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Introduction to Your Speaker
Stephanie Hughes is a registered professional 
Chemical Engineer with more than 25 years of 
experience in chemical fate and transport, water 
quality, and regulatory compliance. 

Stephanie provides consulting services and 
technical support to California local government 
agencies and is a Teaching Professor in 
Environmental Science at Santa Clara University.

She and her husband currently share their lives 
with two dogs. Stephanie is also a founding 
member and active volunteer at the Wildlife 
Center of Silicon Valley. 
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Today’s Topics

• Impacts of pesticide discharges to the sewer
• Scientific evidence linking specific persistent, 

toxic pesticides to flea/tick control
• Alternatives to on-pet and in-home 

treatments
• What veterinarians are saying
• What’s next
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A collaborative entity of 55 
wastewater treatment plants and 
sewer collection system agencies 
serving 7.1 million San Francisco 
Bay Area residents

4



The BACWA Pesticides 
Workgroup seeks to be 
proactive on pesticides
• Science & monitoring partnerships – collaborating with 

the San Francisco Estuary Institute and CA Department 
of Pesticide Regulation (DPR)

• Regulatory engagement – communicating with US EPA 
and DPR as pesticides are registered or in review for re-
registration 

• Safer alternatives – identifying alternatives and 
communicating this to consumers, pest control 
operators, and other stakeholders



Wastewater Treatment Process

https://www.geeksforgeeks.org/sewage-treatment-process/



Conventional Wastewater Treatment



“Conventional wastewater treatment technologies are 
generally ineffective at removing pesticides from 
wastewater…”

“seven compounds… were detected in treated 
wastewater effluent at levels exceeding U.S. 
Environmental Protection Agency (US EPA) aquatic life 
benchmarks for chronic exposure to invertebrates.”

Sutton et al. (2019). “Occurrence and Sources of Pesticides to Urban Wastewater and the 
Environment” in Goh et al.; Pesticides in Surface Water: Monitoring, Modeling, Risk Assessment, 
and Management ACS Symposium Series; American Chemical Society: Washington, DC, 2019. 



Pesticide Discharges to the Sewer Can Harm 
the Environment and Be Costly
• Potential for pesticides to cause or contribute to wastewater 

treatment process interference
• Adverse impacts to receiving waters (rivers, bays, ocean)
• Permit compliance issues
• Exposes cities to the potential for third party lawsuits under 

the Federal Clean Water Act (CWA)
• Impacts costs of recycled water
• Impacts ability to reuse biosolids



In the San Francisco Bay 
Area, we have evidence 
that pesticides pass through 
wastewater treatment at 
concentrations above 
aquatic toxicity 
thresholds for sensitive 
organisms

Aquatic toxicity thresholds:
11 ng/L for fipronil
10 ng/L for imidacloprid
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Insecticides and Acaricides in the Environment 

• The loss of these aquatic 
invertebrates at the base of the food 
web can impact an entire 
ecosystem 

• These species in laboratory 
environments are considered 
indicator organisms that are hardy 
enough to survive and be monitored 
in lab conditions

Photo Credit – Mark Eliot



Pesticides of Concern are Those That Exhibit 
Aquatic Toxicity and Persist in the Environment

• Fipronil
• Imidacloprid
• Indoxacarb
• Pyrethroids

– Bifenthrin
– Cypermethrin
– Deltamethrin
– Permethrin

Dall-E created image by Alessandra Moyer, SF Bay Regional Water Board



Evidence of 
Ectoparasitic Pesticide 
Transport in the Home

Beau



Using Foggers Exposes People to Pesticide 
Residue

14



Evidence for Fogger Residue Transfer to 
People
METHODS: 
• Rooms in a new hotel (repeatability; eliminate background residue) 
• Chlorpyrifos/allethrin foggers set up per label
• Participants later conducted a standardized exercise routine
• Shirts, tights, gloves and socks analyzed

