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POTW	Pes(cides	Conundrum	
•  100s	of	Pes(cides	used	&	discharged	
•  Many	pass	through	POTWs	
•  Some	toxic	as	low	as	ng/L	
•  Treatment	changes	unrealis(c	(so	many	
pes(cides,	such	low	concentra(ons!)	

•  State	law	prohibits	local	pes(cide	regula(on	
Water	Board	gets	this	

DPR	gets	this	
EPA	hasn’t	quite	figured	it	out	



BACWA’s	Work	is	Paying	Off	-	DPR	
•  Hired	wastewater	
experts	
– Dr.	Jennifer	Teerlink		
– Dr.	Yina	Xie		

•  Developing	POTW	
discharge	model		
– 1-2	years:		Use	for	
registra(on	decisions!	

•  First	discharge	studies	
•  Sewershed	Study	
	

Characterizing Indoor Pesticide Use 
Patterns and Mass Loading in a 

Wastewater Catchment 
*Jennifer Teerlink, Robert Budd, April DaSilva, Yuzhou Luo, Dan Wang, and Yina Xie 

Abstract 
The California Department of Pesticide Regulation, Surface 
Water Protection Program (SWPP) is investigating the use 
patterns and mass loading from indoor pesticide products 
to a typical wastewater sewershed. Pesticide concentrations 
of fipronil and pyrethroids have been reported in treated 
wastewater effluent at concentrations that exceed EPA 
Aquatic Life Benchmarks, posing potential risks to the 
surface waters to which they discharge.  A source 
identification sampling study is being designed to better 
understand the relative mass contribution from residential, 
commercial, and institutional indoor pesticide use.  
Sampling will consist of twelve sampling sites within a 
sewershed catchment and paired weekday/weekend 
sampling events in spring, summer, and fall (6 events total).  
All samples will be taken as 24-hour flow weighted 
composites to allow for mass loading calculations.  
Resultant data will be used in conjunction with modeling 
efforts to better understand indoor pesticide products and 
uses that may require mitigation.  

Objectives 
1) Identify and characterize the total mass loading of pesticides to wastewater 

treatment facility at intake.   
2) Quantify mass loading at a sub-catchment scale representing specific pesticide 

use patterns (residential, commercial, institutional).   
 

Analytical Methods 
Samples will be analyzed using high resolution mass spectrometry with gas and liquid chromatography to 
allow simultaneous quantification of the target compounds and identification non-target analytes. 
 
 
 

Implications 
• Provide information on mass loading of target 

pesticides to wastewater catchment. 
• Identify non-target pesticides or adjuvants from 

unexpected uses that may require additional study. 
• Construct a mass balance of specific use patterns at 

the sub-catchment and compare pesticide use 
patterns. 

• Identify use patterns or active ingredients that may 
require mitigation.  
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Introduction 
There are limited data available detailing the fate and occurrence of pesticides during 
the wastewater treatment process.  Available studies report concentrations of certain 
pesticides in effluent that exceed US EPA aquatic benchmarks (Table 1). A 1996 source 
identification study measuring organophosphates, which are no longer registered for 
indoor use, found mass loading of residential inputs exceeded commercial sources1.  
There is a need to gather updated information on the sources and relative  mass 
contribution of pesticides currently registered for uses that may result in introduction to 
wastewater catchments. 
 

 
 
 

 
 

 

Pesticide 

PWG Survey2 Weston 201033 Lowest EPA 
Benchmark4 

(ng/L) 
Average 
(ng/L) 

DF Max 
(ng/L) 

Max 
(ng/L) 

DF 

Bifenthrin 0.89 82 3.9 6.3 39 1.3 
Cyfluthrin 0.60 60 4 1.7 6 7.4 

ʄ-Cyhalothrin 0.30 48 1.6 5.5 17 2 
Cypermethrin 2.11 81 13 17 6 69 
Deltamethrin 0.31 16 1.2 2.7 11 4.1 
Esfenvalerate 0.25 32 0.6 3.7 6 17 
Fenpropathrin 0.22 3.2 0.8 0 0 64 

