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Executive Summary: Insect populations are declining at unprecedented rates, threatening
essential ecosystem services such as pollination, nutrient cycling, and pest control. Pollinators
play a critical role in maintaining biodiversity and supporting agricultural productivity,
making their decline a pressing environmental and economic concern. The U.S. Environmental
Protection Agency (EPA) has issued proposed interim regulatory decisions as part of its
ongoing review of neonicotinoid pesticides, presenting a key opportunity to address a
significant driver of pollinator decline. However, the current proposed regulations lack
sufficient restrictions and do not fully address habitat loss or potential risks to human health.
This policy memo recommends that the EPA adopt an integrated regulatory approach to
neonicotinoids, in coordination with agricultural stakeholders and agencies such as the U.S.
Department of Agriculture (USDA). This approach combines targeted pesticide restrictions
with habitat protection measures to reduce pollinator mortality, enhance long-term
ecosystem resilience, and safeguard pollination services worth billions of dollars annually.
Strengthening EPA neonicotinoid regulations would align the US with international best
practices, protect biodiversity, lower human exposure to pesticides, and secure agricultural

productivity for future generations through ecosystem services.

I. Background

i. The pollinator crisis and its economic impacts

Human activity has led to the fragmentation and
degradation of natural habitats, accelerating
biodiversity decline across ecosystems (Theodorou
2022). Insects are among the most affected groups,
experiencing widespread declines in both abundance
and species richness, with “over 40% of insect
species threatened with extinction” due to pressures
such as habitat loss, pesticide use, and climate
change (Jactel et al. 2019; Sanchez-Bayo &
Wyckhuys, 2019; Wagner, 2020). As pollinators,
herbivores, decomposers, and prey, insects play
essential roles in maintaining ecosystem services
(Gill et al. 2016). Pollination alone supports 87.5% of
flowering plants and three-fourths of the world’s
crop plants (Ollerton et al. 2011; Ritchie 2021). The
U.S. Fish and Wildlife Service (USFWS) found the
economic value of insect pollination to total over $34

billion (USFWS 2023). Together, these essential
functions make insects fundamental to biodiversity,
ecosystem stability, and food system productivity,
underscoring the urgent need for their conservation
(Wagner 2020).

ii. Neonicotinoids: a driver of insect decline

Neonicotinoids are a class of synthetic insecticides
that act on the central nervous system of insects by
binding to neuronal nicotinic acetylcholine receptors
(nAChRs), which normally transmit nerve signals by
responding to the neurotransmitter acetylcholine;
disruption of these receptors interferes with neural
communication, causing paralysis and death
(Costas-Ferreira & Faro 2021). Since their
introduction in the 1990s, neonicotinoids are now
among the most widely used classes of insecticides
globally (Wood & Goulson 2017). Because they are
systemic insecticides, neonicotinoids are absorbed
by plants and distributed throughout the entire

www.sciencepolicyjournal.org

JSPG, Vol. 28, Issue 1, July 2026


https://orcid.org/0009-0004-6423-7442
https://doi.org/10.38126/JSPG280110
mailto:cbenne24@gmu.edu
http://www.sciencepolicyjournal.org/

Journal of Science Policy & Governance

POLICY MEMO: NEONICOTINOID REGULATIONS

plant, including the pollen and nectar, exposing
pollinators to lethal doses even when pesticides are
not directly applied (Wood & Goulson 2017).
Compared to other classes of insecticides, such as
pyrethroids, neonicotinoids are of particular concern
due to their widespread use, high water solubility,
persistence in the environment, and ability to
accumulate in soil and water with substantially long
half-lives (Morrissey et al. 2015; Wood & Goulson
2017). There are several commercial varieties of
neonicotinoids, including imidacloprid, clothianidin,
thiamethoxam, dinotefuran, and acetamiprid. In
recent years, these neonicotinoids have been
commonly used as substitutes for traditional
insecticides, such as organophosphates and
methylcarbamates, whose efficacy has declined due
to growing organism resistance (Costas-Ferreira &
Faro 2021). Neonicotinoids are wused as a
prophylactic, especially as seed treatments, meaning
they are often used regardless of pest presence,
leading to continuous, low-level exposure for
non-target organisms (Wood & Goulson 2017). Seed
treatments refer to seeds coated with systemic
pesticides, allowing the chemical to be taken up by
the growing plant, providing pest protection
throughout the plant's life (NPIC n.d.). As aresult of
their widespread and frequent application,
neonicotinoids contaminate soil and water samples
across the United States, and can be taken up by
non-target plants and enter surrounding ecosystems
(Xerces Society 2023; Morrissey et al. 2015). This
class of pesticide is highly toxic to pollinators,
including bees and butterflies (Rundlof et al. 2015;
Sanchez-Bayo and Wyckhuys 2019). Neonicotinoids
are considered a contributing factor to Colony
Collapse Disorder (CCD) reported among honeybee
populations within the US (EPA n.d.-b; Jactel et al.
2019; Whitehorn et al. 2012). Regulatory
assessments, including multiple evaluations by the
European Food Safety Authority (EFSA), consistently
find that neonicotinoids pose significant risks to
pollinator health (EFSA 2013; EFSA 2018).

