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Quick Summary
Pyrethroids are a family of insecticides widely used both
outdoors and indoors in urban areas to control insect pests
like ants, �eas, bed bugs, and termites. Pyrethroids have
been linked to incidents of toxicity to sensitive organisms in
urban runo�, undiluted wastewater e�uent, and in both wa-
ter and sediment in urban creeks, but not in San Francisco
Bay. Restrictions implemented in 2012 by state pesticide
regulators should nearly (but perhaps not completely)
eliminate pyrethroid-caused toxicity in urban runo�. Pes-
ticide and water quality regulators continue to evaluate the
need for additional management actions.

What Are They?
•A family of more than a dozen similar synthetic chemical

compounds based on the chemical structure of pyre-
thrins, naturally occurring botanical insecticides derived
from chrysanthemum �owers.

•Potent, broad-spectrum insecticides that control insects
at relatively low application rates.

•Lethal to sensitive aquatic organisms (e.g., crustaceans)
at concentrations < 10 nanograms per liter (ng/L)
(Werner and Moran 2008; Weston and Jackson 2009).

•Photostable (stable in sunlight) “second generation”
pyrethroids like bifenthrin, cypermethrin, cy�uthrin,
and permethrin are most commonly detected in the
environment.

What Are They Used For?
•Broad-spectrum insecticides widely used in agricultural

and urban areas.

• Initially developed in the 1950s, pyrethroids grew in
popularity when photostable second-generation pyre-
throids were developed in the late 1970s and 1980s.

• In the early 2000s, with the phase-out of most allowable
urban uses of organophosphate insecticides (e.g., chlor-
pyrifos and diazinon), pyrethroids became the primary
class of insecticides available in the urban marketplace.

•Pyrethroids are safer for humans than organophosphates
because mammals, unlike other classes of organisms,
have more extensive enzyme systems capable of metabo-
lizing and detoxifying the pyrethroids (EPA 2011).

• In urban areas, licensed professional applicators are the
primary users of photostable second-generation pyre-
throids, which are applied outdoors to control insects
around buildings (particularly ants) and underground to
control subterranean termites.

•Despite the large number of pyrethroid lawn, garden,
and landscaping products available to non-professional
consumers, these products comprise a relatively small
fraction of the total quantity of pyrethroids used in
urban areas.

•Pyrethroids are used indoors to control pet �ea,
head lice, and bed bug problems.

• In the early 2000s, USEPA approved sales of permethrin-
treated mosquito-repellent clothing.

•Total California pyrethroids sales were about 455,000 kg
in 2011 (CDPR 2013).

How Are They Getting Into the Bay?
•Urban runo� – and to a lesser extent agricultural runo� –

which �ows directly into the Bay untreated, are the path-
ways by which the highest concentrations of pyrethroids
enter the Bay.

° Urban runo� samples typically contain mixtures
of pyrethroids that together o�en exceed toxicity
thresholds for sensitive aquatic organisms (2-21
ng/L), sometimes by more than ten-fold. �e
most persistent of the pyrethroids, bifenthrin
(concentrations sometimes >100 ng/L) is usually
the leading contributor to the toxic potency in a
water sample (e.g., Weston and Lydy 2010, 2012;
Ensminger 2013).

° Agricultural runo� can contain pyrethroids at con-
centrations su�cient to be toxic to the amphipod
Hyalella azteca (i.e., >2 ng/L) but toxic levels occur
less frequently than in urban runo� (e.g., Weston
and Lydy 2010).

° Professional structural pest control applications
appear to be the primary source of pyrethroids in
urban runo�. Landscaping applications are un-
likely to be an important source. Nearly all of the
urban use of second-generation pyrethroids other
than bifenthrin and most (80%) of the urban use
of bifenthrin are by professional applicators to
control pests around buildings (TDC Environ-
mental 2010).