Permethrin 20 65 170 17.2 33 1.4 
Heidler 20095 

Fipronil 30 - 70 - - 11 

Residential 
 

• Older Homes 
• Newer Homes 
• Sole Source Sewer 

Institutional 
 

• Hospital 
• University 
• Government 

 

Commercial 
 

• Pet Grooming 
• Pest Control 

Operators 
• Nursery 
• Industrial Laundry 

 

Wastewater Treatment Plant 
• Influent 
• Effluent 

 
 

Target Analyses 
• 20 Pyrethroids 
• Fipronil + Degradates 
• Imidacloprid 
• Propoxur 
• Pyriproxyfen 

 
 

2016 Sewershed Sampling Sites  

Sampling Events 
 

• Three sampling events: spring, summer, fall  
• Paired weekday/weekend sampling events 
• 24-hour flow-weighted composite samples to allow for mass 

loading calculations. 
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Non-Target Analyses 
• Identification of pesticides or adjuvants not identified as priority 
• Enables identification of major unexpected uses 

 

Table 1. Summary of pesticide concentration in  treated wastewater effluent reported in 
literature   

Figure 1. Proposed sampling locations within wastewater sewershed.   



BACWA’s	Work	Has	Promise	-	EPA	
•  Using	POTW	discharge	model	(has	scien(fic	errors)	
•  POTW	process	interference	tes(ng	requirements	
•  R9	Pes(cides	liaison	is	wastewater	expert	(Dr.	Pa_	
TenBrook)	



EPA	a	Challenge	–		
But	Drives	POTW	Solu(ons	

•  Authority	for	consumer	products	beaer	than	DPR	
•  EPA	reviews	pes(cides	only	once	every	15	years	
– Top	4	priori(es	up	in	FY	2016/17	
– Technically	complex	reviews	have	mul(ple	steps		
– EPA	distracted	by	ESA	li(ga(on	&	Bee	problems	

•  No	data	=	no	ac(on!		
– Evidence	is	required	for	pes(cide	regula(on	
– No	POTW	monitoring	system	



Pes(cides	Management	Vision	

						

Move	management	upstream	from	CWA	à	FIFRA	
	



POTW	Pes(cides	Sources	



24-hour composites 
sludge/biosolids 

 
Joint POTW 

participation key factor 
for success

RMP Special 
Study – Fipronil 
& Imidacloprid



Contributors	

•  Regional	Monitoring	Program	for	Water	
Quality	in	San	Francisco	Bay	

•  Bay	Area	wastewater	community	
•  Arizona	State	University		
•  TDC	Environmental,	LLC	
•  California	Department	of	Pes(cide	Regula(on	



Fipronil



Pathways to Bay:
Stormwater

Treated Wastewater
•  Limited data suggest 

treatment has little effect
•  DATA NEEDED

•  Detected in 96% of 
samples from 6 creeks

•  One-third exceeded 
toxicity thresholds

Fipronil



? 

Imidacloprid

polystyrene insulation, 
vinyl siding, adhesives, sealants, 

textiles for outdoor use, 
pressure-treated wood decking 



Fipronil & Imidacloprid RMP 
monitoring data – in review for 

publication





Chemical	spreads	out	aler	treatment	

Fipronil on companion animals and in their homes 919

hydrolysates were cooled and adjusted with 6N KOH to
pH 6 to 8. Fipronil SPE extraction was adapted from Ngim
and Crosby.[25] The SPE cartridges were conditioned with
5 mL volumes of ethyl acetate, methanol, and water prior
to loading the hydrolysates or standards in hydrolyzed
urine. Samples were poured into reservoirs and allowed to
pass through the cartridge at 1–2 mL/min. The cartridges
were dried for a minimum of 3 h under vacuum. Samples
were eluted with 10 mL ethyl acetate (1 mL/min) into
15 mL centrifuge tubes. Eluates were prepared for analysis
by concentrating to dryness under nitrogen and dissolving
in 250 µL ethyl acetate. The standard hydrolyzed urine
contained fipronil and four putative metabolites including
fipronil sulfone, fipronil sulfide, desulfinyl fipronil and
destrifluoromethyl sulfinyl fipronil.

