
 
 

 
 

 
 

 
 

 
 

 

 

   

 
 

 

TEXT OF FINAL REGULATIONS 


Current wording is indicated by regular type. 
Proposed deletions are indicated by strikeout. 
Proposed additions are indicated by underline. 

DIVISION 6. PESTICIDES AND PEST CONTROL OPERATIONS
 
CHAPTER 1. PESTICIDE REGULATORY PROGRAM
 

SUBCHAPTER 1. DEFINITION OF TERMS
 
ARTICLE 1. DEFINITIONS FOR DIVISION 6
 

Amend section 6000, adding in alphabetical order, the following definitions: 

6000. Definitions. 
. . . 

"Aquatic habitat" means bodies of water, such as lakes, reservoirs, rivers, perennial and 
intermittent streams, wetlands, or ponds, sloughs, and estuaries. 

"Crack and crevice treatment" means the application of small amounts of insecticide 
directly into cracks and crevices in which insects hide or through which they may enter the 
building. Examples are openings occurring at expansion joints, between different elements of 
construction, and between equipment and floors. Only minimal amounts of pesticide should 
remain on the surface.  

"Impervious surfaces" means hard surfaces, such as concrete or asphalt streets, sidewalks, 
and driveways. 

"Precipitation" means the condensation of atmospheric water vapor that falls under gravity. 
Precipitation does not include mist or fog. 

"Spot treatment" means an application to limited areas that will not exceed two square feet 
on which pests are likely to occur or have been located during the process of monitoring or 
inspection. 

. . . 

NOTE: Authority cited: Sections 11456, 11502, 12111, 12781, 12976, 12981, 13145, 14001, and 
14005, Food and Agricultural Code. Reference: Sections 11401.2, 11408, 11410, 11501, 11701, 
11702(b), 11704, 11708(a), 12042(f), 12103, 12971, 12972, 12973, 12980, 12981, 13145, 
13146, and 14006, Food and Agricultural Code. 



 

 

 

 

  

  

 

 

 

CHAPTER 4.  ENVIRONMENTAL PROTECTION 

SUBCHAPTER 5. SURFACE WATER 


ARTICLE 1.  PESTICIDE CONTAMINATION PREVENTION 


Adopt section 6970 to read: 

Section 6970. Surface Water Protection in Outdoor Nonagricultural Settings. 
The provisions of this section apply to any person performing pest control for hire, including 

landscape maintenance gardeners, when any of the following pesticides is applied outdoors to 
structural, residential, industrial, and institutional sites: 

bifenthrin 
bioallethrin 
S-bioallethrin 
cyfluthrin 
beta-cyfluthrin 
gamma-cyhalothrin 
lambda-cyhalothrin   
cypermethrin 
deltamethrin 
esfenvalerate 
fenpropathrin 
tau-fluvalinate 
permethrin  
phenothrin 
prallethrin 
resmethrin 
tetramethrin

 (a) Except when prohibited in (e), applications to the soil surface, mulch, gravel, lawn, turf, or 
groundcover must be made using only the methods described below: 

(1) Spot treatment  
(2) Pin stream treatment of one-inch wide or less 
(3) Perimeter band treatment of three feet wide or less from the base of a building outward 
(4) Broadcast treatment but not within two feet from any horizontal impervious surface. Pin 

stream treatment of one-inch wide or less may be made within the two-foot area. 
(5) For broadcast treatment of termiticides to preconstruction sites, prior to precipitation, the 

treatment site must be covered with a waterproof covering, such as a polyethylene sheet, or a 
concrete slab must be poured over the treated soil. 

(b) Except when prohibited in (e), applications to windows and doors, and horizontal 
impervious surfaces must be made using only the methods described below: 

(1) Spot treatment 
(2) Crack and crevice treatment 
(3) Pin stream treatment of one-inch wide or less 
(c) Except when prohibited in (e), applications to vertical structural surfaces, such as walls, 

foundations, and fencing, must be made using only the methods described below: 
(1) Spot treatment 
(2) Crack and crevice treatment 
(3) Pin stream treatment of one-inch wide or less  

2
 



 

 

 
 

 

  

 
 

 

 

 

 

(4) Perimeter band treatment up to a maximum height of two feet above the grade level. 
(d) Except when prohibited in (e), for applications using granules to the soil surface, mulch, 

gravel, lawn, turf, or groundcover, the applicator shall sweep any granules that land on horizontal 
impervious surfaces onto the treatment site. 

(e) The following applications are prohibited: 
(1) To any site during precipitation, except for applications made to the underside of eaves;   
(2) To the soil surface, mulch, gravel, lawn, turf, groundcover, or horizontal impervious 

surfaces with standing water, including puddles; 
(3) To a sewer or storm drain, or curbside gutter; 
(4) To the following components of a constructed drainage system that drains to a sewer or 

storm drain, curbside gutter, or aquatic habitat: 
(A)Visible drainage grate connected to a drain pipe; or 
(B) Visible french drain, or a landscaped dry river bed, swale or trench filled with gravel or 

rock; 
(5) To the soil surface, including preconstruction termiticide sites, mulch, gravel, lawn, turf, 

groundcover, or horizontal impervious surfaces within 25 feet of aquatic habitat located 
downgradient from the application. The applicator shall measure the distance from the high 
water mark or intermittent streams that are dry from the top of the near bank; or  

(6) To the preconstruction termiticide site within 10 feet of a storm drain located downgradient 
from the application. 

(f) Application to plants, shrubs, or trees where there is standing water in the dripline or 
perimeter of the plants, shrubs, or trees is prohibited. 

NOTE: Authority cited:  Section 11456, Food and Agricultural Code.  Reference: Sections 
11456 and 11501, Food and Agricultural Code. 

Adopt section 6972 to read: 

Section 6972. Exemptions from Surface Water Protection in Outdoor Nonagricultural 
Settings. 

The following applications are exempt from the provisions of section 6970:  
(a) Injection into soil or structural materials, such as bricks, concrete, or wood. 
(b) Post-construction rod or trench termiticide application methods.  
(c) Applications to below-ground insect nests or nests made of mud or paper combs. 
(d) Applications of baits in weather-proof stations or gel baits.  
(e) Pesticide applications to receiving waters for which a permit has been issued under the 

Statewide General National Pollutant Discharge Elimination System (NPDES) for Pesticide 
Discharges to Waters of the U.S. from Spray Applications, and Vector Control Applications. 

(f) Applications to the underside of eaves. 
(g) Foggers or aerosol applications. 

NOTE: Authority cited:  Section 11456, Food and Agricultural Code.  Reference: Sections 
11456 and 11501, Food and Agricultural Code. 
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INITIAL STATEMENT OF REASONS AND PUBLIC REPORT 
DEPARTMENT OF PESTICIDE REGULATION 

 
Title 3.  California Code of Regulations 

Amend Section 6000 and Adopt Sections 6970 and 6972 
Pertaining to Prevention of Surface Water Contamination by Pesticides 

 
This is the Initial Statement of Reasons required by Government Code section 11346.2 and the 
public report specified in section 6110 of Title 3, California Code of Regulations (3 CCR).  
Section 6110 meets the requirements of Title 14 CCR section 15252 and Public Resources Code 
section 21080.5 pertaining to certified state regulatory programs under the California 
Environmental Quality Act. 
 
SUMMARY OF PROPOSED ACTION/PESTICIDE REGULATORY PROGRAM 
ACTIVITIES AFFECTED 
 
The Department of Pesticide Regulation (DPR) proposes to amend section 6000 and adopt 
sections 6970 and 6972 of 3 CCR. The pesticide regulatory program activities that will be 
affected by the proposal are those pertaining to environmental monitoring and pesticide 
enforcement. In summary, the proposed action would identify pesticides that have a high 
potential to contaminate surface water in outdoor nonagricultural settings, and require pest 
control businesses, including maintenance gardeners, that apply these pesticides to take actions 
to minimize that contamination.   
 
SPECIFIC PURPOSE AND FACTUAL BASIS 
 
Pesticides are applied to crops and other rural and urban sites to control diseases, insects, weeds, 
and other pests. Some pesticides have contaminated surface water as a result of those 
applications. If pesticides reach surface water at certain concentrations, they can cause toxicity to 
aquatic organisms, including fish, invertebrates such as water fleas, and nonvascular plants such 
as algae. They can also exceed drinking water levels that are protective of human health. Food 
and Agricultural Code (FAC) section 11501 states that one of the purposes of Division 6 (Pest 
Control Operations) and the parts of Division 7 (Agricultural Chemicals, Livestock Remedies, 
And Commercial Feeds) of the FAC that address pesticide regulation is, “To protect the 
environment from environmentally harmful pesticides by prohibiting, regulating, or ensuring 
proper stewardship of those pesticides.” 
 
Previous studies have shown that certain dormant insecticides are associated with toxicity to 
aquatic organisms in surface water. As a result, in 2007 DPR adopted 3 CCR section 6960 
(Dormant Insecticide Contamination Prevention) to specify which dormant pesticides are subject 
to the regulations, require property operators to adopt one of several management options to 
protect surface water, specify under what conditions aerial applications can be made, and specify 
under what conditions no dormant insecticide shall be applied. 
 
Federal, state and local entities have sampled surface water for pesticides, including the  
U.S. Geological Survey, Dow AgroSciences, DPR, the State Water Resources Control Board, the 
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Central Valley Regional Water Quality Control Board, Deltakeeper, the San Francisco Estuary 
Institute, the Sacramento River Watershed Program, and various regional water quality 
coalitions, counties, and cities. These sampling results are stored in the DPR Surface Water  
Database <http://cdpr.ca.gov/docs/emon/surfwtr/surfdata.htm>. This sampling has shown that 
pesticides contaminate surface water of both agricultural and urban areas.   
 
The proposed regulatory action pertains to the following 17 pyrethroid pesticides: bifenthrin, 
bioallethrin, S-bioallethrin, cyfluthrin, beta-cyfluthrin, gamma-cyhalothrin, lambda-cyhalothrin, 
cypermethrin, deltamethrin, esfenvalerate, fenpropathrin, tau-fluvalinate, permethrin, phenothrin, 
prallethrin, resmethrin, and tetramethrin. These pesticides were selected based on the following 
criteria: (1) subject to the U.S. Environmental Protection Agency’s (U.S. EPA’s) Environmental 
Hazard and General Labeling for Pyrethroid Non-Agricultural Outdoor Products Notification of 
June 4, 2009, and (2) registered for outdoor structural, residential, industrial, or institutional use 
in California. DPR is proposing to adopt mitigation measures for these pesticides now because 
monitoring data indicate they are contaminating streams and rivers, and causing toxicity to 
aquatic organisms.  
 
This proposal would adopt mitigation measures that would apply to the outdoor use of these 
pesticides when applied by pest control businesses, including maintenance gardeners, in 
nonagricultural settings. The mitigation measures would prohibit pesticide applications during 
rainfall, and reduce the amount of pesticides applied that would be subject to rainfall runoff.  
 
The proposed regulation is described below:   
 
Section 6000.  Definitions 
 
This proposal would adopt definitions of “aquatic habitat,” “crack and crevice 
treatment,” “impervious surfaces,” “precipitation,” and “spot treatment.” These 
definitions are needed to clarify the language proposed for section 6970.    
 
Section 6970.  Surface Water Protection in Outdoor Nonagricultural Settings 
  
DPR proposes to adopt section 6970 to specify allowable application methods for the 17 
pesticides mentioned above when used in outdoor nonagricultural settings, and when applied by 
pest control businesses, including maintenance gardeners. These proposed application methods 
would reduce the amount of pesticides available for runoff to surface water. The proposed 
regulations apply to pest control businesses and maintenance gardeners, because the pesticide 
use reports they are required to submit to DPR indicate that they apply a major portion of the 
total amount of each of the 17 pesticides sold in California.  Pesticide registrants are required to 
report to DPR the total amount of each pesticide sold for use in California.  A pest control 
business is any person who engages in pest control for hire (advertises, solicits, or operates as a 
pest control business). A maintenance gardener is a person who is regularly engaged in the 
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business of maintenance gardening and who desires to engage in pest control for hire incidental 
to that business.  
  
Proposed subsection (a) would limit the application methods to the soil surface, mulch, gravel, 
lawn, turf, or groundcover to the following methods: (1) spot treatments, (2) pin stream 
treatments of one-inch wide or less, (3) perimeter band treatments of three feet wide or less from 
the base of a building outward, and (4) broadcast treatments but not within two feet of any 
horizontal impervious surface. Pin stream treatment of one-inch wide or less may be made within 
the two-foot area. This proposal would also require that prior to precipitation, broadcast 
applications of termiticides to preconstruction sites must be covered with a waterproof covering, 
such as a polyethylene sheet, or a concrete slab poured over the treated soil. 
 
Proposed subsection (b) would limit the application methods allowed to treat horizontal 
impervious surfaces to the following: (1) spot treatments, (2) crack and crevice treatments, and 
(3) pin stream treatments of one-inch wide or less. 
 
Proposed subsection (c) would limit application methods to treat vertical structural surfaces, 
such as walls, foundations, windows, doors, and fencing to the following: (1) spot treatments,  
(2) crack and crevice treatments, (3) pin stream treatments of one-inch wide or less, and  
(4) perimeter band treatments up to a maximum height of two feet above the grade level. 
 
For granule formulations, proposed subsection (d) would require the applicator to sweep any 
granules off the horizontal impervious surface back onto the treatment site.   
 
In addition to DPR's proposal to limit applications to specific methods in order to reduce surface 
water contamination, DPR proposes to prohibit any application under certain circumstances.  
These additional restrictions are designed to prohibit applications during precipitation that can 
carry these pesticides in runoff water to surface water, and to reduce the amount of these 
pesticides applied that could be carried by rain water to surface water.   
 
Proposed subsection (e) would prohibit applications during precipitation, except for applications 
made to areas under a structure and protected from precipitation.  This proposed subsection 
would also prohibit applications to the soil surface, mulch, gravel, lawn, turf, groundcover, or 
horizontal impervious surfaces with standing water, including puddles; to a sewer or storm drain 
or curbside gutter; and to any of the following that drain to a sewer or storm drain, curbside 
gutter, or aquatic habitat: (1) visible drainage grates, (2) french drains, or (3) landscaped dry 
river beds, swales, or trenches filled with gravel or rock.   
 
The proposal would prohibit application of the listed pesticides to the soil surface, including 
preconstruction termiticide sites, and to mulch, gravel, lawn, turf, groundcover, or horizontal 
impervious surfaces within 25 feet of aquatic habitat located downgradient from the application. 
The proposal would also prohibit application of preconstruction termiticides within 10 feet of a 
storm drain located downgradient from the application. 
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Additionally, proposed subsection (f) would prohibit applications to plants, shrubs, or trees 
where there is standing water in the dripline or perimeter of the plants, shrubs, or trees.  
 
Section 6972. Exemptions from Surface Water Protection in Outdoor Nonagricultural Settings  

 
Certain applications of the listed pesticides are exempt from the proposed mitigation measures 
because the pesticides would not be applied to surfaces exposed to rainfall and therefore  
would not be subject to runoff to surface water, or because specified uses are being addressed  
by the regional water quality control boards via National Pollutant Discharge Elimination  
System (NPDES) permits. These NPDES permits are issued under the Clean Water Act through 
the regional water boards. These exemptions are the following:  (1) injection into soil or 
structural materials, such as bricks, concrete, or wood; (2) post-construction rod or trench 
termiticide application methods; (3) applications to below-ground insect nests, or nests made of 
mud or paper combs; (4) applications of baits in weather-proof stations or gel baits; (5) pesticide 
applications to receiving waters that are regulated by the Statewide General NPDES Permits for 
Pesticide Discharges to Waters of the U.S. from Spray Applications, and Vector Control 
Applications; (6) applications to the underside of eaves; and (7) foggers or mist applications.   
 
