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I. INTRODUCTION 

This document is the Environmental Protection Agency’s (EPA or the Agency) Proposed Interim 
Registration Review Decision (PID) for piperonyl butoxide (PBO) (PC Code 067501, case 
2525). In a registration review decision under the Federal Insecticide, Fungicide, Rodenticide 
Act (FIFRA), the Agency determines whether a pesticide continues to meet FIFRA’s registration 
standard.1 Where appropriate, the Agency may issue an interim registration review decision 
before completing a registration review.2 Among other things, the interim registration review 
decision may determine that new risk mitigation measures are necessary, lay out interim risk 
mitigation measures, identify data or information required to complete the review, and include 
schedules for submitting the required data, conducting the new risk assessment and completing 
the registration review.3 For more information on PBO, see EPA’s public docket (EPA-HQ-OPP-
2010-0498) at www.regulations.gov. 
 
FIFRA4 mandates the continuous review of existing pesticides. All pesticides distributed or sold 
in the United States must be registered by EPA based on scientific data showing that they will 
not cause unreasonable risks to human health or to the environment when used as directed on 
product labeling. In 2006, the Agency began implementing the registration review program. EPA 
will review each registered pesticide every 15 years. Through the registration review program, 
the Agency intends to verify that all registered pesticides continue to meet the registration 
standard as the ability to assess and reduce risk evolves and as policies and practices change. By 
periodically re-evaluating pesticides as science, public policy, and pesticide-use practices 
change, the Agency ensures that the public can continue to use products in the marketplace that 
do not present unreasonable adverse effects. For more information on the registration review 
program, see http://www.epa.gov/pesticide-reevaluation.  
 
The Agency is issuing a PID for PBO so that it can (1) move forward with aspects of the 
registration review that are complete and (2) implement interim risk mitigation (see Appendices 
A and B). EPA is currently working with the U.S. Fish and Wildlife Service and the National 
Marine Fisheries Service (the Services) to improve the consultation process for national 
threatened and endangered (listed) species for pesticides under the Endangered Species Act 
(ESA).5 The Agency has not yet fully evaluated PBO’s risks to federally listed species. However, 
EPA will complete its listed-species assessment and any necessary consultation with the Services 
before completing the PBO registration review. Before completing registration review, EPA will 
also complete endocrine screening for PBO under the Federal Food, Drug, and Cosmetic Act 
(FFDCA).6 For more information on the listed-species assessment and the endocrine screening 
for the PBO registration review, see Appendices C and D. 
 
PBO is an insecticide synergist that enhances the pesticidal properties of other insecticides. 
Registered products containing PBO are frequently co-formulated or mixed with pyrethrins or 

 
1 Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) § 3(g), 7 U.S.C. § 136a(g); 40 C.F.R. § 155.57. 
2 40 C.F.R. §§ 155.56, 155.58. 
3 40 C.F.R. § 155.56. 
4 As amended by the Food Quality Protection Act (FQPA) of 1996, Pub. L. No. 104-170, 110 Stat. 1489. 
5 Endangered Species Act (ESA) § 7, 16 U.S.C. § 1536. 
6 Federal Food, Drug, and Cosmetic Act (FFDCA) § 408(p), 21 U.S.C. § 346a(p). 



Docket Number EPA-HQ-OPP-2010-0498  
www.regulations.gov 
 

5 
 

pyrethroids. PBO inhibits the mixed function oxidase system of target insects, thereby reducing 
the oxidative breakdown of the co-formulated pesticide. Commercial uses of PBO include pre- 
and post-harvest application to food and feed agricultural crops and commodities, applications in 
food handling establishments, commercial and agricultural structures and outdoor premises, 
housing for animals in veterinary and farm settings, and direct application to animals in 
veterinary and farm settings. Residential uses of PBO include pest control in homes and outdoor 
domestic structures; on gardens, lawns, and ornamentals; and as direct application to household 
pets.   
 
Products containing PBO were first registered in 1954, and the Reregistration Eligibility 
Decision (RED) for PBO was published in 2006. Technical registrants of PBO include Bayer 
Environmental Science (Bayer); McLaughlin Gormley King (MGK); Endura S.P.A.; Control 
Solutions, Inc.; Precision Control Technology, Inc.; and Central Garden & Pet Company (Central 
Life Sciences). There are 651 FIFRA Section 3 products and there are four Section 24(c) Special 
Local Need registrations containing PBO. One product containing PBO (EPA Reg. No. 70385-3) 
is formulated with alkyl dimethyl benzyl ammonium chloride (ADBAC), an active ingredient 
under review in the Antimicrobial Division. PBO has not been evaluated as an antimicrobial case 
and the Antimicrobial Division’s review of products containing both PBO and ADBAC will take 
place in the future.   
 
This document is organized in five sections: 

 Introduction (summarizing the registration review milestones and responding to public 
comments); 

 Use and Usage (discussing how and why PBO is used); 
 Scientific Assessments (summarizing EPA’s risk and benefits assessments, updating or 

revising previous risk assessments, and discussing risk characterization); 
 Proposed Interim Registration Review Decision (presenting EPA’s proposed decision, 

regulatory rationale, and any mitigation measures to address risks of concern); and 
 Next Steps and Timeline (discussing how and when EPA intends to complete this 

registration review case). 
 

A. Summary of PBO Registration Review 
 
On December 22, 2010, the Agency formally initiated registration review for PBO with the 
opening of the registration review docket for the case.7 The following summary highlights the 
docket opening and other significant milestones that have occurred thus far during the 
registration review of PBO: 
 

 December 2010 – EPA posted the Piperonyl Butoxide Summary Document (dated 
December 14, 2010), the Piperonyl Butoxide: Human Health Risk Scoping Document in 
Support of Registration Review (dated September 15, 2010), and the EFED Registration 
Review Problem Formulation for Piperonyl Butoxide (PBO) (dated December 13, 2010) 
to the public docket for a 60-day public comment period. 

 
 

7 40 C.F.R. § 155.50 
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 June 2011 – EPA posted the Piperonyl Butoxide Final Work Plan (FWP) (dated May 27, 
2011) to the public docket. The Agency received four comments on the FWP. These 
comments did not alter the Agency’s anticipated registration review timeline, planned 
risk assessments, or planned data requirements for PBO.  

 
 December 2012 – EPA issued a Generic Data Call-In (GDCI) for PBO to obtain data 

needed to conduct the registration review risk assessments (GDCI-067501-1063). All 
data requirements from the registration review GDCI have been satisfied. There are 
studies still outstanding from the RED (GDCI-067501-26641), which are guidelines 
860.1500 (crop field trials) and 860.1520 (processed food/feed).  

 
 December 2017 – EPA posted the Piperonyl Butoxide (PBO) Draft Human Health Risk 

Assessment for Registration Review and for Proposed New Use on Edible Fungi Crop 
Group 21 (dated September 28, 2017) and the Piperonyl Butoxide (PBO): Preliminary 
Ecological Risk Assessment for Registration Review (dated August 21, 2017) for a 60-day 
public comment period, which was later extended for an additional 30 days. The Agency 
received comments from eight stakeholders on the draft risk assessments, one of which 
was a request to extend the comment period. The remaining comments addressed the risk 
assessments and the Agency has summarized and responded to these comments in 
Section I.B., below. The comments did change the risk assessments and registration 
review timeline for PBO. The risk estimates for multiple exposure scenarios appearing in 
the Human Health Risk Assessment were re-evaluated in light of comments received. 
 

 June 2021 – EPA is completing the PID for PBO and will post the PID to the public 
docket for a 60-day public comment period. Along with the PID, EPA is posting the 
following documents to the public docket: 

o Piperonyl Butoxide (PBO): Response to Comments on the Draft Human Health 
Risk Assessment for Registration Review (dated August 27, 2018)  

o Piperonyl Butoxide (PBO): Response to Comments for Section 3, New Use for 
Crop Group 21, Edible Fungi, Registration Review of Drinking Water Assessment 
and Preliminary Ecological Risk Assessment (dated June 29, 2021) 

o Pyrethrins (PC Code 069001), Piperonyl Butoxide (PBO) (PC Code 067501), and 
N-octyl bicycloheptene dicarboximide (MGK-264) (PC Code 057001): 
Agricultural and Post-Harvest Uses, Usage, and Benefits (dated June 29, 2021)  

o Pyrethrins (PC Code 069001), Piperonyl Butoxide (PBO) (PC Code 067501), and 
N-octyl bicycloheptene dicarboximide (MGK-264) (PC Code 057001): Non-
agricultural Uses, Usage, and Benefits (dated June 29, 2021)  

o Piperonyl Butoxide (PBO): Addendum to the Occupational and Residential 
Exposure Assessment for Registration Review and Assessment of a Proposed 
Section 3 Use on Fungi, Edible, Group 21 (dated June 28, 2021)  

o Piperonyl Butoxide (PBO): Summary of Domestic Animal Incidents (dated June 
30, 2021) 
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B. Summary of Public Comments on the Draft Risk Assessments and Agency 
Responses 

 
During the extended 90-day public-comment period for the PBO Draft Risk Assessments 
(December 14, 2017 to March 15, 2018), the Agency received eight public comments. One 
comment requested an extension of the comment period and seven comments addressed the risks 
assessments. The seven comments addressing the risk assessments were submitted by the 
American Mosquito Control Association; the Center for Biological Diversity; McLaughlin 
Gormley King Company; Compliance Services International; the Piperonyl Butoxide Task Force 
II; the United States Department of Agriculture; and the University of Hawai‘i at M noa. The 
Agency has summarized and responded to all substantive comments and comments of a broader 
regulatory nature below. The Agency thanks all commenters and has considered all comments in 
developing this PID. 
 
Comments Submitted by the American Mosquito Control Association (Docket ID: EPA-
HQ-OPP-2010-0498-0028) 
 
Comment: The American Mosquito Control Association (AMCA) noted that PBO is a key tool 
for controlling adult mosquitoes and mosquito-borne diseases due to its synergist effects when 
coupled with pyrethroid and pyrethrins adulticides. AMCA stated that PBO is critical in 
managing resistance and for managing public health emergencies. AMCA commented on the 
human health risk assessment and disagreed with the Agency’s calculation of adult and child 
incidental oral exposure to PBO that results from truck-mounted ultra-low volume (ULV) 
mosquito adulticide applications. Furthermore, AMCA informed the Agency that aerial 
applications of products containing PBO are normally made by fixed-wing aircraft at heights of 
200 feet above ground level or more, not the 100 feet release height used in the risk assessment. 
Finally, AMCA questioned why the Agency used the 0.040 lb active ingredient/acre (lb ai/A) 
application rate to assess this use in its risk assessment, noting that labeled rates range from 
0.0035 to 0.007 lb ai/A for mosquito control. 
 
EPA Response: The Agency thanks AMCA for the information. EPA agrees that there are 
benefits for the use of PBO as a synergist in pyrethroid/pyrethrins products formulated for 
mosquito adulticide treatments. For truck-mounted mosquito adulticide applications, because 
incidental oral exposures did not exceed the level of concern, the Agency will consider further 
refinements if necessary but did not do so at this time. Current labels allow for fixed wing 
application at heights of 100 to 300 feet and rotary-wing aircraft application between 75 and 300 
feet. As part of this PID, EPA is proposing a release height of 200 feet for aerial mosquito ULV 
applications to address residential post-application risks of concern; see Section IV of this 
document for additional information.  
 
Finally, the 0.040 lb ai/acre application rate can be found in the registered label, Pyrocide 
Mosquito Adulticide 7453 (EPA Reg. No. 1021-1803), when targeting difficult species. For a 
more detailed response to this comment, see the Piperonyl Butoxide (PBO): Response to 
Comments on the Draft Human Health Risk Assessment for Registration Review (dated August 
27, 2018), which is available in the PBO docket. 
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Comments Submitted by the Center for Biological Diversity (Docket ID: EPA-HQ-OPP-
2010-0498-0029) 
 
Comment: The Center for Biological Diversity (CBD) commented on the EPA’s duty under the 
Endangered Species Act (ESA) to consult with the Services on the registration review of PBO. 
CBD’s comments mention various aspects of the risk assessment process (e.g., use of the best 
available data), including necessary data and studies (e.g., those necessary to develop listed-
species risk assessments) and evaluation of effects on listed species and their designated critical 
habitat. CBD also expressed concern about the effects of PBO on pollinators and other beneficial 
insects, possible endocrine disruption effects on human health and environmental safety, and any 
additive, cumulative and synergistic effects from the use of PBO. 
 
EPA Response: EPA has reviewed CBD’s comments and is addressing many of the concerns 
about listed species by collaborating with the Services and USDA to improve the consultation 
process for listed species and pesticides.8 For more information on this ongoing collaboration, 
see Appendix C. EPA intends to address endocrine-disruption and listed-species concerns 
specific to PBO when developing its final registration review decision. For more information on 
endocrine disruption, see Appendix D. EPA is currently developing a policy on how to consider 
synergy claims made by registrants in their patents and patent applications. For more information 
on this policy, see the interim process posted for public comment on September 9, 2019 to EPA’s 
public docket (EPA-HQ-OPP-2017-0433). Once the Agency has finalized that policy, EPA will 
consider its implications on the EPA’s final registration review decision for PBO. 
 
Comments Submitted by McLaughlin Gormley King Company (Docket ID: EPA-HQ-
OPP-2010-0498-0030) 
 
Comment: McLaughlin Gormley King Company (MGK) recommended refinements to multiple 
PBO residential handler, residential post-application, and occupational handler exposure 
scenarios that were evaluated in the Agency’s Piperonyl Butoxide (PBO) Occupational and 
Residential Exposure Assessment for Registration Review and a Proposed Section 3 Use on 
Fungi, Edible, Group21 (dated August 8, 2017). Scenarios recommended for refinement were: 
pet shampoos; residential shaker cans; bulb duster, plunger duster, and hand crank/electric/power 
dusters; animal barn misting systems; truck-mounted ULV mosquitocide sprays; fogging 
treatments; manually-pressurized hand-wand applications; backpack applications; applications to 
ant mounds with a cup or spoon; mixing/loading for automated systems; and mechanically 
pressurized handgun applications. MGK also asserted that an inappropriate vapor pressure was 
used to assess the inhalation exposure for indoor/broadcast/perimeter/crack & crevice 
applications in the 2017 human health risk assessment. MGK proposed a vapor pressure of 5 x 
10-13 mmHg. Finally, MGK highlighted an error in the calculation of the inhalation dose for 
residential backyards and residential living spaces for fogging equipment applications. 
 
EPA Response: The Agency has incorporated many of the refinements recommended by MGK. 
For a detailed account of these refinements, see the Piperonyl Butoxide (PBO): Response to 
Comments on the Draft Human Health Risk Assessment for Registration Review and the 

 
8 Endangered Species Act (ESA) § 7, 16 U.S.C. § 1536. 

apsbates
Highlight

apsbates
Highlight
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Piperonyl Butoxide (PBO): Addendum to the Occupational and Residential Exposure Assessment 
for Registration Review and Assessment of a Proposed Section 3 Use on Fungi, Edible, Group 
21, which is available in the PBO docket. Furthermore, the Agency maintains that the vapor 
pressure used to assess the inhalation exposure for indoor/broadcast/perimeter/crack & crevice 
PBO application scenarios in the 2017 human health risk assessment was appropriate. The 
Agency could not verify the vapor pressure proposed by MGK for PBO (5 x 10-13 mmHg). The 
vapor pressure used in the occupational and residential assessment was 1 x 10-7 mmHg at 25°C, 
which is the same vapor pressure listed by the World Health Organization. Finally, the Agency 
acknowledges a typographical error in the area/amount treated column of the occupational 
handler table of the human health risk assessment. For residential backyards, parks, and 
restaurants, the area treated should have been 20,000 cubic feet not 2,000 cubic feet, however, 
the inhalation doses and MOEs are correctly presented for those scenarios. 
 
Comments Submitted by Compliance Services International (Docket ID: EPA-HQ-OPP-
2010-0498-0031) 
 
Comment: Compliance Services International (CSI) submitted comments on the ecological risk 
assessment on behalf of the Piperonyl Butoxide Task Force II. CSI noted that the ecological risk 
assessment is based on a large number of conservative assumptions and requested the Agency 
conduct refinements to more accurately characterize risk. In particular, CSI argued that exposure 
estimates were based on the assumption of 10 applications per season at 1-day retreatment 
intervals. CSI notes this would be extremely unlikely in actual practice in light of resistance 
concerns; in addition, PBO is co-formulated with pyrethrins and pyrethroids and a large number 
of these labels allow fewer applications and at least 3 days between applications.        
 