RESULTS: 
• Both pesticides were detected on all exposed clothing
• When the volunteers showered, the residue on their heads and 

other bare skin transferred to the sewer

Ross, J., T. Thongsinthusak, H.R. Fong, S. Margetich, R. Krieger, California Department of Food and Agriculture, “Measuring 
Potential Dermal Transfer of Surface Pesticide Residue Generated from Indoor Fogger Use: An Interim Report,” Chemosphere, 
Vol.20, Nos.3/4, pp 349-360, 1990



In-House Foggers vs. Crack-and-Crevice Sprays

• UC Riverside study compared 
human exposure to indoor 
insecticidal treatment methods

• fogger
• perimeter spray
• crack-and-crevice sprays
• spot sprays

• Fogger applications resulted in 
highest chemical residue 

• Crack-and-crevice and spot 
applications deposited high 
levels of pesticide directly at 
the target site

“Crack-and-crevice application…appears 
to be the most effective application type 
when one is trying to decrease potential 
exposure and maintain efficacy of 
treatment.”



Topical Treatments Do Not Remain on the Pet

“Fate and Distribution of Fipronil on Companion Animals and in Their Indoor Residences Following Spot-On Flea Treatments," 
Bigelow Dyk, M., et al., J. of Env Science and Health, Part B, 2012, Vol 47, pp 913-924.

Researchers incorporated a 
fluorescent dye into the spot 
treatment to photograph the spread.



Evidence of Human Health Risks of Fipronil Exposure
“Scenarios that pose a potential risk to home users 
include:

• Acute dermal exposure for users who apply pet 
spray at home

Post-application residential exposures for adults 
considered to pose a potential health risk include:

• Seasonal exposure to pet spray products

Post-application residential exposure for children 
considered to pose a potential health risk include:

• Short-term oral exposure to turf granules
• Seasonal oral exposure to pet products
• Seasonal dermal exposure to pet products”

Fipronil Risk Characterization Document, Human Health Assessment Branch, Department of Pesticide 
Regulation, California Environmental Protection Agency. March 2023.



Evidence of 
Transport to the 

Sewer

Sage, Wednesday, and Gemini



Spot-on Products Typically State That They 
are Waterproof Once Dry

20

Chloe
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Source: Teerlink, J., J Hernandez, R Budd. 2017. Fipronil washoff to municipal wastewater from dogs treated with spot-on products. Sci Total Environ 599-600: 960-966.
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Assessing Pesticide Concentrations 
in the Sewage Collection System

Budd, R., et al., Sub-sewershed Monitoring to Elucidate 
Down-the-drain Pesticide Sources, Env. Sci, & Tech, 2023, 
57, 5404-5413. https://doi.org/10.1021/acs.est.2c07443. 



Compared Possible Hotspots to Typical 
Collection System Conditions

Groomer

Commercial Laundry

Licensed Pest Control Operator

Max detected in sewer laterals

Median detected in sewer laterals

Budd, R., et al., Sub-sewershed Monitoring to Elucidate 
Down-the-drain Pesticide Sources, Env. Sci, & Tech, 2023, 
57, 5404-5413. https://doi.org/10.1021/acs.est.2c07443. 

Fipronil

Cypermethrin

Imidacloprid

Permethrin



Similar Studies Ongoing in the U.K.



U.K. findings:
Graphical Abstract from Perkins, et al., 2021



How Indoor and On-Pet Treatments Travel 
through Sewer Systems to Water Bodies

Indoor pet 
flea control 

product 

Washing of 
pets, 

hands, pet 
bedding, 
floors, 

carpets, 
and  

clothing

Transport 
to sanitary 

sewer 
system

Discharge 
to water 

body, 
recycled 
water, 
and/or 

biosolids



Pesticides of Concern are Those That Exhibit 
Aquatic Toxicity and Persist in the Environment
• Fipronil
• Imidacloprid
• Indoxacarb
• Pyrethroids

– Bifenthrin
– Cypermethrin
– Deltamethrin
– Permethrin



What About Other Indoor Uses?
FIPRONIL

• Registered by US EPA for: 
• Indoor sprays and topicals for fleas and ticks
• A subsurface termiticide
• Crack and crevice insecticide

