The Unseen Footprints of Modern Pesticides

A Scientific Synthesis of Pathways, Persistence, and Potential Impacts

Synthesizing emerging data across environmental science, veterinary pharmacovigilance, and human epidemiology.



Pillar 1:
Indoor Reservoirs

Designed to replace legacy
pesticides, these demonstrate
prolonged indoor persistence,

transforming household dust into

' Pyrethroids & Neonicotinoids: ‘

l continuous exposure vectors. I
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Pillar 2:

The Pet Pathway <
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veterinary treatments create
mobile point-sources, facilitating
chemical transfer to humans

| and aquatic ecosystems. ||
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Isoxazolines & Fipronil: l
Modern systemic and topical
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' THE ECOSYSTEM BLUEPRINT |

Pillar 3:

Hidden Additives <
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PFAS & Inert Ingredients: ’
Regulatory gaps allow highly

persistent fluorinated
compounds and biologically
active "inert" adjuvants in

l pesticide formulations.
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The Chemical Landscape

Pyrethroids

(e.g., Permethrin)

Neonicotinoids
(e.g., Imidacloprid)

Isoxazolines
(e.g., Fluralaner)

Primary Indoor pest control, Agriculture, pet flea Oral and topical pet
Application agriculture treatments ectoparasiticides
Target Voltage-gated sodium | Nicotinic acetylcholine GABA-gated chloride
Mechanism channels receptors (NAChRs) channels

: Highly stable indoors; | Systemic absorption; Long plasma half-lives
:f;:ills; SIS persists for months in widespread (weeks to months);

household dust

environmental detection

prolonged fecal elimination




The Indoor Reservoir: Persistence in House Dust

[_" 1
Forced Air Dispersal: Pesticides applied solely

@ to crevices disperse throughout the room via

. forced air heating/cooling systems. )

' Dark Environment Stability: Pyrethroid residues ;

® remain largely unchanged for hours in dark
. environments. L]

rﬁmeline of Persistence:
Following professional
application, cyfluthrin and

o Permethrin levels spike
significantly. Continuous
decreases occur slowly, :
remaining detectable up to SRR E S e
12 months. e

rg(posure Vector: Dust serves as a primary

@ non-dietary exposure route, particularly for
' toddlers exhibiting hand-to-mouth behavior.

s




Human Biomonitoring: Systemic Absorption ~ Fnvirenmental Health

Data Dashboard

Urine (Metabolites): Pyrethroid metabolites (e.g., 3-PBA) are widely
detectable in the general population, including pregnant women and
children.
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Blood & Plasma: Biomonitoring confirms systemic absorption of
neonicotinoids across age groups.

neonicotinoids in the CSF of children, indicating that these

@ Cerebrospinal Fluid (CSF): Pilot studies have detected multiple
compounds can cross the human blood-brain barrier.

Key Takeaway: Biomonitoring confirms systemic absorption of modern

pesticides across age groups, including maternal-fetal transfer.



Neurodevelopmental Associations

The Mechanism

The developing nervous system
iIs highly susceptible to chemical
disruption.

Neonicotinoids target nAChRs,
which are vital to proper brain
organization during the prenatal
period.

Epidemiological Data

Emerging Associations:

Multiple epidemiological studies indicate

potential associations between prenatal
pyrethroid/organophosphate exposure and
neurodevelopmental delays, including ASD and ADHD.

Proximity Risks:

The CHARGE study indicates increased risk of
ASD associated with maternal residential proximity to
pyrethroid applications.

Scientific Consensus:

Systemic toxicity at high doses indicates these
chemicals do not necessarily selectively target the
developing brain, but early-life vulnerability exists.




Endocrine Disruption & Metabolic Links
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Step 1: Chemical Step 2: Thyroid Step 3: Lipid &
Interference Disruption Glucose Metabolism
Pyrethroids and Evidence suggests that Studies note

agricultural pesticides pyrethroids can interfere associations between

interact with hormone with thyroid hormone (TH) pyrethroid exposure
receptors. function, which is essential and alterations in
for fetal development and lipid/glucose
metabolic regulation. metabolism.
- Y, - _ & Y,

Synthesis: Epidemiological data points to emerging associations between cumulative pesticide exposure
and increased risks of adult obesity, metabolic syndrome, and altered pubertal development.




The Pet Pathway: A Unique Exposure Vector

Hair Shedding: Spot-on
treatments (fipronil,
imidacloprid) persist in hair
follicles and are shed onto
carpets and furniture.

