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Dear Editor,
In response to the February 2025 editorial by Vardavas et al.1, 
‘Piperonyl Butoxide: Friend or Hidden Foe’, we would like to 
offer clarification on several points where the discussion of 
piperonyl butoxide (PBO) does not fully reflect the current 
scientific and regulatory understanding. We focus on three 
principal areas. 

Contextualization of toxicological findings
The editorial attributes various effects to PBO such as 
hepatocellular necrosis, altered exploratory behavior, 
developmental endpoints, and male fertility effects – without 
providing essential dose-response context or relevance to 
human exposures. These findings arise largely from non-
guideline animal studies at doses far higher than human 
exposures. Without evaluating dose, mode of action, 
species differences, and human exposure estimates, the text 
overstates potential human health concerns.

Updated carcinogenicity assessment
The editorial cites a mode of action (MOA) publication that 
refers to a 79-week mouse bioassay reporting increased 
hepatocellular adenomas2. Missing, however, is the 
conclusion that the MOA demonstrates that these tumors 
lack human relevance. The European Chemicals Agency’s 
(ECHA) Committee for Risk Assessment (RAC) ‘considers 
the established MOA plausible, although some data gaps 
remain and limitations were seen in the mechanistic studies. 
Nevertheless, the concern for human relevance is lowered 
by the data provided, which is further substantiated by 
the relatively low number of carcinomas observed in one 
sex only. Therefore, no classification for carcinogenicity is 
warranted’3. 

Similarly, the editorial mentions PBO's now outdated 
classification by the U.S. Environmental Protection Agency 
(EPA) as a ‘possible human carcinogen based on limited 
evidence of carcinogenicity in animals’; however, the EPA 
reclassified PBO in July 2024 as ‘Not likely to be carcinogenic 
to humans at doses that do not induce cellular proliferation 
in the liver’4. 

Human exposure data and respiratory effects
The editorial references the 2006 EPA PBO Registration 
Eligibility Decision regarding potential respiratory effects of 
pyrethrin/PBO products but does not include later human 
surveillance data that directly address these concerns5.

First, analyses of American Association of Poison Control 
Centers (AAPCC) Toxic Exposure Surveillance System (TESS) 
data from 2001–2003 evaluated dermal and respiratory 
symptoms following exposures to pyrethrins formulated 
with PBO6. The authors concluded that these products are 
associated with a relatively low risk of adverse effects and 
are unlikely to trigger reactions in individuals with asthma 
or allergies.

Second, the Pyrethrins Stewardship Program (PSP), 
conducted from 2010–2016, systematically assessed 
symptomatic dermal and inhalation exposures to pyrethrins 
used with other pyrethroids and synergists, including PBO7. 
This comprehensive surveillance program concluded that: 
1) adverse respiratory or dermal events following product 
exposure were rare; 2) most dermal or respiratory effects 
were minor and self-limiting; and 3) pyrethrin-containing 
products, including those formulated with synthetic 
pyrethroids and/or synergists like PBO, do not pose a 
significant risk of serious dermal or respiratory reactions, 
even among individuals with reported allergies or asthma.
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Conclusion
A balanced evaluation of PBO requires consideration of 
mechanistic research, updated regulatory determinations, 
and real-world human exposure data. When these lines 
of evidence are integrated, they provide a scientifically 
grounded characterization of PBO’s favorable safety profile.

REFERENCES
1.	 Vardavas AI, Tsitsimpikou C, Tsatsakis AM. Piperonyl 

Butoxide: Friend or hidden foe?. Public Health and Toxicology. 
2025;5(1):1. doi:10.18332/pht/202100

2.	 Lake BG, Price RJ, Scott MP, Chatham LR, Vardy A, Osimitz 
TG. Piperonyl butoxide: Mode of action analysis for mouse 
liver tumour formation and human relevance. Toxicology. 
2020;439:152465. doi:10.1016/j.tox.2020.152465

3.	 European Chemicals Agency. Committee for Risk Assessment 
RAC. Opinion proposing harmonised classification and 
labelling at EU level of piperonyl butoxide (ISO). European 
Chemicals Agency; 2020. Accessed March 29, 2026. https://
echa.europa.eu/documents/10162/10d69a25-7cfb-8167-
099a-2aded5e9fc57