iii. Neonicotinoids: risks to humans

Although neonicotinoids were initially thought to
pose low risk to humans, emerging evidence argues
for potential health concerns (Fregozo et al. 2026).
Due to their widespread use, neonicotinoids are
present in drinking water, food, and human
biological samples, including breast milk and
amniotic fluid, indicating consistent human exposure

pathways (Fregozo et al. 2026; Sass et al. 2024).
Biomonitoring studies from the US and
internationally have detected neonicotinoids in
human populations and, in some cases, estimated
daily intake from urinary concentrations, indicating
widespread but variable exposure levels, with higher
concentrations observed in agricultural regions
(Harada et al. 2016; Ospina et al. 2019; Thompson et
al. 2023). However, these estimates vary widely
across studies and are not standardized, and most
toxicity thresholds are derived from animal models
rather than human data, leaving limited consensus
on typical chronic exposure levels or how real-world
exposures compare to doses associated with adverse
health outcomes (Harada et al. 2016; Ospina et al.
2019; Sass et al. 2024; Thompson et al. 2023). This
uncertainty highlights a significant gap in current
risk assessments and underscores the need for
further research on chronic human exposure and
associated health effects.

Neonicotinoids act on nAChRs, which are also
present in the human nervous system, raising
concerns about potential neurotoxic effects
(Costas-Ferreira & Faro 2021). Experimental studies
link neonicotinoid exposure with effects on
neurological development, cognitive function, and
congenital heart defects, particularly during early life
stages (Carmichael et al. 2014; Gunier et al. 2017;
Sass et al. 2024). Additionally, adult exposure to
neonicotinoids is associated with toxic effects to the
male reproductive system as well as altered insulin
regulation (Issa et al. 2016; Vuong et al. 2022). These
findings indicate that current EPA regulatory
protections may not fully account for chronic
exposure and neonicotinoids’ potential impacts,
highlighting a need for further consideration in risk
assessment (Sass et al. 2024).

iv. Current EPA policy landscape and regulatory gaps

As part of its ongoing pesticide review process, the
EPA has released proposed interim decisions (PIDs)
for neonicotinoids that include measures such as
mandatory use of personal protective equipment
(PPE), restrictions on crop application timing, and
updated required labeling language to advise
homeowners of the risks associated with
neonicotinoid use (EPA n.d.-c). Although these
measures are intended to mitigate ecological harm,
many are merely suggestive rather than enforceable
and are unlikely to substantially slow insect decline.
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There are also gaps in the EPA’s PIDs regarding
neonicotinoids, including the lack of any phase-out
plan or timeline, no habitat restoration components,
inadequate monitoring and reporting requirements
for farmers, and unaddressed issues associated with
neonicotinoid seed treatments. EPA PIDs do not
substantially address human health risks or
incorporate recent findings on chronic exposure.
Together, these limitations suggest that the EPA’s
current regulatory approach to neonicotinoids
remains insufficient to address the scale of ecological
and potential human health risks.

In comparison, the European Union (EU) placed
restrictions on three types of neonicotinoids
(clothianidin, imidacloprid, and thiamethoxam) in
2013, and expanded the ban further in 2018 (EFSA
2013; EFSA 2018; Stokstad 2018). The EU
restrictions were based on risk assessments
conducted by the European Food Safety Authority
(EFSA), which concluded that these compounds pose
a high risk to pollinators, particularly bees (EFSA
2013; EFSA 2018; Stokstad 2018). Additionally, in
2018, France became the first member of the EU to
ban all outdoor use of neonicotinoids, including
emergency exemptions, regarding growing health
concerns and environmental impacts (Cambridge
Isotopes Laboratories n.d.). These restrictive EU
policies have had a controversial response, with
some worried about the economic impacts on
farmers and others concerned the policies still do
not do enough to counteract insect decline (Stokstad
2018). These tradeoffs highlight the need for
regulatory approaches that balance environmental
protection with agricultural viability, including the
development of effective and economically feasible
alternatives.