CONSULTATION WITH OTHER AGENCIES 
 
DPR consulted with the State Water Resources Control Board during the development 
of the proposed regulations as specified in the May 1997 Management Agency 
Agreement between DPR and the State Water Resources Control Board. 
 
Additionally, DPR consulted with the California Department of Food and Agriculture 
during the development of the text of proposed regulations, as specified in FAC  
section 11454, and the February 6, 1992, Memorandum of Agreement that was 
developed per FAC section 11454.2.  
 
Copies of the correspondence are in the rulemaking file. 
 
ALTERNATIVES TO THE PROPOSED REGULATORY ACTION (GOVERNMENT 
CODE SECTION 11346.2(b)) 
 
DPR has not identified any feasible alternatives to the proposed regulatory action that 
would lessen any adverse impacts, including any impacts on small businesses, and 
invites the submission of suggested alternatives. 
 
 
 
ECONOMIC IMPACT OF BUSINESS 
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The proposed regulations will not have a significant adverse economic impact upon 
business.  The document relied upon to make this determination is listed in the 
"Documents Relied Upon" section of this initial statement of reasons and is available 
from DPR. 
 
IDENTIFICATION OF ANY SIGNIFICANT ADVERSE ENVIRONMENTAL 
EFFECT THAT CAN REASONABLY BE EXPECTED TO OCCUR FROM 
IMPLEMENTING THE PROPOSAL 
 
DPR’s review of the proposed action showed that no significant adverse environmental 
effect to California’s air, soil, water, plants, fish, or wildlife could reasonably be 
expected to occur from implementing the proposal. Therefore, no alternatives or 
mitigation measures are proposed to lessen any significant adverse effects on the 
environment. 
 
EFFORTS TO AVOID UNNECESSARY DUPLICATION WITH FEDERAL 
REGULATIONS 
 
The proposed action does not duplicate or conflict with the Code of Federal Regulations. 
  
DOCUMENTS RELIED UPON 
 
1. U. S. Environmental Protection Agency.  Environmental Hazard and General Labeling for 

Pyrethroid Non-Agricultural Outdoor Products. June 2009. Available at: 
<http://www.epa.gov/oppsrrd1/reevaluation/environmental-hazard-statment.html>, verified 
September 6, 2011.  

2.  Memorandum from Ann Prichard, Registration Branch Chief to John Sanders, Environmental 
Monitoring Branch Chief. June 6, 2011.  Surface Water Regulations: List of Active 
Ingredients for Consideration.  

3. Jiang, W., K. Lin, D. Haver, S. Qin, G. Ayre, F. Spurlock, and J. Gan. 2010. Wash-off 
Potential of Urban Use Insecticides on Concrete Surfaces. Environ. Toxicol. Chem. 29:1203-
1208. 

 
4. Economic Analysis for Proposed Regulation Department of Pesticide Regulation No. 11-004. 

California Environmental Protection Agency, Economic Studies Section, Air Resources 
Board.  Memorandum from Stephen Storelli to Linda Irokawa-Otani, Regulations 
Coordinator, DPR.  August 30, 2011. 
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DISSERTATION ABSTRACT 

 

Pyrethroid insecticide impacted urban watersheds are dominated by three principal surface types:  

impervious hard surfaces, turf grass, and bare or sparsely vegetated soil. Through the use of drop 

forming rainfall simulators, a number of common, pyrethroid containing end-use products were 

applied to concrete, turf grass, and bare soil surfaces and subjected to simulated rainfall events under 

variable rainfall intensities and product application set-times.  While the total mass loss, in terms of 

washoff fraction and event mean concentration, was greatest from concrete surfaces, appreciable 

losses were also observed from the turf and bare soil surfaces.   

Most notably for the concrete surfaces, the rainfall simulations yielded order of magnitude 

differences in pyrethroid wash-off which could be explained by differences in product formulation, 

and specifically the mass-fraction of surfactant used to emulsify or suspend the pyrethroid in water.  

In experiments confirming the role of surfactants, enhanced desorption of bifenthrin at sub-critical 

micelle concentrations of linear alkylbenzene sulfonate (LAS) was observed through small-scale field 

simulation system utilizing drop forming rainfall simulators as well as through bench-scale batch 

desorption tests.  This observation into the role of formulation surfactants and off-target mobility is 

important as a market shift to formulations containing high weight percentages of surfactant is 

currently taking place.  Furthermore, these observations bring to light what has, thus far, garnered 

little attention with regard to fate and transport of active ingredients, namely the possible impact 

product inerts may have on environmental fate. 

These washoff data are used to derive predictive washoff functions that were then employed in a 

screening level urban watershed exposure model.  The model was used to explore patterns of urban 

pyrethroid use spanning a period of 1995 through 2010 in the lower American River watershed 

(California, USA), and was also used to investigate potential mitigation opportunities.  Based on 

model predictions, the overwhelming majority of river-based toxic unit exposure was related to 
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suspension concentrate categorized products applied for structural pest control purposes.  This 

exposure could be mitigated through a net reduction in perimeter treatment of structures, as 

proposed by DPR, or could be mitigated through substitutive use of emulsifiable concentrate 

products. 
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CHAPTER 1  
INTRODUCTION 

 

Perhaps this story starts with the Swiss chemist Paul Hermann Müller, credited with discovering the 

insecticidal activity of dichloro-diphenyl-trichloromethylmethane, commonly known as DDT.  For 

his discovery, Paul Müller was awarded a Nobel Prize in Physiology or Medicine in 1948.  In the 

award presentation speech, cause for the award was justified in the use of DDT to control a typhus 

outbreak in Naples, Italy January 1944, where the treatment of 1,300,000 people eliminated a pending 

epidemic in a time of war (Nobelstiftelsen, 1964).  This was the first, only, and quite possibly the last 

Nobel Prize to be awarded for the discovery of a pesticide.  

The history of DDT is almost universal common knowledge, insomuch that there is an 

understanding that nearly all permitted uses of DDT in the United States were banned in 1972.  This 

action of the newly fledged United States Environmental Protection Agency (EPA) came on the 

heels of public outcry and the chronicling of the indiscriminate use of DDT and its environmental 

impact in Rachel Carson’s Silent Spring.  There is no doubt that this decision of the EPA did not come 

easily but, while the fate of DDT today and its use for malarial vector control remains controversial, 

DDT certainly helped launch the profession of environmental chemistry and toxicology. 

The tension around pesticide use did not of course end with DDT.  Many uses of chlorinated 

hydrocarbon insecticides, such as DDT, were substituted by organophosphate and carbamate 

insecticides.  In particular, organophosphate insecticides, such as chlorpyrifos and diazinon, quickly 

became agricultural and residential mainstays.  However, with relatively high mammalian toxicity, the 

increased use of organophosphate insecticides, particularly in the residential market sector, began to 

pose significant human health problems, with reported pesticide related poisonings on the rise.  In 

addition, these insecticides were very toxic to aquatic organisms and their increasing presence and 

association with aquatic toxicity ran counter to the goals of the Clean Water Act.  With the passage 
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of the Food Quality Protection Act of 1996, the EPA once again took action against insecticides that 

were proving themselves a nuisance, reaching an agreement with manufacturers in 2000 for the 

phase-out of nearly all non-agricultural chlorpyrifos and diazinon uses (Stone et al, 2009).  By 2001, 

legal sales of chlorpyrifos had ceased, followed by the end of legal sales of diazinon in 2004 – yet, of 

course, there was no change in the incidence of insect pest outbreaks. 

It is an irony that the need for the work documented in this dissertation could not possibly be 

justified without this history of ban and substitution, and ultimately environmental impact.  With low 

mammalian toxicity and moderate residual activity, pyrethroid insecticides became natural substitutes 

for chlorpyrifos and diazinon, but in a way unique from its predecessors.  The ban of chlorpyrifos 

and diazinon use in and around structures of human occupation and inhabitation was absolute, yet 

numerous permitted uses continue to exist in agriculture.  Therefore the substitution of pyrethroid 

insecticides that has occurred over the course of the last decade has taken place most prominently in 

an urban setting.  Conforming to the patterns of the past, pyrethroids have become a nuisance to 

water quality. 

The unique nature of this substitution sets the stage for the research documented here.  Our 

knowledge of pesticide fate and transport at the site of application is largely based on an agricultural 

system and setting.  Yet the urban environment is heavily influenced and, at times, dominated by 

impervious surfaces, such as concrete, asphalt, and structures.  The effect of an urban landscape on 

surface runoff and surface water hydrology is dramatic, yet our understanding of the factors that 

contribute to the off-target transport of pyrethroids applied to this landscape is not well understood.  

The present work explores the influence of the urban landscape and highly altered environmental 

system on the factors that contribute to pyrethroid washoff, and uses this specific understanding to 

model impacts of urban pyrethroid use on a river of regional importance.  Ultimately, informed 

mitigation opportunities are explored, ranging from application restrictions to product reformulation.   
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The remainder of this dissertation looks discretely at the empirical factors that contribute to 

insecticide mobility in the context of an urban environmental setting, and utilizes an improved 

understanding of these factors to model the effect insecticide use patterns have on an urban 

influenced watershed.  More specifically, an investigation into the main factor effects contributing to 

the off-target transport of commercially formulated pyrethroid products from generalized urban 

surfaces is the focus of Chapter 2.  In Chapter 3, a more detailed investigation is applied to an 

observed formulation phenomenon on treated concrete surfaces, namely the role formulation 

surfactants play in micellar solubilization of pyrethroid insecticides1.  In Chapter 4 an improved 

understanding of off-target transport is utilized in the modeling of an urbanized watershed and where 

the results of the modeling effort are used to identify problematic insecticide use patterns and to 

investigate reasonable mitigation opportunities.  The dissertation is concluded in Chapter 5 with a 

summary of results and a reflection on future research opportunities.  

  

                                                            
1 Article was first published in Environmental Science & Technology, Vol. 44:4951-4957 (Jorgenson and Young, 
2010).  This version incorporates Supporting Information, and material that was not available at time of 
publication. 
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CHAPTER 2  
FACTORS CONTRIBUTING TO THE OFF-TARGET TRANSPORT OF 

PYRETHROID INSECTICIDES FROM URBAN SURFACES 

 

ABSTRACT 

Pyrethroid insecticides used in an urban and suburban context have been found in urban creek 

sediments and associated with toxicity in aquatic bioassays. The objectives of this study were to 

evaluate the main factors contributing to the off-target transport of pyrethroid insecticides from 

surfaces typical of residential landscapes. Controlled rainfall simulations over concrete, bare soil, and 

turf plots treated individually with pyrethroid insecticides in a suspension concentrate, an emulsifiable 

concentrate, or a granular formulation were conducted at different rainfall intensities and different 

product set-time intervals. Pyrethroid mass washoff varied by several orders of magnitude between 

experimental treatments. Suspension concentrate product application to concrete yielded significantly 

greater washoff than any other treatment; granular product application to turf yielded the least 

washoff. Fractional losses at 10 L of runoff ranged from 25.9% to 0.011% of pyrethroid mass 

applied and 10 L nominal mass losses ranged from 3,970 to 0.18 μg. Mass washoff depended 

principally on formulation and surface type combination and to a lesser degree set-time interval and 

rainfall intensity. Treatment effects were analyzed by ANOVA on main factors of formulation, 

surface type, and set time. Factor effects were not purely additive; a significant interaction between 

formulation and surface type was noted. 

INTRODUCTION 

Pyrethroid insecticides in urban creek sediment and water have been attributed to toxicity in 

bioassays (Amweg et al, 2006; Hintzen et al, 2009; Weston and Lydy, 2010). Studies finding pyrethroid 

residues and linked with toxicity in residential land use dominated watersheds have pointed to 

applications on residential landscapes and structures as likely sources of pyrethroid insecticides in 
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urban streams (Weston et al, 2009). Due to the complexity of these watersheds, including the routing 

of runoff from the variety of surface types as well the seasonality and type of pyrethroid product 

formulations in use, scant information is presently available to users and water resource managers as 

to problematic applications and/or behaviors resulting in off-target pyrethroid transport and 

associated toxicity. An improved understanding of the particular sources and mechanisms controlling 

pyrethroid insecticide transport is necessary to minimize pyrethroid insecticide impact on aquatic 

environments, and to more efficiently allocate resources and determine appropriate management 

actions. 

It is a common practice for pesticides to be used in and around the residential home for the control 

of nuisance and wood destroying pests. Whether applied by a residential user or a licensed 

professional pesticide applicator, pesticides are often applied to the various outdoor surfaces of the 

residential property including: building structures, foundations, patios, turf grass, landscape 

vegetation and bare soil. Residues of the applied pesticides may be transported from their site of 

application by means of rainfall or irrigation runoff. Aquatic invertebrates are especially sensitive to 

pyrethroid insecticides; for example if a 100 m2 lawn was treated with a typical granular commercial 

product containing bifenthrin and was subject to a 1% loss of the applied bifenthrin in a runoff 

event, approximately 2.2 million liters of water would be required to dilute the bifenthrin mass to 

concentrations below estimated LC50 thresholds for the most sensitive aquatic species 

(Weston et al, 2005).  

Rainfall simulations are often utilized in investigations of erosion processes and the washoff of 

contaminants from chemically treated or polluted surfaces. Use of scaled simulations conveniently 

allows the precise control of rainfall intensity, duration, timing, and drop size. Small-scale pesticide 

washoff studies utilizing controlled rainfall simulations are numerous, but vary considerably in scope 

and scale. In an early review of studies investigating pesticide losses from agricultural fields, 

Wauchope (1978) noted that single simulated rainfall events on small-scale plots tended to yield 
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comparable results to those from natural rainfall events on large-scale fields. Although small scale 

simulations may appear to represent natural processes well, small scale simulations are of even greater 

utility in their ability to control specific factors with considerable precision so that potential 

management variables can be identified and investigated.  While numerous studies have found that 

the active ingredient’s chemical/physical properties, product formulation, rainfall/runoff intensity, 

and product set time are important determinants of potential product washoff (Armbrust and Peeler, 

2007; Cole et al, 1997; Evans et al, 1998; Wauchope et al, 1990; Gouy et al, 1999), only product 

formulation and set-time readily present themselves as available to management action. 

An additional advantage of small plot simulation is the ability to vary the surfaces of application. 

Comparatively few studies have looked at pesticide washoff across a variety of surface types typical 

of a residential land-use setting. Studies investigating washoff characteristics from impervious hard 

surfaces, such as concrete, are particularly scarce. In a companion study to this investigation, results 

of rainfall simulations over concrete test surfaces treated with a variety of residential-use pyrethroid 

containing commercial products are presented (Chapter 3; also Jorgenson and Young, 2010). 

Formulation was identified as an important controlling factor, with those products containing a large 

weight percentage of surfactant resulting in the greatest mass washoff.  But pesticide application 

around the home is not entirely on impervious surfaces, and such applications in fact may represent 

only a small fraction of the total mass of pesticide applied in a residential land-use setting. 

In this study our principal objective was to identify the key factors controlling pyrethroid washoff by 

quantifying the transport of pyrethroid insecticides from concrete, soil, and turf grass treated with a 

variety of commercially formulated liquid and granular products available off-the-shelf for residential 

structural and landscape pest control. Our focus was on those controlling variables amenable to 

management action, such as provision of label advisories and label restrictions. Our expectation was 

that the surface of application would dominate as a factor controlling the amount of pyrethroid 

washoff, but would be moderated to some degree by product formulation. In this study we 



    7 

 

conducted multiple rainfall simulations and use an incomplete block study design and ANOVA to 

draw conclusions about treatment effects. 