CSI suggested technical corrections for the exposure assessment and argued that the Agency 
used incorrect Koc, log Kow, Henry’s law constant, aerobic and anaerobic aquatic metabolism 
half-lives, and depuration half-life. CSI disagrees with the agency’s position with respect to the 
terrestrial field dissipation studies (which EPA previously classified as invalid) and noted that 
the data can be useful to demonstrate that aerobic soil metabolism studies overestimate PBO’s 
persistence in soil/water/sediment.  
 
For rice modeling, CSI questioned the use of estimated in-paddy concentration to represent 
exposure to non-target aquatic organisms and suggested that exposure analysis should be based 
on estimated concentrations in streams receiving water released from treated paddies after a 
specified holding time. Moreover, the Piperonyl Butoxide Task Force II is not supporting use on 
rice.  
 
CSI cited monitoring data which showed that measured PBO concentrations in surface water are 
far below estimated environmental concentrations (EECs). CSI noted that the Agency used 
outdated CA Surface Water Database (SURF) monitoring data from 2010 through 2015. More 
recent data from 2003 through 2017 showed that PBO was detected in 12% of samples.   
 
CSI cited conservatism in the drinking water assessment and sought clarification on the 
assessment of the proposed use on edible fungi.   
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CSI noted inconsistent treatment of freshwater and estuarine/marine toxicity data. For chronic 
toxicity, the agency used the most sensitive species to represent both freshwater and 
estuarine/marine invertebrates. However, for acute toxicity, the agency did not do the same and 
no reason was given. CSI argued that substantial differences in exposure can be expected 
between freshwater and estuarine/marine habitats, but this is not reflected in EECs.   
 
CSI also argued that the ecological risk assessment overestimated chronic risk to birds and 
mammals by unreasonably assuming that birds or mammals would select food items containing 
the maximum residue levels under chronic exposure.  
 
Overall, CSI argued that the ecological risks of PBO do not warrant mitigation.   
 
EPA Response: EPA referenced the 2003 Master Label submitted by the Piperonyl Butoxide 
Task Force II9 and acknowledges the 1-day reapplication interval may be conservative when co-
formulated with other pesticides such as pyrethrins and pyrethroids. The Drinking Water 
Assessment10 presented the Tier I model results of 1 and 3-day reapplication intervals, estimated 
drinking water concentrations were within 5% of each other. The ecological risk assessment 
examined the difference in EECs between a 1 vs 3-day application interval for one use (i.e., 
grapefruit) which resulted in a 18% decrease EECs when using a 3-day application interval.  
However, it did not change the risk conclusions when using the lower EECs. Future risk 
assessments will rely on the reapplication interval as indicated on PBO labels. If registrants think 
that the reapplication interval should be longer than 1-day or fewer than 10 applications based on 
current understanding of application practices in the field, EPA encourages registrants to make 
those changes on PBO labels. 
 
Regarding the Koc, log Kow, Henry’s Law constant and aerobic and anaerobic aquatic metabolism 
input parameters, the value used was re-examined and in some cases revised based on this re-
analysis. Future risk assessments will use a Koc of 1,045 mL/g, log Kow of 4.62, Henry’s Law 
constant of 1.6 e-14 atm m3/mol at 25°C, and depuration rate as 3-day-1 (depuration half-live = 
0.23 days). For aerobic and anaerobic aquatic metabolism half-lives, the recalculated half-lives 
for PBO (parent) half-life values were 97 and 4,109 days for aerobic and anaerobic aquatic 
metabolism, respectively. Revisions to these fate parameters did not have a significant effect on 
risk conclusions. Although aquatic and terrestrial field dissipation studies are useful for 
comparison with laboratory studies and to characterize the fate of PBO under field conditions, 
these studies are not used for model inputs. Refer to the Piperonyl Butoxide (PBO): Response to 
Comments for Section 3, New Use for Crop Group 21, Edible Fungi, Registration Review of 
Drinking Water Assessment and Preliminary Ecological Risk Assessment for a more detailed 
discussion. 
 

 
9 PBOTFII. 2003. Submission of Piperonyl Butoxide Master Label. Piperonyl Butoxide Task Force II. Curry, K. K., 
and Brookman, D.J., Report No. PBTFII-03-01. Washington, D.C. February 12, 2003. 
10 USEPA 2017. Drinking Water Exposure Assessment for Registration Review and Section 3 New Use for Crop 
Group 21, Edible Fungi. U.S. Environmental Protection Agency, Office of Prevention, Pesticides and Toxic 
Substances, Office of Pesticide Programs, Environmental Fate and Effects Division. Washington, DC. Document ID 
EPA-HQ-OPP-2010-0498-0023.lan 
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The Agency appreciates comments on the water quality monitoring data. Additionally, the 
Agency appreciates the screening-level methodology to estimate outdoor equivalent application 
rates for indoor use in mushroom production houses. In the absence of a submitted study which 
provides a degradation half-life value for the highly organic mushroom substrate, it was 
conservatively assumed no degradation of PBO. The comments submitted will be considered in 
future risk assessments. 
 
The commentor is correct in that despite the ecological risk assessment indicating that the most 
sensitive endpoint would be used to derive chronic aquatic risk quotients (RQs), in actuality, 
RQs were calculated separately using either freshwater (i.e., daphnid) or estuarine/marine (i.e., 
mysid) toxicity data to represent the different aquatic environments. The aquatic EECs calculated 
by EPA are meant to serve as a surrogate for a variety of aquatic environments, including 
estuarine/marine habitats. The Agency understands that there are different factors that may 
influence aquatic exposure concentrations within different habitats. 
 
Comments Submitted by the Piperonyl Butoxide Task Force II (Docket ID: EPA-HQ-OPP-
2010-0498-0032) 
 
Comment: The Piperonyl Butoxide Task Force (PBTFII) noted the benefits of PBO-synergized 
products on public health. PBO-synergized products are easy to apply, portable, reliable, 
affordable, and offer a wide range of protection against many types of pests, including public 
health pests such as mosquitoes, fleas, and cockroaches. When used as a synergist, PBO 
increases the pesticidal effectiveness of other active ingredients thereby reducing the amount of 
pesticide applied. PBO-synergized products are important tools in helping consumers protect 
their homes from pests that may spread Zika, West Nile, and Lyme disease.    
 
The PBTFII commented on various elements of the human health risk assessment. It questioned 
the use of laryngeal lesions in the inhalation study cited by the Agency (MRID 42477101) as a 
point of departure (POD). The PBTFII considered these lesions as unique to the rat and argued it 
was not relevant for human health risk assessment and provided citations to three references to 
support its positions. The PBTFII further stated that the Multiple Pathway Particle Dosimetry 
(MPPD) model should be used to calculate human equivalent doses and concentrations.   
PBTFII also noted that insufficient or inaccurate information about PBO use parameters was 
presented in the human health risk assessment that left PBO registrants incapable of 
reconstructing the Agency’s MOE calculations. The PBTFII stated that application rates were 
overestimated for many uses. THE PBTFII also stated that the wrong vapor pressure was used to 
assess residential surface treatments, and that a vapor pressure at 25°C should be used instead of 
the current value at 60°C, as a temperature at 60°C are not encountered in residences. The 
PBTFII proposed a vapor pressure of 5 x 10-13 mmHg at 23°C.    
 
The PBTFII argued that new survey data from the Residential Exposure Joint Venture (REJV) 
should be used when calculating residential risks.  
 
PBO is currently classified as part of group C (possible human carcinogen). The PBTFII argued 
that this classification is outdated and noted it intends to consolidate various existing studies and 
submit them for the Agency’s consideration.  
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The PBTFII submitted a list of uses for which residue data were generated and noted that it was 
not supporting the following preharvest uses: cereal grains, pineapples, avocado, sugarcane, tea, 
grasses, sunflower, canola, banana, asparagus, tobacco, atemoya, and guava.  
 
EPA Response: The Agency agrees that PBO-synergized products provide benefits for public 
health needs; this information was considered in the risk-benefit balancing (see Section IV of this 
document). EPA disagrees with the PBTFII on its use of laryngeal lesions in MRID 42477101 as 
the inhalation POD. The contested laryngeal lesions were seen only in the PBO-treated rats and 
not in the concurrent control rats in the study. The Agency will continue to use the reference 
concentration (RfC) methodology in human health risk assessment. While the Agency recognizes 
the potential merit of the MPPD model, it cannot be used in human health risk assessment until 
the MPPD model is peer reviewed in a manner consistent with other models used by the Office 
of Pesticides Programs (OPP). In March 2021, EPA requested external peer review and public 
comment to evaluate the MPPD model; additional information can be found at 
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=351875&Lab=CPHEA.   
 
Furthermore, the occupational handler frequency and amount handled assumptions used in the 
human health risk assessments are standard values.11 These standard values are derived from a 
number of sources, including the Pesticide Handler Exposure Database, the Outdoor Residential 
Exposure Task Force, and the Agricultural Handler Exposure Task Force. Refinements of these 
assumptions are possible if chemical-specific or site/crop-specific data are submitted. The 
Agency could not verify the vapor pressure proposed by the PBTFII for PBO (5 x 10-13 mmHg).  
The vapor pressure used in the occupational and residential assessment was 1 x 10-7 mmHg at 
25°C, which is the same vapor pressure listed by the World Health Organization. 
 
The Agency is still reviewing the survey data from the Residential Exposure Joint Venture and 
plans to consider refinements as part of any future revisions to the PBO human health risk 
assessment.    
 
PBO is currently classified as a group C (possible human carcinogen) pesticide in accordance 
with the 1986 cancer classification guidelines. This classification was based on liver tumors in 
CD-1 mice observed at doses that were considered appropriate for carcinogenicity assessment 
(MRID 42903701). In order for PBO’s cancer classification to be changed, the registrant must 
officially submit the mode of action package as described on the EPA’s website12 (Evaluating 
Pesticides for Carcinogenic Potential). The Agency will consider this information upon 
submission through the Registration Division. 
 
In response to comments on tolerances and residue field trial data, the Agency notes that the 
following residue studies are still outstanding:  

 
11 For current occupational handler frequency and amount handled assumptions and standard values, see EPA’s 
website: https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-handler-
exposure-data#previous.  
12 https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/evaluating-pesticides-carcinogenic-
potential#:~:text=When%20assessing%20possible%20cancer%20risk,potential%20to%20cause%20human%20canc
er.  
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 One wheat post-harvest field trial, and two field corn post-harvest field trials—to 

maintain tolerances for barley, corn, rice, rye, sorghum, and wheat and for 
translation to birdseed mixtures 

 Two post harvest field trials for pineapple—to maintain postharvest pineapple 
use, and for translation to cantaloupe 

 A processing food/feed study on coconut 
 
For detailed responses to PBTFII’s comments, see the Piperonyl Butoxide (PBO): Response to 
Comments on the Draft Human Health Risk Assessment for Registration Review. 
 
Comments Submitted by the U.S. Department of Agriculture (Docket ID: EPA-HQ-OPP-
2010-0498-0033) 
 
Comment: The U.S. Department of Agriculture (USDA) noted the benefits of PBO-synergized 
products for use in food handling and processing establishments in order to meet the food 
standard and food processing facility requirements of the U.S. Food and Drug Administration 
and the USDA Food Safety and Inspection Service. PBO-synergized products are useful to 
control cheese mites and grain mites and the number of insecticides approved for use in food 
handling establishments are limited. USDA stated that the loss of PBO products or a reduction in 
rates could require extensive efficacy testing to identify alternative practices to meet food safety 
inspection and FDA standards.  
 
USDA also noted that PBO products are important for treating housing for veterinary and farm 
animals and for direct animal treatments. PBO products control mosquito and flying pests for 
animal wellness and are used in quarantine programs of the USDA Animal and Plant Health 
Inspection Service (APHIS) Veterinary Services. Loss of PBO products or rate reductions would 
result in the need for new efficacy studies to identify alternatives, given the limited toolbox for 
animal and public health uses. APHIS has used PBO products to treat bluetongue virus in sheep 
and goats. Although no usage data are available, APHIS noted that PBO products may be widely 
used to treat equine fly pests, using individual timed misters or in central barn misting systems. 
The loss of such products could have impacts on horsemen/horsewomen. APHIS Veterinary 
Services has used PBO products to control ticks in order to reduce risk and allow international 
competitors to come to the U.S. (e.g., World Equestrian Games, Olympics). APHIS noted that it 
would like to see current uses of PBO maintained as a control option for the National Cattle 
Fever Tick Eradication Program. USDA also noted that the U.S. Forest Service has used PBO 
tank-mixed with carbaryl as a treatment to prevent injury to high value trees in campgrounds and 
other developed areas during periods of high bark beetle pressure.  
 
USDA submitted crop usage information for PBO and noted recommendations from university 
extension and other publications for use of PBO in the production of Texas citrus, coffee, 
commercial strawberries, cotton, cranberries, forage, hops, greenhouses, and for protecting and 
storing grains.  
 
USDA requested that if crops are dropped from pesticide labels as a result of registration review, 
EPA consider the need for public health tolerances, which would enable mosquito control 
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districts to apply formulations containing PBO more freely to protect rural health and protect 
growers from liability from nearby public health applications. A precedent exists for naled, 
where an established public health tolerance already exists.    
 
USDA also provided comments on the human health risk assessment and noted that the values 
used by the Agency for the amounts of PBO product handled daily in two use scenarios 
(mixing/loading/applying liquid formulations for mechanically pressurized handgun direct spray 
and mixing/loading liquid formulations for automated systems) were exceedingly high.   
 
USDA noted that the ecological risk assessment assumes 10 consecutive days of PBO 
applications. Even though the label does not prohibit this, in reality the cost and labor constraints 
associated would be prohibitive to growers and would never be practiced. The expected residual 
efficacy of a pyrethrin/PBO insecticide application would be about 3 days under non-rain 
conditions. Most labels note a retreatment interval of 3 to 7 days. 
 
EPA Response: The Agency acknowledges the benefits of PBO use in food handling 
establishments, in veterinary/livestock premises and as direct animal treatments, and in the 
production of various crops. The descriptions of such benefits as provided in the USDA 
comment support the general conclusion of the Agency’s benefits assessments for non-
agricultural and livestock uses in that they highlight the importance of PBO (and pyrethrins) as 
management options for serious public health and livestock pests. In response to comments on 
the human health risk assessment, the amount handled per day values used are consistent with 
those appearing in the Agency’s Occupational Handler SOPs11. EPA invites the submission of 
specific data that could be used in refining these amounts.  
 
The Agency is not establishing public health tolerances for PBO at this time. The Agency does 
not establish new tolerances in the registration review process other than those that might result 
from crop group updates. Any petition to establish a new tolerance should be sent to the 
Registration Division Product Manager for PBO. The proposal of new tolerances involves a 
notice and comment process outside of registration review. 
 
The Agency referenced the 2003 Master Label submitted by the Piperonyl Butoxide Task Force 
II13 to parameterize the application profile for the array of registered use sites. EPA 
acknowledges the 1-day reapplication interval may be conservative and when co-formulated with 
other pesticides such as pyrethrins and pyrethroids, the label instructions may include longer re-
application intervals. 
 
Comments Submitted by University of Hawai‘i at M noa (Docket ID: EPA-HQ-OPP-0498-
0034) 
 
Comment: The University of Hawai‘i at M noa provided background information on the 
importance of PBO in the production of field corn, coffee, and other tropical orchard crops, 
particularly as part of resistance management programs and in integrated pest management 

 
13 PBOTFII. 2003. Submission of Piperonyl Butoxide Master Label. Piperonyl Butoxide Task Force II. Curry, K. K., 
and Brookman, D.J., Report No. PBTFII-03-01. Washington, D.C. February 12, 2003. 
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programs. It further highlighted that the lack of maximum residue limits (MRLs) for PBO in 
many of the foreign coffee markets, including Japan, can lead to shipments being rejected for 
being over the 0.01 parts per million (ppm) default MRL established by Japan. The lack of an 
established tolerance, or MRL, for green bean coffee creates a hardship for Hawai‘i’s coffee 
growers.   
 
EPA Response: The Agency thanks the University of Hawai‘i at M noa for the benefits 
information. The EPA appreciates the importance of PBO as a tool to manage pesticide 
resistance and has discussed this in its benefits assessment. In response to comments on the lack 
of established tolerances for coffee, the Agency anticipates proposing new tolerances for coffee 
commodities (see Table 4 of this document for anticipated tolerance changes for PBO). The 
establishment of new tolerances will be subject to notice and public comment provisions under a 
separate rule-making process.  
 