Analysis

Fipronil and selected derivatives were analyzed using a HP
6890 gas chromatograph with a HP MSD 5973 in elec-
tron impact ionization (EI) mode at ionization energy of
70 eV. The MS transfer line temperature was 280◦C. Injec-
tor temperature was 250◦C. Injection (1 µL) was done in the
splitless mode at a pressure of 45 psi. Helium was used as
carrier gas with constant flow of 1.0 mL/min. Chromato-
graphic separation was performed on a HP-5ms capillary
column (30 m × 0.32 mm i.d. × 0.25 µm film; Agilent
Technologies, Inc. USA). The initial column temperature
of 50◦C was increased at 15◦C/min to 270◦C and held
constant for 28.5 min. For quantification the GC-MS was
operated in a selective ion monitoring (SIM) mode: 388
desulfinyl fipronil, 353 fipronil sulfide, 367 fipronil, 320 de-
strifluoromethyl sulfinyl fipronil, and 383 fipronil sulfone.
The instrumental limit of detection was 0.01–0.03 ppm.

Summary tables include mean ± s.d. values that represent
measurable levels not including “non-detects” which are
only represented in the range of the levels of fipronil or its
derivatives recorded for any sample type.

Results and discussion

Application of Frontline R⃝ and fipronil dosage on companion
animals

Fipronil in a proprietary emollient was dispensed from an
easy-to-open plastic applicator in 5 volumes based upon
animal weight (Table 1). As a result the product for “very
small dogs” contained 0.67 mL and that for “large dogs”
(40–60 kg) contained 4.02 mL product. Treatment as di-
rected resulted in application of a similar dosage (0.039 to
0.033 mg/cm2) based upon the estimated surface area of
the respective dogs (Table 1). The recommended dosage for
cats (≥1 kg) was of the same order (0.046 mg/cm2).

The chemical composition of 3 lots of Frontline R⃝ was de-
termined using GCMS analysis of residual product remain-

ing in applicators after spot-on treatment of a cat and 2 dogs
(Table 2). Each lot contained fipronil (9.8% ± 0.52% w/w)
and lesser amounts of fipronil sulfone (0.36% ± 0.11%) and
fipronil sulfide (1.0% ± 0.16%). The content of the active
ingredient was consistent with the product labels. Other
fipronil derivatives detected in these studies resulted from
environmental or biological transformations. The measures
of those derivatives in applied Frontline R⃝ were not consid-
ered in subsequent analyses of the distribution of fipronil.

Visualization of the distribution of Frontline R⃝ on dogs

The rapid, time-dependent movement of the emollient con-
taining fipronil was easily observed with the aid of the flu-
orescent indicator and UVA illumination in a custom pet
studio that afforded control of light (Fig. 2). At the time
of application, the spot-on product covered a circular area
of about 5 cm diameter that expanded rapidly by 5 h after
the application to about 6 cm × 10 cm. Less intensive flu-
orescence was also visible on the sides and toward the tail
of the treated dogs. Hair clippings confirmed the presence
of fipronil on the neck, middle back and at the base of the
tail after 5 h. After 24 h the more intense fluorescent zone
was about 9 cm × 20 cm with greatest intensity at the neck
(230 µg fipronil/g hair) and mid-back (150 µg/g). After
48 h only the application site could be visualized although
hair clippings contained measurable residues documenting
the persistence of the flea product (Table 5).

During the days immediately following application of
spot-on products, light “oiling” of the peltage of the cats
and dogs is often visible. At this time direct contact with
skin may result in transfer of product (Fig. 3) as shown in
the photo of study staff after handling a dog during the flu-
orescent tracer studies. Subsequent residue measurements
of pet hair and indoor surfaces have shown fipronil and its

Fig. 2. Application and distribution of fipronil was demonstrated
at 5h and 24h using Frontline R⃝ containing 1% Tinopal R⃝ CBS-X
and UVA black lights photographed in a darkened photo studio
(color figure available online).
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Photos:		Bigelow-Dyk	2012	



		

Photo:		Bigelow-Dyk	2012	



Objectives 
• Quantify mass of fiproles (fipronil + degradates) that washoff during routine bathing of dogs.  
• Quantity the washoff potential as a function of time after application.  

Methods 
• Volunteer dogs (n=34) were washed 2, 7, or 28 days after application. 
• Dogs were washed in a large bin, rinsate collected, and volume recorded.  
• Rinsate analyzed for total fiproles.  