METHODS 

Rainfall simulations 

Drop forming rainfall simulators described by Battany and Grismer (2000) were constructed with 1 

m2 needle panels loaded with 23-gauge hypodermic syringe needles (B-D Precision Glide). Simulators 

were elevated 1.6 m above the target surface and provided a homogeneous drop pattern and drop 

size that impacted the target surface with approximately 60% of the kinetic energy of natural rainfall 

(Laws, 1941).  Simulators used groundwater from the University of California at Davis drinking water 

system with an average hardness of 120 ppm. Prior to use in the simulators, this water was filtered by 

spun micro-fiber and dechlorinated by granulated activated carbon. The temperature of simulated 

rainfall averaged 19°C over the course of the study. 

Average runoff rate and volume of simulated runoff were obtained by collecting surface runoff at 

timed volume intervals. Slope of the test plots was held constant at 4 degrees from the horizontal, 

and rainfall intensity was controlled at either 25 mm/hr or 50 mm/hr. Simulations were performed 

for a minimum of 60 minutes, or longer as needed to generate approximately 10 liters of runoff. 

Product set times investigated were one day (1d) and seven days (7d) from the time of product 

application. On some surfaces, a second successive simulation was conducted following the 1d 

simulation without an intervening product application (7d 2nd). 

Concrete test surfaces 

Multiple 80x80 cm plywood forms were constructed, and 5 cm thick concrete slabs poured 

(Quickrete 5000). Prior to full curing, concrete surfaces were lightly brushed perpendicular to the 

course of surface flow and sealed to the forms with self leveling crack sealant (Quickrete No 8640). 

Plywood forms extended 5 cm above the concrete surface on 3 sides with the fourth side cut flush 



    8 

 

with the concrete surface and wrapped with galvanized sheet metal to form a lip, which allowed 

runoff to flow into an aluminum collection channel. Runoff was collected from the channel though a 

short length of flexible siliconized tubing into pre-cleaned amber glass bottles (I-Chem 200 Series). A 

galvanized sheet metal shield, connected to the plywood forms, covered the lip and collection 

channel to prevent the simulated rain from directly entering the channel. The concrete surfaces were 

allowed to cure and weather with repeated washings prior to use in simulations. Prior to each 

product application, concrete surfaces were washed with high pressure water to remove settled 

material then allowed to dry. Treated slabs were stored outdoors where they were exposed to natural 

sunlight. 

Soil test surfaces 

Multiple 80x80 cm plywood forms were constructed in similar fashion to that of the concrete forms 

but with a depth of 30.5 cm. The interior of the form was wrapped in 5 mm plastic and a polyvinyl 

chloride (PVC) drain was installed in the bottom with the outlet draining to the exterior of the form. 

The drain was sealed to the plastic and plywood form with silicone sealant. The plywood forms were 

filled with 5 cm of washed pea gravel and 25.5 cm of locally collected Yolo soil, comprised of 

approximately 20% sand, 57% silt, and 23% clay (1.2% total organic carbon; pH 7) based on 

previous research (Watanabe et al, 2005). Plywood forms extended 5 cm above the soil surface on 

three sides, with the surface runoff collection apparatus identical to that described for the concrete 

test surfaces. Soil surfaces were lightly tamped to simulate compaction. 

Turf test surfaces 

Multiple 80x80 cm plywood forms were constructed in identical fashion to that of the previously 

described soil forms. The plywood forms were filled with 5 cm of washed pea gravel and 20.3 cm of 

soil prepared in the following ratio:  2 parts Yolo soil and 1 part commercial compost (Ace 

Hardware, CA). A commercial tall fescue/Kentucky blue grass blend sod (Endurance brand, Sierra 

Sod and Supply, CA) was laid and sealed to the edge of the plywood forms with Yolo soil to prevent 
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short circuiting – the clayey soil made a suitable and compatible sealant. Turf grass was fully rooted at 

time of experimentation. Prior to product application, turf was trimmed to a 5 cm height and 

sprinkle irrigated with UC Davis tap water to a depth of 8.4 mm, but in a manner that did not 

generate any surface runoff. This pre-application trimming and irrigation procedure was conducted 

for all experiments regardless of planned set-time (1d, 7d, and 7d 2nd). For those turf boxes subject to 

7d and 7d 2nd simulations, turf was subsequently irrigated on an approximate 72 hour basis to a depth 

of 8.4 mm with a final irrigation and a second trimming occurring 24 hours prior to the scheduled 

simulation. This post-application irrigation was necessary to maintain the turf in good health and was 

matched to estimated water needs given California’s Central Valley late summer growing conditions. 

Cut grass was gently removed from the surface and, therefore, did not contribute to insecticide 

residues in runoff. 

Determination of pyrethroids 

Neat standards of pyrethroids were obtained from ChemService, Inc. (West Chester, PA). An Agilent 

6890 gas chromatograph equipped with a J&D Scientific DB-5 column (30 m x 0.25 mm x 0.25 m), 

and Agilent micro-electron capture detector was used for the quantitative determination of 

pyrethroids in simulated stormwater runoff samples. Use of a slow thermal gradient (100°C to 200°C 

at 15°C/min; 200°C to 250°C at 5 °C/min; 250°C to 290°C at 7 °C/min and hold for 2.5 minutes) 

allowed resolution of cis and trans isomers of bifenthrin, λ cyhalothrin, β cyfluthrin, and 

esfenvalerate.  The inlet was set to 290°C and the detector set to 310°C.  

Sample extraction occurred 3 to 24 hours following sample collection. Due to the particularly high 

solids content of runoff samples from soils and turf, all soil and turf runoff samples were prepped 

for subsampling by first shaking the container to resuspend settled material followed by a 1-hour 

settling period after which approximately 200 mL sample aliquots were collected for extraction. For 

concrete runoff samples, pyrethroids were subsampled in the laboratory by shaking the container and 

drawing sample from mid-depth through a large-bore graduated pipette.  
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Extraction of pyrethroids was accomplished using an octadecyl (C-18) solid phase extraction 

cartridge (Supelco ENVI-C18) with a 500 mg sorbent bed. Pyrethroids were eluted with 10 mL of 

hexane/ethyl acetate (50/50 v/v; Fisher, Optima) and concentrated to 1 mL by nitrogen evaporation, 

or diluted if necessary to be within the range of calibration standards. For concrete runoff samples, 

batch permethrin matrix spike surrogate recoveries averaged 93%, with relative standard deviation 

between matrix spike duplicates of 4.9%. Soil and turf runoff samples proved more challenging, with 

batch permethrin matrix spike surrogate recoveries averaging 82% with a relative standard deviation 

of 8.7%. Measurements are reported without surrogate correction. 

Formulated products 

Six off-the-shelf general-use formulated products were used for experimentation (Table 2-1). 

Products were diluted, if necessary, and applied to surfaces per label specification and at label rates. 

In some cases labels did not indicate a specific rate of application, but provided a qualitative 

suggestion such as “wet the surface with a coarse spray but without soaking”. Product application 

was to the entire test plot and the application rate was recorded. Liquid products were applied either 

utilizing the supplied pump action hand sprayer or an aftermarket pump action hand sprayer (Delta 

Industries, PA). Granulated products were sprinkled so that the entire surface was evenly covered. 

TABLE 2-1.  Pyrethroid products tested and their characteristics 

Active 
Ingredient 

Product Type 
Product % a.i. 

(w/w) 
Surface of 

Application 
a.i. 

log Kow 
a.i. Solubility 

(μg/L) 

β cyfluthrin SC / Dilutable 2.5 C, S, T 5.97 2.3

λ cyhalothrin EC / Dilutable 0.5 C 7.00 5.0

esfenvalerate EC / RTU 0.0033 C 5.62 6.0

bifenthrin EC / Dilutable 0.30 S, T 6.40 0.014

γ cyhalothrin G  0.05 S, T 7.00 5.0

cyfluthrin G 0.1 S, T 5.97 2.3
 

a.i.: active ingredient; SC: suspension concentrate; EC: emulsifiable concentrate; G: granular; 
RTU:  ready-to-use; Kow and solubility from Laskowski, 2002 
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Effects investigation by ANOVA 

Factor and treatment level effects were evaluated by analysis of variance. Main factor effects used in 

the ANOVA evaluation were limited to formulation type, surface type, and product set-time, factors 

subject to alternative management practices. The resulting unbalanced three-way factorial design of 

the ANOVA model used a series of dummy variables in a regression context. The unbalanced nature 

of the study was principally due to inherent limitations resulting from label permitted applications. 

For example, the granular products did not explicitly permit applications to hard surfaces and, 

therefore, that treatment combination was omitted from the study. The experimental covariate of 

application rate was not considered in the experimental design because product labels set application 

based on the type of surface to which the product was to be applied – varying the application rate as 

an experimental covariate would have created a hypothetical context counter to label instructions and 

it was our intention to focus on those factors freely available to alternative management practices. 

The ANOVA model was constructed using R statistical software. Total mass runoff at 10 liters was 

used as the response variable, thereby normalizing total runoff volume differences associated with 

rainfall intensity. Use of a log transformation on the response variable was necessary to correct for 

nonconstancy of error variance and nonnormality of error terms. Treatment means were compared 

utilizing a Tukey’s 95% family confidence coefficient. 

RESULTS AND DISCUSSION 

Hydrologic Conditions 

Hydrologic conditions for the rainfall simulations are provided in Table 2-2. In comparison to 

similarly executed studies on turf and sparsely vegetated soil, hydrologic conditions achieved in this 

study were within the range of conditions observed by other investigators (Armbrust and Peeler, 

2002; Evans et al, 1998; Wauchope et al, 1990; Kramer et al, 2009; Smith and Bridges, 1996).  As 

expected, concrete surfaces yielded the highest rainfall recoveries and runoff rates, and turf surfaces 

yielded the lowest. Bare soil plots gave intermediate rainfall recoveries and runoff rates.  Overall 
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reproducibility was very good, with greatest variation associated with turf surfaces.  With the 

exception of the turf and soil simulations at the 25 mm/hr intensity which required additional time to 

obtain the desired 10 L of runoff, all simulations were terminated at exactly 60 minutes, thus yielding 

equivalent rainfall application volumes.  

TABLE 2-2. Rainfall intensity, rainfall applied, fraction of applied rainfall as runoff, runoff rate 
by surface type, and TSS loadings for all simulations [mean (%RSD)]. 

 
Rainfall Intensity 

(cm/hr) 
Rainfall 

Applied (cm) 
Rainfall as 
Runoff (%) 

Runoff Rate 
(L/min) 

10L TSS 
Loading (mg) 

Concrete 
2.5 2.5 (0) 88.8 (4.0) 0.23 (3.9) 99.6 (59.8) a

5.0 5.0 (0) 90.8 (1.2) 0.47 (2.2) 70.4 (57.7)

Soil 
2.5 4.4 (5.3) 33.8 (9.8) 0.11 (8.6) 2,210 (9.1)

5.0 5.0 (0) 67.6 (14.0) 0.36 (12.5) 3,090 (45.1)

Turf 
2.5 6.7 (19.4) 26.4 (23.2) 0.12 (26.3) 468 (55.7)

5.0 5.0 (0) 42.0 (26.5) 0.23 (19.3) 515 (47.9)
 
a  Represents 1d, 7d, and 7d 2nd pooled result.  Actual loadings on concrete are set-time 
 sensitive due to settled dusts -- 2.5 cm/hr at 1d: 40.8 (45.4);  
 2.5 cm/hr at 7d and 7d 2nd: 135 (33.5) 
 

 

Erosion and transport of particulate matter from surfaces was quantified as total suspended solids 

(TSS) concentration.  Results for TSS suffered from greater replicate variability than the other runoff 

parameters, but fit the expected trend of greatest particulate transport from soil, followed by turf and 

concrete.  Interestingly, runoff volume normalized TSS loading for soil did not show a significant 

sensitivity to rainfall intensity (t-test, α= 0.05).  Nevertheless, our suspended solids results are 

comparable to those of Kleinman et al (2004) who measured suspended solids in runoff from field 

and packed box plots under similar simulation conditions.  Observed turf TSS loadings, on the other 

hand, were artificially elevated due to the plot design.  Clay used to prevent short-circuiting of surface 

flow eroded slightly over the course of simulations, contributing fractionally to the measured TSS. 
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Pyrethroid Washoff 

Rainfall simulations resulted in order of magnitude differences in single incident total mass washoff 

(Table 2-3). When plotted against volume interval, resultant dissipation curves for initial application 

simulations showed a strong formulation relationship, with the suspension concentrate (SC) 

consistently yielding greater washoff losses (Figure 2-1). When factors are individually viewed in 

terms of rainfall intensity normalized 10 L mass washoff amounts (excluding 7d 2nd simulations), the 

strong influence of formulation is well observed in the descending trend in mass washoff in the form 

SC>EC>G (Figure 2-2a).  While the descending trend in mass washoff indicates the presence of an 

effect, the overlap in the range of mass washoff suggests that the factor effect is likely interacting 

with one or more other main factors.  Additional factors of surface type, product set-time, and 

rainfall intensity resulted in moderate to weak relationships (Figure 2b-2d).  

Although suspension concentrates generally yielded greater total mass washoff, the extent of washoff 

was clearly influenced by the surface type, as observed in the set-time aggregated interaction plot 

provided in Figure 2-3.  Emulsifiable concentrates, on the other hand, yielded very similar mass 

washoff fractions between concrete and turf, but yielded elevated washoff comparable to that of the 

suspension concentrate on bare soil. The fine textured silty Yolo soil resulted in substantial soil 

erosion, as indicated by the TSS measurements shown in Table 2-2, and the increased washoff of the 

EC formulated pyrethroid on soil is suspected to be associated with this erosion.   

Set time shows an expected trend of lower washoff totals with increased time between product 

application and product washoff, although it appears a relatively weak main factor (Figure 2b). While 

the rainfall intensity main factor plot suggests an overall trend toward lower mass washoff with 

increasing rainfall intensity (Figure 2d), this is primarily a product of the unbalanced design of the 

study where limited rainfall intensity simulation pairing was conducted for the soil and turf surface 

types. When appropriate pairs are compared in Table 2-3 (1d set-times only), doubled rainfall 

intensity generally yields increased 10 L mass washoff, with some exceptions. 
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FIGURE 2-1.  Washoff concentration profiles presented by formulation type for all 1 day and 7 day 
initial set time simulations.  Note the log scale of the y-axis 

 

Regardless of direction, differences between rainfall intensity 10 L mass washoff are not statistically 

significant (t-test, α = 0.05), suggesting that there is little difference in runoff availability of the 

various pyrethroid products relative to rainfall intensity. 

The timing and onset of runoff has been observed to be influential in other washoff studies. In 

simulated rainfall events over herbicide treated turf and bare soil plots, Wauchope et al (1990) 

observed a dependence of the total washoff on the timing of the onset of runoff, indicative of losses 

due to leaching. In this study, no time dependent runoff initiation relationship was observed when 

comparing across equivalent rainfall intensity simulations, suggesting that leaching of pyrethroid was 

not a significant pathway contributing to early onset immobilization of pyrethroid residues. This is 

likely an attribute of the physical-chemical properties of the pyrethroids, where strong partitioning 

keeps pyrethroid residues very near the surface preserving their availability for partitioning and 

transport during a runoff event.  
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FIGURE 2-2.  Average 10 L mass washoff aggregated by formulation type, set time, surface type, and 
rainfall intensity (1 day and 7 day initial set time simulations only).  Plot A compares washoff by 
formulation, plot B by set-time, plot C by surface type, and plot D, by rainfall intensity. 