° Applications to control insects around buildings
involve spraying impervious surfaces, like building
walls and walkways, some of which drain directly
to gu�ers and storm drains. Pyrethroids wash o�
from these impervious surfaces substantially more
e�ciently than from landscaped areas ( Jorgenson
et al. 2012).

*
Pyrethroids are of low concern
in the Bay, but high concern in
Bay Area urban creeks
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•Municipal wastewater treatment plant e�uent is likely a
pathway to the Bay.

o No Bay Area municipal wastewater treatment plant
monitoring data have been published.

o Limited published monitoring data from waste-
water treatment plants elsewhere in California
(Weston and Lydy 2010; Robertson-Bryan 2012;
other unpublished data support the following
points.

•Concentrations of pyrethroids in wastewater �owing
into municipal wastewater treatment plants prior to
treatment are similar to concentrations in urban runo�.

•Municipal wastewater treatment plants generally remove
most, but not all, pyrethroids in wastewater.

•Pyrethroids have been detected in undiluted treatment
plant e�uent at concentrations less than 20 ng/L, much
lower than concentrations in urban runo�, but some-
times above toxicity thresholds for sensitive aquatic
organisms. E�uents may not necessarily cause toxicity
due to dilution and changes in pyrethroid bioavailability
in receiving waters.

o Users wash some indoor pyrethroid products, such
as pet �ea shampoos and head lice treatments,
down indoor drains immediately a�er use. Impreg-
nated fabrics, like insect-repellent clothing and bed
bug repellent ma�ress pads, gradually lose their
pyrethroid content when machine or hand washed
a�er use. Post-application cleanup, cleaning treated
surfaces, seepage into underground sewer lines
during subterranean termite treatments, spills, and
improper disposal may also transfer pyrethroids
into indoor drains and sewer lines, resulting in
transport to municipal wastewater treatment plants
(Moran and TenBrook 2011).

What Happens to Them in the Bay?

General Properties
•�e fate of pyrethroids in the Bay has not been studied,

but predictions can be made based on other studies of
their environmental fate.

•A�er entry into the Bay, pyrethroids are expected to be
removed from the water column through binding to
sediment particles. �e presence of pyrethroid-caused
toxicity in water samples from urban creeks indicates
that this binding process does not occur instantaneously.

•Pyrethroids likely accumulate primarily in sediment.
Sediment-dwelling organisms are probably exposed to
the Bay’s highest pyrethroid concentrations.

•Pyrethroids persist in aquatic sediments; most have half-
lives (time it takes for a 50% reduction) between 100
and 500 days. �e half-life of bifenthrin in sediments
is greater than 700 days (Gan et al. 2005, Budd et al.
2011).

Patterns of Occurrence in the Bay and in Other
Aquatic Ecosystems
• In Bay sediment, total pyrethroid concentrations have

generally been below 10 parts per billion (ppb), with
only one sample from Suisun Bay showing a higher
concentration (16 ppb). Bifenthrin and permethrin were
among the pyrethroids most commonly detected, found
in around 30 to 40% of samples.

• In the Southern California Bight in 2008, sediment py-
rethroid concentrations were highest near urban runo�
sources, where average total pyrethroid concentrations
were 22 ppb. Consistent with other studies, bifenthrin
was most commonly detected (32% of all samples) and
the dominant contributor to pyrethroid toxic potency.
Near urban runo� sources, total pyrethroid concentra-
tions exceeded e�ects levels for the amphipod Eohaus-
torius estuarius, but the presence of pyrethroids did not
directly correlate with toxicity measurements, suggest-
ing that the presence of the many other anthropogenic
chemicals in these sediments a�ected toxicity measure-
ments (Lao et al. 2012).

allethrin

bifenthrin

cy�uthrin

cyhalothrin

cypermethrin

deltamethrin/tralomethrin

esfenvalerate/fenvalerate

fenpropathrin

�uvalinate

permethrin

phenothrin

prallethrin

resmethrin

tetramethrin
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TABLE 1
A recent review of California urban watershed
pyrethroid monitoring data published between
2003 and 2012 found that 14 pyrethroids
have been detected in water and sediment
(Ruby 2013).