Astro



What About Other Indoor Uses?
IMIDACLOPRID

• Registered by US EPA for:
• On-pet uses (spot-on treatment and collars)
• Indoor areas for bed bugs
• Crack-and-crevice treatments
• Pre- and post-construction termiticide 
• Wood preservative Chip



What About Other Indoor Uses?
INDOXACARB

• Registered by US EPA for: 
• Spot-on treatments of cats and dogs
• Bait products for ants, cockroaches, and crickets
• Crack and-crevice uses

Lucy



Indoor Flea/Tick Control is the Overwhelming Source of 
Pesticides That Exhibit Aquatic Toxicity and Persist in the 
Environment

• Seeking to reduce the use so the 
values in wastewater effluent return 
to below aquatic toxicity thresholds

• This list could change:
– As consumer preferences change 
– As new products come to the 

marketplace
– As new science emerges

• Fipronil
• Imidacloprid
• Indoxacarb
• Pyrethroids

○ Bifenthrin
○ Cypermethrin
○ Deltamethrin
○ Permethrin



Alternatives



Integrated Pest Management (IPM)
A powerful 
concept for 
pest 
management

33

https://www.epa.gov/ipm/definition-verifiable-school-ipm
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An IPM Pyramid for 
Flea and Tick 
Control

34

http://npic.orst.edu/pest/homeipm.h
tml

Physical measures
 Vacuum; clean bedding
 Monitor
 Keep out of tall grass

Systemically-acting pet 
preventatives

Many are orals/chewables

Pesticides
Indoors
On-petConsider strategic, 

risk-based use of 
pesticidal products 
to protect animal 
health and public 
health



Alternatives Include Systemically-Acting 
Medications
• May be administered either orally 

(chewables) or topically
• Many also protect against internal 

parasites
• Many of the newest ones are 

isoxazolines
– Associated with possible adverse 

neurologic reactions in some dogs
• Prescriptions required rather than over 

the counter 
– Creates a social justice aspect

35



Evidence Suggests that Systemics May be 
More Effective Than Topicals

"In this study systemically acting insecticides such as nitenpyram, and the topically 
applied but systemically active insecticide selamectin, were more effective in 
interfering with flea blood feeding than were imidacloprid and fipronil.”

"Flea blood feeding patterns in cats treated with oral nitenpyram and the topical insecticides imidacloprid, fipronil and selamectin,"  McCoy, c., et al., Veterinary 
Parasitology, Vol. 156, pp 293-301, 2008.

Why? Hypotheses include:
• More accurate application method
• More direct approach (pest bites animal rather than happens upon the topical on skin or fur)
• The active ingredient is not being licked off or diluted around the home



How Oral In-Pet Treatments Might Travel*

• Chewable administered to pet
• Excreted active ingredient (or metabolite)

• Cat litter pan –> landfill (or flushed?)
• Outdoors –> bagged –> landfill
• Outdoors to pervious surface (grass, dirt) –> absorbed
• Outdoors to impervious surfaces (pavement) –> stormwater runoff

• Exuded through skin
• Transport from fur to bedding, humans, local environment?
• Transport to sewer during washing?

* There is far less research and scientific understanding of these pathways.



Route to Wastewater & the Environment

Wells & Collins Environ Sci Pollut Res 2022



Orals May Pose Lower Risk of Environmental Harm

“It is possible that orally administered isoxazolines such as afoxalaner, lotilaner or 
oral formulations of fluralaner may pose a lower risk of environmental harm. 
Orally administered fluralaner is primarily excreted unchanged in the faeces, as 
opposed to being widely disseminated in hair and skin (European Medicines Agency, 
2013). However, concerns still exist, as fluralaner is extremely persistent in the 
environment, with a DT50 in soil of up to 989 days and has a high toxic potency for 
non-target invertebrates (European Medicines Agency, 2017).”

From Perkins et al., Potential role of veterinary flea products in widespread pesticide contamination of English rivers, Science of the Total Environment 755 (2021) 143560.



