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What we’ve learned about impacts, risks and 
toxicity since von Hohendorff/ Engelmann (2014)

• “Little is understood yet about nano-toxicity. The levels of nano-
exposure are not known; the levels of exposure that could be harmful 
to human health are not known nor whether there is a safe limit of 
exposure. Furthermore, there are few studies about long term 
exposure to research the potential toxicity of these products.” (p. 72) 

• Unfortunately, this summary continues to be valid, save for:

• Bio-persistent nano-particles (NPs) can be measured and visualized as 
they move in the human body for up to 365 days

• The most hazardous NPs can be identified by means of screening nano-
informatic data bases of in vivo and in vitro experiments

• However, there is no agreement on nano-relevant risk assessment 
metrics for regulation and particularly for protection of workers



Overview: nano-pesticides and the 
occupational health of farmworkers

• Why nano-pesticides?
• Types of nano-pesticides, according to the report of the 

Brazilian Agribusiness Research Corporation 
(EMBRAPA)

• Brief U.S. nano-pesticides history: EPA permitting 
commercial use without published risk analysis

• Kocide®: EPA registered in 2015: label on use and EPA’s 
revised Worker Protection Standard

• Controls to protect lab technicians from NP exposure: 
feasible to apply to farmworkers?

• “Safe by Design” (SbD) NPs: a future of nano without 
rules?



Nano in the Agri-tech revolution
https://www.nature.com/articles/s41565-019-0461-7

https://www.nature.com/articles/s41565-019-0461-7


V. Gerwin: “Everything you need to know about 
nano-pesticides”: Modern Farmer, 1/21/15



“Currently, there is little understanding of the risk associated 
with this emerging technology” Rai Kookana (2015)

https://ecos.csiro.au/nanopesticides-a-promising-new-pesticide-solution/

https://ecos.csiro.au/nanopesticides-a-promising-new-pesticide-solution/


Kookana et al : Guiding Principles for Regulatory 
Evaluation of Environmental Risks (2014)

https://pubs.acs.org/doi/pdf/10.1021/jf500232f

https://pubs.acs.org/doi/pdf/10.1021/jf500232f


Absent from the analysis of nano-pesticides: 
impacts on worker health (2018)

https://www.researchgate.net/publication/324992564_A_critical_evaluation_of_nanopesticide
s_and_nanofertilizers_against_their_conventional_analogues

https://www.researchgate.net/publication/324992564_A_critical_evaluation_of_nanopesticides_and_nanofertilizers_against_their_conventional_analogues


Nano-pesticides: types, properties, challenges
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6380358/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6380358/




Summaries of 170 studies; 4 on nano-
pesticides; none on health impacts



Most efficient NP form to control insecticide release to 
reduce harm to citrus plants without unintended effects? 



Biogenic silica capsules to optimize rate of pesticide 
release for 3 levels of salinity, pH and temperature



In vitro study: inhibit 3 pathogenic fungi with 3 
Ag NP inoculation formulas: 13-75% inhibition 

compared to non-inoculated control plants





C. Geraci, NIOSH (2015)
https://www.nano.gov/sites/default/files/pub_resource/103_geraci_occu

pational_exposure_review.pdf

https://www.nano.gov/sites/default/files/pub_resource/103_geraci_occupational_exposure_review.pdf


2015: EPA responds to a 2008 NGO petition 
to regulate nano-Ag as a nano-pesticide



First permit to use nano Ag as a biocide for non-
agricultural purposes (2011)

https://news.bloombergenvironment.com/environment-and-energy/epa-announces-
conditional-registration-for-antimicrobial-containing-nanosilver

https://news.bloombergenvironment.com/environment-and-energy/epa-announces-conditional-registration-for-antimicrobial-containing-nanosilver






Suing EPA for permitting nano-AG use
without nano-relevant risk assessment



2017: a court rules EPA did not justify its 
registration of Nanosilva

https://product-liability.weil.com/consumer-products/court-finds-epa-lacked-substantial-
evidence-to-register-nanosilver-based-pesticide/

https://product-liability.weil.com/consumer-products/court-finds-epa-lacked-substantial-evidence-to-register-nanosilver-based-pesticide/


2015: EPA registers a nano-pesticide for organic 
horticulture, grains and soy

https://www3.epa.gov/pesticides/chem_search/ppls/091411-00002-20150507.pdf

https://www3.epa.gov/pesticides/chem_search/ppls/091411-00002-20150507.pdf


EPA’s conditions for use of Dupont ™’s 
Kocide® 3000 described in a 19 page label

• For those who mix Kocide® with water or apply it: Personal 
Protection Equipment (PPE) of long-sleeved shirt, pants, 
impermeable gloves, shoes and socks

• Comply with EPA Worker Protection Standard

• Users are liable for all damages for use of Kocide®

• Can be applied on the ground or from an airplane in different 
concentrations

• Warning: stop using Kocide® when plants in greenhouses 
show signs of phyto-toxicity

• (No corresponding warning for horticulture workers in 
greenhouses)



Simonin et al (2018): first published environmental risk 
assessment of Kocide®

https://www.frontiersin.org/articles/10.3389/fmicb.2018.01769/full

• Active ingredient: nanoscale Cu(OH₂)