II. USE AND USAGE 

PBO is an insecticide synergist that has no insecticidal activity alone. PBO is one of two 
registered chemicals that can be used to synergize insecticides; historically, however, there have 
been several other commercialized synergists.14, 15, 16 The other synergist currently registered in 
the U.S. is MGK-264, which is also undergoing its registration review at this time. PBO is often 
co-formulated with pyrethrins and other pyrethroids. As a synergist, PBO increases the 
insecticidal activity of an active ingredient (a.i.), potentially allowing the a.i. to be applied at a 
lower application rate. The addition of PBO to compatible insecticide products may also increase 
the effectiveness of those products against pests that have begun to develop resistance to the 
pesticide (this is sometimes called “incipient” resistance or “tolerance”); therefore, prolonging 
the usefulness of these products by delaying the development of insecticide resistance. Because 
PBO does not have any insecticidal properties, it does not have a Mode of Action designation.17 
 
Agricultural use and usage 
 
PBO is registered for use on numerous agricultural crops including vegetable crops such as 
asparagus, broccoli and cabbage; grains such as alfalfa, corn, wheat, and barley (including stored 
grains); tree nuts; and grasses. PBO is applied as a foliar spray during various crop growth 
stages. PBO is also registered for livestock uses.  
 

 
14 Isman, M.B. 2006. Botanical Insecticides, Deterrents, and Repellents in Modern Agriculture and an Increasingly 
Regulated World. Annu. Rev. Entomol. 51: 45-66. https://doi.org/10.1146/annurev.ento.51.110104.151146. 
15 Philippou, D., V. Borzatta, E. Capparella, L. Moroni, L. Field, and G. Moores. 2016. The Use of Substituted 
Alkynyl Phenoxy Derivatives of Piperonyl Butoxide to Control Insecticide-Resistant Pests. Pest Manag. Sci. 72: 
1946-1950. https://doi.org/10.1002/ps.4234. 
16 Casida, J.E. 2017. Pesticide Interactions: Mechanisms, Benefits, and Risks. J. Agric. Food Chem. 65: 4553-4561. 
http://dx.doi.org/10.1021/acs.jafc.7b01813. 
17 IRAC’s classification scheme is available on the web at www.irac-online.org 
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On average, each year from 2015 to 2019, approximately 10,000 acres of agricultural crops were 
treated with about 3,000 lbs of PBO.18 Strawberries represented the highest usage of PBO during 
this period, with an average annual PCT of 3%.19 An average of 2,000 pounds of PBO were 
applied to about 3,000 acres of strawberries annually during this period.20 All applications of 
PBO in strawberry production were applied as part of a synergized pyrethrins product.18  
 
Pyrethrins synergized with PBO are recommended for the management of a variety of insect 
pests in conventional (non-organic) strawberries, and PBO is likely an important component here 
because it enhances the efficacy of pyrethrins, which are very short-lived in the typical 
environment. Target pests based on extension recommendations include lygus and other plant 
bugs, aphids, thrips, spider mites, armyworms and other caterpillars/borers, flies, crickets, and 
spiders.21, 22 Strawberry growers that reported using PBO most commonly targeted lygus bugs 
and/or lygus bugs and thrips.18 Populations of both lygus bugs and thrips are commonly known 
to have developed resistance to many insecticides, including pyrethrins, pyrethroids, and other 
insecticides that are commonly used in the production of strawberries and other agronomic 
crops.23 
 
Low usage of PBO was reported for various field, fruit, and vegetable crops from 2015-2019.18 
Low usage often suggests that growers have cost-effective alternatives or that target pests are not 
particularly problematic. Additionally, 2017 usage data for pest control in stored grains are 
available but no usage of PBO was reported.24 
 
Limited sales data for products for fly and ectoparasite control in livestock containing pyrethrins 
+ PBO are available. While pyrethrins product sales represented a small portion of sales of fly 
and ectoparasite control products in 2017, foggers containing pyrethrins + PBO constituted 
nearly 75% and 90% of premise treatments in the beef and dairy cattle markets, respectively, that 
year.25 In hog and poultry production, products containing pyrethrins + PBO appear to be more 
important than in cattle production. Pyrethrins + PBO containing products represented about 6% 
of fly and ectoparasite control product sales for hog production in 2017; pour on, spray, and 
fogger products containing pyrethrins + PBO constituted nearly 12% of sales in this market.25 

 
18 Kynetec USA, Inc. 2020. “The AgroTrak® Study from Kynetec USA, Inc.” iMap Software. Database Subset: 
2015-2019. [Accessed April 2020]. 
19 Kynetec USA, Inc. 2020. “The AgroTrak® Study from Kynetec USA, Inc.” Microsoft Access Database. Database 
Subset: 2015-2019. [Accessed April 2020]. 
20 Kynetec USA, Inc. 2020. “The AgroTrak® Study from Kynetec USA, Inc.” Access Database. Database Subset: 
2015-2019. [Accessed December 2020]. 
21 Zalom, F.G., M.P. Bolda, S.K. Dara, and S. Joseph. 2018. UC IPM Pest Management Guidelines Strawberry: 
Insects and Mites. UC ANR Publication 3468. http://ipm.ucanr.edu/PDF/PMG/pmgstrawberry.pdf. [Accessed 
December 2020]. 
22 Renkema, J., S. Devkota, and C. Nagle. 2019. Pesticide Options for Insect, Mite, and Mollusk Management in 
Commercial Strawberry Production in Florida. Publication ENY-689. University of Florida Extension/ Institute of 
Food and Agricultural Science. https://edis.ifas.ufl.edu/in486. [Accessed December 2020]. 
23 Arthropod Pesticide Resistance Database (APRD). 2021. In D. Mota-Sanchez and J.C. Wise (Eds.). Michigan 
State University. https://www.pesticideresistance.org/search.php. Accessed April 2021. 
24 Kline and Company. 2018. Stored Grain Insect Control 2017: United States Market Analysis and Opportunities. 
[Accessed April 2021]. 
25 Kline and Company. 2018. Pest Control in Production Animal Health 2017: U.S. Market Analysis and 
Opportunities. [Accessed May 2021]. 

apsbates
Highlight

apsbates
Highlight



Docket Number EPA-HQ-OPP-2010-0498  
www.regulations.gov 
 

17 
 

Lastly, in poultry production, about 5% of fly, ectoparasite, and rodent control products in this 
market contained pyrethrins + PBO in 2017; data specific to fogger applications are not 
available.25 
 
Non-agricultural use and usage 
 
PBO is registered for indoor residential, commercial, institutional, and industrial uses such as 
within animal living quarters (e.g., kennels, horse barns, dairy barns, poultry houses), vehicles 
(including aircraft flying internationally), food handling establishments, factories, or on 
bedding/mattresses. Additionally, pyrethrins and PBO can be applied as direct animal treatments 
(e.g., to dogs, cats, horses, etc). Outdoor sites include ornamental plants, ornamental lawns, turf, 
as well as commercial, institutional, industrial, and residential outdoor premises/areas such as 
around agricultural buildings or airport premises. PBO can be applied via fogger, aerial, or 
ground equipment. Applications can also be made using trigger spray bottles, hose-end sprayers, 
shaker cans, and various hand-operated dusters.  
 
In 2018, approximately $4.6 million in products co-formulated with permethrin + PBO were 
sold, representing approximately 13% of adulticide mosquito control product sales.26 Permethrin 
+ PBO products were used to treat nearly 20,000,000 acres for adult mosquito control that year.26 
 
Pest management professionals generally provide some combination of general insect (e.g., ants, 
bed bugs, cockroaches, fleas), rodent, external insect, lawn care insect, termite, mosquito, bird, 
and small mammal control and fumigation services to residential and commercial clients. In 
2016, over 100,000 lbs of PBO were applied by pest management professionals to control 
various insects in and around homes and commercial buildings, including food handling 
establishments (such as restaurants, commercial kitchens, food warehouses, and food processing 
plants). Approximately one-third of this PBO usage, in terms of pounds applied, was for 
mosquito control (33,000 lbs).27 Bed bug control (22,000 lbs) was another major use of PBO in 
2016. Applications for general insect control (23,000 lbs) was also high; general insects include: 
spiders, scorpions, mealworms, stink bugs, chinch bugs, boxelder bugs, flies, earwigs, 
bees/wasps/yellow jackets/hornets, centipedes/millipedes, Asian lady beetles, powderpost 
beetles, crickets, and various others. While PBO-specific usage data are not available for 
cockroach control, it was reported that approximately 130,000 lbs of a product co-formulated 
with pyrethrins + PBO + MGK-264 were sold for cockroach control in 2016 (representing about 
2.5% of the market).27 
 
Additional food handling data from 2014 note that pyrethrins products synergized with PBO 
constituted over 6% of sales in the food handling market in 2014.28 
 
Collectively, these data suggest that PBO is particularly important in livestock premise foggers 
and for the control of mosquitos, a public health pest, and various insects including ants, bed 

 
26 Nonagricultural Market Research Data (NMRD). 2019. Study on mosquito control. [Accessed June 2021]. 
27 Kline and Company. 2017. Professional Pest Management Markets for Pesticides 2016: United  States Market 
Analysis and Opportunities. [Accessed November 2020]. 
28 Kline and Company. 2015. Pest Control in Food-Handling Establishments 2014: U.S. Market Analysis and 
Opportunities. [Accessed June 2021]. 
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bugs, and cockroaches. Due to a lack of recent data, the Agency is unable to evaluate usage of 
PBO in grass/turf or ornamentals. 
 

III. SCIENTIFIC ASSESSMENTS 

A. Human Health Risks 
 
The conclusions of the 2017 human health risk assessment and the 2021 occupational and 
residential exposure assessment addendum are summarized below. The Agency used the most 
current science policies and risk assessment methodologies to prepare the PBO human health 
risk assessment. For additional details, see the Piperonyl Butoxide (PBO) Draft Human Health 
Risk Assessment for Registration Review and for Proposed New Use on Edible Fungi Crop 
Group 21. For additional information on the residential and occupational assessments, see the 
Piperonyl Butoxide (PBO) Occupational and Residential Exposure Assessment for Registration 
Review and a Proposed Section 3 Use on Fungi, Edible, Group 21. Revised risk estimates for 
many residential and occupational scenarios are presented in the Piperonyl Butoxide (PBO): 
Addendum to the Occupational and Residential Exposure Assessment for Registration Review 
and Assessment of a Proposed Section 3 Use on Fungi, Edible, Group 21, available in EPA’s 
public docket (EPA-HQ-OPP-2010-0498). 
 

1. Risk Summary and Characterization 
 
Dietary (Food + Water) Risks 
 
Highly refined acute and chronic dietary exposure assessments were conducted for all supported 
PBO food uses. USDA Pesticide Data Program (PDP) monitoring data, field trial residues, 
empirical processing data, and percent crop treated data were used to refine the dietary exposure 
analyses.  
 
Acute dietary risk estimates are not of concern. The acute dietary risk estimate for the highest 
exposed population subgroup, all infants less than one year old, is 19% of the Acute Population 
Adjusted Dose (aPAD); the level of concern (LOC) is 100% (risk estimates above 100% are of 
concern).  
 
Chronic dietary risk estimates are not of concern. The chronic dietary risk estimate for the 
highest exposed population subgroup, all infants less than one year old, is 42% of the Chronic 
Population Adjusted Dose (cPAD); the LOC is 100% (risk estimates above 100% are of 
concern).  
 
PBO is classified as a possible human carcinogen (Group C). For the purpose of risk 
characterization, the reference dose (RfD) and margin of exposure (MOE) approaches were used 
for quantitation of human risk. Therefore, a separate cancer dietary exposure assessment was not 
performed.  
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for drift of 0.26 is less than the maximum direct spray residential turf application rate (0.45 lb 
ai/A) for any PBO product. There were no incidental oral risks of concern for the residential 
post-application turf assessment and no dermal hazard identified for PBO; therefore, the 
residential post-application assessment for turf is protective of exposure via spray drift. 
Therefore, there are no non-occupational spray drift risks of concern. 
 
Aggregate Risks 
 
In an aggregate assessment, EPA considers the combined pesticide exposures and risks from 
three major sources: food, drinking water, and residential exposures. The Agency sums the 
exposures from these sources and compares the aggregate risk to quantitative estimates of 
hazard. EPA considers the route and duration of exposure when assessing aggregate risks.  
 
There are some residential handler and residential post-application scenarios with potential risks 
of concern (see text above). Since these residential risk estimates alone are of concern, these 
exposure scenarios were not considered for the purpose of performing an aggregate assessment 
since additional exposure from food and water would only increase the risk estimates. 
 
Because PBO inhalation toxicity effects are portal of entry, residential inhalation exposures 
would not be aggregated with dietary; therefore, only the incidental oral exposures are 
recommended for and used to calculate aggregate risks, including intermediate- and long-term 
durations for pet spot-on uses. 
 
Acute Aggregate Risk 
 
The acute aggregate risk assessment combines exposure to PBO in food and drinking water only. 
Since acute dietary risk estimates are not of concern (aPAD=19% for the highest exposed 
population subgroup), there are no acute aggregate risks of concern.  
 
Short-Term and Intermediate-Term Aggregate Risk 
 
As mentioned above, multiple residential handler and post-application scenarios resulted in 
potential risks of concern and were not incorporated into the aggregate assessment. Therefore, 
short-term and intermediate-term aggregate assessment was conducted for one scenario: contact 
with cats treated with a spot-on application. Chronic food and drinking water exposures were 
combined with the residential incidental oral exposures for the subpopulation. Risk estimates for 
the highest exposed population subgroup, children 1-2 years old, were not of concern (aggregate 
MOE=1,900, where risk estimates below the LOC of 100 are potentially of concern).  
 
Chronic Aggregate Risk 
 
The chronic aggregate assessment for PBO combines exposure from food and drinking water and 
residential exposures for children one to two years old. Chronic aggregate risk estimates were 
calculated for spot-on application to treated pets (specifically, for small cats) and did not result in 
risks of concern (MOEs=330, where MOEs  100 are not of concern).  
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Adult residential post-application exposures were only inhalation-based. Therefore, there are no 
long-term residential post-application exposures that were recommended for use in the aggregate 
assessment for adults. The chronic aggregate risk estimate equals the chronic dietary risk 
estimates which are not of concern for adults.  
 
Cumulative Risks 
 
EPA has not made a common-mechanism-of-toxicity-to-humans finding for PBO and any other 
substance. PBO does not appear to produce a toxic metabolite produced by other substances. 
Therefore, EPA has not assumed for registration review that PBO has a common mechanism of 
toxicity with other substances. 
 
Occupational Handler Risks 
 
The Agency uses the term “handlers” to describe those individuals who are involved in the 
pesticide application process. For occupational handlers, there are distinct job functions or tasks 
related to applications and exposures can vary depending on the specifics of each task. The 
amount handled, the kinds of equipment and methods of application used, the target being 
treated, and the level of protection used by a handler can cause exposure levels to differ in a 
manner specific to each application event. 
 
The Agency classifies occupational exposures from one to 30 days as short-term and exposures 
30 days to six months as intermediate-term. Exposure duration is determined by many things, 
including the exposed population, the use site, the pest pressure triggering the use of the 
pesticide, and the cultural practices surrounding that use site. Both short- and intermediate-term 
exposures were assessed. Since no dermal hazard was identified, only the inhalation route was 
quantified for occupational handlers.  
 
Estimates of inhalation exposure were calculated for various levels of personal protective 
equipment (PPE). Results are presented for “baseline attire,” defined as a single layer of clothing 
consisting of a long-sleeved shirt, long pants, shoes plus socks, no protective gloves, and no 
respirator, as well as baseline attire with various levels of PPE (e.g., chemical-resistant gloves, 
respirators). Current PBO product labels usually direct mixers, loaders, applicators and other 
handlers to wear baseline attire with chemical-resistant gloves, and when the applicator is using 
fogging equipment, the labels also require a respirator to be worn. 
 
For aerial applications, risks to pilots were assessed assuming the presence of engineering 
controls (enclosed cockpits) and baseline attire. With this level of protection, there are no risk 
estimates of concern for pilot applicators. 
 
Potential occupational inhalation non-cancer risks of concern were identified for some of the 
registered uses of PBO. Potential inhalation risks of concern were identified mainly for 
mixer/loader/applicator scenarios (MOEs < LOC of 300). Inhalation MOEs ranged from less 
than 1 to 9,200,000. For those scenarios that resulted in potential risk estimates of concern with 
baseline attire, additional PPE was assessed (i.e., protection factor [PF] 10 respirator, PF50 
respirator, or engineering controls [EC]).  