II. Policy recommendations

There is a pressing need to strengthen regulations
on neonicotinoid use as the EPA continues its
regulatory review of neonicotinoid pesticides. This
policy memo recommends two policy options to
strengthen the EPA's neonicotinoid restrictions and
address pollinator decline and environmental
contamination.

i. Policy Recommendation 1: Enhanced restrictions on
current proposed interim decisions

This option would build upon the EPA’s existing PIDs
for the five neonicotinoids (imidacloprid,

clothianidin, thiamethoxam, dinotefuran, and
acetamiprid) while adding more stringent protective
measures (EPA n.d.-c). This recommendation
includes a combination of complementary regulatory
measures that together strengthen existing EPA PIDs
by reducing exposure, improving environmental
protection, and enhancing data collection.
Specifically, it would mandate the following
measures: (1) a phased reduction of neonicotinoid
applications during crop bloom periods; (2)
expanded no-spray buffer zones around water
bodies and critical pollinator habitats to reduce
pesticide drift and environmental contamination;
and (3) the implementation of a standardized
monitoring and reporting system for neonicotinoid
use to improve regulatory oversight and support
long-term ecological assessment.

The first component involves a phased-out reduction
of neonicotinoid applications during crop bloom
periods. This measure targets periods of overlap
between crop blooms and pollination, when
pollinating insects are most active and therefore
most vulnerable to pesticide exposure (Perkins &
Heck 2026; Saez et al. 2023). Because bloom periods
vary by crop type and regional climate conditions,
restrictions would apply during crop-specific bloom
windows. Under this proposal, neonicotinoid
applications during crop bloom periods would be
progressively reduced over a five-year period, while
limited non-bloom applications could continue
under existing EPA restrictions during the transition.

The second component of this policy recommends
expanding no-spray buffer zones, aiming to reduce
pesticide drift into water bodies and critical
pollinator habitats. Pesticide drift is a result of
evaporation or improper spraying, followed by wind
carrying the drifted particles up to thousands of
kilometers (Albaseer et al. 2025). Pesticide drift
poses a threat to ecosystems as it has cascading
effects across trophic levels, resulting in biodiversity
loss (Albaseer et al. 2025). While the EPA has
established baseline buffer zones and includes some
drift mitigation measures in current PIDs (EPA
n.d.-f), these protections remain limited. Expanding
buffer zones specifically in areas where
neonicotinoids are frequently detected, such as
waterways and adjacent habitats, would better
address environmental contamination and protect
non-target species (Casillas et al. 2024).
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The third component of this policy recommendation
would mandate a standardized monitoring and
reporting system for all neonicotinoid use. This
mandate would improve regulatory oversight and
support long-term ecological assessment. This
system would require reporting of application
timing, location, quantity, and formulation at both
the state and federal levels. Data would be used to
ensure compliance with neonicotinoid regulations
and could track relationships between pesticide use
and insect population trends. Currently, no
comprehensive, mandatory reporting system exists
in the US, but instead, most data is derived indirectly
from environmental contamination studies (Wood &
Goulson 2017). Implementation of a monitoring and
reporting system could build on existing EPA funding
streams within the Science and Technology and
Environmental = Programs and  Management
appropriations, as well as programs authorized
under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (EPA 2026). However,
establishing a standardized, nationwide reporting
framework would likely require additional funding
or reallocation of resources to support data
collection, management, and enforcement.

To support the implementation of this policy, this
approach should be paired with promoting safer
alternatives, including biological controls and
less-persistent chemical options (see Section iii).
While some alternatives may require changes in
management practices, phased implementation
timelines can help reduce economic burdens on
farmers and allow for gradual adoption. Advantages
of this approach include building incrementally on
EPA's existing process while giving farmers time and
flexibility to transition. However, this approach may
still allow harmful uses during the phase-out
transition period, which may not be substantial
enough to reverse declining pollinator population
trends. Enforcing the reporting of neonicotinoid use
at the state level may also present challenges. This
recommendation focuses on reducing pesticide
exposure through regulatory measures but does not
directly address habitat loss and therefore may be
insufficient on its own to reverse long-term
pollinator declines, highlighting the need for a more
integrated approach.

ii. Policy Recommendation 2: Integrated approach -
restrictions & habitat requirements

This policy recommendation addresses the ongoing
crisis of pollinator decline, recognizing that multiple
levels of intervention are required. This approach
includes a package of complementary measures that
combine strengthened neonicotinoid application
restrictions with habitat protection requirements to
address both pesticide exposure and habitat loss. In
addition, this recommendation also expands upon
the EPA's existing PIDs for the five neonicotinoids
(imidacloprid, clothianidin, thiamethoxam,
dinotefuran, and acetamiprid). Specifically, it would
mandate the following measures: (1) immediate
restrictions on neonicotinoid spray applications
during crop bloom periods; (2) the phase-out of

neonicotinoid seed treatments; and (3) the
establishment of pollinator habitat protection
requirements.