For Water Quality and Public Health, One Is Always on 
the Lookout for Regrettable Substitutions

• “fluralaner presented a broad insecticidal spectrum having toxic activity on 19 
kinds of insects belonging to 11 taxonomic orders” *

• What we don’t know is whether it will ultimately become a concern due to 
toxicity, environmental pathways, and persistence

* Gonçalves, et al., Discovery, development, chemical diversity and design of isoxazoline-
based insecticides, Bioorg. Med. Chem. 30 (2021) 115934



Let’s Return to the 
Base of the IPM 
Pyramid

Consider strategic, 
risk-based use of 
pesticidal products 
to protect animal 
health and public 
health
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Physical measures
 Vacuum; clean bedding
 Monitor
 Keep out of tall grass

Systemically-acting pet 
preventatives

Many are orals/chewables

Pesticides
Indoors
On-pet



Using IPM for Flea Control
1. Prevent: vacuum (everywhere, often), wash bedding, steam clean
2. Monitor: flea combs, flea traps
3. Crack-and-crevice sprays: more effective and reduce human 

exposure, relative to foggers and carpet sprays 

https://www.instructables.com/Simple-
Flea-Trap/

https://www.ecats.vet/siteSearch/view/225302_Fleas.
pml

https://www.preventivevet.com/pets/how-to-get-rid-
of-fleas-in-your-home



Similarly for Ticks…Prevention is the Key

1. If possible, keep your dog’s coat 
short.

2. Try to keep out of the brush. 
3. Thoroughly inspect your pet after 

walks. Pay particular attention to the 
nose, mouth, eyes, ears (inside too), 
around tails and under the collar. 

4. Seek to create a tick-free zone in 
your yard, controlling brush or tall 
grass. 

Ellis



What are 
veterinarians saying?



AVMA Flea Recommendations

“Because much of a flea’s life cycle is spent 
somewhere other than on a pet, treating just your pet 
will provide only temporary relief. …Therefore, you 
will need to regularly clean your pet’s living area to 
remove and kill early-stage fleas. This means 
thoroughly cleaning your pet’s sleeping quarters 
and vacuuming/ cleaning floors and furniture where 
your pet hangs out.”

45

AVMA, "External Parasites" brochure, 2022.



2024 Veterinary Survey

In 2024, BACWA teamed with the Veterinary Information Network 
(VIN), to survey veterinarians about fipronil, imidacloprid and 
alternative flea/tick controls. 
• 637 USA veterinarians (including 73 California vets)
• 47 veterinarians from outside the USA



• 12% of US vets (and 18% of California vets) currently do 
not recommend either fipronil or imidacloprid to their 
clients

• When presented with brief information (mid-survey) 
about aquatic toxicity concerns, an additional 60% of 
vets indicated they would be somewhat or very willing to 
consider changing their product recommendations. 

Veterinary Survey Results

47- 2024 VIN Survey



Alternative strategies surveyed veterinarians would 
recommend (in order of preference):
Flea Control

1. Orals/chewables
2. Home mechanical 

treatments (vacuuming, 
washing bedding)

3. Another on-pet topical or 
collar

4. Professional pest control 
service

5. Home pesticidal treatments 
(carpet sprays or foggers)

6. Flea shampoo

Tick Control
1. Orals/chewables
2. Rigorous coat inspections
3. Another on-pet topical or collar
4. Keeping the dogs on trails / 

avoiding woods and tall grass
5. Professional pest control service
6. Creating a tick free zone in the 

yard
7. Home pesticidal treatments 

(outdoor sprays)

48- 2024 VIN Survey



What about barriers?



Top Four Barriers Identified by Vets

1. Cost
2. Client compliance / Ease of administration
3. Prescription vs OTC
4. Adverse reactions/Suitability (seizures, food allergies to 

chewable flavorings, pregnant/lactating patients, puppies and 
kittens) 

50- 2024 VIN Survey



Additional Feedback to VIN Survey:
Do you have any other thoughts about flea or tick products 
that contain fipronil or imidacloprid?