 

An association was observed between the shape of the dissipation curve and the controlling factors 

of formulation and surface type. This dissipation curve phenomenon was most prominent on 

concrete surfaces with formulations utilizing high weight percentages of surfactant.  This observed 
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a time lag between peak runoff concentrations and cumulative runoff volume. Such a dissipation 

curve is to be expected from controlled release granules that require a period of wetting for 

pyrethroid dissolution to occur.  In fact, it is most likely that this dissolution rate limitation 

minimized overall granular washoff losses. 

 

 

FIGURE 2-3.  Comparison of treatment means matrix and interaction plot for 10L mass washoff 
expressing surface type against formulation (1d and 7d simulations only). An ‘x’ in the matrix 
indicates a significant difference at a 95% family confidence and blacked out cells indicate that no 
comparison was made.  Lines in the interaction plot connect mean washoff values between a 
particular surface and formulation type combination. Matrix coding is as follows (formulation/surface 
type/set-time interval) with formulation: suspension concentrate (S), emulsifiable concentrate (E), 
granular (G); surface type:  concrete (C), soil (S), turf (T); and set-time interval:  1 day (1), 7 days (7).  
For example, the treatment S/S/7 would be interpreted as suspension concentration on soil with a 
set-time of 7 days. 
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Successive washoff experiments showed a trend to lower washoff after the second simulation, but 

the extent of the reduction in washoff appeared to be formulation dependent.  As expected given 

their formulated properties, the granular formulations appear less sensitive to set time or successive 

simulation, yielding very similar mass washoff across simulations.  Although EC and SC pyrethroid 

washoff from successive simulations can be substantially less when compared to the corresponding 

initial event, the treated surfaces can remain a significant ongoing source of pyrethroids.  

Although application rate differences cannot be entirely discounted as a contributing factor, overall 

application rate appears a moderately weak correlative to 10 L mass washoff when all initial time 

interval simulations are pooled (Pearson’s r = 0.40).  Specific evidence for this moderately weak 

application rate correlation can be observed in the trend of EC product washoff across surface type. 

Active ingredient application rates on concrete were approximately 10 fold less than the application 

rate on bare soil and turf (Table 2-3).  EC product pyrethroid mass washoff from bare soil was 

significantly greater than mass-wash from concrete, but EC product pyrethroid mass-washoff from 

concrete was essentially the same as that for turf, despite the approximately 10 fold application rate 

difference. More importantly, however, an investigation into varied application rate would result in 

an unrealistic study scenario since application rate, closely related to product efficacy, is prescribed 

on product labels and thus, in essence, represents a fixed management variable. 

ANOVA investigation of treatment effects 

An ANOVA model limited to an investigation on formulation, surface type, and initial application 

set time (1d and 7d only) with 10 L mass washoff as the response variable was constructed to more 

quantitatively investigate our observations. Statistical inference was limited to these three main 

factors primarily due to their apparent influence, as graphically presented in Figure 2-2, and due to 

their amenability to management action (i.e., physical mitigation). Statistical inference by ANOVA 

was further limited by structurally absent granular applications to concrete, as no granular product 

tested was explicitly labeled for such use. As suggested in Figure 2-3, interactions between 
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formulation and surface type were found to be significant (p <0.001), with surface type moderating 

formulation effects, thus treatment effects in lieu of main factor effects were investigated. Results of 

the ANOVA analysis are presented in matrix form in Figure 2-3.  The unfortunate consequence of 

such a statistical limitation is the restriction of inference to a series of pair-wise comparisons and 

contrasts.  While the central tendency of the average mass washoff depicted in Figure 2-2 suggests a 

main factor effect for formulation and surface type, due to the significant interaction the analysis is 

confined to the treatment means, versus the more desirable factor effect means. 

What the statistical analysis of the treatment means highlighted, however, was the importance of 

product formulation in combination with surface type. We anticipated that surface type would be the 

greatest determinant of washoff, with formulation playing a lesser moderating role, but the orders of 

magnitude difference in washoff losses largely associated with formulation were unexpected. Looking 

primarily to formulation, application of the SC on concrete resulted in significantly greater mass 

washoff than any other treatment combination while application of the granule products on turf 

resulted in significantly less mass washoff than any other treatment. Overall, treatments with the 

granular products resulted in significantly less mass washoff in comparison to the tested liquid EC 

and SC products. 

With rainfall intensity results pooled in the ANOVA model, extended product set-time did not result 

in significantly less 10L mass washoff when equivalent comparisons of like-formulation on like-

surface are made. As such, it could be inferred that product set-time is a weak controlling factor. 

However, in drawing such a conclusion, the unbalanced study design, the pooling of both 25 mm/hr 

and 50 mm/hr simulation results, and the nature of multiple comparison analysis must be 

considered. Extended set-time indeed does result in lower mean point estimates, but longer set-times 

of possibly weeks in time-span are likely necessary before statistically significant differences would be 

observed. We did not focus our attention on such extended set-times primarily because longer set-
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time intervals could not be reliably implemented as a mitigation strategy, since the accuracy of 

weather predictions or rainfall forecasts diminishes quickly with the length of the projection. 

CONCLUSIONS 

Although it would appear we could make recommendations as to the environmentally superior 

insecticide treatment or the environmentally superior formulation, we are reluctant to do so. The 

significant interaction between formulation and surface type introduces a challenging complexity that 

limits our abilities to confidently extrapolate beyond the specific treatments included in this study. 

What we can conclude from this study, however, is that factors of formulation and surface type will 

likely yield themselves most amenable to management and mitigation with greatest effect. But even 

here, caution is advised. 

There can be no disputing that pyrethroid residues may be transported from their surface of 

application, and in some cases transported in substantial quantity. Evidence points to the importance 

of applications to impervious surfaces and the associated contributing factor of formulation. 

Suspension concentrates and other flowable formulations represent a significant proportion of the 

pyrethroid product market, particularly among professional pest control operators, and their use on 

impervious surfaces should be evaluated critically in light of the evidence presented here.  In 

addition, the means by which these data were collected, where mass applied to a surface and product 

set-time were measured, and where washoff masses were measured at multiple intervals over the 

course of a 1-hour simulation, makes these data suitable for use in deriving washoff functions and 

coefficients necessary for watershed modeling.   
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CHAPTER 3  
FORMULATION EFFECTS AND THE OFF-TARGET TRANSPORT OF 

PYRETHROID INSECTICIDES FROM URBAN HARD SURFACES† 

 

ABSTRACT 

Controlled rainfall experiments utilizing drop forming rainfall simulators were conducted to study 

various factors contributing to off-target transport of off-the-shelf formulated pyrethroid insecticides 

from concrete surfaces. Factors evaluated included active ingredient, product formulation, time 

between application and rainfall (set time), and rainfall intensity. As much as 60% and as little as 

0.8% of pyrethroid applied could be recovered in surface runoff depending primarily on product 

formulation, and to a lesser extent on product set time. Resulting washoff profiles during one-hour 

storm simulations could be categorized based on formulation, with formulations utilizing emulsifying 

surfactants rather than organic solvents resulting in unique washoff profiles with overall higher 

washoff efficiency. These higher washoff efficiency profiles were qualitatively replicated by applying 

formulation-free neat pyrethroid in the presence of independently applied linear alkyl benzene 

sulfonate (LAS) surfactant, suggesting that the surfactant component of some formulated products 

may be influential in pyrethroid washoff from urban hard surfaces.  In addition, batch desorption 

experiments utilizing bifenthrin on crushed concrete and aggregate in the presence of LAS 

demonstrated significantly enhanced solubilization of bifenthrin at LAS concentrations equivalent to 

one-quarter of its critical micelle concentration. 

INTRODUCTION 

Studies conducted throughout the nation have documented pyrethroid insecticide concentrations in 

urban waterways that exceed known toxicity thresholds for the protection of aquatic life (Weston et 

                                                            
† Article was first published in Environmental Science & Technology, Vol. 44:4951-4957 (Jorgenson and Young, 
2010).  This version incorporates Supporting Information, and material that was not available at time of 
publication (i.e., batch desorption experiments).  
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al, 2005; Holmes et al, 2008; Hintzen et al, 2009).  In a specific urban watershed study conducted in 

the Central Valley of California, pyrethroid insecticides detected in urban creek sediments were 

found to significantly correlate with acute mortality in amphipod-based toxicity bioassays, with a 

strong proximal relationship to residential development and associated stormwater outfalls (Weston 

et al, 2005). Pyrethroid-related sediment toxicity has similarly been observed from single-family home 

dominated urban watersheds in central Texas (Hintzen et al, 2009). In a targeted urban monitoring 

study, chemical analysis of both dry- and wet-weather runoff from single-family homes in California’s 

central valley consistently detected pyrethroid insecticides, with frequent detections of bifenthrin, 

permethrin, and cyfluthrin (Weston et al, 2009). These studies point to applications on residential 

landscapes and structures as likely sources of pyrethroid insecticides in urban streams. 

An improved understanding of the particular sources and mechanisms by which pyrethroid 

insecticides are transported away from their point of application is necessary to more effectively 

consider strategies to reduce or eliminate their impact on the aquatic environment. When considering 

the fate and transport of a pesticide in the environment, engineers, scientists and resource managers 

first consider the physical and chemical properties of the active ingredient. It is often the practice, 

however, to neglect the possible effects of pesticide product formulation and the components that 

make up that mixture. Formulated pesticide products are complex mixtures comprising numerous 

substances that may improve active ingredient efficacy, product delivery and product application. 

Numerous small-scale pesticide washoff studies have been conducted on turf and bare soils and have 

identified factors of active ingredient chemical/physical property, product formulation, 

rainfall/runoff intensity, and product set time as important variables controlling pesticide washoff 

(Armbrust and Peeler, 2002; Cole et al, 1997; Evans et al, 1998; Wauchope et al, 1990; Gouy et al, 

1999). Chief among these controlling variables are the physical and chemical properties of the active 

ingredients themselves. Intuitively, those active ingredients with lower aqueous solubility and greater 

organic matter normalized partition coefficients (Koc) routinely result in lower washoff fractions and 
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lower total mass washoff in comparison to those active ingredients with higher aqueous solubility 

and lower organic matter partitioning. 

Comparatively few studies have looked at pesticide washoff from mineral-based and essentially 

impervious hard surfaces such as concrete. In Ramwell (2005), runoff of herbicide from concrete and 

asphalt was examined. In that study, Koc was a poor predictor of actual sorption of herbicide to 

concrete, with actual sorption being fairly limited. Many differences exist between pyrethroid 

insecticides and the relatively water soluble herbicides tested by Ramwell, but a model environmental 

system where pesticide washoff is maximized can be imagined as one where the application surface is 

virtually devoid of organic matter and virtually impervious to infiltrating water, such as concrete 

sprayed in the course of post-construction residential pest control. 

In this study our principal objectives were to quantify the transport of pyrethroid insecticides from 

concrete treated with a variety of commercially formulated liquid products available off-the-shelf for 

residential structural pest control and to identify the key factors controlling the extent of washoff. At 

the outset of this study we anticipated that pyrethroid washoff from concrete would principally 

correlate with the chemical properties of the specific active ingredients such that individual product 

washoff fraction would be correlated with the octanol-water partition coefficient (Kow), with some 

additional variability attributable to product specific formulation and precipitation event 

characteristics. Our observation of distinctly different washoff profiles and washoff masses among 

the formulated products led to our interest in formulation components commonly referred to as 

‘inert’ or ‘other’ ingredients, and to the specific possibility that surfactants could enhance or facilitate 

transport of pyrethroid insecticide from concrete surfaces.  The four commercial products tested in 

this study include different active ingredients, different formulation bases, and comparatively 

different weight percentages and classes of surfactant (e.g., anionic and/or nonionic surfactants). 

These differences, combined with associated studies with model systems containing selected active 
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ingredients and formulation components, were used to draw conclusions about the factors 

controlling the extent of insecticide washoff. 

METHODS 

Rainfall Simulations 

Drop forming rainfall simulators were designed and calibrated to specifications outlined by Battany 

and Grismer (2000). Needle panels loaded with 23-gauge hypodermic syringe needles (B-D Precision 

Glide) were elevated 1.6 meters above the target surface, producing a homogeneous drop pattern and 

drop size that impacted the target surface at approximately 60% of terminal velocity (Laws, 1941). 

Simulators used a local treated groundwater supply (average hardness: 120 ppm) which was 

dechlorinated by granulated activated carbon filtration. Temperature of simulated rainfall averaged 

19°C over the course of the study.  

Surface runoff from simulations was collected as timed volume intervals, allowing for the 

measurement of both average runoff rate and total volume of simulated runoff (Table 3-1). 

Simulations were designed to control for five variables, including rainfall intensity, slope, product set 

time, pyrethroid active ingredient, and formulation type. Slope was held constant at 4 degrees from 

the horizontal. Rainfall intensity was controlled at either 25 mm/hr or 50 mm/hr, and simulations 

were performed for 60 minutes. Product set times investigated were 1.5 hours, 24 hours, and seven 

days from the time of product application. On some surfaces, successive simulations were conducted 

without intervening product application, starting at 1.5 h, 7 d, 21 d and 49 d after the initial 

application (1.5h, 7d 2nd, 21d 3rd, 49d 4th). 

Ten 80x80 cm plywood forms were constructed and 5 cm concrete slabs poured (Quickrete 5000). 

The surface of the concrete was brushed perpendicular to the course of surface flow and sealed to 

the forms with self leveling crack sealant (Quickrete No 8640). Plywood forms extended 5 cm above 

the concrete surface on 3 sides. Runoff was directed over a galvanized sheet metal lip into an 
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aluminum collection channel. Runoff was collected from the channel though a short length of 

flexible siliconized tubing into pre-cleaned amber glass bottles (I-Chem 200 Series). A galvanized 

sheet metal shield, connected to the plywood forms, covered the lip and collection channel. The 

concrete surface was allowed to cure and weather with repeated washings prior to use in simulations. 

Prior to each product application, concrete surfaces were washed with water to remove settled 

material then allowed to dry. Treated slabs were stored outdoors where they were exposed to natural 

sunlight. 

TABLE 3-1.  Rainfall simulator performance 

Intensity (mm/hr) 25 50 

Average steady-state  runoff rate (L/min) 0.24 0.47 

Average cumulative runoff (L) 14.0 28.5 

CV runoff rate 0.037 0.027 

n replicates 38 14 
 

CV: coefficient of variation 
 

  

 

Determination of Pyrethroid, Surfactants, Suspended Solids 

Neat standards of pyrethroids and C10-C16 LAS were obtained from ChemService, Inc. (West 

Chester, PA). It was determined by fast atom bombardment mass spectroscopy (FAB-MS) that three 

of the four products tested in this study contained LAS to varying degree, therefore LAS was selected 

as a model surfactant for experimentation purposes. The CMC of the LAS in deionized water was 

determined to be 250 mg/L using a SensaDyne QC6000 surface tensiometer in static mode at a 

bubble frequency of 0.8 bubbles/minute. Tensiometer data was plotted as the log of LAS 

concentration against surface tension, where CMC was taken as the intersection of two distinctly 

linear portions of the plot (Mukerjee and Mysels, 1971).  By the same means, the CMC of LAS in 

buffer water was found to be 500 mg/L. 

Extraction for pyrethroids and surfactants occurred between 3 and 24 hours following sample 

collection. Samples for pyrethroids and surfactants were subsampled in the laboratory by shaking the 
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container to resuspend settled material and immediately drawing sample from mid-depth through a 

large-bore graduated pipette. For this study, batch permethrin matrix spike surrogate recoveries 

averaged 93%, with average relative standard deviation between matrix spike duplicates of 4.9%.  