The first component includes immediate restrictions
on neonicotinoid applications during crop bloom
periods. This approach targets peak pollinator
activity, when pollinators are most likely to directly
encounter contaminated pollen and nectar, thereby
reducing one of the highest-risk acute exposure
windows. While neonicotinoids may still persist in
surrounding soil and water systems outside bloom
periods, restricting applications during bloom
substantially lowers direct exposure during critical
foraging periods (Perkins & Heck 2026; Saez et al.
2023). Unlike Policy Recommendation 1, this
approach removes the phase-out period and
prioritizes immediate risk reduction, resulting in
more rapid reductions in pollinator mortality.

The second component involves the phase-out of
neonicotinoid seed treatments, addressing one
source of environmental contamination (EFSA
2018). Although commonly used as a prophylactic
measure, seed treatments provide little to no
consistent production benefits for certain crops (EPA
n.d.-a). Phasing out seed treatments would reduce
exposure in soil and water systems while allowing
time for farmers to transition to alternative pest
management strategies.

The third component of this policy establishes
stricter pollinator habitat protection requirements,
addressing habitat loss as a key driver of insect
decline. This policy element is critical, as pesticide
regulation alone doesn't ensure immediate
biodiversity recovery (Perrot et al. 2025). Habitat
protection and rehabilitation are necessary
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measures to reduce biodiversity decline. This
measure could be implemented through an
expansion of existing EPA initiatives, such as the
Pollinator  Protection Initiative (EPA n.d.-e),
requiring the preservation or restoration of
pollinator-friendly habitats within agricultural and
surrounding landscapes.

To support implementation, this approach is coupled
with the promotion of safer and economically
practical alternatives, including biological controls
and less persistent chemical options (see Section iii).
While immediate restrictions may create short-term
challenges for farmers, evidence suggests that many
neonicotinoid  applications, particularly seed
treatments, provide limited yield benefits, meaning
that impacts may be less severe than anticipated
(EPA n.d.-a). Targeted transition support, technical
assistance, and phased adjustments for certain
practices can further mitigate economic burdens on
agricultural producers while maintaining
agricultural productivity. In addition, increased
investment in research and development of safer
pesticide alternatives would further support
long-term agricultural and ecological resilience.

The advantage of this integrated approach is that it
builds upon the EPA’s current PIDs, while addressing
the two most extreme drivers of pollinator
population decline - pesticides and habitat loss.
Immediate restrictions on neonicotinoid
applications during crop bloom periods and habitat
protection requirements can help insect populations
recover, while the phase-out in seed treatments
reduces long-term environmental contamination,
easing stressors on insect populations over time. The
phase-out also allows agricultural producers the
time to transition and adjust to new methods.
However, this recommended approach may result in
short-term impacts on crop yields due to the
immediate reduction of neonicotinoid application
during bloom periods. A HFFA (2017) study found
that the EU neonicotinoid ban caused economic
losses within the oil rapeseed sector, driven by a 4%
yield decline (Noleppa 2017). Furthermore, this
approach requires coordination across federal and
state agencies, in addition to stakeholders, to
implement habitat protections effectively.

iii. Pest control alternatives
A key factor in the feasibility of these policy options
is the availability of effective alternatives to