Docket Number EPA-HQ-OPP-2010-0498  
www.regulations.gov 
 

24 
 

Potential occupational handler risks of concern were identified for the following scenarios 
(where MOEs below 300 are of concern): 

 Mixing/loading for aerial application to high acreage field crops (MOE=110 with 
baseline attire; MOE=1,100 with PF10 respirator) 

 Mixing/loading for aerial ULV wide area vector control (MOE=230 with baseline attire; 
MOE=2,300 with PF10 respirator) 

 Applying truck-mounted ULV fogger/mister for wide area vector control (MOE=26 with 
baseline attire; MOE=260 with PF10 respirator) 

 Applying airblast applications to orchards/vineyards (MOE=160 with baseline attire; 
MOE=1,600 with PF10 respirator) 

 Applying liquid dip to fruit storage baskets (MOE=220 with baseline attire; MOE=2,200 
with PF10 respirator) 

 Applying liquid dip to livestock animals (MOE=7.2 with baseline attire; MOE=72 with 
PF10 respirator) 

 Applying liquid sponges to livestock animals (MOE=20 with baseline attire; MOE=200 
with PF10 respirator) 

 Applying dust shaker cans to livestock animals (MOE=150 with baseline attire; 
MOE=1,500 with PF10 respirator) 

 Mixing/loading/applying via backpack sprayer to nursery plants (i.e., ornamentals, 
vegetables, trees, container stock) 

 Mixing/loading/applying via backpack sprayer to landscaped trees, shrubs, bushes 
(MOE=110 with baseline attire; MOE=1,100 with PF10 respirator) 

 Mixing/loading/applying via backpack sprayer to landscaped plants/flowers (MOE=13 
with baseline attire; MOE=130 with PF10 respirator) 

 Mixing/loading/applying via backpack sprayer to landscaped turf, including lawns, 
athletic fields, and parks (MOE=13 with baseline attired; MOE=130 with PF10) 

 Mixing/loading/applying via backpack sprayer to livestock animals (MOE=110 with 
baseline attire; MOE=1,100 with PF10 respirator)  

 Mixing/loading/applying via handheld/portable fogger/mister to nursery plants, including 
ornamentals, vegetables, trees, and container stock (MOE=0.75 with baseline attire; 
MOE=7.5 with PF10 respirator) 

 Mixing/loading/applying via handheld/portable fogger/mister to orchards/vineyards, 
typical field crops, and field grown ornamentals (MOE=0.28 with baseline attire; 
MOE=2.8 with PF10 respirator) 

 Mixing/loading/applying via handheld/portable fogger/mister to food handling 
establishments and warehouses (MOE=0.1 with baseline attire; MOE=1 with PF10 
respirator) 

 Mixing/loading/applying via handheld/portable fogger/mister to dried fruit in storage 
(MOE=0.1 with baseline attire; MOE=1 with PF10 respirator) 

 Mixing/loading/applying via handheld/portable fogger/mister to poultry house for whole-
house treatment of litter, walls, etc (MOE=0.1 with baseline attire; MOE=1 with PF10 
respirator) 

 Mixing/loading/applying via handheld/portable fogger/mister to barns and feedlots 
(MOE=0.1 with baseline attire; MOE=1 with PF10 respirator) 
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 Mixing/loading/applying via handheld/portable fogger/mister to residential backyards, 
parks, restaurants, residential living spaces, childcare centers, schools, and other 
institutions (MOE=3.2 with baseline attire; MOE=32 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handwand to landscaped 
plants/flowers and turf, including lawns, athletic fields, and parks (MOE=38 with 
baseline attire; MOE=380 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handwand to food handling 
establishments and warehouses (MOE=4.2 with baseline attire; MOE=42 with PF10 
respirator) 

 Mixing/loading/applying via manually pressurized handwand to canneries (MOE=0.85 
with baseline attire; MOE=8.5 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handwand to truck beds, boxcars, ship 
holds, and other transit protection sites (MOE=7.3 with baseline attire; MOE=73 with 
PF10 respirator) 

 Mixing/loading/applying via manually pressurized handwand to livestock animals 
(MOE=130 with baseline attire; MOE=1,300 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handwand to residential living spaces 
and childcare centers, schools, and other institutions (MOE=4.2 with baseline attire; 
MOE=42 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handwand to structural components 
such as walls, farming, voids, slabs, beams, lumber, etc (MOE=7.3 with baseline attire; 
MOE=73 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to orchards, vineyards, and 
wildlife management areas (MOE=34 with baseline attire; MOE=340 with PF10 
respirator) 

 Mixing/loading/applying via manually pressurized handgun to greenhouse plants, 
including ornamentals, flowers, container stock, and vegetables (MOE=3.8 with baseline 
attire; MOE=38 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to nursery plants, including 
ornamentals, flowers, container stock, trees, and vegetables (MOE=2.2 with baseline 
attire; MOE=22 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to landscaped trees, shrubs, 
and bushes (MOE=34 with baseline attire; MOE=340 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to structural components, 
such as walls, farming, voids, slabs, beams, lumber, etc (MOE=6.7 with baseline attire; 
MOE=67 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to warehouses and food 
handling establishments (MOE=3.9 with baseline attire; MOE=39 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to canneries (MOE=0.78 
with baseline attire; MOE=7.8 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to truck beds, boxcars, ship 
holds, and other transit protection sites (MOE=6.7 with baseline attire; MOE=67 with 
PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to livestock animals 
(MOE=2.7 with baseline attire, MOE=27 with PF10 respirator) 

apsbates
Highlight

apsbates
Highlight
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 Mixing/loading/applying via manually pressurized handgun to typical field crops 
(MOE=34 with baseline attire; MOE=340 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to post-harvest grain and 
sweet potatoes in storage (MOE=3.7 with baseline attire; MOE=37 with PF10 respirator) 

 Mixing/loading/applying via manually pressurized handgun to packaged foods in storage 
(MOE=0.82 with baseline attire; MOE=8.2 with PF10 respirator) 

 Loading/applying bulb duster for crack and crevice treatment in food handling 
establishments, warehouses, residential living spaces (homes/apartments), and childcare 
centers, schools, and other institutions (MOE=59 with baseline attire; MOE=590 with 
PF10 respirator) 

 Loading/applying plunger duster for broadcast treatment of exterior building components, 
including foundations, perimeters, door/window frames, etc (MOE=59 with baseline 
attire; MOE=590 with PF10 respirator) 

 Loading/applying granules with spoons for ant mounds/nests (MOE=130 with baseline 
attire; MOE=1,300 with PF10 respirator) 

 
A summary of the occupational handler risk estimates is presented in Appendix E for uses of 
PBO resulting in potential risks of concern. 
 
All other formulation types, application methods and application sites do not have occupational 
handler risks of concern. 
 
Occupational Post-Application Risks 
 
The Agency uses the term post-application to describe exposures that occur when individuals are 
present in an environment that has been previously treated with a pesticide. Such exposures may 
occur when workers enter previously treated areas to perform job functions, including activities 
related to crop production, such as scouting for pests or harvesting. Post-application exposure 
levels vary over time and depend on such things as the type of activity, the nature of the crop or 
target that was treated, the type of pesticide application, and the chemical’s degradation 
properties. In addition, the timing of pesticide applications, relative to harvest activities, can 
greatly reduce the potential for post-application exposure. 
 
Since no systemic dermal hazard was identified in the toxicological databases, a quantitative 
dermal occupational post-application exposure and risk assessment was not conducted.  
 
The Worker Protection Standard (WPS) sets a default Restricted Entry Interval (REI) based on 
the acute toxicity of the pesticide. PBO is classified as Toxicity Category IV for acute dermal 
toxicity, and Category III for primary eye and skin irritation. Under the WPS, active ingredients 
classified as acute toxicity categories III or IV for these routes are assigned a 12-hour REI. The 
REI listed on the registered labels is 12-hours and this is adequate to protect agricultural workers 
from post-application exposures to PBO.  
 
An occupational post-application inhalation assessment was conducted in 2017 for post-harvest 
workers performing sorting and packing activities following automated spray and dip system 
treatments. However, upon further review, it was determined that PBO is not applied via post-
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harvest automated spray and dip system treatments so risk estimates to sorters and packers are no 
longer applicable based on the use pattern. The mixer, loader and indirect inhalation assessments 
related to post-harvest automated spray and dip systems previously conducted are also no longer 
applicable.  
 
See the Piperonyl Butoxide (PBO): Addendum to the Occupational and Residential Exposure 
Assessment for Registration Review and Assessment of a Proposed Section 3 Use on Fungi, 
Edible, Group 21 for more information about this change. 
 

2. Human Incidents and Epidemiology 
 
PBO incidents were previously reviewed in 2017 in support of human health risk assessment. At 
the time, from January 1, 2012 to April 26, 2017, there were 657 piperonyl butoxide incidents 
reported to the Main Incident Data System (IDS) and 4,268 piperonyl butoxide incidents were 
reported to Aggregate IDS. In addition, there were 1,219 piperonyl butoxide cases reported to the 
Sentinel Event Notification System for Occupational Risk (SENSOR-Pesticides) from 1998-
2013.  It was concluded that: 
 

There are a high number of PBO incidents reported to IDS and SENSOR-Pesticides, 
including some high severity incidents and two fatalities reported to SENSOR-Pesticides 
and one fatality reported to IDS. However, the majority (87% in IDS and 83% in 
SENSOR-Pesticides) of these incidents were classified as minor severity. Minor severity 
means that a person alleged or exhibited some symptoms, but they were minimally 
traumatic, the symptoms resolved rapidly and usually involved skin, eye or respiratory 
irritation.   

 
Typically, incident assessments focus on products with one active ingredient because 
incidents involving only one pesticide are considered to provide more certain information 
about the potential effects of exposure from the pesticide. However, PBO is always co-
formulated with additional active ingredients as a result all the incidents reported 
involved multiple active ingredients.  
 

In the current incident analyses from January 1, 2017 to June 3, 2021, 212 piperonyl butoxide 
incidents were reported to Main IDS. There were four deaths, 18 incidents were classified as 
major severity, 179 incidents were classified as moderate severity, eight incidents were classified 
as minor severity, and three incidents were classified as no or unknown effects.  
 
Two thousand three hundred and seventy-nine (2,379) PBO incidents were reported Aggregate 
IDS. Twenty incidents had no or unknown effects and 2,359 were classified as minor severity.  
Most (92%) of the incidents reported to IDS were either minor severity or had no or unknown 
effects. For minor severity incidents, the effects experienced were generally minimally traumatic 
and resolved rapidly and usually involve skin, eye, or respiratory irritation. 
 
In the SENSOR-Pesticides analysis from 2014 to 2017, 398 incidents involving PBO were 
identified. All cases reported multiple pesticide active ingredients. There were six high severity 
cases, 104 moderate severity cases, and 288 low severity cases. Of the 398 cases, 82% were 
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B. Ecological Risks 

 
The Agency used the most current science policies and risk assessment methodologies to prepare 
the 2017 risk assessment in support of the registration review of PBO and has summarized the 
conclusions below.  
 
The 2017 ecological risk assessment only addresses potential risks to species not listed under the 
Endangered Species Act. EPA is working with its federal partners and other stakeholders to 
implement a Revised Method for assessing potential risk to listed species and their designated 
critical habitats (EPA-HQ-OPP-2019-0185-0054). The Agency will complete PBO’s listed-
species assessment once EPA has fully implemented the scientific methods necessary to 
complete listed species’ risk assessments. For more details, see Appendix C. 
 
For additional details on the 2017 ecological risk assessment, see the Piperonyl Butoxide (PBO): 
Preliminary Ecological Risk Assessment for Registration Review in EPA’s public docket (EPA-
HQ-OPP-2010-0498). 
 

1. Risk Summary and Characterization 
 
Agricultural uses of PBO were assessed at the labeled maximum single application rate of 0.5 lb 
ai/A. Because some labels were unclear with respect to the retreatment interval for agricultural 
uses (some labels note “do not reapply within 24 hours”), EPA assumed that 10 applications of 
PBO were made with a 1-day interval between treatments. Non-agricultural uses were assessed 
at the labeled maximum application rate of 1 lb a.i./A.  
 
Terrestrial Risks 
  
Mammals  
 
There were no acute risks of concern identified for any uses of PBO. There were also no chronic 
risks of concern identified for a single application of PBO at the maximum agricultural use rate 
(0.5 lb a.i./A). However, at both the maximum application rate and the maximum number of 
applications (10 applications with 1-day interval) for agricultural uses, the Agency identified 
potential chronic risks of concern for mammals, based on decreased weight gain in both adults 
and offspring in a 2-generation rat reproduction study. Chronic dose-based risk quotients (RQs) 
ranged from 0.01 to 5.36 (chronic LOC = 1.0, where risk quotients higher than the LOC are 
potentially of concern). Chronic dietary based RQs ranged from 0.01 to 1.10.  
 
For non-agricultural uses, chronic dose-based RQs ranged from 0.01 to 1.17 and chronic dietary 
based RQs for all assessed scenarios were not of concern (RQs  1). 
  
Birds, Reptiles, and Terrestrial-Phase Amphibians  
 
No acute risks of concern were identified for birds (surrogates for reptiles and terrestrial-phase 
amphibians) from agricultural uses with one application of PBO. Acute dose-based RQs range 
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from 0.01 to 0.77 and exceed the LOC (acute LOC=0.5) for agricultural uses when assessed at 
10 applications with a 1-day retreatment interval. Acute dietary-based RQs were not of concern 
for agricultural uses. Acute RQs were not of concern for any non-agricultural uses. 
 
Only dietary-based RQs were calculated for chronic exposure to birds. Chronic RQs were not of 
concern for non-agricultural uses. For agricultural uses, chronic RQs were not of concern 
assuming 1 application at the maximum single application rate. Chronic RQs exceeded the LOC 
(chronic LOC=1) only when assessed at 10 applications of PBO with a 1-day retreatment interval 
at the maximum labeled rate. RQs ranged from 0.23 to 3.66 and were based on decreased 
reproduction, survival, and growth in birds. 
 
Terrestrial Invertebrates 
 
EPA relies on data about honey bees as a surrogate for terrestrial invertebrate species. Based on 
the available data, EPA determined that PBO by itself does not present risks of concern to honey 
bees. The RQs based on honey bee adult acute contact toxicity did not exceed the acute LOC of 
0.4 for all uses of PBO.  
 
However, PBO, as a synergist of insecticidal active ingredients, is never used by itself. It is 
usually pre-mixed with other insecticides such as pyrethrins, or tank-mixed with an insecticide or 
acaricide by the applicator. Available honey bee contact toxicity data (MRID 49296201) for a 
PBO product co-formulated with pyrethrins was assessed to determine the toxicity of formulated 
products. As expected for an insecticide, the acute RQs exceeded the LOC and ranged from 0.6 
to 1.1 (acute LOC=0.4). Some preliminary calculations using AgDrift, the Agency’s spray drift 
model, were then used to show that risks extend up to four feet from the edge of the field for 
agricultural uses and extend up to 27 feet from the application site for non-agricultural uses. 
These risk estimates give an indication of the risk potential from PBO-containing products, while 
showing that toxicity from PBO alone does not exceed the LOC. This is consistent with PBO’s 
role as an insecticide synergist. 
 
No toxicity data are available for calculation of acute or chronic dietary RQs for adult honey 
bees or for acute or chronic RQs for bee larvae; thus, there is uncertainty regarding the potential 
acute and chronic dietary effects of PBO on honey bee adults and larvae. While PBO is not 
known to be a systemic compound in plants, residues from sub-lethal concentrations of spray 
drift on plants may be present in pollen and/or nectar and represent a route of exposure for bees 
through both contact and ingestion.  
 
Terrestrial Plants  
 
No risks of concern were identified for terrestrial plants at the highest ground application rate for 
non-agricultural uses (1.0 lb a.i./A), nor at the highest aerial application rate for agricultural uses 
(0.5 lb a.i./A). All calculated RQs were less than 0.1 (LOC = 1.0). 
 
Aquatic Risks 
 
Fish and Aquatic-Phase Amphibians 
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Acute risks were not of concern for freshwater and estuarine/marine fish (RQs were  LOC of 
0.5) for all assessed uses. For amphibians, acute RQs only exceeded the LOC for use on rice, 
which was assessed using conservative estimated environmental concentrations inside the 
flooded rice paddy (acute RQ=1.14, acute LOC=0.5).  
 
The Agency identified potential chronic risks of concern for freshwater fish for all assessed uses 
except down-the-drain30 uses based on growth effects (RQs range from 1.37-32.4, LOC=1). For 
estuarine and marine fish, the Agency identified potential chronic risks of concern, based on 
decreased larval growth, from use on berry and small fruit (RQ = 1.05); root and tuber 
vegetables, corn and cucurbits (RQ = 1.08); cranberry (RQ = 4.77); impervious surfaces (RQ = 
3.53); and rice (RQ = 3.96). 
  
Aquatic Invertebrates  
 
The Agency did not identify any risks of concern to aquatic invertebrates from down-the-drain 
uses. For all other assessed PBO uses, the Agency identified acute risks of concern for 
freshwater invertebrates (RQs range from 0.57-27, LOC=0.5). Acute risks of concern were also 
identified for estuarine and marine invertebrates (RQs range from 0.53-2.33) for aerial 
applications to cranberry, ground applications to impervious surfaces, and direct water 
applications to rice. Finally, acute risks of concern were identified for benthic invertebrates for 
aerial cranberry applications (RQ = 1.94). 
 