Separate extraction of both pyrethroid and LAS surfactant was accomplished using an octodecyl (C-

18) solid phase extraction cartridge (Supelco ENVI-C18) with a 500 mg sorbent bed. Pyrethroids 

were eluted with 10 mL mixture hexane/ethyl acetate (50/50 v/v; Fisher, Optima) and concentrated 

to 1 mL by nitrogen evaporation, or diluted if necessary. Surfactant was eluted with 10 mL methanol 

(Fisher, Optima) and similarly concentrated to 1 mL by nitrogen evaporation. 

Quantitative determination of pyrethroids in simulated stormwater runoff samples was accomplished 

using an Agilent 6890 gas chromatograph with electron capture detection.  Through use of a J&D 

Scientific DB-5 column (30 m x 0.25 mm x 0.25 m) and a slow thermal gradient (100°C to 200°C at 

15°C/min; 200°C to 250°C at 5 °C/min; 250°C to 290°C at 7 °C/min and hold for 2.5 minutes), 

resolution of cis and trans isomers could be obtained for bifenthrin, λ cyhalothrin, β cyfluthrin, and 

esfenvalerate.  

Quantitative determination of LAS surfactant and qualitative investigation of formulated pyrethroid 

pesticide product composition were accomplished using an Agilent 1200 liquid chromatograph with 

diode array detection measuring at a 230 nm wavelength and inline with an Agilent 1200 evaporative 

light scattering detector (ELSD). Individual surfactant homologues were partially resolved utilizing a 

Dionex Acclaim surfactant column (4.6 x 250 mm x 5 μm) and slow mobile phase gradient 

(acetonitrile:ammonium acetate buffered water; pH 5.4; 35% to 95% ACN over 25 minutes and hold 

for 5 minutes).  

Negative and positive ion fast atom bombardment (FAB) mass spectra were obtained for all 

formulated products utilizing a JEOL MSroute JMS-600h double focusing mass spectrometer and 

surfactants identified by comparison to mass fragment tables presented in Ventura et al (1989). The 
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FAB matrix consisted of 3-nitro benzyl alcohol and the samples were bombarded utilizing a xenon 

gun set to 2 keV. Analysis was performed by Drs. Jennifer Field and Jeff Morre of Oregon State 

University. 

Total suspended solids analysis was conducted using a Whatman glass fiber filter (Whatman 934AH) 

following standard protocol (Eaton et al, 2005). After being sub-sampled for pyrethroid and/or 

surfactant analysis, the remainder of the sample up to 1 L was passed through a clean and pre-

weighed glass fiber filter. Dried residue mass was measured and results reported as milligrams per 

liter. 

Field Simulations with Formulated Products 

Four off-the-shelf general-use formulated products with labels permitting application to foundations 

and patios were tested (Table 3-2). Products were prepared and applied to concrete surfaces per 

label specification and at label rates. Product labels did not prescribe a specific mass-per-area 

application rate, but rather generally specified that the surface be thoroughly “wetted with a coarse 

spray but without soaking”. In order to normalize surface treatment, application was conducted so 

that the entire concrete surface was wetted (approximately 55-65 grams of formulated product 

measured gravimetrically), with actual application rate recorded. Although application of formulated 

products were conducted in a similar manner and a similar volume, differences in active ingredient 

weight percentages resulted in different application masses across products. In those cases where the 

product was sold ready-to-use (RTU), the supplied pump action hand sprayer was utilized. In those 

cases where the product was sold as a dilutable liquid concentrate, a separately purchased home-and-

garden pump action hand sprayer was used (Delta Industries, PA). Nozzles were adjusted to deliver a 

visually similar circular spray pattern. Manufacturer supplied or aftermarket sprayers generated a 

consistent circular spray pattern but visually heterogeneous drop size. 
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TABLE 3-2. Formulated residential-use products tested 

Active 
Ingredient Product Type 

Product % 
a.i. (w/w) 

a.i. log 
Kow 

a.i. Solubility 
(μg/L) 

β cyfluthrin SC / Dilutable 2.5 5.97 2.3 

λ cyhalothrin EC / Dilutable 0.50 7.00 5.0 

esfenvalerate EC / RTU 0.0033 5.62 6.0 

bifenthrin CE / RTU 0.050 6.40 0.014 
 

a.i.: active ingredient; SC: suspension concentrate; EC: emulsifiable concentrate; CE: 
microemulsion; RTU:  ready-to-use; Kow and solubility from Laskowski, (2002) 
 

 

Field Simulations with Neat Pyrethroids 

To investigate washoff of pyrethroids free of any influence from formulation inerts, neat pyrethroid 

washoff experiments were conducted utilizing esfenvalerate and bifenthrin. Neat esfenvalerate and 

bifenthrin were dissolved in hexane and applied to clean concrete surfaces at similar mass rates of 

application to their corresponding esfenvalerate EC and bifenthrin CE products. The hexane carrier 

was allowed to evaporate followed by a 25 mm/hr simulation 1.5 hours after application. 

Field Simulations with Neat Bifenthrin and LAS 

To investigate the role of surfactants in the washoff of pyrethroids, an experiment with neat 

bifenthrin and LAS was conducted. Bifenthrin was first applied to the concrete surface in hexane at a 

rate equivalent to the corresponding bifenthrin CE product. The hexane was allowed to evaporate 

upon which LAS dissolved in deionized water was then applied to the same surface. LAS was applied 

at a rate of 906 mg/m2. The deionized water carrier was allowed to evaporate followed by a 25 

mm/hr simulation 1.5 hours after application. 

Laboratory Batch Desorption Experiments 

Batch desorption experiments were conducted utilizing bifenthrin surface loading rates representative 

of actual field application conditions.  Mechanistically, the desorption experiments were executed in 

similar fashion to the adsorption isotherm experiments of Achoora (2010), with the following 

exceptions noted here.   
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Spiked samples of crushed concrete and aggregate were prepared by allowing bifenthrin dissolved in 

hexane to dry to the surface.  Adsorbent samples were immersed in the bifenthrin solution, and the 

hexane was allowed to evaporate under a gentle stream of nitrogen at ambient temperatures in the 

lab for 14 hours.  Upon completion of drying, approximately 150 mg of aggregate or 200 mg of 

concrete were added to centrifuge vials, to which 40 mL of buffered LAS solution was added.  The 

concentration of LAS was varied, with triplicate tubes prepared with the same amount of bifenthrin 

spiked adsorbent, and either 0.05, 0.125, 0.25, or 1.0 g/L LAS.  For control, triplicate tubes of 

aggregate and concrete were prepared with 40 mL buffer without LAS.  In order to more closely 

represent actual field condition, prepared tubes were tumbled for only one hour.  Tubes were 

subsequently centrifuged and the aqueous concentration of bifenthrin was quantified. 

RESULTS AND DISCUSSION 

Formulated Product Rainfall Simulations 

Rainfall simulations with formulated pesticide products resulted in distinctive washoff profiles 

(Figure 3-1). As a percentage of the total mass removed from the concrete surface over the course 

of an experiment, the profiles either took a form characterized by a steep initial dissipation rate 

followed by a more steady rate, which we refer to throughout this paper as a Type A profile, or the 

form of a relatively steady dissipation rate over the duration of the experiment, with more constant 

concentration of pyrethroid in runoff, which we refer to as a Type B profile. In the Type A cases, 

approximately 70 to 90 percent of the total mass removed over the simulation was contained within 

the first 2 liters of runoff, whereas the corresponding volume for the Type B cases contained only 30 

to 45 percent of the total mass that was ultimately removed.  This trend held across experiments, 

despite factors of rainfall intensity, initial product set time, or application rate. However, upon 

successive washoff events of a single initial application, Type A profiles gradually took the form of 

Type B profiles (e.g., Figure 3-1, 25/49d 4th). 
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Type A Type B 

 

 

FIGURE 3-1.  Type A and Type B dissipation profiles of formulated pyrethroid pesticide products as 
percent of cumulative runoff volume and percent of cumulative mass washoff divided into those with 
rapid dissipation (Type A) and those with steady dissipation (Type B). Legend reports intensity 
(mm/hr)/product set-time (hours or days). 

 

Products applied at label rates to concrete resulted in orders-of-magnitude differences in total mass 

washoff and event mean concentration (EMC) among the tested products (Table 3-3). Event mean 
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concentration nearly reached or far exceeded aqueous solubility thresholds for the pyrethroids in 

most simulations. For the β cyfluthrin suspension concentrate (SC) product at an initial set-time of 

1.5h and a 25 mm/hr simulation, the EMC exceeded aqueous solubility by some 280 times. For λ 

cyhalothrin and esfenvalerate emulsifiable concentrate (EC) products at an initial set-time of 1.5h and 

a 25 mm/hr simulation, EMC values were approximately one-half and one-third aqueous solubility, 

respectively. As a percentage of the total mass applied, the β cylfuthrin SC product had the highest 

washoff factor, followed by 2007 bifenthrin micro-emulsion (CE), λ cyhalothrin EC, and 

esfenvalerate EC products. 

Prior to product application, concrete surfaces were washed to remove settled material that had 

accumulated on the surface. As an uncontrolled experimental covariate total suspended solids (TSS) 

was measured for all volume intervals. No positive correlation was observed between TSS and total 

pyrethroid washoff. 

For all products tested, increased product set-time resulted in decreased washoff. For the β cyfluthrin 

SC product an approximate 9-fold decrease in total mass washoff was observed for comparable 25 

mm/hr simulations between the 1.5h and 7d set-time intervals. Decrease in washoff was further 

amplified with the 7d 2nd, 21d 3rd, and 49d 4th repeated simulations, despite the fact that 40 percent of 

the applied β cyfluthrin mass was not washed off during the initial 1.5h set-time simulation, much of 

which presumably remained on the surface. Attempts to recover the residual product using solvent 

washes failed to close the mass balance, presumably because the product had infiltrated the concrete 

surface.  At least some active ingredient persisted on the concrete surfaces for long periods, with 

measurable masses washed off even after set times of 238 days (Figure 3-2).  

It is interesting to note that doubling rainfall intensity did not necessarily lead to greater mass 

washoff for all products tested. For the β cyfluthrin SC and 2007 bifenthrin CE 1.5h set-time 

experiments, greater mass washoff was observed for the lower intensity 25 mm/hr simulations. 

Inherent replicate variability in early set-time experiments precludes making determinations of 
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statistical significance, yet mean point estimates follow other expected trends lending validity to the 

unintuitive observation. 

 

FIGURE 3-2.  Bifenthrin mass in runoff collected from 2007 bifenthrin CE treated concrete over a 238 
day study period. 

 

Variability between replicates, as measured by standard deviation in Table 3-3, generally decreased 

with increasing set-time and successive simulation. This is not unexpected given the limited 

replication coupled with amplifying physical factors such as variable surface microtopology, 

crudeness of application technique, and variable product specific drying rates. Although 1.5 hours 

was sufficient for the surfaces to appear visually dry after an application, the spreading and final 

disposition of spray droplets likely remained dynamic. Due to the use of simple pump-action bottle 

sprayers, the spray droplets and spray pattern were not homogeneous; a condition expected in the 

field because numerous residential pesticide products are sold in pump-action spray containers. 

These factors taken together contributed to measured variability between replicates. It is worth 

noting, however, that regardless of product, application rate, rainfall intensity, and initial set time, 

runoff concentration in the static latter half of the dissipation profile were generally within a factor of 

ten from each other, ranging from 0.11 to 6.8 μg/L. Only the β cyfluthrin SC product deviated from 
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this trend, and only for the 25 mm/hr, 1.5 and 24 hour set-time simulations. In these two 

simulations, final concentrations were 19 and 11 μg/L, respectively. 

Pearson’s correlation coefficients indicated weak relationship between total mass washoff and 

application rate (r=0.186) and total mass washoff and active ingredient KOW (r=-0.313). To further 

test the contributing factors of application rate and product formulation, simulations were conducted 

utilizing bifenthrin and esfenvalerate applied to concrete surfaces free of any chemical formulation. 

Pyrethroids were applied at mass loadings equivalent to those produced by their respective 

formulated products, but were applied to the surface in hexane. As shown in Figure 3-1, dissipation 

assumed the Type B profile. Differences between the total mass washoff for neat bifenthrin and neat 

esfenvalerate were statistically insignificant (two-tailed t-test: p = 0.50; p = 0.24), despite the 15-fold 

difference in their application rates (Table 3-3). Contrary to what we originally hypothesized, 

application rate and physical/chemical property differences between specific pyrethroid active 

ingredients could not sufficiently explain the differences in dissipation profile or total mass washoff 

between the formulated products. 

Investigation into Formulation Differences 

Commercially formulated liquid products are often complex mixtures of numerous inactive 

ingredients, including emulsifying agents, solvents, adjuvants, defoaming agents, antimicrobial agents, 

pH stabilizers, and water. Surfactants and solvents are known to be useful cosolvents of hydrophobic 

organic compounds and rise to immediate interest when we consider possible formulation effects on 

pyrethroid washoff.  

In this particular study, we used commercially formulated pyrethroid products that could be classified 

as a suspension concentrate, a micro-emulsion, or an emulsifiable concentrate. As depicted in 

Figure 3-1, suspension concentrates and micro-emulsions yield Type A dissipation profiles and 

comparatively high fractional washoff, whereas emulsifiable concentrates yielded Type B dissipation 

profiles and comparatively low fractional washoff. Furthermore, products formulated as suspension 
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concentrates and micro-emulsions contain high mass percentages of surfactant and little to no 

organic solvent whereas emulsifiable concentrates utilize high mass percentages of organic solvent 

and comparatively lower mass percentages of surfactant. When a hypothetical spray droplet 

intercepts a surface, the volatile components such as water and solvent will evaporate leaving a 

residue of active ingredient, surfactant, and other low volatility components. With this picture in 

mind, we hypothesized that the residual surfactant co-applied with the pyrethroid active ingredient 

may have contributed to the enhanced washoff we had observed. 

Through their amphiphilic nature, surfactants find their utility in many commercial products by 

reducing interfacial tension. Below the critical micelle concentration (CMC), surfactant molecules in 

an aqueous solution are found in freely dissolved monomeric form (Edwards et al, 1991), while above 

the CMC, the total amount of surfactant can be described as divided between monomeric and 

micellar forms. While surfactant in non-aggregated monomeric form can increase the aqueous 

solubility of sparingly soluble hydrophobic compounds (Kile and Chiou, 1989), much the same way 

as is postulated for aqueous systems containing colloidal organic macromolecules (Chiou et al, 1986), 

it is the presence of micelles that largely endows a surfactant with the characteristic of a unique, and 

at times powerful, cosolvent (Edwards et al, 1991; Kile and Chiou, 1989; Rosen, 1989). 

The usage of surfactants as emulsifiers in liquid pesticide formulations can be rather complex. In the 

particular case of suspension concentrates and micro-emulsions, these formulations often involve 

mixtures of different surfactants and/or surfactant classes. We wished to better understand the 

surfactant composition of our products, so we subjected them to analysis by HPLC-ELSD and FAB-

MS. Through the assistance of these analytical tools, we were able to elucidate surfactant classes, and 

in some cases unequivocally identify the surfactant present (Table 3-4).  