neonicotinoids. Agricultural producers should shift
to safer alternatives, including an Integrated Pest
Management (IPM) approach. IPM is a multifaceted
framework that incorporates pest prevention, pest
monitoring, biological controls, and chemical
controls, with an emphasis on agricultural
productivity and ecological sustainability (Furlan &
Kreutzweiser 2015; Zhou et al. 2024). Jactel et al.
(2019)  identified successful and effective
alternatives to neonicotinoids, highlighting directly
usable alternative pest control methods in 96% of
cases. In addition, at least one non-chemical
alternative method, such as biological controls, could
replace neonicotinoids in 78% of cases (Jactel et al.
2019). Recommended chemical alternatives include
semiochemicals or pyrethroids (Jactel et al. 2019).
Acting as signaling chemicals, semiochemicals
change the behavior of insects by conveying
information between living organisms, pheromones
being a prominent example (Smart et al. 2020).
Semiochemicals are organic and non-toxic to the
environment, as well as species-specific, and
therefore they do not pose a threat to non-target
organisms (Ezzat et al. 2020). Pyrethroids, a
synthetic chemical insecticide, are considered
preferable to neonicotinoids for several reasons,
including higher species-specificity, relatively low
mammalian toxicity, and lower environmental
persistence due to shorter half-life (ATSDR 2003;
Wolfe & Marsit 2023). However, it should be noted
that pyrethroids are associated with neurocognitive
defects when chronically exposed, and the EPA is
currently reevaluating all pyrethrin regulations (EPA
nd.-d; Yen et al. 2025). These recommended
approaches seek to maintain  agricultural
productivity while reducing environmental harm,
enabling producers to transition away from
neonicotinoid use. To enable this transition, policy
implementation should be paired with financial
incentives, technical assistance programs, and
cost-sharing mechanisms to reduce economic
burdens on producers. Additionally, increased
investment in research and development of safer,
cost-effective pesticide alternatives would support
long-term agricultural resilience and innovation.

III. Recommendations, and
counterarguments

This memo recommends Policy Recommendation 2,
which is an integrated approach including current
EPA PIDs with stricter mandates and additional
restrictions, as well as pollinator restoration habitat

implications,
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requirements. This option presents the most
comprehensive and actionable response to the insect
decline crisis, while maintaining a feasible pathway
for farmers to transition.

In the short term, restricting neonicotinoid
applications during crop bloom periods would
significantly reduce exposure risks for pollinators,
leading to decreases in pollinator mortality. Over
time, reduced environmental loading of
neonicotinoids in soil and water systems would
contribute to broader ecosystem recovery and
improved biodiversity. Additionally, decreased
contamination of drinking water and food systems
may reduce human exposure pathways associated
with neurological, developmental, and reproductive
health risks identified in recent studies (Carmichael
et al. 2014; Gunier et al. 2017; Sass et al. 2024).

Absent regulatory action, current neonicotinoid
patterns will persist, resulting in continued
accumulation in soil and aquatic systems, prolonging
the exposure of non-target species, and thus
worsening declines in pollinator populations. Over
the next five years, this trajectory would likely
exacerbate ecosystem instability, increase
agricultural reliance on chemical loads due to
declining natural pest control and pollination
services, and deepen potential human exposure risks
through contaminated water and food supplies.
Regulatory inaction may also undermine public trust
in the EPA and further distance US policy from
international standards established by the EU.

However, the primary counterargument to this
policy recommendation is that the application of
neonicotinoids is necessary for sustaining
agricultural productivity and that restrictions on this
class of insecticides may increase costs for producers
or reduce crop yields (Growing Matters, n.d.). Yet, a
growing body of research suggests that many
neonicotinoid applications, particularly prophylactic
seed treatments, provide inconsistent or limited
yield benefits under typical farming conditions (EPA

n.d.-a; EFSA 2018). Another pro-neonicotinoid
argument is that these insecticides were originally
promoted as safer alternatives because they exhibit
lower acute toxicity to mammals compared to older
pesticide classes (Morrissey et al. 2015). Conversely,
studies such as Costas-Ferreira and Faro (2021) are
finding the risk neonicotinoids present to
mammalian  neurological health. The EU’s
restrictions on neonicotinoids provide a useful case
study: while some localized impacts to pest
management are reported, broader analyses indicate
that yield losses have generally been minimal and
manageable, particularly when alternative strategies
are employed. Additionally, ecosystem service
economic data reveal that the long-term pollination
services outweigh the short-term benefits of
neonicotinoid application (Catarino et al. 2019).

A potential limitation of neonicotinoid-specific
regulation is the possibility of ‘regrettable
substitution, in which restricted insecticides are
replaced with alternative compounds that exhibit
similar ecological risks. Evidence from the EU
suggests that some substitute insecticides, including
sulfoxaflor and flupyradifurone, may share similar
modes of action and still pose risks to pollinators
(EASAC 2023). Therefore, long-term regulatory
strategies  should emphasize comprehensive
ecological risk assessment and IPM approaches
rather than relying solely on chemical substitution.

Importantly, this policy does not propose a full ban
on neonicotinoids, but rather targeted restrictions
designed to reduce the highest-risk uses while
preserving flexibility for farmers. This balanced
approach allows for meaningful environmental and
public health protections while maintaining
agricultural viability. Over time, the combined
benefits of improved pollination services, reduced
environmental contamination, reduced exposure to
humans, and more sustainable pest management
practices are likely to outweigh short-term transition
costs.
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