL FRAZIN - 10/29/20 04:14 PM EDT 49 COMMENTS

JustIn...
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A judge rules against EPA napesticide permit

https://www.centerforfoodsafety.org/presseleases/4972/courstrikesdown-
federalapprovatof-new-nanotechpesticide

COURT STRIKES DOWN FEDERAL APPROVAL OF NEW
NANOTECH-PESTICIDE
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Court Strikes Down Federal Approval of New Nanotech-Pesticide

Nano-silver Pesticides Create Different Risks, Federal Agency Failed to Show How Approval Was

B3 Inst in the Public Interest, Court Holds
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If EPA disregards proof of harms from pesticides
outside the intended application area, will itbe
feasible to requlate nancB AOOEAEAA O

A9t! Qa 2dzZaUATFTAOFGAZ2Y F2NJ RSTeéAy
national competitivity

A Will a Biden EPA change pesticide regulatory practice or continue
de factandustry selfregulation?

A Alternative project: Selregulation by scientists to minimize
harms before commercialization of narenabled products

A Increasen vitro(cellular impact) studies for predictive toxicology
Al A OOAZA AU AAOEGdroducthl A OOOO,

A Seltregulation: cheaper, more efficient and effective than
normative regulation?
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Predictive toxicology by computer modeling
vitro studies reported to nanedatabases

https://www.epa.gov/sites/production/files/2016
03/documents/final_alternative_test_method guidance42l6.pdf

PROCESS FOR EVALUATING & IMPLEMENTING ALTERNATIVE
APPROACHES TO TRADITIONAL IN VIVO ACUTE TOXICITY
STUDIES FOR FIFRA REGULATORY USE

2/4/2016

Office of Pesticide Programs
U.S. Environmental Protection Agency
Washington DC, 20460
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Steps towards selfegulation: EU standardizes all
R&D factors within a general normative framework

€ Programme
g - Jelalule

s Developing and standardisation of
aall capacity-enhancing techniques,
measuring methods and equipment
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nano-safety research (2013)

https://www.nanowerk.com/nanotechnology/reports/reportpdf/report159.pdf
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Figure 2.4. Organization of the European NanoSafety Cluster

Institute for
Agriculture &
Trade Policy

Alporg




Converging disciplines: Naraformatics
C. Ogilvie Hendren and F. Klaessig

https://www.nano.gov/sites/default/files/NNNIwebinaNanoinformatics
ConvergencdeamSeNov2019 final.pdf

Many Contributors on the Convergence Journey
(Among them, a number of volum‘eer efforts)
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S. Panneerselvam y S. Choi

Nanoinformatics: Emerging Databases (2014)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4057665/

PMC full text: IntJ Mol Sci. 2014 May; 15(5). 7158-7182.
Published online 2014 Apr 25. doi: 10.3390/ijms15057158

» Copyright/License Request permission to reuse
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Invest to standardize data input and categories to
apply nanainformatics for EHS purposes

Three Keys to Enabling Convergence Exemplified
by Nanoinformatics for NanoEHS

1. Integrate research approaches and methods through a shared
purpose that promotes harmonization of methods?, media?,
measurements, language

2. Shepherd research-driven data integration

3. Investin Integration and Implementation Science (125)
specialists to coordinate teams

:'%-3
= 1 ~ A funcional assay-based sirateqgy for nanomaterial risk forecasting, hitps V'dolorg/ 10,1016 sofoteny.2015.06, 100
2 ~ Harmonizing across environmental nanomaterial lesting meda for increasad comparabiity of nanomaterial datassts
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Reforming the Federal Insecticide Fungicide and Rodenticide
Act (FIFRA)

https://www.tomudall.senate.gov/news/presgeleases/udatheguseintroducelandmark
pesticidereform-to-protect-childrenfarmworkersand-consumersrom-toxic-pesticides

TOM UDALL%:::% ABOUT  ISSUES  HOW CANIHELP? ~ NEWS CONTACT Q

SENATOR FOR NEW MEXICO —

AUGUST 04, 2020

Udall, Neguse Introduce Landmark Pesticide Reform to Protect Children,
Farmworkers and Consumers from Toxic Pesticides

The most comprehensive reform of U.S. pesticide rules in nearly 25 years, new bill would ban
organophosphates which harm child brain development and neonicotinoids which lead to

pollinator population collapse

WASHINGTON—Today, U.S. Senator Tom Udall (D-N.M.), ranking member of the Senate Appropriations Subcommittee on Interior, Environment and Related
Agencies, and U.5. Representative Joe Neguse (D-Colo.) introduced landmark pesticide reform legislation to prevent the use of toxic pesticides that harm
children, farmworkers and consumers in the United States. The Protect America’s Children from Toxic Pesticides Act of 2020 (PACTPA) represents the first
comprehensive update since 1996 to the law governing pesticide use in the United States, the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).
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Consequences for nanpesticides If FIFRA
reform were enacted

At NPOAAAZ2YIE O2YYSNODAIFE AT GA
R2Yy Qi NBIj dzA NB pFejlzZNanoSivacE ¢ 2 dzt
A Communities able to protect themselves from pesticide

harms: no federal premption of local government
authority and protective actions

A A new and full RA will be required of an EPA registered
pesticide, if it is prohibited in the EU or Canada

A Agribusinesses must inform EPA of harms to farm laborers
who apply pesticidesprohibitsreprisals against those who
report harm.
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Codex Alimentarius: industry lobbies to evade science
New York Times,24.2020

Emails Show How Pesticide Industry
Influenced U.S. Position in Health Talks

The U.S. insisted that new international guidelines on combating
drug resistance omit any mention of fungicides — a demand that
the industry made but that ran counter to science.

The emsils were written in 2013 and offe

o x dustry influences
U.S.D.A. policy decisions that can affect billions of people across the globe. Stefani Reynolds for The New
Institute for
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Trade Policy By Andrew Jacobs
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Pesticide lobby signs agreement with FAO DG

https://www.iatp.org/documents/letteracademicsscientistsand-researchers
expressingconcernregardingfaos

Search jo)
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Letter from academics, scientists and researchers
expressing concern regarding FAO's announcement of
plans to forge a new strategic partnership with

CroplLife International

Nov 18, 2020
by Institute for Agriculture and Trade Policy et al.
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Industry violates FAO program vs HHPs

https://unearthed.greenpeace.org/2020/02/20/pesticidesoplife-hazardousbayersyngentahealth-bees/
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