The Agency identified chronic risks of concern for estuarine and marine invertebrates, based on 
growth effects (RQs range from 8.48-264, LOC=1). Additionally, the Agency identified chronic 
risks of concern for freshwater invertebrates, based on reductions in reproduction. Freshwater 
invertebrate chronic RQs range from <0.01-18.5. Risks exceed the level of concern for most 
uses. For benthic invertebrates, potential chronic risks of concern were identified for over half of 
all assessed PBO uses based on decreases in emergence and survival (chronic RQs range from 
1.14-63). 
 
Aquatic Vascular and Non-Vascular Plants  
 
The Agency identified no risks of concern (LOC = 1.0) for either vascular or non-vascular plants 
for all assessed PBO uses. 
 
Synergism or Antagonism with Other Active Ingredients 
 
The RED (Reregistration Eligibility Decision) ecological assessment chapter31 cited examples of 
PBO-synergized toxicity enhancement in mixtures with other compounds, especially pyrethrins. 
Since then, new toxicity data and reviews of historical data, have led to a better understanding of 
the magnitude of the synergized toxicity enhancement. A review of PBO synergism was 

 
30 “Down-the-drain” uses are indoor uses where residues have the potential to enter the sewer system and reach 
surface water through water treatment outflows. 
31 See the RED PBO ecological risk assessment at: https://www.regulations.gov/document/EPA-HQ-OPP-2005-
0042-0037 
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conducted and provides an overview of toxicity enhancement estimates in order to provide 
information related to the interaction of other active ingredients that may be synergized by PBO, 
mainly pyrethrins and pyrethroids.  
 
Factors of synergism (FOSs) and PBO-synergized total toxicity enhancement factors, both 
representing toxicity that is over and above additive toxicity of PBO plus another a.i., were 
estimated for terrestrial invertebrates, aquatic invertebrates and fish. These factors were 
estimated for use in risk estimation and characterization for pyrethrins and pyrethroids that are 
co-applied (co-formulated or tank-mixed) with PBO, but were not applied to toxicity values for 
PBO used for risk estimations in the PBO draft risk assessment.  
 
In general, PBO increases the toxicity of pyrethroids and pyrethrins, decreases the toxicity of OP 
(organophosphate) insecticides that require metabolic activation, and may have little effect on 
OP insecticides that do not require activation. For carbamates, neonicotinoids and other 
botanicals co-applied with PBO, with the exception of abamectin, the use of synergism 
enhancement factors is not clearly supported. The pesticidal mode of action may indicate 
whether PBO’s potential to act as an enzyme substrate will likely synergize toxicity (i.e., if 
preventing enzymatic breakdown of the chemical will prolong its toxic action) and support the 
use of a toxicity enhancement factor or mixture toxicity endpoint in calculating risk to one or 
more taxa. A full description of this analysis can be found in Appendix L of the Piperonyl 
Butoxide (PBO): Preliminary Ecological Risk Assessment for Registration Review. 
  

2. Ecological Incidents 
 
EPA last reviewed PBO ecological incidents reported to the Incident Data System (IDS) on May 
16, 2017; the search included incidents reported from January 1, 1995 to May 16, 2017. Overall, 
221 incidents associated with PBO involving plants, wildlife or other non-target organisms were 
reported during this period. There were 212 reported incidents of minor plant damage, 7 minor 
wildlife incidents, and 2 incidents involving “other non-target” wildlife. 
 
EPA filtered the 2017 incidents search to include only incidents reported since the 2010 problem 
formulation that had a certainty classification of “possible” or “probable.” Twelve such incidents 
were reported. Seven of these incidents involved bee deaths from residential applications of 
insecticide products containing PBO and pyrethrins/pyrethroids. There were two incidents of fish 
kills: one from agricultural misuse and the other from a residential application. There was one 
plant incident involving damage to roses from a residential application. And there were two 
incidents involving domestic animals; one incident involved pet rabbits and the other involved 
lions in an animal enclosure.  
 
An updated review of the IDS was completed on June 8, 2021 for PBO resulted in 9 additional 
incidents since the 2017 ecological risk assessment and all were classified as possible. Eight of 
the incidents involved bees (6 for honey bees, 2 for unknown species) and the other involved an 
unknown plant species. In all cases, another pesticide was associated with the PBO incident 
(mostly pyrethrins/pyrethroids in all but one case). In this updated search, there were five 
additional incidents reported from 2014-2016 and all involved incidents with bees that were not 
reported in the 2017 incidents search. The incidents were reported as either bee mortality, 
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C. Pet Incidents 

 
A query of the Aggregate Incident Data System (IDS) for domestic animal incidents from 
January 1, 2016 to December 31, 2020 found a total of 6,639 reported domestic animal incidents 
involving PBO. These domestic animal incidents included 291 animal deaths, 159 major severity 
incidents, 1,559 moderate severity incidents, 4,159 minor severity incidents, 23 incidents that 
had no or unknown effects, and 448 incidents classified as unspecified and may have been either 
moderate, minor, or unspecified (Table 7). More information outlining incidents from the past 5 
years on a per-product basis is located in the Piperonyl Butoxide (PBO): Summary of Domestic 
Animal Incidents. Because PBO is always co-formulated with other active ingredients, the PBO 
incidents outlined in Table 7 overlap with incidents outlined in the registration review decision 
documents for the co-formulated pesticides. The Agency will continue to monitor domestic 
animal incident data as it is reported to the Agency. 
 
In its efforts to protect pets under FIFRA, EPA intends to request enhanced incident reporting 
and sales data for pet products akin to what is already submitted for spot-on products 
(https://www.epa.gov/pets/epa-evaluation-pet-spot-products-analysis-and-plans-reducing-
harmful-effects). These data would allow the Agency to conduct a comparative assessment of pet 
incidents across registered pet products based on sales data to better determine whether any 
changes to the pet product registrations and labels are necessary. EPA is interested in feedback 
from stakeholders on the most efficient way these data can be provided to the Agency and types 
of analyses that could be submitted to expedite the Agency’s assessment. EPA is also 
considering additional measures that could enhance its oversight of pet products, such as 
additional targeted studies and monitoring, and welcomes public comments on these and other 
potential measures. 
 

Table 7. PBO Aggregate Incidents for Domestic Animals 2016-2020  
(OPP Aggregate IDS) 

Years 
Animal 
Death 

Major 
Severity 

Moderate 
Severity 

Moderate, 
Minor, or 

Unspecified 
Effects 

Minor 
Severity  

No or 
Unknown 

Effects 
2016 64 47 404 25 1128 3 
2017 68 42 334 22 961 5 
2018 62 34 300 39 862 8 
2019 59 21 306 346 608 4 
2020 38 15 215 16 600 3 
Grand 
Total 291 159 1559 448 4159 23 

 
 

D. Benefits Assessment 
 
PBO, as a synergist, is used to increase the efficacy of pyrethrins/pyrethroids in treated pests and 
increase pesticidal activity. PBO acts by interfering with the P-450 metabolic enzymes present in 



Docket Number EPA-HQ-OPP-2010-0498  
www.regulations.gov 
 

39 
 

all arthropods and prevents these enzymes from neutralizing the co-formulated pesticide active 
ingredient. This has the added effect of slowing the development of pest resistance in a pest 
population. The one other synergist registered for use in the U.S., MGK-264, also disrupts 
metabolic processes that detoxify pesticides and also increases activity of the insecticide a.i., but 
to a lesser extent than PBO. MGK-264 is registered only for limited residential outdoor uses, use 
on livestock and animal living quarters/premises, and for indoor residential and commercial 
structure uses. Since P-450 enzymes are involved in many metabolic processes, resistant pests 
would rarely be able to survive long enough to reproduce, and even if they managed to survive, 
their progeny would have difficulty surviving long enough to reproduce. Thus, the use of PBO is 
important for the management of insecticide resistance and as part of integrated pest 
management programs. Pyrethrins/pyrethroid products formulated without synergists like PBO 
are typically applied at higher rates relative to products containing synergists to achieve the 
desired level of pest control. Therefore, use of PBO allows co-formulated insecticides to be 
applied at lower rates.  
 
Benefits in Non-Agricultural Settings 
 
In non-agricultural settings, PBO-synergized products provide important benefits in formulations 
used as wide area mosquito adulticides. Public and private professional mosquito control entities 
in the U.S. have a limited set of pesticides registered for control of adult mosquitoes; among 
these are pyrethrins, pyrethroids (etofenprox, bifenthrin, deltamethrin, and permethrin) and 
organophosphates (chlorpyrifos, malathion, and naled). The pyrethroids and organophosphates 
represent only two modes of insecticidal action and the likelihood of resistance to either mode of 
action is an ever-present possibility. University extension sources recommend pyrethrins + PBO, 
phenothrin + PBO, and permethrin + PBO formulations for mosquito-adulticide treatment.33, 34 
 
In addition to mosquitoes, PBO-synergized products are registered for use on other public health 
pests such as ticks, fleas, cockroaches, and bed bugs. Fleas and ticks are vectors for pathogens 
that cause serious human diseases such as Lyme disease, Rocky Mountain spotted fever, typhus, 
and plague. Pyrethrins and pyrethroids synergized with PBO are a popular choice for pest 
managers and homeowners due to their quick effects on pests that come into direct contact with 
the insecticides, and – for products containing pyrethrins – very short residual toxic effects due 
to rapid degradation. This short duration of toxicity makes synergized pyrethrins products 
attractive for use inside homes and commercial facilities where there is high potential for human 
or animal exposure well after treatment is conducted. PBO is particularly important for control of 
bed bugs. Bed bugs have shown widespread resistance to most pyrethroids, and the addition of 
PBO helps maintain the effectiveness of these insecticides even against populations that show 
imminent resistance (i.e., tolerance or reduced susceptibility, which is often a precursor to full 
resistance).     

 
33 Gray, E.W. 2020. Mosquito Control: Options for Commercial and Government Entities. An IPM publication from 
the University of Georgia Extension Service. Available on the web at https://extension.uga.edu/programs-
services/integrated-pest-management/publications/handbooks html. 
34 Lloyd, A.M., C.R. Connelly, and D.B. Carlson (Eds.). 2018. Florida Coordinating Council on Mosquito Control. 
Florida Mosquito Control: The state of the mission as defined by mosquito controllers, regulators, and 
environmental managers. Vero Beach, FL: University of Florida, Institute of Food and Agricultural Sciences, 
Florida Medical Entomology Laboratory. 
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PBO-synergized pet products are also used as spot-on, dust, shampoo, and pet collar treatments 
of fleas and ticks. Pyrethrins + PBO products are recommended by veterinarians and extension 
experts, and are one of the very few pyrethroid-like products that can be tolerated by cats.35, 36, 37 
Alternatives for flea/tick treatment include bifenthrin, deltamethrin, permethrin, TCVP, 
neonicotinoids, and ingestible medications such as afoxolaner and nitenpyram, methoprene, 
fipronil, fluralaner, indoxacarb, and amitraz.35, 36, 37 In general, there are many more alternatives 
for treatment of dogs as compared to cats. 
 
Other arthropod pests such as ants, flies, silverfish, crickets, and carpet beetles are also targets 
for PBO-synergized products in non-agricultural use settings. Of these, ants are the top targets of 
pyrethrins + PBO products. Some ants, such as the imported fire ant, are pests of public health 
concern because they inflict painful bites and swarm humans and companion animals, sometimes 
causing anaphylactic shock and death. Other ants, such as the tawny crazy ant, can nest in 
electrical equipment and cause electrical damage and structure fires.38 Generally, pyrethrins 
(with and without PBO) are among many effective control options for these ants, mainly as spot 
treatments.  
 
In a public comment on the PBO draft risk assessments in 2018, the USDA’s Office of Pest 
Management Policy also claimed benefits of PBO use in food handling/processing 
establishments, noting that PBO-synergized pyrethrins/pyrethroid products are used to control 
cheese mites and grain mites and other flying and crawling pests in hard to reach areas.39 USDA 
noted that PBO is critical for these establishments to meet the food standards and food 
processing facility requirements of the U.S. Food and Drug Administration and the USDA Food 
Safety and Inspection Service. The EPA’s benefits assessment generally agreed with the utility 
of these pest management roles of PBO. 
 
Benefits in Agricultural Settings 
 
In agricultural settings, PBO is often co-formulated with pyrethrins and pyrethroids and provides 
greater benefits to growers who are managing pests that have developed resistance or are likely 
to develop resistance. In particular, PBO + pyrethrins products offer control of economically 
significant pests in strawberry production. Target pests include lygus and other plant bugs, 

 
35 Hinkle. N. 2021. Pets (Companion Animals) External Parasite Control. pp 22-30 In: Georgia Pest Management 
Handbook: 2021 Home and Garden Edition. Available on the web at 
https://extension.uga.edu/content/dam/extension/programs-and-services/integrated-pest-
management/documents/handbooks/2021-pmh-home-chapters/Animals.pdf. 
36 Pucheu-Haston, C.M. 2017. The Flea-Infested Pet: Overview of Current Products. In: Today’s Veterinary 
Products (periodical technical magazine). May/June edition. Available on the web at 
https://todaysveterinarypractice.com/practical-parasitologythe-flea-infested-pet- overview-current-products/. 
37 Pucheu-Haston, C.M. 2017. The Flea-Infested Pet: How to Manage the Pet and Its Environment. In: Today’s 
Veterinary Products (periodical technical magazine).  July/August edition. Available on the web at 
https://todaysveterinarypractice.com/practical-parasitologythe-flea-infested-pethow-manage-pet-environment/. 
38 Layton, B. 2015. Tawny Crazy Ant Control Recommendations. Extension article from the Mississippi State 
University Extension Service. Available on the web at https://extension msstate.edu/sites/default/files/topic-
files/household-insects/tawny_crazy_ant_control_recommendations.pdf. 
39 See USDA’s full comments at https://www.regulations.gov/comment/EPA-HQ-OPP-2010-0498-0033.  
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aphids, thrips, spider mites, armyworms, caterpillars/borer, flies, crickets, and spiders.21 The vast 
majority of applications are made to target lygus bugs, but growers commonly target thrips with 
the same application. On average, 3% of strawberry acres are treated with products containing 
PBO annually.18 Alternatives for lygus bugs and thrips include neonicotinoids, 
organophosphates, spinosad, Beauveria bassiana, Burkholderia spp., and horticultural oils/soaps.  
 
Pyrethrin/pyrethroid products synergized with PBO offer benefits in the post-harvest treatment 
of stored grains to treat pests that can cause serious post-harvest yield and quality losses. Target 
pests include Indian meal moths and larvae, sawtoothed grain beetles, and granary and rice 
weevils.40, 41 PBO-synergized products are applied to empty bins/storage containers, directly to 
the grain mass during binning as a protectant, or as a top-dress treatment after binning.39   
 
Products with pyrethrins + PBO are recommended by extension experts for use directly on 
livestock in the form of sprays, mists, fogs, pour-on, roll-on, spot-on, wipes, soaps, and as cattle 
ear tags. Pyrethrins/PBO products are also applied in animal quarters (poultry houses, stables, 
barns, and dairy barns) for control of flies, fleas, ticks, and mosquitoes. Alternatives in livestock 
settings include pyrethroids, carbamates, diflubenzuron, methoprene, neonicotinoids, 
organophosphates, and spinosad. In public comments submitted, USDA39 APHIS noted that 
PBO-synergized products are used to protect sheep and goats from bluetongue virus, a pathogen 
vectored by biting midge species in the genus Culicoides during isolation and shipment.   
 
For more information on the benefits of PBO in non-agricultural settings, see the Pyrethrins (PC 
Code 069001), Piperonyl Butoxide (PBO) (PC Code 067501), and N-octyl bicycloheptene 
dicarboximide (MGK-264) (PC Code 057001): Non-agricultural Uses, Usage, and Benefits. For 
more information on the benefits of PBO in agricultural settings, see the Pyrethrins (PC Code 
069001), Piperonyl Butoxide (PBO) (PC Code 067501), and N-octyl bicycloheptene 
dicarboximide (MGK-264) (PC Code 057001): Agricultural and Post-Harvest Uses, Usage, and 
Benefits. Both are available in the PBO registration review docket. 
 