Results 
• Mass of total fiproles washed off ranged between 0.2–86.0% of total mass applied (Figure 3). 
• Degradates made up < 10% of total mass, and largest fraction was in 28-day samples (Figure 4). 
• Total mass of fiproles washed off generally decreased with time post-application. 

Leah Judson, Robert Budd, and Jennifer Teerlink 
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The Washoff Potential of Fipronil 
from Dogs Treated with Fipronil 

Pet-Care Products 

Introduction 
• Dog ownership in the United States is 0.24 dogs per capita1,2 and survey 

data indicate 75% of dog households use a flea and tick product3.   
• Products often contain a mixture of active ingredients (AIs). 
• The majority of pesticide-containing pet products sold are topical 

products (Figure 1).  
• Sales data show predominant AI in topical product market changes over 

time (Figure 2).  
• A 2015 commercial shelf-survey found large number of fipronil-

containing products, suggesting a shift from last available sales data4. 
• Fipronil selected for focus of this study as a result of reported 

occurrence in wastewater and aquatic toxicity (Table 1). 
• Popular AIs in spot-on flea and tick treatment: Fipronil, Etofenprox, 

Imidacloprid, Permethrin, Phenothrin, Pyriproxyfen, S-Methoprene.  

This study focused on fipronil containing spot-on products. 
• 9.1% fipronil (some products also include 8.8 % S-Methoprene). 
• Four product sizes based on the dog’s weight (0.067–0.402 grams fipronil). 
• Product labels do not recommend personal protective equipment such as gloves 

during application. 
• Recommended frequency of application is 30 days. 
• Most labels claim products are waterproof once dried, and none of the labels 

prohibit bathing or swimming post application. 

Routine 
Washing 

Down the Drain 

Active Ingredient Wastewater 
Effluent (ng/L) 

USEPA Aquatic 
Benchmark (ng/L) 

Fipronil < 10-706   11 
Etofenprox Not Available  170 

Imidacloprid <20-3877 1,050 
Permethrin <5–1705 1.4 

Phenothrin* Not Available  470 
Pyriproxyfen Not Available  15 

S-Methoprene Not Available  480 
Limited studies report the 
concentrations of pesticides in 
wastewater effluent.  The data available 
show treated effluent contains pesticide 
concentrations that exceed USEPA 
Aquatic Benchmarks5 (Table 1).  Little is 
known about relative contribution from 
different sources.  Washoff of pesticides 
from pet products through routine 
bathing has been a proposed source, 
however, prior to this study had not yet 
been quantified. 

Surface  
Water 

Fipronil Product Wastewater Pathway 

Rinsate can enter wastewater through plumbing inside the 
house.  Rinsate entering the storm drain system may discharge 
directly to surface water. 

Wastewater 
Treatment 

Pet Products 

Collar Dip Powder
Shampoo Spray Topical

Other Questions 
 

- Is the relative contribution from fipronil-containing dog products 
significant compared to wastewater influent load?   

- Do treated dogs swimming in surface water pose a risk to aquatic 
organisms?  

- What fraction of applied fiproles are in dog urine and feces?  
- Transfer to humans from pets has been demonstrated8.  Human 

urine and feces as a wastewater source? 

 

Implications 
• Fipronil-containing products washoff dogs during routine bathing confirming a proposed 

pathway for fipronil to enter the sewershed.  
• Topical pet products with different AIs may also enter sewershed through routine bathing.  

0

100,000

200,000

300,000

400,000

500,000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014M
as

s 
o

f 
A

ct
iv

e
 In

gr
e

d
ie

n
t 

(p
o

u
n

d
s)

 

Year 

Fipronil Etofenprox Imidacloprid
Permethrin Phenothrin S-Methoprene

*Phenothrin is also known as sumithrin. 
In the Western United States, 
surface water streams can be 
dominated by wastewater 
effluent, even further 
exasperated during drought 
conditions.  Wastewater 
effluents flow discharges 
consistently representing a 
steady loading of associated 
chemical load.   

Figure 1. Proportion of pet product types by mass 
of AI, including all AIs, for 2005–2014.  Topical 
includes spot-on products.   Figure 2.  Mass of pet topical products sold by AI from 2005–2014.   