• “I am concerned… we were taught these products were safe once dried.” 
– DVM, IL

• “When prescribing a product one must consider owner compliance. ...If the 
product is not easy to use and requiring minimum effort, clients will not use it, 
or will use it one time, not consistently.” –DVM, CA

• “Occasionally we reach for these products if pet has adverse reactions to 
the chewables, neuro disease, or the owner has severe financial 
constraints.” –DVM, VT

• “I think it will be really hard to convince owners about the importance of 
aquatic contamination. Tragedy of the commons e.g. (my pet alone won't kill 
fish) and lack of trust in science.” –DVM, AK



Additional Feedback to VIN Survey:
Do you have any other thoughts about flea or tick products 
that contain fipronil or imidacloprid?

• “These two products are some of the most widely available options and did 
seem to be revolutionary to options used prior to the early 1990s.” –DVM, 
OR

• “We haven't used in over 15 years, nor recommend.” –DVM, OH
• “One must balance the risks of systemic illness such as anemia, Hematropic 

Mycoplasmosis (HM), borreliosis (Lyme), anaplasmosis, ehrlichiosis and tick 
paralysis versus pesticide risk.” –DVM, CA

• “Since these products are OTC, the manufacturers and EPA need to lead the 
charge in reducing environmental contamination and concerns.” –DVM, TX



Veterinary Webinar from the U.K.

https://www.youtube.com/watch?v=wnJZD5ZchJM



The Vet Sustain webinar:
Acknowledged that this is a challenging and tricky situation:

• OTC availability
• Years of vet advice promoting 

regular prevention 
• Lack of single-ingredient products
• Incomplete science
• Balancing individual patient 

welfare with wider, global, 
generational animal and human 
welfare



The Vet Sustain webinar:
Had the following recommendations for parasiticides:

• Risk-based approach
• Outside, travel, raw foods, other 

pets, immunocompromised 
individuals, monitoring

• Using narrow-spectrum rather 
than broad-spectrum products 
(even though that may be 
convenient)

• Ensure appropriate use (no 
bathing, swimming)

• Initiate conversations with your 
team and, if corporate, central 
management



UK Veterinary Publication

"We believe that the products used to treat endo- 
and ectoparasites in dogs and cats require urgent 
attention. The first step we must take is to stop the 
blanket prophylactic use of antiparasitic drugs. 
Until recently, the veterinary profession used drugs to 
treat parasites in a strategic fashion, which would 
minimise environmental exposure.”



Recap and Resources 
for Next Steps



Recap
• Flea and tick control pesticides are reaching 

sewer systems
• Pesticides subsequently discharged into water 

bodies can exceed aquatic toxicity thresholds
• CA’s Dept of Pesticide Regulation has identified 

potential human health risks associated with 
fipronil

• When vets, animal shelters and pet adoption 
agencies use these topicals, consumers view 
that as an endorsement

• Orally administered products may pose lower 
environmental risk

• Fipronil
• Imidacloprid
• Indoxacarb
• Pyrethroids

○ Bifenthrin
○ Cypermethrin
○ Deltamethrin
○ Permethrin



www.baywise.org 
59
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BACWA developed countertop 
educational materials which can be 
modified for other regions.



Next Steps
Consider how to reduce public exposure and water quality impacts

1. Help clarify the messages
2. Raise awareness

• Talk with your teams
• Educate your clients

3. Consider how to handle the social justice aspect / cost 
disparity of some alternatives

4. Continue this dialogue 
• Reach out to me
• Our official AVMA liaisons are Dr. Warren Hess (Associate 

Director, AVMA) and Dr. Danielle Godard (Vice Chair, AVMA 
CEI)



Stephanie Hughes, P.E.
Chemical Engineer / Teaching Professor
Santa Clara University
sehughes@scu.edu

https://baywise.org

https://bacwa.org/committees/bay-area-
pollution-prevention-group/ 

Thank You!
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Gemini and Sage, as inseparable kittens

https://baywise.org/
https://bacwa.org/committees/bay-area-pollution-prevention-group/
https://bacwa.org/committees/bay-area-pollution-prevention-group/
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