Bifenthrin and permethrin
were among the pyrethroids
most commonly detected in
Bay sediment
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•Pyrethroids have been linked to toxicity to the amphi-
pod Hyalella azteca in water and sediment samples from
urban creeks in all of California’s major urban areas
(Ruby 2013; Holmes et al. 2008).

•A recent review of California urban watershed pyre-
throid monitoring data published between 2003 and
2012 found that 14 pyrethroids have been detected in
water and sediment (TABLE 1). For water samples where
pyrethroids were detected, the average concentrations
of bifenthrin, cy�uthrin, cypermethrin, and permethrin
exceeded concentrations that cause acute toxicity to
sensitive aquatic organisms (Ruby 2013).

• In urban areas, bifenthrin is the most frequently detected
pyrethroid (64% of water samples, 69% of sediment
samples) and the greatest contributor to toxic potency in
both water and sediment samples (Ruby 2013).

•Pyrethroid concentration and toxicity data from San
Francisco Bay Area urban creeks are similar to data from
other California urban watersheds. In RMP sampling
of an urban drainage in Hayward, the pyrethroids most
frequently detected were permethrin (maximum 285
ng/L) and bifenthrin (maximum 46 ng/L).

•Agricultural watersheds generally contain fewer
pyrethroids, lower pyrethroid concentrations, and less
severe toxicity than urban watersheds (e.g., Weston and
Lydy 2010). While no survey of Bay Area agricultural
watersheds has been conducted, Central Valley sediment
surveys found 16-20% of samples exhibited toxicity
to Hyalella azteca that was a�ributed to pyrethroids
(Weston et al. 2008, 2013).

• In a USGS survey of sediment samples from 36 urban
and agricultural streambeds in 25 states, pyrethroids
were detected in 78% of samples. Bifenthrin was the
most frequently detected (58% of samples), followed by
permethrin (31%), resmethrin (17%), and cy�uthrin
(14%). Although toxicity was not measured, predicted
toxic potency was greater for urban areas and a�ributed
to bifenthrin, cy�uthrin and cypermethrin, while in agri-
cultural areas the predicted toxic potency was primarily
a�ributed to bifenthrin (Hladik and Kuivila 2012).

Trends in the Bay and Nationally
•Pyrethroids have been monitored in Bay sediments since

2008, but concentrations have not shown signi�cant
decreasing or increasing trends.

•California data indicate increases in pyrethroid usage
and environmental concentrations starting in the early
2000s, coincident with the greater regulation of organo-
phosphate insecticides.

•Regulatory restrictions are likely to reduce pyrethroids
use in urban areas, but users may shi� to other insec-
ticides, such as �pronil and indoxacarb, that are also
highly toxic to aquatic organisms.

Is There a Risk of Harm in the Bay?
•�e crustacean Americamysis bahia appears to be the

saltwater test organism most sensitive to pyrethroids
(acute toxicity thresholds <10 ng/L). Although
pyrethroids have not been measured in Bay waters,
concentrations in tributaries sometimes exceed toxicity
thresholds for freshwater organisms, and impacts to
estuarine organisms might occur in the immediate areas
near their entry to the Bay.

• Sediment concentrations in the Bay are likely lower
than those that cause acute toxicity in test organisms.
Pyrethroids were detected in 57 of 98 Bay sediment
samples collected between 2008 and 2011. Of the eight
pyrethroids detected in at least one sample, only two
(allethrin and phenothrin) occurred at concentrations
greater than 2 ppb. Although there are no relevant sedi-
ment toxicity data for these pyrethroids, they generally
have aquatic toxicities similar to permethrin, which has
a 10-day LC50 (concentration causing mortality to 50%
of test organisms in a 10 day test) for the amphipod
Eohaustorius estuarius of 140 ppb (Anderson et al. 2008).
�e most highly toxic pyrethroids detected (bifen-
thrin, cy�uthrin, cyhalothrin, and cypermethrin) were
frequently below detection limits (0.03-0.6 ppb) and
never exceeded 1.1 ppb individually or a total of 1.6 ppb.
�ese concentrations are lower than the only available
sediment toxicity thresholds for a chemical in this group,
bifenthrin, for which the 10-day LC50 for the amphipod
Eohaustorius estuarius is 8 ppb (Anderson et al. 2008).