IV. PROPOSED INTERIM REGISTRATION REVIEW DECISION 
 

A. Proposed Risk Mitigation and Regulatory Rationale 
 
The Agency has determined that there are potential human health inhalation and incidental oral 
risks of concern across multiple residential and occupational use scenarios that require mitigation 
in order for PBO to meet the registration standard. While the Agency proposes that some 
scenarios can be adequately mitigated by the addition of PPE or the prohibition of certain 
application methods, other scenarios cannot be adequately mitigated, and the Agency proposes 
cancelation of the associated products/uses. While PBO registrants were generally amenable to 
the addition of PPE, they have not agreed to voluntarily cancel any products/uses nor have they 

 
40 Mason, L.J., and J. Obermeyer. 2010. Stored Product Pests: Stored Grain Insect Pest Management. Purdue 
University Extension. Publication E-66-W. https://extension.entm.purdue.edu/publications/E-66.pdf. [Accessed 
April 2021]. 
41 Whaley, D. 2021. Farm-Stored Grain Pests. In C.S. Hollingworth (Ed.). Pacific Northwest Insect Management 
Handbook. Oregon State University, Washington State University, and University of Idaho Extension Services. 
https://pnwhandbooks.org/sites/pnwhandbooks/files/insect/chapterpdf/agronomic.pdf. Accessed April 2021. 
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agreed to any of the application method prohibitions/restrictions noted in this PID. Rather, the 
registrants hope that the submission of new in vitro studies using cultured human respiratory 
tract tissue and additional particle size data will result in revised risk estimates that will obviate 
the need for any human health risk mitigation. In correspondence with the Agency in May and 
June 2021, the PBTFII have submitted/noted it will submit the following information: 

 Evaluation of PBO on inflammation, toxicity, and goblet cell hyperplasia on reconstituted 
human and rat epithelium (MRID 51549501, submitted in May 2021), 

 Determination of the size distribution, concentration, and deposition of airborne particles 
containing active ingredients following the use of water based flying insect killer or 
Pyrocide fogging concentrate in an indoor environment (MRID 51615101, submitted in 
June 2021),  

 Validation of method GPL-MTH-121: analytical method for the determination of 
piperonyl butoxide (PBO) in air sampling tubes, TE-298 filters, and alpha cellulose 
deposition coupons by LC-MS/MS (MRID 51615102, submitted in June 2021),  

 A pilot study to determine the size distribution of airborne particles containing active 
ingredients following the use of water based flying insect killer or Pyrocide fogging 
concentrate in an indoor environment (MRID 51615103, submitted in June 2021), and 

 Other characterization and exposure/risk assessments in support of the studies above (not 
yet submitted). 

 
The Agency is reviewing the new data, voluntarily submitted by the PBTFII in May and June 
2021, which may impact the human health risk assessment. Depending on the disposition of 
these data, the Agency may need to update its human health risk assessment and adjust the risk 
mitigation for PBO. 
 
The Agency has also determined that there are potential ecological risks of concern that require 
mitigation in order for PBO to meet the registration standard. There are potential risks of concern 
to fish, estuarine/marine and freshwater invertebrates, birds, and mammals. To mitigate these 
potential ecological risks, the Agency is proposing a variety of risk mitigation measures, 
including water protection and runoff statements, and mandatory spray drift management 
measures. PBO registrants did not object to the proposed mitigation for ecological risk. 
 
There are also a number of agricultural uses that the Agency is proposing to remove from labels 
because these use sites are not being supported by the registrants with adequate residue 
chemistry data. PBO registrants concur with most of the proposed use cancelations due to 
deficient residue chemistry studies, but they object to the proposed cancelation of post-harvest 
use on muskmelons, rice, barley, birdseed, buckwheat, corn, cottonseed, oats, wheat, rye, 
sorghum and peanuts.  
 
Finally, EPA is proposing label changes to add clarity and remove outdated language. 
 
The PIDs for PBO, MGK-264, and pyrethrins are all scheduled for publication at the same time 
and proposed chemical-specific mitigation measures for any one of these chemicals could impact 
the use of the others. 
 



Docket Number EPA-HQ-OPP-2010-0498  
www.regulations.gov 
 

43 
 

1. Cancelation of Certain Products/Uses—Residential Post-application Risks 
 
Residential handler risks of concern are addressed somewhat differently than occupational 
handler risks of concern by the Agency, as homeowners are assumed to complete pesticide 
applications without the use of any protective equipment, thus, residential handler risks of 
concern cannot be addressed by requiring PPE. There are application scenarios with potential 
residential post-application risks of concern to children from incidental oral exposure: indoor 
broadcast surface, perimeter, crack and crevice sprays, and pet dust products. As such, the 
Agency proposes to cancel the following products/uses due to potential residential handler and 
post-application risks of concern:  
 

 Shaker can powder products:  
o Pets (MOE=28, LOC=300) 
o Carpets and Premises (MOE=110, LOC=300) 

 Indoor broadcast surface, perimeter, crack & crevice sprays (MOE=52 for children, 
incidental oral LOC=100) 

 Pet dust products/uses (MOE=3.7 for children, incidental oral LOC=100) 
 
Although pet shaker can and pet dust products are being proposed for cancelation, there are 
alternative formulations still available for use on pets, such as pet shampoos, pet spot-ons, and 
pet sponges and dips. In general, the Agency acknowledges that the proposed restrictions may 
affect some pest control needs and some types of users to a greater extent than others. The 
Agency seeks public comment on the impact of cancelling the product types/uses noted.  
 

2. Application Method Prohibitions—Residential Post-application and 
Occupational Handler Risks 

 
The Agency has determined that there are potential occupational handler and residential post-
application risks of concern for a number of application scenarios that cannot be reasonably 
mitigated with increased levels of PPE or engineering controls. In addition, there are potential 
risks of concern for children exposed after application, where additional mitigation measures are 
not an option. The following application scenarios are being proposed for prohibition due to 
potential occupational handler and residential post-application risks of concern: 
 
Occupational handler risk: 

 Application via bulb duster and hand crank duster:  
o Food handling establishments/commercial non-food areas, residential 

lawns/gardens (MOE=23 (hand crank duster), 240 (bulb duster), LOC=300) 
 Livestock dip applications (MOE=72 with PF10 respirator, LOC=300)  
 Livestock sponge applications (MOE=200 with PF10 respirator, LOC=300) 
 Foliar broadcast applications via backpack sprayer:  

o Turf and plants/flowers in landscaped areas (MOE=130 with PF10 respirator, 
LOC=300)  

 Application via manually-pressurized handwand:  
o Food-handling establishments, warehouses (MOE=42 with PF10 respirator, 

LOC=300)  
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o Canneries (MOE=8.5 with PF10 respirator, LOC=300) 
o Transit protection, including truck beds, boxcars, ship holds (MOE=73 with PF10 

respirator, LOC=300) 
o Residential living spaces, childcare centers (MOE=42 with PF10 respirator, 

LOC=300) 
o Building structural components, such as walls, slabs, beams, lumber (MOE=73 

with PF10 respirator, LOC=300) 
 Application via mechanically-pressurized handgun:  

o Greenhouses (MOE=38 with PF10 respirator, LOC=300)  
o Nurseries (MOE=22 with PF10 respirator, LOC=300)  
o Building structural components, such as walls, slabs, beams, lumber (MOE=67 

with PF10 respirator, LOC=300)  
o Warehouses, food-handling establishments (MOE=39 with PF10 respirator, 

LOC=300)  
o Canneries (MOE=7.8 with PF 10 respirator, LOC=300)  
o Transit protection, including truck beds, boxcars, ship holds (MOE=67 with PF10 

respirator, LOC=300) 
o Livestock (MOE=27 with PF 10 respirator, LOC=300)  
o Post-harvest grain, sweet potatoes in storage (MOE=37 with PF10 respirator, 

LOC=300) 
o Packaged foods in storage (MOE=8.2 with PF10 respirator, LOC=300)  

 Application via handheld/portable fogging/misting equipment:  
o Orchards/vineyards, typical field crops, field grown ornamentals, ornamental 

nurseries (MOE=2.8 with PF10 respirator, LOC=300)   
o Food-handling establishments, warehouses, dried fruit in storage, poultry houses, 

barns/feedlots (MOE=1 with PF10 respirator, LOC=300)  
o Parks, restaurants, residential homes/apartments/indoor living spaces, childcare 

centers (MOE=32 with PF10 respirator, LOC=300) 
o Residential outdoor areas (MOE=8, inhalation LOC=300) 

 
Residential post-application risk: 

 Application via misting systems:  
o Animal barns (MOE=1.4 for children, inhalation LOC=300) 

 
For some of the use sites above, alternative application methods are available. For example, even 
though livestock dip and sponge applications are proposed for prohibition, there are other 
livestock treatments available such as: livestock dust shaker can, livestock dust bags, livestock 
spot-on and wipe applications. In addition, fogging/misting applications to orchards/vineyards 
and typical field crops are unlikely to occur. However, the Agency acknowledges that the loss of 
misting systems in use settings such as barns may make pest control more difficult and costly 
since alternatives may be more expensive, require repeated applications because of loss of 
efficacy resulting from the absence of a synergist, or may be limited to spot treatments from 
which pests can escape more often. In addition, if an application prohibition results in the loss of 
PBO in settings where storage pests such as grain-damaging beetles are problems, pesticide 
resistance may be accelerated because PBO is no longer available to disrupt biochemical 
detoxification of the pesticide in treated insects. While the Agency is aware of these as possible 

apsbates
Highlight

apsbates
Highlight

apsbates
Highlight

apsbates
Highlight

apsbates
Highlight

apsbates
Highlight

apsbates
Highlight

apsbates
Highlight



Docket Number EPA-HQ-OPP-2010-0498  
www.regulations.gov 
 

45 
 

outcomes, it has not assessed the impact of all the proposed application method prohibitions in 
depth and seeks public comment on the potential impacts on users. 
 

3. Entry Restrictions for Indoor Aerosol Space Sprays—Residential Post-
application Risks 

 
The Agency identified potential residential post-application inhalation risks of concern for 
indoor aerosol space spray (MOE=62 at the time of treatment, LOC=300). Risks are not of 
concern 1 hour after treatment (MOE=405). For indoor space sprays, it may be impractical to 
ventilate the treated space 1 hour after treatment because it may take longer for the spray to 
penetrate and kill target pests. To address potential risks of concern, the Agency is proposing an 
entry restriction which instructs users to ventilate before re-entry for indoor aerosol space spray 
applications. The proposed entry restriction reads as follows: “Do not enter or allow others to 
enter until vapors, mists, and aerosols have dispersed, and the treated area has been thoroughly 
ventilated.” 
 

4. Cancelation of Use Sites Not Supported by Residue Data 
 
The 2006 PBO Reregistration Eligibility Decision (RED) required the submission of preharvest 
and postharvest crop residue chemistry data in order to support existing tolerances. These residue 
chemistry data were required as part of the reregistration GDCI (GDCI-067501-26641) issued in 
2009. In its public comment on the PBO Human Health Risk Assessment, the PBO Task Force II 
(PBTFII) noted that they were not supporting the following preharvest uses: cereal grains, 
pineapples, avocado, sugarcane, tea, grasses, sunflower, canola, banana, asparagus, tobacco, 
atemoya, and guava.42 In correspondence dated May 21, 2021, the PBTFII also noted it is 
prepared to develop post-harvest data in corn, wheat, and pineapple to support post-harvest uses 
on muskmelons, cereal grains, birdseed, cottonseed, peanuts held in storage and peanuts in bulk 
or in bags in commercial storage and warehouse premises. 

The Agency is proposing to cancel the preharvest use sites above that are not being supported by 
the PBTFII. In addition, the Agency also proposes to cancel certain agricultural uses that are not 
adequately supported by the residue chemistry database. These uses are as follows: 

 Preharvest uses: soybean; oilseed (group 20) except cottonseed (subgroup 20C); stalk and 
stem vegetables (subgroup 22A); tropical and subtropical fruit (groups 23 and 24) except 
for medium to large fruits with edible peels (subgroup 23B); peanut; hops; artichoke; 
water chestnut and mint. 

 Post-harvest uses:  blackberries; blueberries; boysenberries; currants; dewberries; 
gooseberries; grapes; loganberries; muskmelons; raspberries; birdseed; cocoa beans; 
cottonseed; flax; cereal grains (group 15); dried fruit; raisins; tobacco; peanuts held in 
storage and peanuts in bulk or in bags in commercial storage or warehouse premises.43 

 
42 Available at https://www regulations.gov/comment/EPA-HQ-OPP-2010-0498-0032. 
43 For crop group tables, see 40 C.F.R. § 180.41. 
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PBO registrants concur with most of the proposed use cancelations, but they object to the 
proposed cancelation of post-harvest use on muskmelons, rice, barley, birdseed, buckwheat, 
corn, cottonseed, oats, wheat, rye, sorghum and peanuts. While the Agency acknowledges that 
these cancelations might impact users, it has not assessed the impact of these cancelations in 
depth and seeks public comment on the potential impacts on users. 

5. Personal Protective Equipment—Occupational Handler Risks 
 
Baseline Attire 
 
The labels vary with respect to work attire for occupational handlers. Some labels do not specify 
any work attire. For registration review risk assessments, the Agency assumed that occupational 
handlers wore baseline attire (long-sleeved shirt, pants, shoes/socks). If not already required on 
labels, the Agency proposes that all occupational handlers wear baseline attire. Products 
formulated for homeowner use only are not affected by this proposed mitigation.   
 
Respirators 
 
The Agency has determined that while multiple occupational exposure scenarios for PBO result 
in potential risks of concern when only baseline attire (long-sleeved shirt, long pants, shoes, and 
socks) is worn, these risks are sufficiently mitigated with the use of PF10 respirators. For 
occupational handler inhalation risk, the target MOE is 300 and risk estimates below that are 
potentially of concern. The Agency proposes that PBO product labels require respirators for the 
following application scenarios: 

 Mixers/Loaders: 
o Liquid aerial broadcast applications: high-acreage (1,200 acres) field crops 

(MOE=1,100 with a PF10 respirator), ULV/wide-area vector control 
(MOE=2,300 with a PF10 respirator, MOE=600 with closed system engineering 
controls)  

 Applicators: 
o Airblast applications: orchard/vineyard (MOE=1,600 with a PF10 respirator) 
o Truck-mounted fogger/mister for ULV wide area applications (MOE=260 with a 

PF10 respirator, MOE=1,800 with an enclosed cab) 
o Liquid dip treatment for fruit storage baskets (post-harvest use, MOE=2,200 with 

a PF10 respirator) 
o Dust shaker can applications to livestock (MOE=1,500 with a PF10 respirator) 

 Mixers/Loaders/Applicators: 
o Backpack applications: foliar spray to nursery ornamentals (MOE=2,900 with a 

respirator), foliar spray to landscape trees, shrubs, and bushes (MOE=1,100 with a 
PF10 respirator), livestock (MOE=1,100 with a PF10 respirator) 

o Manually-pressurized handwand applications: foliar applications to ornamental 
plants/turf (MOE=380 with a PF10 respirator), livestock (MOE=1,300 with a 
PF10 respirator).  

o Mechanically-pressurized handgun:  
 soil drench and foliar applications to orchard/vineyard (MOE=340 with a 

PF10 respirator)  
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 foliar and soil directed applications to typical field crop (MOE=340 with a 
PF10 respirator)  

 wildlife management areas (MOE=340 with a PF10 respirator)  
 foliar applications to landscaping, trees, shrubs, and bushes (MOE=340 

with a PF10 respirator)  
o Bulb duster: crack and crevice applications within indoor spaces, including 

warehouses, residential areas, childcare centers (MOE=590 with a PF10 
respirator)  

o Plunger duster: applications to external building surfaces, including 
foundation/perimeters, windows, doors (MOE=590 with a PF10 respirator) 

o Ant mound/nest granule treatments with a spoon (MOE=1,300 with a PF10 
respirator) 

 
The addition of PF10 respirators fully addresses potential risks of concern for most scenarios 
above.  
 
For mixers/loaders supporting aerial ULV wide-area vector control applications, the Agency 
proposes to require PF10 respirators. The addition of closed system engineering controls also 
addresses potential risks of concern. It is unknown how frequently mixers/loaders have access to 
closed system engineering controls while mixing/loading for this scenario. The Agency seeks 
public comments on the ability of mixers/loaders to access closed system engineering controls 
when supporting aerial ULV wide-area vector control applications.   
 
The addition of PF10 respirators does not fully address risks of concern for truck-mounted ULV 
mosquito adulticide applications, where the MOE of 260 does not reach the target of 300 for 
inhalation risk. Even though the term “truck” is used, which implies closed cabs, the Agency 
assessed both closed cab and open cab ground vehicles for this scenario. The presence of closed 
cabs fully addresses the risks of concern.   
 
In rural areas, some mosquito control districts may use all-terrain vehicles (ATVs)44 or utility 
terrain vehicles (UTVs) to access hard to reach areas, and applicators may not always have 
access to closed cabs while using ATVs/UTVs. The Agency proposes to require PF10 respirators 
for applicators making ULV wide-area vector control ground applications using open cab 
vehicles. Applicators using closed cab vehicles are exempt from the proposed respirator 
requirement.  
 