Figure 3. Percent total fiproles washed off as a 
function of days post application.   

Figure 4. Mean mass washoff as a function of 
time.    

Table 1. Comparison data for available pesticide concentrations in wastewater 
effluent and USEPA Aquatic Benchmarks.     
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show treated effluent contains pesticide 
concentrations that exceed USEPA 
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Other Questions 
 

- Is the relative contribution from fipronil-containing dog products 
significant compared to wastewater influent load?   

- Do treated dogs swimming in surface water pose a risk to aquatic 
organisms?  

- What fraction of applied fiproles are in dog urine and feces?  
- Transfer to humans from pets has been demonstrated8.  Human 

urine and feces as a wastewater source? 

 

Implications 
• Fipronil-containing products washoff dogs during routine bathing confirming a proposed 

pathway for fipronil to enter the sewershed.  
• Topical pet products with different AIs may also enter sewershed through routine bathing.  
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Figure 1. Proportion of pet product types by mass 
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Fipronil	Washes	Off	Pets	
Wash-off	con(nues	for	at	least	28	days	

Source:	DPR	preliminary	data		Photos:	DPR	

Objectives 
• Quantify mass of fiproles (fipronil + degradates) that washoff during routine bathing of dogs.  
• Quantity the washoff potential as a function of time after application.  

Methods 
• Volunteer dogs (n=34) were washed 2, 7, or 28 days after application. 
• Dogs were washed in a large bin, rinsate collected, and volume recorded.  
• Rinsate analyzed for total fiproles.  

Results 
• Mass of total fiproles washed off ranged between 0.2–86.0% of total mass applied (Figure 3). 
• Degradates made up < 10% of total mass, and largest fraction was in 28-day samples (Figure 4). 
• Total mass of fiproles washed off generally decreased with time post-application. 

Leah Judson, Robert Budd, and Jennifer Teerlink 
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The Washoff Potential of Fipronil 
from Dogs Treated with Fipronil 

Pet-Care Products 

Introduction 
• Dog ownership in the United States is 0.24 dogs per capita1,2 and survey 

data indicate 75% of dog households use a flea and tick product3.   
• Products often contain a mixture of active ingredients (AIs). 
• The majority of pesticide-containing pet products sold are topical 

products (Figure 1).  
• Sales data show predominant AI in topical product market changes over 

time (Figure 2).  
• A 2015 commercial shelf-survey found large number of fipronil-

containing products, suggesting a shift from last available sales data4. 
• Fipronil selected for focus of this study as a result of reported 

occurrence in wastewater and aquatic toxicity (Table 1). 
• Popular AIs in spot-on flea and tick treatment: Fipronil, Etofenprox, 

Imidacloprid, Permethrin, Phenothrin, Pyriproxyfen, S-Methoprene.  

This study focused on fipronil containing spot-on products. 
• 9.1% fipronil (some products also include 8.8 % S-Methoprene). 
• Four product sizes based on the dog’s weight (0.067–0.402 grams fipronil). 
• Product labels do not recommend personal protective equipment such as gloves 

during application. 
• Recommended frequency of application is 30 days. 
• Most labels claim products are waterproof once dried, and none of the labels 

prohibit bathing or swimming post application. 

Routine 
Washing 

Down the Drain 

Active Ingredient Wastewater 
Effluent (ng/L) 

USEPA Aquatic 
Benchmark (ng/L) 

Fipronil < 10-706   11 
Etofenprox Not Available  170 

Imidacloprid <20-3877 1,050 
Permethrin <5–1705 1.4 

Phenothrin* Not Available  470 
Pyriproxyfen Not Available  15 

S-Methoprene Not Available  480 
Limited studies report the 
concentrations of pesticides in 
wastewater effluent.  The data available 
show treated effluent contains pesticide 
concentrations that exceed USEPA 
Aquatic Benchmarks5 (Table 1).  Little is 
known about relative contribution from 
different sources.  Washoff of pesticides 
from pet products through routine 
bathing has been a proposed source, 
however, prior to this study had not yet 
been quantified. 