To illustrate the complexity of these formulations, Figure 3-3 presents the ELSD chromatogram for 

our bifenthrin CE product. Over the course of this study the original bifenthrin CE product 

purchased late in 2007 was completely consumed. A second identically labeled product was  
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TABLE 3-4.  Commercial product surfactant composition 

Commercial Product Surfactant Class Surfactant Type 

β cyfluthrin SC nonionic unknown polyethoxylate 

λ cyhalothrin EC anionic C8-C16 LAS 

esfenvalerate EC anionic C10-C15 LAS 

2007 bifenthrin CE nonionic/anionic C10-C14 LAS; PEO-PPO block copolymer 

2009 bifenthrin CE nonionic/anionic C10-C14 LAS; PEO-PPO block copolymer 
 

SC: suspension concentrate; EC: emulsifiable concentrate; CE: microemulsion; LAS: linear 
alkylbenzene sulfonate; PEO-PPO: polyethylene oxide-polypropylene oxide 
 

 

 

 

 

FIGURE 3-3.  LC-ELSD chromatograms of 2007 and 2009 bifenthrin CE products at equivalent 
product concentration, clearly indicating change in formulation composition. 

 

purchased in early 2009. By ELSD, the 2007 bifenthrin CE product was shown to contain LAS at an 

equivalent concentration of 1.59 g/L (identified through comparison to our LAS standard) and some 

unknown multi-homologue nonionic surfactant (identified by relative retention time), whereas LAS 

was not detected in the 2009 bifenthrin CE product, but the peak area in the nonionic surfactant 

Nonionic block copoly mer 

Nonionic block copoly mer 

Linear Alky lbenzene Sulfonate Bifenthrin 

Bifenthrin 

2007 Bifenthrin CE 

2009 Bifenthrin CE 
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retention time window nearly doubled. Analysis of product samples by FAB was unable to ascertain 

relative concentration of identified components but did confirm the presence of LAS in both 

product samples, despite its apparent absence based on the ELSD analysis of the 2009 bifenthrin CE 

product (the effective instrument quantification limit of our ELSD for LAS is approximately 50 

mg/L, and there was little available product sample for concentration purposes). Both products also 

contained a complex mass signature similar to that of some polyethylene oxide (PEO) and 

polypropylene oxide (PPO) block co-polymers. While the specific nature of the hydrophobic 

polymeric unit could not be identified, FAB analysis established that the nature of this hydrophobe 

changed between products, as evidenced by a consistent base-shift in the mass spectrum between 

products.  

As illustrated by our experience with the bifenthrin CE product, formulation of commercial end-use 

products can be a moving target. What is interesting about this apparent reformulation, however, is 

our observation regarding corresponding total mass washoff between 2007 and 2009 products. As 

shown in Table 3-3, at the lower rainfall intensity of 25 mm/hr and a set time of 1.5 hours, the 2009 

product yielded 3-fold less total washoff and EMC than its 2007 counterpart (two-tailed t-test; 

p=0.138). Although replicate variability precludes findings of statistical significance, it does bring us 

to question the role of product formulation - specifically the type and concentration of surfactant 

blend – on the corresponding nature of how and how much pyrethroid mass is removed from a 

concrete surface by rainfall. 

While it is evident in the results of Table 3-3 that formulation is a contributing factor to washoff, 

formulation is not a truly decomposed and singly isolatable contributing factor. As previously noted, 

working with commercially formulated products presents a number of challenges and our desire was 

to test a model system that would include only active ingredient and surfactant, free of any other 

convoluting formulation components. To test the role of surfactant in determining the observed 

dissipation profile and total mass washoff, the simulation utilizing neat bifenthrin on concrete was 
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repeated with the addition of LAS (Table 3-4).  In the presence of LAS, bifenthrin dissipation 

assumed a Type A profile (Figure 3-4) with a nearly seven-fold increase in total mass washoff and 

EMC (Table 3-3). In this LAS co-solvated bifenthrin simulation, LAS was applied at a rate of 906 

mg/m2. As shown in Figure 3-4, average initial LAS concentration in runoff was 57.6 mg/L, or 

approximately one-fifth the measured aqueous CMC. At this concentration LAS would entirely be 

represented in monomeric form, yet evidently still sufficient to enhance the dissolution and 

solubilization of bifenthrin. This period of enhancement is rather short-lived, however, with 

concentration of LAS co-solvated bifenthrin reaching that of neat bifenthrin after approximately the 

first 5 liters of runoff. At this point, 19.1 mg/L LAS appears a relatively ineffective cosolvent of 

bifenthrin. 

 

FIGURE 3-4. Average concentration of bifenthrin and LAS in simulated runoff from LAS/bifenthrin 
treated concrete surfaces at 25 mm/hr rainfall intensity and 1.5h set-time.  Error bars represent a 
single standard deviation. 

 

Although use of LAS resulted in a Type A dissipation profile and enhanced mass removal, the total 

mass removed did not approach the magnitude of that removed for the β cyfluthrin SC product or 

the 2007 bifenthrin CE product. Although no experiment was conducted to specifically examine this 

phenomenon, such an outcome is likely due to the complex nature of the SC and CE formulations 
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relative to the simple two component system of bifenthrin and LAS. While formulated active 

ingredients dry to the concrete surfaces as a homogeneous mixed residue of pyrethroid and 

surfactant, in our model system bifenthrin and LAS, which were applied independently, would have 

dried as heterogeneous isolated residues. Furthermore, as is the case with SC formulations where the 

active ingredient is a milled solid typically in the 2 to 8 μm range, the active ingredients may be in 

different physical forms (Halliday, 1983). Surfactants are adsorbed to the surface of these particles, 

allowing for particle dispersion in water. After application and evaporation of the aqueous medium, 

surfactants may remain adsorbed to the particle surface allowing the particle to be more readily 

rewetted and dispersed in overlying runoff during a precipitation event. Such a case could plausibly 

lead to large mass transport due not only to the dynamics of surfactant movement, but also the 

physics of particle movement. In contrast, formulated micro-emulsions are thermodynamically stable 

three-component systems comprised of water, oil and surfactant. The oil represents a liquid technical 

grade active ingredient, or a solid technical grade active ingredient dissolved in a small amount of 

solvent, whereas the emulsifying surfactants are typically a blend of nonionic and anionic surfactants 

(Skelton et al, 1988).  

Enhanced solubility of hydrophobes at surfactant concentrations below the CMC is an unusual 

phenomenon, and one that colleagues could not confirm through simple batch adsorption 

experiments (Achoora, 2010). We desired a second line of evidence under even more controlled 

conditions to validate our small scale field simulation observations.  In a final set of experiments, 

bifenthrin was sorbed to crushed concrete and aggregate at mass loading rates equivalent to those in 

the field simulations. This bifenthrin sorbed concrete and aggregate was subsequently tumbled with 

water containing LAS at different factors of its CMC.  As illustrated in Figure 3-5, statistically 

significant (t test, α = 0.05) solubility enhancement was observed at 125 mg/L LAS, or approximately 

one quarter the CMC in buffer water.  Dramatic solubility enhancement was observed at twice the 

CMC, yielding concentrations of bifenthrin several orders of magnitude above its aqueous solubility 

threshold. 
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FIGURE 3-5. Batch desorption experiment results showing bifenthrin solublity enhancement 
concentrations of LAS below its CMC.  Statistically significant difference between controls with no 
LAS and treatments with LAS are indicated with a * (p < 0.05).  Error bars represent a single standard 
deviation within an experimental treatment (n = 3). 

 

To fully understand the role of product formulation, one must consider the specific components 

comprising a particular formulation. Although we have specifically focused on the contribution of 

surfactants as emulsifying agents, surfactants and oils, if present, can additionally serve the role as 

adjuvants. Spray drop retention, spreading, and rainfastness are often important properties of 

formulated pesticide products, particularly in application to leaf surfaces (Bukovac et al, 2003). In 

agricultural applications, the role of formulation adjuvants in a purposefully mixed package is well 

understood, but there is scant information in the literature as to effect of adjuvants on the 

environmental fate of active ingredients. As we have demonstrated in this study with LAS, it is 

possible for surfactant, if applied in sufficient quantity, to facilitate enhanced washoff, but it is also a 

possibility that other components in the formulation package may contribute in some antagonistic 

way as well. 

An investigation into such a possibility would require a greater understanding and disclosure of the 

various ingredients of a formulation than we have enjoyed in this study given our use of trade-secret 

protected commercial products. However, operation of such a component may possibly have been 
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observed in the esfenvalerate EC experiments. In comparable 25 mm/hr and 1.5h set-time 

experiments, the difference in formulated esfenvalerate washoff is significantly less in comparison to 

neat-grade esfenvalerate applied in hexane (two-tailed t-test; p = 0.030), despite the similarity in 

applied masses and experimental conditions. As the product is principally marketed for application to 

garden and landscape, it is possible some operative adjuvant is present, affording a level of 

“rainfastness”. 

CONCLUSION 

It can be concluded that differences in product formulation can lead to order-of-magnitude 

differences in pyrethroid mass washoff from impervious concrete surfaces. The effect of 

formulation, however, cannot simply be described in general aggregate terms, such as suspension 

concentrate, micro-emulsion, or emuslifiable concentrate. As was demonstrated through controlled 

rainfall simulations and laboratory batch desorption experiments, although residues of surfactant can 

act as co-solvents and facilitators of increased solubilization and washoff, the physical form of the 

active ingredient and other product adjuvants can possibly lead to enhanced or retarded washoff as 

well. In the particular case of LAS co-solvated bifenthrin, enhanced bifenthrin desorption was 

possible at aqueous LAS concentrations substantially below the CMC. These controlled experimental 

observations have a bearing on the permitted uses of specific pyrethroid formulation types, and 

provide needed initial information for the development of washoff coefficients from pyrethroid 

treated concrete surfaces. 

Acknowledgement – The research described in this paper was supported by funding from the California 

Department of Pesticide Regulation under contract number 06-0086C and by the National Institute 

of Environmental Health Sciences under award number P42E5004699. The content is solely the 

responsibility of the author and does not necessarily represent the official views of the California 

Department of Pesticide Regulation, the National Institute of Environmental Health Sciences, or the 

National Institutes of Health. The author wishes to thank Drs. Jennifer Field and Jeff Morre of 



    44 

 

Oregon State University for help with the FAB-MS analysis and Russell Jones, Bayer Crop Sciences; 

Drs. Frank Spurlock and Kean Goh, California Department of Pesticide Regulation; Dr. Herbert 

Scher, UC Davis Biological and Agricultural Engineering; and Chris Wissel-Tyson, UC Davis Civil 

and Environmental Engineering for their assistance in executing this study. 

 



    45 

 

CHAPTER 4  
MITIGATION OPPORTUNITIES FOR THE CONTROL OF RUNOFF 

LOSSES OF PYRETHROID INSECTICIDES FROM URBAN 
LANDSCAPES 

 

ABSTRACT 

A watershed pyrethroid insecticide exposure model was developed for the lower American River 

watershed located in California, USA.  The model incorporated empirically derived washoff functions 

based on small scale rainfall simulations performed previously, along with actual pyrethroid 

insecticide use and watershed properties for Sacramento County, California.  The model was 

calibrated to in-stream monitoring data and utilized to predict daily river pyrethroid concentration for 

a period spanning 1995 through 2010.  Based on model predictions, a marked increase in pyrethroid 

toxic units is observed starting in the calendar year 2000, coincident with a watershed-wide increase 

in pyrethroid use.  Approximately 80% of the predicted toxic unit exposure in the watershed was 

associated with the pyrethroids bifenthrin, cyfluthrin, and cypermethrin.  Pyrethroid applications for 

above-ground structural pest control purposes utilizing suspension concentrate categorized product 

formulations accounted for greater than 93% of the total toxic unit exposure for all modeled years 

except 1995.  Application of mitigation strategies, such as curtailment of structural perimeter band 

and barrier treatments as proposed by the California Department of Pesticide Regulation, yielded an 

approximate 80% reduction in predicted total toxic unit exposure in all modeled years.  The model 

also predicted that similar mitigation gains could be achieved through a switch from suspension 

concentrate categorized products to emulsifiable concentrate categorized products.  Even with these 

mitigation gains, the predicted concentration of some pyrethroids would continue to exceed chronic 

aquatic life criteria for pyrethroids on a frequent basis, illustrating the recalcitrant nature of the 

pyrethroid problem.   
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INTRODUCTION 

It has been hypothesized that the downward trend of pelagic species abundance (colloquially referred 

to as the POD) in the Sacramento-San Joaquin Delta beginning in 2000 may be related to a variety of 

different stressors, including contaminants (Baxter et al, 2010).  It has been noted that coincident to 

this decline, pyrethroid use throughout the State of California was on the rise (Oros and Werner, 

2005), a trend directly related to the negotiated phase-out of nearly all urban uses, and some 

agricultural uses of the popular organophosphate insecticides diazinon and chlorpyrifos.  

Replacement of these organophosphate insecticides was being accomplished by various pyrethroid 

active ingredients and pyrethroid containing products. 

Recent efforts to monitor pyrethroid insecticides in surface waters tributary to the Sacramento-San 

Joaquin Delta have targeted both agricultural and urban sources, including the effluent discharges of 

publically owned treatment works (Weston and Lydy, 2010).  While pyrethroid insecticides are 

frequently present in discharges originating from areas of known pyrethroid application, storm water 

discharges from urban landscapes represented the single largest point source in terms of 

concentration and toxicity.   

Monitoring studies focused on the point of discharge are inherently conservative.  Dilution and other 

dissipation pathways such as sedimentation, biotic and abiotic degradation may result in significant 

attenuation in both concentration and bioavailability.  Efforts to monitor for pyrethroids and 

pyrethroid-related toxicity in the vast waters of the Sacramento-San Joaquin Delta have only yielded 

sporadic and infrequent evidence of pyrethroid activity (Werner et al, 2010); however, even the 

occasional measured presence and association with toxicity is evidence that pyrethroids are at least 

occasionally in Delta waters at environmentally detrimental concentrations.   

These efforts at addressing pyrethroid sources and the potential for their involvement in the decline 

of pelagic organisms of California’s inland Delta estuary, although not conclusive with regard to the 

POD, do highlight the significance of urban sources.  Such an emphasis on urban sources is 
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particularly relevant to the Delta insomuch as its boundaries are significantly influenced by large 

metropolitan areas, including Sacramento to the north, Stockton to the south, and the greater San 

Francisco Bay Area to the west. 

With the investigative results of Chapters 2 and 3 in mind, a desire developed to ask retrospective 

“what-if” questions with regard to pyrethroid use and pyrethroid washoff at the watershed scale, 

where actual patterns of product formulation type and application surfaces were of particular interest. 

Computationally based theoretical models are well suited to such investigative questions, and, in fact 

often, broaden the list of questions that can be asked.  Significant correlations between observed 

pesticides in rivers and streams in the Sacramento River watershed have been drawn from data on 

pesticide use (i.e., area and amount of application) and precipitation (Guo et al, 2004).  Understanding 

pyrethroid loading and the potential for pyrethroid related aquatic toxicity in the Delta requires, at a 

minimum, an appreciation of these two important variables: use and precipitation. 

Of great interest is the role and influence that pyrethroid use in urban settings plays on their ultimate 

fate and environmental relevance in exposed surface waters.  It has been demonstrated that the site 

of use, be it over pervious or impervious surfaces, and the particular product formulation can have a 

demonstrable effect on off-target transport (see Chapters 2 and 3, also Jorgenson and Young, 2010).  

In this present effort these contributing factors of use are specifically taken into account by the 

model developed.  The framework of the model was developed around empirically derived washoff 

functions and actual watershed conditions for the lower American River (California, USA) for a 

period spanning 1995 to 2010.  Actual pyrethroid use is obtained from the California Department of 

Pesticide Regulations (DPR) Pesticide Use Reporting (PUR) database.   