The Agency acknowledges that some users (such as pest control operators using backpacks and 
handwands to treat pests in landscape ornamentals or on livestock) might not typically use 
respirators. These users could incur costs to acquire and fit-test respirators. The extent of this and 
other associated impacts on PBO users has not been evaluated in depth by the Agency. The 
Agency seeks public comment on the potential impacts of the respirator requirement on PBO 
users. 
 

 
44 For example, the Seminole County Mosquito Control Program lists 2 ATVs among the types of ground equipment 
used for adult mosquito control: https://www.seminolecountyfl.gov/departments-services/public-works/watershed-
management/mosquito-control-program/adult-mosquito-control.stml. 
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Respirator costs are extremely variable depending upon the protection level desired, 
disposability, comfort, and the kinds of vapors and particulates being filtered. Respirators are 
expected to last for several years, so impacts will be low except for the initial purchase.  The 
greater impact may be the annual fit test and training, to ensure the respirator functions properly.  
In 2015, the cost of a respirator fit test, training and medical exam45 was estimated to be about 
$180 annually.46 However, if a PBO handler typically uses other chemicals requiring a respirator 
in the production system or as part of the business, additional fit testing is not needed. The 
handler or employer may only incur the cost of purchasing filters for the respirator on a more 
frequent basis. Respirator fit tests are currently required by the Occupational Safety and Health 
Administration (OSHA) for other occupational settings to ensure proper protection.  
 
EPA acknowledges that requiring a respirator and the associated fit testing, training, and medical 
evaluation places a burden on handlers or employers. However, the proper fit and use of 
respirators is essential to accomplish the protections respirators are intended to provide. In 
estimating the inhalation risks, and the risk reduction associated with different respirators, EPA’s 
human health risk assessments assume National Institute for Occupational Safety and Health 
(NIOSH) protection factors (i.e., respirators are used according to OSHA’s standards). If the 
respirator does not fit properly, use of PBO may cause unreasonable adverse effects on the 
pesticide handler. Therefore, EPA is proposing to add fit-testing, training and medical evaluation 
requirements for all labels requiring a respirator for non-WPS uses. 
   
Gloves 
 
The Agency proposes updating the gloves statements on current PBO labels, consistent with 
Chapter 10 of the Label Review Manual.47 In particular, EPA proposes removing any references 
to specific categories in EPA’s chemical-resistance category selection chart and specifying the 
appropriate gloves types.48 The proposed clarification does not fundamentally change the gloves 
that workers currently must use, so there should not be significant impacts. 
 

6. Spray Drift Management—Ecological Risks 
 

The Agency is proposing label changes to reduce off-target spray drift and establish a baseline 
level of protection against spray drift that is consistent across all PBO products. Reducing spray 
drift will reduce the extent of environmental exposure and risk to non-target plants and animals. 
Although the Agency is not making a complete endangered species finding at this time, these 
label changes are expected to reduce the extent of exposure and may reduce risk to listed species 
whose range and/or critical habitat co-occur with the use of PBO.  

 
45 Fit testing, training, and medical evaluations must be conducted according to OSHA regulations 29 CFR § 
1910.134, 29 CFR § 1910.134(k)(1)(i) through(vi), and 29 CFR § 1910.134, respectively. 
46 Economic Analysis of the Agricultural Worker Protection Standard Revisions. Biological and Economic Analysis 
Division, Office of Pesticide Programs, U.S. EPA. 2015. p. 205. Available at www.regulations.gov, docket number 
EPA-HQ-OPP-2011-0184-2522 
 
47 Label Review Manual, https://www.epa.gov/pesticide-registration/label-review-manual. 
48 For specific label language, see Appendix B.  
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The Agency is proposing the following spray drift mitigation language to be included on all PBO 
product labels for products applied by liquid spray application. The proposed spray drift 
language is intended to be mandatory, enforceable statements that supersede any existing 
language already on product labels (either advisory or mandatory) covering the same topics. The 
Agency is also proposing to standardize all spray drift advisory language on PBO product labels. 
Registrants must ensure that any existing advisory language left on labels does not contradict or 
modify the new mandatory spray drift statements proposed in this PID, once effective. For non-
ULV applications, the following measures are proposed: 

 Applicators must not spray during temperature inversions. 
 For aerial applications, do not apply when wind speeds exceed 15 mph at the application 

site. If the windspeed is greater than 10 mph, the boom length must be 65% or less of the 
wingspan for fixed wing aircraft and 75% or less of the rotor diameter for helicopters. 
Otherwise, the boom length must be 75% or less of the wingspan for fixed-wing aircraft 
and 90% or less of the rotor diameter for helicopters.  

 For aerial applicators, if the windspeed is 10 miles per hour or less, applicators must use 
½ swath displacement upwind at the downwind edge of the field. When the windspeed is 
between 11-15 miles per hour, applicators must use ¾ swath displacement upwind at the 
downwind edge of the field. 

 For aerial applications, the release height must be no higher than 10 feet from the top of 
the crop canopy or ground, unless a greater application height is required for pilot safety.  

 For ground boom applications, apply with the release height no more than 4 feet above 
the ground or crop canopy.  

 For ground applications, do not apply when wind speeds exceed 15 miles per hour at the 
application site. 

 For ground and aerial applications, applicators are to select nozzle and pressure that 
deliver medium droplets as indicated in accordance with American Society of 
Agricultural & Biological Engineers Standard 572 and Standard 641 (ASABE S572 for 
ground application and ASABE S641 for aerial applications). 

 For air blast applications, nozzles directed out of the orchard must be turned off in the 
outer row and applications must be directed into the canopy foliage. 
 

PBO, as synergist, is not applied alone but is commonly applied with insecticides such as 
pyrethroids and pyrethrins.  EPA does not expect the requirements for release height to impact 
users since they largely correspond to current practice and recommendations for many 
insecticide applications. Due to the varying use sites and target pests of pyrethroids/pyrethrins 
and other insecticides co-applied with PBO, it is difficult to assess the impacts of a droplet size 
restriction across all crops. Components of applications, including droplet size, are complex, but 
essentially insects need to come into contact with, or ingest, a lethal dose of insecticide to be 
effectively controlled which requires proper coverage throughout the plant. 
Pyrethroids/pyrethrins are contact insecticides and require a certain amount of coverage for 
efficacy. For foliar applications, insect control would likely be negatively impacted by requiring 
a medium droplet size or larger. Growers may be driven to use higher rates, avoid using PBO, 
make additional applications per season, or use a lower application rate (which may result in loss 
of efficacy) in order to use larger droplet sizes.  
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The application wind speed restriction of no greater than 15 mph for ground applications and the 
prohibition on applications during temperature inversions will decrease the number of days 
available during the growing season for applications and thus result in additional complications 
in scheduling insecticide treatments, which in turn could result in lack of pest control and 
potentially yield loss depending on the crop. Because such weather conditions are variable, 
growers may be unable to apply when planned, but may also not be able to apply alternatives if, 
for example, tanks are already mixed with pyrethroids/pyrethrins. Moreover, temperature 
inversions may be highly localized and growers or applicators may not be aware they exist.  
 
If the proposed mitigation prevents growers from using PBO, they will most likely either use 
higher application rates, or replace pyrethroid/pyrethrin applications with other insecticides, 
possibly including organophosphates and carbamates that do not need a synergist, which could 
lead to secondary pest problems, lower pest control,  and/or increased production costs for 
growers if the alternatives are less effective, more expensive, or not available. However, overall 
the expected impact of the proposed spray drift labeling would likely be low because PBO is not 
widely used in agriculture. While there may be negative impacts on some users, many existing 
PBO labels for agricultural uses already specify most of the proposed spray drift labeling, so 
such impacts are expected to be very low. This proposed mitigation will not affect non-
agricultural uses such as ULV mosquito treatments. EPA encourages comments on any potential 
impacts to growers from the proposed spray drift labeling. 
 
In addition to including the spray drift restrictions on PBO labels, all references to volumetric 
mean diameter (VMD) information for spray droplets are proposed to be removed for non-ULV 
applications where such information currently appears. The proposed new language above, 
which cites ASABE S572.3, eliminates the need for VMD information. 
 

7. Runoff Prevention Statements—Risks to Aquatic Organisms 
 
The Agency has concluded that runoff of PBO from outdoor application sites poses risks of 
concern to non-target aquatic organisms. In order to prevent runoff, the Agency is proposing the 
following labeling on products formulated for outdoor residential/commercial use:  
 

 For products formulated as liquid spray: “Do not spray this product into fish pools, 
ponds, streams, or lakes. Do not apply directly to sewers or drains, or to any area like a 
gutter where drainage to sewers, storm drains, water bodies, or aquatic habitat can 
occur.” 

 For granular and liquid formulations of products containing indoor uses: “Do not allow 
the product to enter any drain during or after application (unless labeled for drain 
treatments).” Registrants would remove the text in parentheses if drain use is not allowed 
on labels. 

 For residential outdoor labels:  
o “Do not apply directly to impervious horizontal surfaces such as sidewalks, 

driveways, and patios except as a spot or crack-and-crevice treatment.” 
o “Do not apply or irrigate to the point of runoff.” 
o “Spot treatments, other than ant mound treatments, must not exceed two square 

feet in size (2 ft by 1 ft).” 
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o “Treat exposed surfaces to cover thoroughly but avoid excess run-off.” 
o “To treat insects harbored in voids and cracks-and-crevices, applications must be 

made in such a manner to limit dripping and run-off on structural surfaces and 
plants.” 

o Liquid Concentrate: “To protect the environment, do not allow pesticide to enter 
or run off into storm drains, drainage ditches, gutters or surface waters. Applying 
this product in calm weather when rain is not predicted for the next 24 hours will 
help to ensure that wind or rain does not blow or wash pesticide off the treatment 
area. Rinsing application equipment over the treated area will help avoid run off 
to water bodies or drainage systems.”  

o Broadcast Granular: “To protect the environment, do not allow pesticide to enter 
or run off into storm drains, drainage ditches, gutters or surface waters. Applying 
this product in calm weather when rain is not predicted for the next 24 hours will 
help to ensure that wind or rain does not blow or wash pesticide off the treatment 
area. Sweeping any product that lands on a driveway, sidewalk, or street, back 
onto the treated area of the lawn or garden will help to prevent run off to water 
bodies or drainage systems.” 

o Liquid Ready-to-Use (RTU): “To protect the environment, do not allow pesticide 
to enter or run off into storm drains, drainage ditches, gutters or surface waters. 
Applying this product in calm weather when rain is not predicted for the next 24 
hours will help to ensure that wind or rain does not blow or wash pesticide off the 
treatment area.” 

o Dust: “To protect the environment, do not allow pesticide to enter or run off into 
storm drains, drainage ditches, gutters or surface waters. Applying this product in 
calm weather when rain is not predicted for the next 24 hours will help to ensure 
that wind or rain does not blow or wash pesticide off the treatment area.” 

 
Such statements will not have significant impact on users, since most product labels would 
already have similar statements by virtue of the insecticidal active ingredient (most products are 
usually co-formulated with pyrethroids or pyrethrins). 

 
8. Labeling for ULV Mosquito Adulticide Applications—Residential Post-

application Risks 
 
The Agency has also determined that residential post-application inhalation risks of concern exist 
for public health aerial ultra-low volume (ULV) mosquito adulticide applications of PBO at the 
current release height of 100 feet above the ground (MOE=170, LOC=300). The Agency 
proposes that the release height for aerial ULV applications be raised to 200 feet above the 
ground, which would adequately mitigate the risk (MOE=390, LOC=300).  
 
In comments submitted to the Agency, the American Mosquito Control Association indicated 
that a release height of 200 feet would not interfere with aerial ULV applications using fixed-
wing aircraft, which normally make applications at 200-300 feet.49 However, rotary-wing aircraft 

 
49 See the American Mosquito Control Association’s public comment on the PBO Human Health and Ecological 
Risk Assessments, available at  https://www.regulations.gov/comment/EPA-HQ-OPP-2010-0498-0028. 
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do make applications at 100 feet, and it is unclear how the proposed requirement would impact 
aerial ULV applications with rotary-wing aircraft. The Agency seeks public comment on 
potential impacts on ULV rotary-wing aircraft applications.   
 
In addition to this increased release height, the Agency is also proposing the following spray drift 
mitigation for ULV mosquito adulticide applications: 
 

 Apply when ground wind speeds are equal to or greater than 1 mph.  
 All types of applications should be conducted when temperatures at ground level are at or 

above 50°F.   
 For ground applications: Create an optimum swath when possible. An optimum swath 

width can be achieved when product is applied from a truck that is being driven 
perpendicular to the wind direction. Direct the spray head of equipment to ensure even 
distribution of the spray cloud throughout the area.  

 For ground applications: For best results, treat when mosquitoes or insects are most 
active and weather conditions are conducive to keeping the spray cloud in the air column 
close to the ground.   

 For ground applications: An inversion of air temperatures and a light breeze is preferable. 
Application during the cooler hours of the night or early morning is recommended. 

 For use only by federal, state, tribal or local government officials responsible for public 
health or vector control or by persons certified in the appropriate category or otherwise 
authorized by the state or tribal lead pesticide regulatory agency to perform adult 
mosquito control applications, or by persons under their supervision, or as allowed by 
state regulations for persons treating private property. 

 This pesticide is [toxic/extremely toxic]50 to aquatic organisms. Runoff from treated areas 
or deposition of spray droplets into a body of water may be hazardous to aquatic 
organisms. 

 Do not apply over bodies of water (lakes, rivers, permanent streams, natural ponds, 
commercial fish ponds, swamps, marshes or estuaries), except when necessary to target 
areas where adult mosquitoes are present, and weather conditions will facilitate 
movement of applied material beyond the body of water to minimize incidental 
deposition into the water body. Do not contaminate bodies of water when disposing of 
equipment rinsate or wash waters.  

 Before making the first application in a season, it is advisable to consult with the state or 
tribal agency with primary responsibility for pesticide regulation to determine if other 
regulatory requirements exist. 

 Do not treat a site with more than the maximum amount of each a.i., per acre in a single 
application or in any 24-hour period. Do not exceed the maximum amount of a.i. in any 
site in one year. More frequent applications may be made to prevent or control a threat to 
public and/or animal health determined by a state, tribal or local health or vector control 
agency on the basis of documented evidence of disease-causing agents in vector 
mosquitoes or the occurrence of mosquito-borne disease in animal or human populations, 
or if specifically approved by the state or tribe during a natural disaster recovery effort. 

 
50 Registrants should follow EPA’s guidance in Chapter 8 of EPA Label Review Manual to determine which version 
of this statement is appropriate.  
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9. Surface Water Advisory—Risks to Aquatic Organisms 

 
The Agency has concluded that registered uses of PBO pose risks of concern to aquatic 
organisms due to the contamination of surface water from application site runoff. In order to 
prevent the contamination of surface water, the Agency is proposing a surface water advisory to 
warn users of the potential for runoff. 
 
The proposed water advisory is consistent with language in the EPA Label Review Manual51 (see 
chapter 8 environmental hazards text) and is detailed in Appendix B.   
 

10. Pet Incidents 
 
To determine whether the FIFRA registration standard is met for the pet uses, EPA intends to 
request enhanced incident reporting and sales data for these uses akin to what is submitted for 
spot-on products (https://www.epa.gov/pets/epa-evaluation-pet-spot-products-analysis-and-
plans-reducing-harmful-effects). These data would allow the Agency to conduct a comparative 
assessment of pet incidents across registered pet products based on sales data to better determine 
whether any changes to the pet product registrations and labels are necessary. EPA is interested 
in feedback from stakeholders on the most efficient way these data can be provided to the 
Agency and types of analyses that could be submitted to expedite the Agency’s assessment. 
 

11. Environmental Justice 
 
EPA seeks to achieve environmental justice, the fair treatment and meaningful involvement of all 
people, regardless of race, color, national origin, or income, in the development, implementation, 
and enforcement of environmental laws, regulations, and policies. To help address potential 
environmental justice issues related to registration review decisions, the Agency seeks 
information on any groups or segments of the population who, as a result of their location, 
cultural practices, or other factors, may have atypical, unusually high exposure to PBO compared 
to the general population or who may otherwise be disproportionately affected by the use of PBO 
as a pesticide. PBO may be used around the home for control of some public health pests. 
Disadvantaged populations, for example those in low-income neighborhoods with limited or 
poor services and/or in multi-family dwellings with limited ability to practice exclusion and 
sanitation, may be disproportionally exposed to PBO because they are disproportionally exposed 
to public health pests. However, the availability of PBO for residential use makes the control of 
public health pests more effective for these populations. Occupational exposure to PBO will 
mainly occur among professional applicators but also among workers in livestock facilities.  
EPA has evaluated the potential risks to these workers and is proposing PPE that would address 
those risks. 
 