•Both water and sediment pyrethroid concentrations in
Bay Area urban creeks typically exceed toxicity thresh-
olds for Hyalella azteca (BASMAA 2013; Weston and
Lydy 2010, 2012; Ensminger 2013).

•Consistent with pyrethroid concentrations and similar
to other California urban watersheds, 2011-2012
Bay Area testing found that 9 of 11 urban creek water
samples were toxic to Hyalella azteca (BASMAA 2013).

Pyrethroids
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Regulatory restrictions are likely to reduce pyrethroid
use in urban areas, but users may shift to other
insecticides, such as �pronil and indoxacarb, that are
also highly toxic to aquatic organisms
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2011
At DPR’s request, all
bifenthrin manufacturers
agree to modify
enforceable product
labels to add special
additional restrictions
for professional
applicators.

Key Information Gaps
•Potential for aquatic toxicity in water and sediment at

Bay margins due to pyrethroid-containing urban runo�
and wastewater e�uents, accounting for dilution and
bioavailability in these waters.

•Potential chronic e�ects on mysids and amphipods due
to long-term exposure to concentrations found in Bay
waters (if detected) and sediment.

•Potential environmental impacts of chemicals used as
replacements for the pyrethroids, such as �pronil and in-
doxacarb. Limited available data indicate that concentra-
tions of �pronil and its multiple toxic, stable degradation
products are approaching e�ects thresholds in aquatic
ecosystems (Ruby 2013) (PAGE 83).

•�e results of a statewide survey of concentrations in
in�uent, e�uent, and biosolids from about 30 California

wastewater treatment plants (including several Bay Area
plants), anticipated in late 2013, will be�er characterize
wastewater discharges and will provide more thorough
insights on treatment plant removal e�ciencies.

• Identi�cation of the major sources of pyrethroids in
wastewater.
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2007

2009

2008

First peer-reviewed reports of pyrethroid
insecticides in California surface waters,
including Bay Area urban creeks, at
concentrations causing acute toxicity and
growth impairment to the amphipod Hyalella
azteca (Weston et al. 2004, 2005).

2004-2005

2005

2010

California Department of
Pesticide Regulation (DPR)

initiates reevaluation of
pyrethroid insecticides.

2006

Management Timeline

San Francisco Bay Water Board
adopts Urban Creeks Diazinon
and Pesticide-Related Toxicity Total
Maximum Daily Load (TMDL),
which includes a management
strategy to address pyrethroids
and other future pesticide-related
toxicity in urban creeks.

USEPA approves
San Francisco Bay
area Urban Creeks
Diazinon and
Pesticide-Related
Toxicity TMDL.

USEPA requests
that manufacturers
of non-agricultural
pyrethroid
products voluntarily
update labels
with application
instructions that
better protect water
quality.

DPR and Water Boards will
conduct coordinated monitoring
to examine the effectiveness of
DPR’s pyrethroids regulations
to determine if additional
management action is warranted.

Results of wastewater
treatment plant pyrethroids
survey to be published.
Data will be evaluated by
USEPA, DPR, and Water
Boards to determine if
additional investigation
and management action
are warranted.

DPR regulations modifying allowable
usage of pyrethroids by professional

structural pest control applicators become
effective. Together with bifenthrin label

changes, regulations should reduce
pyrethroid toxic potency in urban runoff

by 80-90% (Jorgenson 2011).

2012 2013-2015

USEPA initiates
Registration Reviews
for pyrethroids.

2013

2009-2012
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