The lower American River below Folsom Reservoir serves as a convenient model system, principally 

due to its proximity to the Sacramento-San Joaquin Delta and its inclusion in the Sacramento 

metropolitan area.  Unlike the metropolitan areas of Stockton and the San Francisco Bay Area where 

surface waters are subject to daily tides, the tail-water hydrology of the lower American River is 
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comparatively simple to model.  To this end, the development of this model is documented and its 

predictions of pyrethroid washoff are used to evaluate how use patterns and behaviors affect 

organism exposure in the river.  This effort is concluded by comparing the model baseline results to 

alternative mitigation scenarios, including recent CalDPR proposed surface water protection 

regulations targeting pyrethroid use for structural pest control and landscape maintenance. 

METHODS 

The lower American River below Nimbus Reservoir flows through Sacramento County and the 

urbanized Sacramento metropolitan area.  Surface runoff over much of Sacramento County is 

ultimately discharged to the lower American River through a system of storm drains and urban 

creeks.  Given its densely populated and urbanized watershed, the lower American River and 

tributary watersheds and storm drain catchments present themselves as useful subjects to study how 

the patterns of pyrethroid use within an urbanized watershed may potentially affect water quality in a 

river system of regional significance.   

In order to assess source effects on pyrethroid concentration in the waters of the lower American 

River, a simple exposure model was developed in FORTRAN 77.  The exposure model utilizes actual 

historic landscape and structural pyrethroid use in Sacramento County, actual lower American River 

flow, actual Sacramento County precipitation amounts, and measured insecticide washoff coefficients 

to predict daily pyrethroid river concentration at its lowest reach prior to its discharge to the 

Sacramento River.  The model operates on a calendar day time-step and utilizes input data for the 16 

year period of January 1, 1995 to December 31, 2010.  In addition, the exposure model makes several 

simplifying assumptions by not accounting for: 

 Suspended sediments and partition processes; 

 Settling and resuspension processes in river, creeks and stormdrains; 

 Volatile losses;  
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 Atmospheric deposition; 

 Losses to American River surface water withdrawals; and 

 Application of off-the-shelf residential use pyrethroid products. 

Except for the last of these, these simplifying assumptions relate in the aggregate to attenuation of 

pyrethroids.  This attenuation is collectively addressed through calibration of the model, and the 

inclusion of an empirically derived attenuation coefficient, discussed in greater detail below. 

Washoff Functions 

Pyrethroid washoff functions were obtained from small scale rainfall simulation experiments 

(Jorgenson and Young, 2010; Jorgenson and Young, in revision).  In these experiments, commercially 

available pyrethroid products were applied at label specified rates to 0.64 m2 concrete, turf, and bare 

soil test plots.  Drop forming rainfall simulators were utilized to simulate one-hour precipitation 

events with storm intensities of 25 mm/hr and 50 mm/hr.  The elapsed time before simulation (i.e., 

set time) of products was varied, ranging from 1.5 hours to 49 days.  In total, 49 replicated 

experiments were conducted utilizing a range of product formulations, including emulsifiable 

concentrate (EC), suspension concentrate (SC), and granular (GR) formulations.  A critical 

assumption in the derivation of the washoff functions is that all pyrethroid active ingredients behave 

similarly relative to each other.  In other words, it is assumed that washoff behavior is not pyrethroid 

specific, but rather washoff behavior is formulation and surface type specific, and that all similarly 

categorized formulations behave the same regardless of the particular pyrethroid used as the active 

ingredient. 

The data from these experiments were tabulated and the functional form of each washoff profile 

analyzed.  In all cases except the suspension concentrate on concrete, a linear function best 

approximated the observed washoff profile.  While a logarithmic function best fit the experimental 

treatments of suspension concentrate on concrete, a linear function of the form shown in Eq. 1 was 

utilized to standardize the washoff calculation: 
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    (Eq 1)     

Where Mw/Mavail is the fraction of mass washed off over the mass available and P is the precipitation 

depth.  In order to account for the effect of increased set time (Figure 4-1), Eq. 1 was modified as in 

Eq. 2 in order to arrive at the final functional form expressed in Eq. 3. 

   (Eq 2)     

    (Eq 3)     

Where t was elapsed time in days, and kdeg , β0 and β2 were the empirical parameters obtained from 

the simulated rainfall experiments.  Eq. 3 was taken as a reasonable estimate of the true regression 

function explaining the washoff of differently formulated pyrethroid insecticides on variable surface 

types.  In order to derive the coefficients of Eq. 3 in a manner that would allow testing of the 

predictive capability of the washoff function and the potential for predictive bias, the data set was 

divided to provide a model building set and a model validation set - with the building set representing 

a single replicate of each washoff experiment and the validation set representing the second replicate 

of each washoff experiment.  With the data divided, an iterative process was undertaken by first 

obtaining the linear regression of each experimental replicate (Eq 1), followed by an exponential 

fitting of the linear slope coefficients in order to obtain β2 and kdeg (Eq. 2).  The intercept was taken as 

the arithmetic mean of the previously derived β0 of Eq. 1.  Final selected coefficients derived in the 

model building and data fitting process are provided in Table 4-1.  As shown in Figure 4-2, Eq. 3 

yielded reasonable approximations of actual experimental washoff, with excellent fits for suspension 

concentrate on soil and turf, as well emulsifiable concentrates on turf.  As for other treatment 

combinations, while fits were generally good, slopes indicate a bias toward under-prediction of actual 

washoff.   
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FIGURE 4-1.  Linear fits of an emulsifiable concentrate on concrete demonstrating the change in 
slope with increased set-time. 

 

While Figure 4-2 suggests that the model described in Eq.3 is valid, this apparent validity was further 

inspected for prediction bias.  The predictive capability of model of Eq. 3 is inherently biased 

towards the dataset on which it is based.  This potential for model construction bias was evaluated 

through comparison of the mean square error (MSE) of the regression fit to the model building data 

set and the mean squared prediction error (MSPR) of the model applied to the validation dataset.  As 

can be seen in Table 4-2, the relative bias in the model is quite small, with possible exception of the 

SC on turf treatment combination.   

TABLE 4-1.  Washoff function coefficients 

Treatment 
Combination 

β2 β0 -kdeg 
Measured vs. Building Set

r2 Nobs

Concrete   
 EC 4.33E-4 4.78E-3 2.30E-3 0.466 143
 SC 1.52E-3 1.13E-1 3.30E-3 0.782 86
Soil   
 EC 3.48E-4 7.91E-6 5.98E-3 0.617 42
 GR 2.37E-5 1.45E-4 5.02E-3 0.252 76
 SC 4.15E-4 -1.99E-3 5.54E-3 0.917 41
Turf   
 EC 1.76E-5 -3.51E-5 9.95E-3 0.963 27
 GR 6.24E-6 -1.02E-4 5.49E-3 0.566 48
 SC 4.99E-4 -6.08E-4 9.32E-3 0.967 27
 

EC – emulsifiable concentrate, GR – granule, SC – suspension concentrate 
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FIGURE 4-2.  Prediction capability of washoff function against the model building set.  The x-axis is 
the actual measured washoff fraction and the y-axis is the predicted washoff fraction.  Treatment 
combinations are laid out on a grid, as indicated by the top and left margins.  There was no product 
label permitting granular application on concrete. 

y = 0.4492x + 0.0043
r² = 0.4656

0.E+00

2.E‐02

4.E‐02

0.E+00 2.E‐02 4.E‐02

y = 0.3674x + 0.0398
r² = 0.7818

0.E+00

2.E‐01

4.E‐01

0.E+00 2.E‐01 4.E‐01

y = 0.5318x + 0.0021
r² = 0.6168

0.E+00

1.E‐02

2.E‐02

0.E+00 1.E‐02 2.E‐02

y = 0.3784x + 
0.0002

r² = 0.2522

‐3.E‐18

1.E‐03

2.E‐03

‐3.E‐18 1.E‐03 2.E‐03

y = 1.0488x + 0.0002
r² = 0.9166

0.E+00

1.E‐02

2.E‐02

0.E+00 1.E‐02 2.E‐02

y = 0.9385x + 2E‐05
r² = 0.9633

0.E+00

4.E‐04

8.E‐04

0.E+00 4.E‐04 8.E‐04

y = 0.5753x + 7E‐05
r² = 0.5655

0.E+00

1.E‐04

2.E‐04

0.E+00 1.E‐04 2.E‐04

y = 0.924x + 0.0006
r² = 0.967

0.E+00

1.E‐02

2.E‐02

0.E+00 1.E‐02 2.E‐02



    53 

 

TABLE 4-2.  Relative bias in prediction capability 

Treatment 
Combination Building MSE

Validation 
MSPR Relative Bias 

Concrete  
 EC 4.79E-05 7.99E-05 0.67 
 SC 9.22E-03 5.50E-02 4.96 
Soil  
 EC 1.18E-05 1.25E-05 0.06 
 Granular 1.39E-07 5.58E-07 3.01 
 SC 1.64E-06 5.06E-06 2.08 
Turf  
 EC 1.24E-09 3.09E-09 1.49 
 Granular 2.83E-09 6.41E-09 1.26 
 SC 9.58E-07 9.94E-06 9.37 
 

EC – emulsifiable concentrate, GR – granule, SC – suspension 
concentrate 
 

 

Flow and Precipitation 

Natomas Reservoir acts as a flow regulating afterbay for the much larger Folsom Reservoir.  As such, 

daily average American river flow was obtained from the California Data Exchange Center (CDEC) 

for Natomas (NAT – daily Nimbus Dam Outflow, http://cdec.water.ca.gov).  Daily accumulated 

precipitation depth was obtained from California Irrigation Management Information System 

(CIMIS) for Fair Oaks, California (Station No. 131, http://wwwcimis.water.ca.gov).  This station was 

activated on April 18, 1997.  For 1995, 1996, and up through April 18, 1997, precipitation data 

utilized was that recorded at the next nearest central valley CIMIS station: Davis, California (Station 

No. 6). 

PUR Database 

Raw data files were downloaded for 1995 through 2009 from  the DPR website 

(http://www.cdpr.ca.gov).  Provisional data for 2010 was obtained via direct communication with 

DPR.  To prepare the pesticide use data for model input, the PUR database required filtering and 

culling of extraneous application entries. 

First, data for Sacramento County was filtered to obtain only structural pest control and landscape 

maintenance entries for the pyrethroid active ingredients listed in Table 4-3.  In the PUR database, 
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entries for structural and landscape applications are dated as the first of the month.  In some cases, a 

date other than the first of the month was entered into the PUR database.  These dates were 

manually converted to the first of the month shown in the original entry (i.e., a date of 1/12/1995 

was converted to 1/1/1995). 

TABLE 4-3. PUR database chemical identification numbers 

Chemical Name Chemical ID 

Fenvalerate 1963 

Permethrin 2008 

Cypermethrin 2171 

Cyfluthrin 2223 

Lambda Cyhalothrin 2297 

Bifenthrin 2300 

Esfenvalerate 2321 

Deltamethrin 3010 

Beta-Cyfluthrin 3956 

Fenvalerate, Other Related 91963 

Permethrin, Other Related 92008 

Deltamethrin, Other Related 93010 

 

Next, product names were used to categorize each entry in the filtered database as a suspension 

concentrate, emulsifiable concentrate, granular, or “other” formulation type category (Table 4-4).  

The DPR label finding database was used in this task.   When a label finding query did not yield a 

clear means of categorizing a product (for example, a DPR label entry of “liquid concentrate”), the 

specific product label and material safety data sheet (MSDS) were obtained from a general internet 

search and the formulation type was ascertained by that means.  Often product labels clearly 

specified the formulated nature of the product.  Material safety data sheets were useful in identifying 

emulsifiable concentrates, as petroleum distillates were often listed. 

With formulation categories assigned, all entries categorized as “other” were removed from the 

database under the assumption that formulated products of this type represented a low risk to 

surface water quality, and that their overall contribution to total mass applied were comparatively 

small.  This removal was followed by the removal of all entries for products specifying indoor use 
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only.  At the same time, products labeled as permitting the treatment of subterranean termites were 

flagged and subject to a below-ground application screening procedure, discussed in greater detail in 

the next section.  Entries identified as likely representing below-ground application were also 

removed from the PUR database.  As a last step, a comma separated value (csv) text file was 

generated compiling this data by month, active ingredient, surface type, and formulation. 

TABLE 4-4. Categories of formulation and the specific formulations included. 

Formulation Type Specific Formulations Included 

Emulsifiable Concentrate Emulsifiable concentrates 

Suspension Concentrate Suspension concentrate, wettable powder, 
microencapsulated, flowable concentrate 

Granular Granules, flakes, dusts, powder 

Other Aerosols, foggers, baits, gels, foams 

 

Above-Ground vs. Below-Ground Structural Applications 

Certain bifenthrin, cypermethrin, fenvalerate, and permethrin products were labeled for use in the 

treatment of subterranean termites.  The fenvalerate product was labeled for subterranean termite 

control only, so entries for this product were removed entirely.  Label guidelines were largely 

identical, with exception to the emulsion strength.  Labels provided guidelines for the treatment of 

subterranean termites in both pre-construction and post-construction circumstances.  Pre-

construction guidelines specified a dosage rate of 1 gallon of emulsion (appropriately diluted product 

to a final w/w active ingredient percentage) per 10 square feet of horizontal surface, and 4 gallons of 

emulsion per 10 linear feet of vertical surface (e.g., foundation walls).  Typical pre-construction 

application would occur immediately prior to pouring the building slab or foundation.  Once 

covered, the application is assumed to no longer pose a significant hazard to surface water quality. 

Guidelines for post-construction subterranean termite treatment includes trenching, rodding, or sub-

slab injection through drilled holes.  The recommended dosage rate was similar to the pre-

construction vertical treatment of 4 gallons per 10 linear feet.  Post-construction termite treatments 
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often target a small infestation along a short distance of wall.  The exact nature of post-construction 

termite treatment is ill defined, so no attempt was made to screen the PUR database of these below-

ground treatments.  However, pre-construction whole house termite treatments did avail themselves 

to estimation and screening. 

The below-ground, pre-construction termite screening process first involved estimating the typical 

size of a single family residential home in Sacramento County.  An estimate was obtained from 

Movoto (http://www.movoto.com); for the Sacramento metropolitan area, the median square 

footage of a single family home was estimated to be 1,437 ft2.  To obtain an estimate of the 

perimeter, the home was assumed to be a single story and a perfect square, yielding a perimeter of 

151.6 feet.  Based on the label dosage rates previously described, a home of this area and dimension 

would require 204.3 gallons of diluted product.  Product labels specify a bifenthrin emulsion of 

0.06%, a cypermethrin emulsion of 0.25%, and a permethrin emulsion of 0.5%.  Assuming a specific 

gravity of 1.0 for the final mixed product, a single pre-construction termite treatment of a median 

sized Sacramento home would yield an application of 1.0 pound of bifenthrin, 4.2 pounds of 

cypermethrin, and 8.5 pounds of permethrin.   

These pyrethroid specific application amounts were taken as reasonable thresholds for screening the 

PUR database.  The PUR database includes a field for “application count”, representing the number 

of discrete applications included within a particular entry in a given month.  Dividing the total 

applied chemical by its application count yielded an estimate of the average amount of pyrethroid 

applied for a single treatment in a given month.  This estimated treatment amount was then 

compared to the previously determined screening thresholds.  Unfortunately, however, the 

“application count” field was inconsistently filled out for most years.  Only for the calendar years 

1995, 1996, 1997, 2009, and 2010 was the “application count” field completed for each entry.  This 

required formulating a screening threshold that could be applied consistently to the “total chemical 

applied” field which was populated for all of the years to be modeled.  This screening threshold was 
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acquired by a process of comparing threshold value Type I and Type II errors, where the treatment 

amounts calculated for those entries with application count information were taken as the true 

indicator of a below grade application.  An appropriate screening value was taken as the minimum of 

both Type I and Type II errors (Table 4-5).  Final screening values applied to all years of the 

database were 21 pounds for bifenthrin, 17 pounds for cypermethrin, and 35 pounds for permethrin.  