EPA is carefully weighing the risks and benefits of this chemistry and is considering the 
complexities of this case as it pertains to all segments of the population. Please comment if you 

 
51 Label Review Manual, https://www.epa.gov/pesticide-registration/label-review-manual. 
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are aware of any other issues and can provide information to help the Agency to more fully 
consider and address potential environmental justice issues. 
 

B. Tolerance Actions 
 
The Agency anticipates establishing, modifying and revoking several PBO tolerances as 
described in Section III.A.3. The Agency anticipates updating current tolerances to reflect 
revised crop groupings, establishing new tolerances for crops displaced by crop group 
conversions, and revising certain tolerances to harmonize with the PMRA MRLs. The Agency 
will use its FFDCA rulemaking authority to make the needed changes to the tolerances.  
 
Furthermore, the Agency plans to exercise its FFDCA authority to update the tolerance 
expression to appropriately cover the metabolites and degradates of PBO and to specify the 
residues to be measured for each commodity for enforcement purposes. EPA expects to amend 
the tolerance expression for PBO to comply with current practices. 
 

C. Proposed Interim Registration Review Decision 
 
The Agency is issuing this PID in accordance with 40 C.F.R. §§ 155.56 and 155.58. The Agency 
has made the following proposed interim decision: (1) Except for the data listed in section IV.D 
below, EPA proposes that no additional data are required at this time; and (2) EPA proposes that 
PBO does not meet the registration standard without changes to the affected registrations and 
their labeling. EPA has determined that the mitigation measures proposed in Sections IV.A-B 
and Appendices A and B are sufficient to address potential risks of concern. 
 
The Agency conducted detailed draft human health and ecological risk assessments. In these risk 
assessments, EPA identified potential human health and ecological risks of concern. Namely, the 
Agency has determined that registered uses of PBO pose inhalation and incidental oral risks of 
concern in residential and occupational settings. Furthermore, the Agency has determined that 
registered uses of PBO pose acute and chronic risks of concern to non-target organisms of 
various taxa.  
 
EPA also determined that continuing to register PBO provides benefits. As an insecticide 
synergist, PBO increases the efficacy of the insecticides with which it is co-formulated, allowing 
for less overall insecticide application to achieve desired results. PBO plays a crucial role in 
resistance management and integrated pest management programs. PBO-synergized products 
also control important public health pests such as lice, bed bugs, fleas, ticks, and mosquitoes. 
 
In considering the risks and the benefits of the use of PBO, EPA concludes that mitigation is 
appropriate.  The addition of PPE, cancelation of certain products/uses, and prohibition of certain 
application methods proposed by the Agency in Section IV.A would adequately mitigate the 
inhalation, dermal, and incidental oral risks of concern. Likewise, the ecological risk mitigation 
measures proposed by the Agency in Section IV.A that aim to limit spray drift and runoff from 
application sites would adequately mitigate the risks of concern to non-target organisms. 
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During registration review, EPA considers whether a pesticide registration “continues to satisfy 
the FIFRA standard for registration.”52 Here, EPA proposes that PBO does not meet the FIFRA 
registration standard without the changes to the affected registrations and their labeling as 
described in Section IV.A and Appendices A and B. The prohibition of use on certain sites with 
certain formulation types, application method prohibitions, PPE changes, entry restrictions, and 
changes to ULV mosquito adulticide labels proposed by the Agency are intended to limit 
residential and occupational exposure to PBO while retaining enough user flexibility to eliminate 
pests in a variety of settings. The ecological risk mitigation measures proposed by the Agency 
are intended to reduce spray drift and runoff of PBO from application sites, thus limiting 
exposure to non-target organisms, while simultaneously preserving the efficacy of the applied 
product. 
 
EPA has determined that there are no human dietary risks of concern from registered uses of 
PBO that are inconsistent with the FFDCA safety standard other than those that are unsupported 
by residue data. Taking into consideration the available information on toxicity and exposure, 
EPA assessed PBO’s potential aggregate risks, including dietary (food and water) and non-
occupational residential exposures, and found risks exceeding the Agency’s levels of concern.53 
The Agency has concluded that inhalation and incidental oral risks of concern exist for certain 
residential scenarios.  
 
EPA has determined that there would be a reasonable certainty that no harm would result from 
aggregate exposure to PBO, including all anticipated dietary exposures and residential exposures 
for which there is reliable information, to the general population, including infants and children, 
if the listed mitigation measures are implemented.54 If such measures are implemented, EPA 
proposes to conclude that the residues of PBO would be safe. 
 
In this PID, the Agency is not making any human health or environmental safety findings 
associated with the Endocrine Disruptor Screening Program (EDSP) screening of PBO. 
Similarly, the Agency is not making a complete endangered species finding, though the proposed 
mitigation is expected to reduce the extent of environmental exposure and may reduce risk to 
listed species whose range or critical habitat co-occur with the use of PBO. The Agency will 
complete a listed-species assessment and any necessary Endangered Species Act (ESA) Section 
7 consultation with the Services and make an EDSP determination before issuing a final 
registration review decision for PBO. For more information, see Appendices C and D. 
 

 
52 40 C.F.R. § 155.40(a); 7 U.S.C. § 136a(c)(5); see also 7 U.S.C. §§ 136(bb) (defining “unreasonable adverse 
effects on the environment” as encompassing both “any unreasonable risk to man or the environment, taking into 
account the economic, social, and environmental costs and benefits of the use of any pesticide” [FIFRA’s risk-
benefit standard] and “a human dietary risk from residues that result from a use of a pesticide in or on any food 
inconsistent with the [FFDCA safety standard]”). In a PID, EPA sets out a proposed interim decision that includes 
EPA’s “proposed findings with respect to the FIFRA standard for registration and describe the basis for such 
proposed findings.” 40 C.F.R. §§ 155.56, 155.58(b)(1). 
53 Piperonyl Butoxide (PBO) Draft Human Health Risk Assessment Registration Review and for Proposed New Used 
on Edible Fungi Crop Group 21 (dated September 28, 2017) 
54 Conversely, if the mitigation measures are not implemented, EPA proposes that it cannot support a conclusion that 
PBO’s use resulting in residues in or on food is safe.  
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To determine whether the pet use meets the FIFRA registration standard, EPA intends to request 
enhanced incident reporting and sales data that will help the Agency determine whether any 
changes to the pet product registrations and labels are necessary.  
 

D. Data Requirements 
 
The requirements of the registration review GDCI (GDCI-067501-1063) have been satisfied. The 
following studies are still outstanding from the RED GDCI (GDCI-067501-26641):  

 Crop Field Trials (guideline 860.1500): 
o 1 wheat post-harvest field trial  
o 2 field corn post-harvest field trials—to maintain tolerances for barley, corn, 

rice, rye, sorghum, and wheat and for translation to birdseed mixtures 
o 2 post harvest field trials for pineapple—to maintain postharvest pineapple 

use, and for translation to cantaloupe   
 Processed Food/Feed (guideline 860.1520): coconut 

 
EPA intends to request submission of enhanced pet incident and sales data as part of a separate 
action.  
 
EPA does not anticipate calling-in additional data for PBO’s registration review at this time. As 
noted earlier, the Agency is anticipating inhalation data from the registrants which may impact 
the human health risk assessment, but the inhalation data were not required as part of a DCI. 

V. NEXT STEPS AND TIMELINE 

A. Proposed Interim Registration Review Decision 
 
A Federal Register Notice will announce the availability of the PBO PID and open a 60-day 
comment period. The Agency may issue an Interim Registration Review Decision (ID) for PBO 
after the close of this comment period if commenters do not submit significant comments or 
additional information that lead the Agency to change the proposed interim decision in Section 
IV.C, above. The Agency may make a final registration review decision for PBO without 
previously issuing an ID. However, a final registration review decision for PBO will only be 
made after EPA completes (1) an endangered species determination and any necessary 
consultation with the Services, and (2) an EDSP determination. 
 

B. Implementation of Mitigation Measures 
 
Once the Interim Registration Review Decision is issued, the PBO registrants must submit 
amended labels that include the label changes described in Appendices A and B. The revised 
labels and requests for amendment of registrations must be submitted for Agency within 60 days 
following issuance of the Interim Registration Review Decision in the docket. 
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Additional Data Considerations 
 
As mentioned previously, the Agency is awaiting the submission of additional data. PBO 
registrants have indicated the intention to supply outstanding post-harvest residue chemistry 
studies in support of pineapple, wheat grain, corn grain to be translated to numerous other 
commodities. Additionally, PBO registrants have voluntarily submitted an in vitro inhalation 
study (MRID 51549501) and particle size studies (MRIDs 51615101 and 51615103) to update 
the inhalation risk estimates conventionally derived in the 2017 Human Health Risk Assessment.    
 
The Agency intends to review the anticipated data and based on the acceptability and timeliness 
of the data and methods, may elect to revise risk estimates and resultant mitigation proposals 
prior to the issuance of a final registration review decision for PBO. 
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Description Proposed Label Language for Piperonyl Butoxide Products 

Personal Protective "All handlers must wear: 
Equipment required for ALL - long sleeved shirt,
Products - long pants,

(Does not apply to products 
- shoes and socks."

formulated for homeowner 
use only) 

Respirator Language Respirators are required for: 
• Mixers/loaders supporting aerial liquid broadcast applications to high-acreage

Note to registrants: Only add 
field crops and aerial ultra low volume (UL V) applications for wide area

PPE relevant to uses on 
vector control

currently registered product 
• Applicators making orchard/vineyard applications, UL V wide area vector

labels. control applications with open cab ground vehicles, liquid dip treatment for
fruit storage baskets, and dust shaker can applications to livestock.

• Mixers/loaders/applicators supporting
0 backpack foliar spray applications to nursery/landscape ornamentals, 

including trees, shrubs, and bushes, and backpack applications to 
livestock 

0 manually-pressurized handwand foliar applications to ornamental 
plants and turf, and manually-pressurized handwand applications to 
livestock. 

0 mechanically-pressurized handgun applications to: 
• orchard/vineyard, typical field crops, and wildlife

management areas
• landscape trees, shrubs, and bushes (foliar treatments),

0 bulb duster applications to crack and crevices within indoor spaces, 
including warehouses, residential areas, and childcare centers 

0 plunger duster applications to external building surfaces, including 
foundation/perimeters, windows, doors 

0 ant mound/nest granule treatments with a spoon 

[Note to registrant: If your end-use product requires protection from particulates only 
(low volatility), use the following language:] 
"Wear a minimum of a NIOSH-approved particulate filtering facepiece respirator with 
any N*, R or P filter; OR a NIOSH-approved elastomeric particulate respirator with 
any N*, R or P filter; OR a NI OSH-approved powered air purifying respirator with HE 
filters." 

Placement on Label 

In the Personal Protective 
Equipment (PPE) Section 
within the Precautionary 
Statements 

In the Personal Protective 
Equipment (PPE) Section 
within the Precautionary 
Statements 
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Appendix C: Listed-Species Assessment 
 
In 2013, EPA, along with the Fish and Wildlife Service (FWS), the National Marine Fisheries 
Service (NMFS), and the United States Department of Agriculture (USDA) released a summary 
of their joint Interim Approaches for assessing risks to endangered and threatened (listed) species 
from pesticides. These Interim Approaches were developed jointly by the agencies in response to 
the National Academy of Sciences’ (NAS) recommendations that discussed specific scientific 
and technical issues related to the development of pesticide risk assessments conducted on 
federally threatened and endangered species.  
 
Since that time, EPA has conducted biological evaluations (BEs) on three pilot chemicals 
representing the first nationwide pesticide consultations (final pilot BEs for chlorpyrifos, 
malathion, and diazinon were completed in January 2017). These initial pilot consultations were 
envisioned to be the start of an iterative process. The agencies are continuing to work to improve 
the consultation process. For example, after receiving input from the Services and USDA on 
proposed revisions to the pilot interim method and after consideration of public comments 
received, EPA released an updated Revised Method for National Level Listed Species Biological 
Evaluations of Conventional Pesticides (“Revised Method”) in March 2020.56 During the same 
timeframe, EPA also released draft BEs for carbaryl and methomyl, which were the first to be 
conducted using the Revised Method. 
 
Also, a provision in the December 2018 Farm Bill included the establishment of a FIFRA 
Interagency Working Group (IWG) to provide recommendations for improving the consultation 
process required under section 7 of the Endangered Species Act for pesticide registration and 
Registration Review and to increase opportunities for stakeholder input. This group includes 
representation from EPA, NMFS, FWS, USDA, and the Council on Environmental Quality 
(CEQ). Given this new law and that the first nationwide pesticide consultations were envisioned 
as pilots, the agencies are continuing to work collaboratively as consistent with the congressional 
intent of this new statutory provision. EPA has been tasked with a lead role in this group, and 
EPA hosted the first Principals Working Group meeting on June 6, 2019. The recommendations 
from the IWG and progress on implementing those recommendations are outlined in reports to 
Congress.57  
 
Given that the agencies are continuing to work toward implementation of the Revised Method to 
assess the potential risks of pesticides to listed species and their designated critical habitat, the 
ecological risk assessment supporting this PID for PBO does not contain a complete ESA 
analysis that includes effects determinations for specific listed species or designated critical 
habitat. Although EPA has not yet completed effects determinations for specific species or 
habitats, for this PID, EPA’s evaluation assumed, for all taxa of non-target wildlife and plants, 
that listed species and designated critical habitats may be present in the vicinity of the 
application of PBO. This will allow EPA to focus its future evaluations on the types of species 
where the potential for effects exists once the Revised Method has been fully implemented. Once 

 
56 https://www.regulations.gov/document?D=EPA-HQ-OPP-2019-0185-0084 
57 https://www.epa.gov/endangered-species/reports-congress-improving-consultation-process-under-endangered-
species-act 
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that occurs, the Revised Method will be applied to subsequent analyses for PBO as part of 
completing this registration review. 
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Appendix D: Endocrine Disruptor Screening Program 

As required by FIFRA and FFDCA, EPA reviews numerous studies to assess potential adverse 
outcomes from exposure to chemicals. Collectively, these studies include acute, sub-chronic and 
chronic toxicity, including assessments of carcinogenicity, neurotoxicity, developmental, 
reproductive, and general or systemic toxicity. These studies include endpoints which may be 
susceptible to endocrine influence, including effects on endocrine target organ histopathology, 
organ weights, estrus cyclicity, sexual maturation, fertility, pregnancy rates, reproductive loss, 
and sex ratios in offspring. For ecological hazard assessments, EPA evaluates acute tests and 
chronic studies that assess growth, developmental and reproductive effects in different 
taxonomic groups. As part of its most recent registration decision for PBO, the EPA reviewed 
these data and selected the most sensitive endpoints for relevant risk assessment scenarios from 
the existing hazard database. However, as required by FFDCA § 408(p), PBO is subject to the 
endocrine screening part of the Endocrine Disruptor Screening Program (EDSP).  
 
EPA has developed the EDSP to determine whether certain substances (including pesticide 
active and other ingredients) may have an effect in humans or wildlife similar to an effect 
produced by a “naturally occurring estrogen, or other such endocrine effects as the Administrator 
may designate.” The EDSP employs a two-tiered approach to making the statutorily required 
determinations. Tier 1 consists of a battery of 11 screening assays to identify the potential of a 
chemical substance to interact with the estrogen, androgen, or thyroid (E, A, or T) hormonal 
systems. Chemicals that go through Tier 1 screening and are found to have the potential to 
interact with E, A, or T hormonal systems will proceed to the next stage of the EDSP where EPA 
will determine which, if any, of the Tier 2 tests are necessary based on the available data. Tier 2 
testing is designed to identify any adverse endocrine-related effects caused by the substance and 
establish a dose-response relationship between the dose and the E, A, or T effect.  
 
Under FFDCA § 408(p), the Agency must screen all pesticide chemicals. Between October 2009 
and February 2010, EPA issued test orders/data call-ins for the first group of 67 chemicals, 
which contains 58 pesticide active ingredients and 9 inert ingredients. The Agency has reviewed 
all of the assay data received for the List 1 chemicals and the conclusions of those reviews are 
available in the chemical-specific public dockets. PBO is on List 1, and the review conclusions 
are available in the PBO public docket (see EPA-HQ-OPP-2010-0498). A second list of 
chemicals identified for EDSP screening was published on June 14, 2013,58 and includes some 
pesticides scheduled for Registration Review and chemicals found in water. Neither of these lists 
should be construed as a list of known or likely endocrine disruptors. For further information on 
the status of the EDSP, the policies and procedures, the lists of chemicals, future lists, the test 
guidelines and the Tier 1 screening battery, visit EPA website.59  
 
In this PID, EPA is making no human health or environmental safety findings associated with the 
EDSP screening of PBO. Before completing this registration review, the Agency will make an 
EDSP FFDCA § 408(p) determination. 

 
58 See http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPPT-2009-0477-0074 for the final second list of 
chemicals. 
59 https://www.epa.gov/endocrine-disruption 
