• Test field: “mesocosm” (precision greenhouse)

• Kocide® applied to 7 plants in soil with “ambient” (existing), 
low and high degrees of fertilization

• Soil and plant test at 15 days, 10 weeks and one year

• Results: no negative impact on plants or to plant-micro-
organism associations

• Risks to soil fertility (e.g. capacity to fix N, micro-organism 
biomass), especially under the low fertilization characteristic 
of organic agriculture for which Kocide® is registered

• Future research: environmental impacts of repeated 
applications of Kocide®

https://www.frontiersin.org/articles/10.3389/fmicb.2018.01769/full


In vitro study: cellular toxicity in onions of Ag 
and Si NPs compared to trifuralin toxicity in 

pesticides



Review of nano-pesticide studies: almost without data 
useful for occupational health protection

https://oem.bmj.com/content/75/Suppl_2/A470.3

• Internet survey of scientific literature (2018)

• Nearly all studies focus on technical benefits (e.g.
less mass of Active Ingredient applied)

• Very few in vitro studies comparing pesticide and 
nano-pesticide toxicity

• No in vivo studies comparing pesticide and nano-
pesticide toxicity

• Most probable vector of human health risk: dermal 
exposure during the mixing of the nano-pesticide

https://oem.bmj.com/content/75/Suppl_2/A470.3


2006 EPA guidance to protect agriculture 
workers

https://www.epa.gov/sites/production/files/2015-
06/documents/protectyourselffrompesticidesspanish_735_b_06_001.pdf

https://www.epa.gov/sites/production/files/2015-06/documents/protectyourselffrompesticidesspanish_735_b_06_001.pdf


2018: Worker Protection Standard enters into force:
146 pages for compliance by employers  



U.S. States implement EPA Worker 
Protection Standard, e.g. a Colorado poster



Personal Protection Equipment (PPE) in Colorado
http://cepep.wptest.agsci.colostate.edu/wp-

content/uploads/sites/35/2016/06/PERC_CP_11x17_spanish.pdf

http://cepep.wptest.agsci.colostate.edu/wp-content/uploads/sites/35/2016/06/PERC_CP_11x17_spanish.pdf




Even in Syngenta’s experimental farm in Hawaii
https://legalnewsline.com/stories/511065024-epa-targets-syngenta-seeds-seeks-4-

8-million-for-alleged-worker-protection-law-violations

https://legalnewsline.com/stories/511065024-epa-targets-syngenta-seeds-seeks-4-8-million-for-alleged-worker-protection-law-violations


Adapt NIOSH research to protect farmworkers
https://www.cdc.gov/niosh/docs/2019-116/pdfs/2019-116.pdf

https://www.cdc.gov/niosh/docs/2019-116/pdfs/2019-116.pdf


Steps towards protecting farmworkers

• Develop PPE adequate to prevent exposure to 
nano-pesticides, e.g. much better HEPA masks

• Monitor worker exposure to NPs with appropriate 
instruments, e.g. on instruments on PPE

• Take biological samples in the field or greenhouse

• Analyze the samples per initial route of exposure in 
the working environment of nano-pesticide use

• Use sampling and monitoring data for “Safe by 
Design” NPs in nano-pesticides and PPE design 



C. Sayes, “Exposure in Biological Systems: State of the 
Science” (2015): adaptable to farmworkers?

https://www.nano.gov/sites/default/files/pub_resource/204_sayes_exposure_in_biological
_systems_review.pdf

https://www.nano.gov/sites/default/files/pub_resource/204_sayes_exposure_in_biological_systems_review.pdf




EU project to reduce NP risk before NPs are 
incorporated into products



With or without nano rules: a hierarchy of controls with 
SdB NPs in first place (P. Schulte, NIOSH)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5923569/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5923569/


Nano-informatics: crucial for converting data 
into SbD NPs





Safe by Design cannot reduce nano-pesticide 
risks if deregulation to protect agribusiness 

increases pesticide risks
https://thehill.com/policy/energy-environment/467357-trump-

administration-rule-to-shrink-exclusion-boundaries-near

https://thehill.com/policy/energy-environment/467357-trump-administration-rule-to-shrink-exclusion-boundaries-near


Conclusions and questions 1

• State of the science for nano-pesticides: environmental 
health (incipient); human health (non-existent)

• How to analyze nano-pesticides risk in the field 
conditions of its use?

• According to the EU, the OECD standards on biocides 
are inadequate for risk analysis of nano-biocides 
(industrial and agricultural uses)

• Nevertheless, the EPA allows use of nano-pesticides 
based on data submitted by the applicants as 
confidential business information 



Conclusions and questions 2

• Consensus:  nano metal (e.g. Ag, Cu) and metal oxides 
(e.g. TiO₂) are most hazardous NPs, due to their bio-
persistence and other properties

• Which types of nano-pesticides pose the greatest risks?

• Does nano-encapsulation reduce AI risks?

• Can SbD techniques reduce exposure to NPs to reduce 
risks for farm workers using nano-pesticides?

• PPE for use with nano-pesticides does not yet exist

• Can PPE for lab technicians be adapted to protect farm 
workers? 



Government response to non-nano means to 
reduce the volume of pesticide use