4.	 U.S. Environmental Protection Agency. Piperonyl Butoxide: 
Second Report of the Cancer Assessment Review Committee. 
Regulations Gov., U.S. Environmental Protection Agency; 2024. 
Accessed March 29, 2026. https://www.regulations.gov/
document/EPA-HQ-OPP-2010-0498-0072

5.	 U.S. Environmental Protection Agency. Reregistration 
Eligibility Decision for Piperonyl Butoxide (PBO). List B. 
Case No. 2525. U.S. Environmental Protection Agency; 2006; 
Accessed March 29, 2026. https://www3.epa.gov/pesticides//
chem_search/reg_actions/reregistration/red_PC-067501_14-
Jun-06.pdf

6.	 Osimitz TG, Sommers N, Kingston R. Human exposure to 
insecticide products containing pyrethrins and piperonyl 
butoxide (2001-2003). Food Chem Toxicol. 2009;47(7):1406-
1415. doi:10.1016/j.fct.2009.03.015

7.	 Osimitz, TG, Sioris K, Gualtieri J. et al. Retrospec-
tive analysis of adverse effects associated with py-
rethrins-containing products. Toxicology Research 
and Appl icat ion .  2022;6:23978473211052700. 
doi:10.1177/23978473211052700

CONFLICTS OF INTEREST 
The authors have each completed and submitted an ICMJE form for 
disclosure of potential conflicts of interest. The authors declare that 
they have no competing interests, financial or otherwise, related to the 
current work. T.G. Osimitz reports that since the initial planning of the 
work received support by the PBO Task Force II (PBTFII), consulting 
fees for this Letter to Editor (LTE) as well as related fees under items 
#4, #5, that were paid to his company (Science Strategies, LLC), and that 
in the past 36 months received consulting fees from PBTFII, paid to his 
company (Science Strategies, LLC), and received payments from PBTFII, 
fees for authoring this LTE as well as for a just submitted manuscript 
on developmental and reproductive toxicology, made to his company 
(Science Strategies, LLC). W. Droege reports that since the initial planning 
of the work received support by Science Strategies, LLC, as payment 
for time spent on this LTE, and that in the past 36 months received 
consulting fees from PBTFII (paid to him).

FUNDING
This work was supported by the Piperonyl Butoxide Task Force II 

(PBTFII) that funded the preparation of the manuscript. T. G. Osimitz 
and W. Droege were responsible for the primary authorship of the 
manuscript. The sponsor has reviewed the manuscript, but the authors 
had sole authority for all editorial matters. 

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval and informed consent were not required for this study.

DATA AVAILABILITY
Data sharing is not applicable to this article as no new data were created.

PROVENANCE AND PEER REVIEW 
Not commissioned; externally peer-reviewed.

DISCLAIMER
The views and opinions expressed in this article are those of the authors.

https://doi.org/10.18332/pht/220971
http://doi.org/10.18332/pht/202100
http://doi.org/10.1016/j.tox.2020.152465
https://echa.europa.eu/documents/10162/10d69a25-7cfb-8167-099a-2aded5e9fc57
https://echa.europa.eu/documents/10162/10d69a25-7cfb-8167-099a-2aded5e9fc57
https://echa.europa.eu/documents/10162/10d69a25-7cfb-8167-099a-2aded5e9fc57
https://www.regulations.gov/document/EPA-HQ-OPP-2010-0498-0072
https://www.regulations.gov/document/EPA-HQ-OPP-2010-0498-0072
https://www3.epa.gov/pesticides//chem_search/reg_actions/reregistration/red_PC-067501_14-Jun-06.pdf
https://www3.epa.gov/pesticides//chem_search/reg_actions/reregistration/red_PC-067501_14-Jun-06.pdf
https://www3.epa.gov/pesticides//chem_search/reg_actions/reregistration/red_PC-067501_14-Jun-06.pdf
http://doi.org/10.1016/j.fct.2009.03.015
http://doi.org/10.1177/23978473211052700