Surface  
Water 

Fipronil Product Wastewater Pathway 

Rinsate can enter wastewater through plumbing inside the 
house.  Rinsate entering the storm drain system may discharge 
directly to surface water. 

Wastewater 
Treatment 

Pet Products 

Collar Dip Powder
Shampoo Spray Topical

Other Questions 
 

- Is the relative contribution from fipronil-containing dog products 
significant compared to wastewater influent load?   

- Do treated dogs swimming in surface water pose a risk to aquatic 
organisms?  

- What fraction of applied fiproles are in dog urine and feces?  
- Transfer to humans from pets has been demonstrated8.  Human 

urine and feces as a wastewater source? 

 

Implications 
• Fipronil-containing products washoff dogs during routine bathing confirming a proposed 

pathway for fipronil to enter the sewershed.  
• Topical pet products with different AIs may also enter sewershed through routine bathing.  
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*Phenothrin is also known as sumithrin. 
In the Western United States, 
surface water streams can be 
dominated by wastewater 
effluent, even further 
exasperated during drought 
conditions.  Wastewater 
effluents flow discharges 
consistently representing a 
steady loading of associated 
chemical load.   

Figure 1. Proportion of pet product types by mass 
of AI, including all AIs, for 2005–2014.  Topical 
includes spot-on products.   Figure 2.  Mass of pet topical products sold by AI from 2005–2014.   

Figure 3. Percent total fiproles washed off as a 
function of days post application.   

Figure 4. Mean mass washoff as a function of 
time.    

Table 1. Comparison data for available pesticide concentrations in wastewater 
effluent and USEPA Aquatic Benchmarks.     
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These	Data	=	Big	News	for	EPA	&	DPR	

•  Neither	agency	has	ever	considered	
discharges	from	pet	“spot-on”	treatments!	

•  Timing	is	crucial!	
•  Best	mi(ga(on	opportunity	=	EPA’s	fipronil	&	
imidacloprid	reviews	*this	year*	

•  Big	changes	in	whole	approach	to	POTW	
discharges	are	possible	if	we	get	the		
word	out	to	EPA	&	manufacturers	



BAPPG	is	Being	Proac(ve		
on	These	Issues	

•  Mul(ple	calls	with	both	EPA	and	DPR	
– Ac(ve	coordina(on	with	DPR	to	work	on	EPA	
– Study	is	example	of	EPA	regulatory	gaps	crossing	3	
divisions	in	pes(cide	regulatory	program	

– EPA-invited	presenta(on	–	ACS	Philadelphia	(Aug.)	
•  Reviewing	flea/(ck	alterna(ves	to	pet	“spot	
treatments”	

Change	ahead	–	fipronil	health	risks	



Pes(cides	Market	Constantly	Evolving	
Pet	Flea	Control	Product	mix	2005-2014	constantly	changing	



Pes(cides	Management	Vision	

						

Move	management	upstream	from	CWA	à	FIFRA	
	

MS4	Progress	Promising	for	POTWs	



Primary	Pes(cides	Solu(on	=	DPR	+	EPA	
An(cipated	permit	requirements:	
1.  Outreach/educa(on	(OWOW	etc.)	
2.  Limit	municipal	pes(cide	use	(IPM)	
3.  Regulatory	par(cipa(on	(UP3)		
4.  Conduct	*useful*	monitoring	

Dra%	in	2016	à	Adop0on	2017	
23	

State	Water	Board	Pes(cides	Plan	
Stormwater	Only	



FY	2016-2017	Highlights	
•  EPA	Risk	Assessments:	Pyrethroids,	Fipronil,	
Imidacloprid,	Copper	

•  EPA	Science	discussions	–	ACS	Conference	(Aug.)		
– K.	Moran	invited	presenter	
– Can	POTW	predic(ve	model	be	improved?	

•  DPR	
– Sewershed	Study	
– Registra(on	predic(ve	model	development	&	test	
cases	based	on	BACWA	request	leaers	

– Science	discussions		-	POTW	&	salt	water	monitoring	

•  State	Water	Board	Stormwater	Pes(cides	Plan	



Future	is	Promising	

•  It’s	a	marathon	–	not	a	sprint	
•  Change	will	only	occur	with	ac(ve	POTW	
engagement	



Thank	you!	