Bathing/Washing: Residues
transfer from pets and
human hands directly down
the drain.
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Direct Contact: Transfer to
human hands through
petting and cuddling.

Excretion: Oral isoxazolines

are eliminated primarily via

the biliary/fecal route over
prolonged periods.

Key Insight: Modern oral and topical flea/tick treatments are designed for 30-t0-90-day efficacy,
inadvertently transforming pets into continuous, mobile vectors for chemical transfer.




Veterinary Pharmacovigilance: Isoxazolines

Intended Efficacy & Mechanism Adverse Event Reporting

- FDA/EMA Data: Post-marketing ﬁ
pharmacovigilance has recorded || =
neurological adverse eventsina || —
subset of dogs and cats. =N

» Design: Highly effective
non-competitive GABA
receptor antagonists.

« Target: Designed to be highly

selective for arthropod * Reported Symptoms: Muscle
receptors over mammalian tremors, ataxia, and seizures.
receptors.

» Clinical Note: FDA alerts note that
while deemed generally safe,
seizures may occur in animals
without a prior medical history.




Environmental Transfer:

T- Phase 1: Hr

Application

Spot-on or oral
administration.

|1 L

Phase 2:

Transport
Dogs swimming in
rivers; owners washing
hands; bathing gets in
domestic tubs.

Phase 3:
Bypass

Fipronil and
imidacloprid enter
wastewater. Standard
wastewater treatment
plants are not
specifically designed
to fully remove these
compounds.

—b

Phase 4:
Ecosystem Entry

Persistent chemicals
are discharged directly
into freshwater rivers
and terrestrial soils
(via prolonged fecal

l elimination). l




Freshwater Ecosystem Impacts

Terrestrial Risk

Fecal elimination of isoxazolines (half-lives
up to 38 days) poses a direct toxic threat
to dung-feeding insects vital for soil
health and nutrient cycling.

Extreme Toxicity

Fipronil and imidacloprid are highly toxi
to aquatic invertebrates and have been
restricted or banned for several outdoor/
agricultural uses in multiple jurisdictions.

Vulnerable Species

Mayflies, damselffiies, and
dragonflies exhibit particularly
high sensitivity.

Biodiversity Loss N

> Waterways with high .t
concentrations of these veterinary
chemicals have recorded upto a

90% decline in specific

invertebrate populations.

Biodiversity Loss

Waterways with high concentrations
of these veterinary chemicals have
recorded up to a 90% decline in
specific invertebrate populations.

Vulnerable Species
Mayflies, damselflies, and ﬁ
dragonflies exhibit particularly

! high sensitivity.

\ Extreme Toxicity

Fipronil and imidacloprid
are highly toxic to
aquatic invertebrates
and have been
restricted or banned
for several
outdoor/agricultural
uses in multiple
jurisdictions.

Terrestrial Risk

Fecal elimination of isoxazolines
(half-lives up to 38 days) poses a

direct toxic threat to dung- R~
feeding insects vital for soil
health and nutrient cycling.




The Hidden Threat: PFAS in Pesticides

' Active Ingredients

Nearly 14% of all US conventional pesticide active
ingredients are PFAS (organofluorines). For those
| approved in the last 10 years, this rises to 30%.
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" Container Leaching

PFOA and PFOS have been detected in products,
leaching from fluorinated High-Density Polyethylene
‘. (HDPE) storage containers.
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T'ﬁFormuIation-Related Sources

Pesticides accumulate PFAS from multiple sources
leading to complex, highly persistent chemical
éﬁmixtures in soil and water. |




Active Ingredients

» Subject to primary environmental and health testing.
 Publicly disclosed on labels.

Inert Ingredients & Adjuvants

» Regulatory Gap: Not required to be publicly
disclosed; toxicity testing is limited.

» Toxicity Amplification: “Inert” ingredients (solvents,
surfactants) can enhance dermal absorption,
environmental mobility, and overall toxicity.

» Examples of highly persistent fluorinated materials,
including PTFE-related substances, illustrate why
‘inert’ does not necessarily mean environmentally
irrelevant.




Blanket Targeted Risk-Based
% Application Management
f— ]
e Year-round, prophylactic treatments » Veterinary and environmental
regardless of actual risk. m evidence increasingly supports
» Assumption of negligible pet-related moving away from blanket

exposure pathways. treatments.

* Assumption of negligible * Empowering informed discussions
environmental impact from between professionals and consumers.

individual domestic or pet use. » Factoring complete formulations
(including ‘inerts’) and diverse exposure
pathways into ecological risk
assessments.

Paradigm Shift: From Prophylactic to Informed Action
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