For these pyrethroids, entries in the database that corresponded to products labeled for subterranean 

termite control with total applied chemical amounts in excess of these screening values were 

removed. 

Watershed Properties 

In order to arrive at an appropriate runoff coefficient, gross land use and land cover data sets were 

necessary.  Through an independent effort (Xiao and Wu, 2008; Xiao et al, 2009), high resolution 

remote sensing data of the Sacramento region were utilized to arrive at land cover estimates for the 

lower American River watershed.  These estimates were utilized to arrive at a total watershed area of 

402.8 million acres with an average runoff coefficient of 0.35843.   

Pyrethroid Apportionment 

The exposure model was coded to apportion the monthly sum total of pyrethroid applications 

equally over each day of the month and over the developed portion of the watershed area.  Monthly 

total pyrethroid applications for landscape maintenance purposes were assumed to have been applied 

to turf.  Monthly total above-ground pyrethroid applications for structural pest control were assumed 

to have been applied outdoors and as a perimeter barrier spray.  No assumption was made as to 

structural pest control applications indoors other than the previously described culling of indoor use 

only products from the PUR database.  As previously mentioned, the types of products and the 

relative amounts of pyrethroid applied indoors remains ill defined, and therefore no estimate of 

indoor structural pest control was made. 
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Application of pyrethroids to building perimeters occurs over both pervious (e.g., soil) and 

impervious (e.g., concrete) surfaces.  To estimate the relative fraction of perimeter landscape in 

pervious and impervious surface, high resolution aerial images were reviewed from randomly selected 

parcels representing four major urban land use types for Sacramento County, including low density 

residential, high density residential, institutional, and commercial/industrial land uses (Xiao and Wu, 

2008; Xiao et al, 2009).  An average pervious perimeter fraction of 0.2638 and average impervious 

perimeter fraction of 0.7362 for Sacramento County structures was obtained.  Accordingly, the 

exposure model was coded to apportion above-ground structural pest control applications to soil and 

concrete, by the fractions 0.2638 and 0.7362, respectively. 

RESULTS AND DISCUSSION 

Model Calibration 

The exposure model did not account for any partitioning or other attenuating processes between 

washoff and transport to the river.  Such a simplification required introduction of an attenuation 

coefficient to scale the predicted river concentration to an actual concentration.  The attenuation 

coefficient was obtained by regressing actual measured pyrethroid concentration against model 

predicted concentration.  Unpublished monitoring data spanning the precipitation seasons of 2009 

through 2010 were utilized for this purpose (Weston, 2011).  Only samples collected on days of 

precipitation that yielded a pyrethroid detect were used.  Of the twelve total samples collected, only 

five samples had detectable concentrations of pyrethroids, all of which were for bifenthrin spanning 

a range of 1.1 ng/L to 5.6 ng/L, with two additional detections of permethrin (Table 4-6).  A linear 

regression for the bifenthrin data fit through the origin yielded an attenuation coefficient of 0.0719 

and a coefficient of determination (r2) of 0.8250.  While the exposure model could only be calibrated 

to bifenthrin, model predictions fit these data reasonably well (Table 4-6).  Additionally, model 

predictions for the other pyrethroids were very near or below the reported analytical quantification 

limit of 1 ng/L, consistent with the non-detect findings of the monitoring data. 
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Pyrethroid Use in Sacramento County 

The effect of the PUR database screening and culling procedure can be seen in Figure 4-3.  For any 

given calendar year, between 62% and 84% of the total applied pyrethroid mass was removed from 

the database.  The screening of below-ground structural pest control applications was responsible for 

the majority of this mass difference, although a substantial amount of deltamethrin mass was 

removed as it related to applications of K-Othrine SC Insecticide, a product with no label-permitted 

outdoor use.  

TABLE 4-6.  Comparison of actual measured and model predicted pyrethroid concentrations 

Monitoring 
Date 

Measured 
Concentration (ng/L) 

Model Predicted Concentration (ng/L) 

Bif Perm Bif Cyf Cyhal Cyper Delta Fenv Perm 

2/18/2009 5.6 5.0 6.7 0.9 0.4 1.3 0.6 0 0.7 

2/23/2009 ND ND 5.3 0.7 0.4 1.1 0.5 0 0.8 

3/3/2009 ND ND 4.6 0.6 0.6 1.1 0.5 0 0.9 

10/13/2009 ND ND 4.8 2.9 0.3 1.1 0.6 0 0.9 

10/14/2009 ND ND 5.1 3.0 0.3 0.9 0.6 0 0.4 

1/18/2010 ND ND 1.4 1.1 0.1 0.5 0.3 0 0.2 

1/19/2010 1.8 ND 1.3 1.0 0.1 0.5 0.3 0 0.1 

1/20/2010 2.1 ND 1.1 0.9 0.1 0.5 0.3 0 0.2 

1/22/2010 ND ND 1.2 1.0 0.1 0.4 0.3 0 0.1 

12/18/2010 1.1 ND 0.2 0.1 0 0 0.3 0 0 

12/19/2010 1.6 7.0 0.2 0.1 0 0 0.3 0 0 
 

Bif – bifenthrin, Cyf – cyfluthrin, Cyhal – cyhalothrin, Cyper – cypermethrin, Delta – deltamethrin, 
Fenv – fenvalerate, Perm - permethrin 
 
ND – non-detect at or above 1 ng/L; predicted concentrations less than 1 ng/L can be considered 
non-detect 
 
 

While the previously described below-ground screening procedure appeared reasonable, an 

independent line of evidence supporting the omission of application data from the database was 

desired.  The screening procedure was based on an approximation of a pre-construction whole house 

termite treatment.  Such treatments are required of all Federal Housing Administration (FHA) 

conforming home loans in designated termite affected areas, such as California.  The modeled 



    61 

 

exposure period spanned 1995 through 2010, straddling a boom and crash in housing construction 

nationwide.  Assuming that a relatively fixed percentage of homes under construction would receive 

a pre-construction termite treatment, as would be required by a FHA insured loan, a strong 

correlation between housing starts (i.e., permits for new single family home construction) and mass 

of below-grade pyrethroid screened from the PUR database should be observed.   

 

FIGURE 4-3.  A) Unadjusted pyrethroid totals for structural pest control and landscape maintenance 
applications. B) Adjusted pyrethroid totals for structural pest control and landscape maintenance 
applications, including only exterior and above-ground applications. C) California housing starts 
compared to whole house pre-construction termite application totals removed from PUR database. 
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As shown in Figure 4-3c, such a correlation between total annual pyrethroid mass removed and total 

annual housing starts does exist (Pearson’s r = 0.768, two-sided p < 0.0005).  Although the screening 

procedure resulted in a substantial removal of applied mass, for this removal appears to be well 

supported. 

Observations regarding the mass amounts applied and the mass amounts removed from the database 

also reveal an interesting trend in pyrethroid use in Sacramento County.  Total structural and 

landscape pyrethroid use is fairly consistent up until 2000, at which point a steady increase in use is 

observed.  This steady increase is most likely related to the EPA negotiated phase out of many 

organophosphate insecticide uses, resulting in a rapid market expansion for products containing a 

pyrethroid active ingredient.  Within this trend, there was also a shift in the specific pyrethroid active 

ingredient used.  This is most notable in Figure 4-3c, where in the late 1990s subterranean termite 

control products containing permethrin and fenvalerate steadily lost market share to cypermethrin, 

followed by a steady loss of cypermethrin market share to bifenthrin in the mid- to late-2000s.  This 

active ingredient preference most likely has to do with their respective efficacies towards termites, 

where emulsions of 0.5% are required for permethrin and fenvalerate, 0.25% for cypermethrin, and 

0.06% for bifenthrin.  In fact, bifenthrin is the only pyrethroid that has shown a consistent growth in 

the non-agricultural Sacramento County market share, even in spite of the decline in total pyrethroid 

use since 2005.  Without screening of the database, when looking at the unadjusted PUR database 

totals such trends in use are obscured.   

Exposure Model Predictions 

The calibrated exposure model yielded the concentration predictions shown in Figure 4-4.  Patterns 

in concentration trends generally followed the pattern of pyrethroid use, as shown in Figure 4-3b.  

While the concentration profiles for cyhalothrin, cypermethrin, deltamethrin, fenvalerate and 

permethrin were relatively static over the model period, concentrations of bifenthrin and cyfluthrin 

are seen to peak in about 2007, coincident with their rise in use.  However, maximum and upper 
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quartile predictions are highly sensitive to individual entries in the PUR database.  For example, the 

model predicted peak cypermethrin concentration of 20.9 ng/L on April 18, 2007 is in response to a 

single PUR database entry of 232 kilograms recorded for the same month; this entry is a statistical 

outlier (Grubb’s test; Z = 35.5), with 99.9% of all cypermethrin entries below 32 kilograms (n = 

9,733).  Similarly, the two model predicted cyfluthrin concentrations above 20 ng/L on February 7 

and 8, 2007 are in direct response to a single PUR database entry of 364 kilograms in January 2007.   

C
on

ce
nt

ra
tio

n 
(n

g/
L

) 
C

on
ce

nt
ra

tio
n 

(n
g/

L
) 

C
on

ce
nt

ra
tio

n 
(n

g/
L

) 

FIGURE 4-4.  Baseline exposure model concentration 
predictions over the modeled period of 1995-2010.  Symbols 
represent a daily concentration as predicted in the lower 
American River.  Only bifenthrin and cyfluthrin show a temporal 
trend in concentration, corresponding with their use patterns. 
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This single cyfluthrin entry is a statistical outlier (Grubb’s test, Z= 71.1), with 99.9% of all cyfluthrin 

entries below 63 kilograms (n=15,882).  While statistical outliers, there is no other reason for the 

removal of these entries; when working in the PUR database, the accuracy of the reported amounts is 

assumed.  Nevertheless, such values demonstrate the sensitivity of the exposure model to individual 

entries in the PUR database and emphasizes the need for caution in interpreting model results.  For 

this reason, this discussion focuses on averages such that questionable data are not entirely excluded, 

but rather de-emphasized. 

Table 4-7 provides a summary of predicted concentrations, highlighting the calendar year average 

and standard deviation.  These values are only for periods of precipitation, when washoff and river 

exposure would be predicted.  As shown in Table 4-7, average concentrations range from 0.0 to 7.1 

ng/L, with the greatest average concentration routinely occurring in the autumn months of October 

and November (data not shown).  Concentrations are frequently high during these months due to a 

combination of factors, including the accumulation of available insecticide through the dry summer 

coupled with low river flows and correspondingly low dilution capacity.  River flows are controlled 

by Bureau of Reclamation operations at Folsom Reservoir.  By autumn Folsom Reservoir is typically 

drawn down and, while flood control guidelines mandate a maximum pool, there is typically capacity 

to hold runoff from the upper watershed in autumn.  Such operations on the lower American River 

result in comparatively low river flows in autumn. 

In terms of aquatic life toxicity, the pyrethroids examined here are not equally toxic to the same 

species of organism.  Research on the potential environmental effect of pyrethroids in the aquatic 

environment have focused on Hyalella azteca, a freshwater epibenthic arthropod used in standard 

EPA bioassay testing for sediment toxicity.  Hyalella azteca is naturally abundant in waters of the 

California Central Valley, and is extremely sensitive to pyrethroid insecticides, with acute toxicity 

values (EC50 and LC50) in the range of 1.7 to 21.1 ng/L (Table 4-8).  Given this range of acute 

toxicity and the variability of pyrethroids in surface water, a convenient means of normalizing 
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pyrethroid data is to discuss these data in terms of toxic units (TU).  A toxic unit is the ratio of a 

contaminant’s concentration relative to an effect threshold, such as a 50 percent effect concentration 

(EC50) or 50 percent lethal concentration (LC50).  For H. azteca, EC50 values have been derived for 

most pyrethroids. 

TABLE 4-7.  Exposure model predicted daily average river concentration in ng/L (std dev) 

Year Bif Cyf Cyhal Cyper Delta Fenv Perm 

1995 -- 0.5 (0.3) -- 0.5 (0.4) -- 0.0 (0.0) 0.2 (0.2) 

1996 -- 1.1 (1.8) -- 0.9 (1.3) -- 0.0 (0.0) 0.3 (0.2) 

1997 0.0 (0.0) 1.7 (2.1) -- 2.4 (3.0) 0.0 (0.0) 0.0 (0.0) 0.4 (0.2) 

1998 0.4 (0.9) 0.6 (0.4) 0.8 (0.5) 0.9 (0.8) 0.0 (0.0) 0.0 (0.0) 0.2 (0.1) 

1999 0.4 (0.3) 0.8 (0.5) 0.4 (0.4) 0.9 (0.6) 0.2 (0.3) 0.0 (0.0) 0.2 (0.1) 

2000 0.1 (0.1) 1.1 (1.5) 0.6 (0.6) 1.2 (1.1) 0.7 (0.8) 0.0 (0.0) 0.3 (0.2) 

2001 1.1 (0.9) 2.7 (1.9) 0.7 (0.5) 2.9 (1.7) 1.6 (1.6) 0.0 (0.0) 0.7 (0.3) 

2002 2.6 (0.9) 2.8 (0.9) 0.2 (0.1) 2.8 (1.4) 1.1 (1.3) 0.0 (0.0) 0.5 (0.2) 

2003 2.3 (0.9) 4.8 (2.7) 0.1 (0.1) 2.3 (2.1) 0.1 (0.1) 0.0 (0.0) 0.4 (0.1) 

2004 2.6 (1.4) 4.1 (4.0) 0.1 (0.1) 2.4 (1.4) 0.1 (0.1) 0.0 (0.0) 0.4 (0.2) 

2005 1.9 (1.3) 3.4 (4.5) 1.4 (3.9) 1.3 (0.8) 0.1 (0.0) 0.0 (0.0) 0.2 (0.1) 

2006 1.5 (1.4) 1.1 (1.1) 0.5 (1.2) 1.0 (1.0) 0.2 (0.6) 0.0 (0.0) 0.3 (0.2) 

2007 5.0 (1.7) 4.0 (5.9) 0.5 (0.9) 2.0 (0.7) 0.3 (0.5) 0.0 (0.0) 0.6 (0.1) 

2008 7.1 (3.2) 4.1 (2.4) 0.4 (0.1) 1.7 (0.7) 0.0 (0.0) 0.0 (0.0) 0.9 (0.1) 

2009 5.3 (2.3) 1.9 (1.1) 0.6 (0.4) 1.0 (0.4) 0.5 (0.3) 0.0 (0.0) 0.6 (0.3) 

2010 1.6 (1.1) 1.3 (0.9) 0.2 (0.1) 0.4 (0.3) 0.6 (0.6) 0.0 (0.0) 0.1 (0.1) 
 

Bif – bifenthrin, Cyf – cyfluthrin, Cyhal – cyhalothrin, Cyper – cypermethrin, Delta – deltamethrin, 
Fenv – fenvalerate, Perm - permethrin 
 

 

A well known and relevant toxicological principal asserts that contaminants sharing the same mode 

of toxic action act in an additive manner on an organism.  This principle of dose additivity is often 

assumed for pyrethroid insecticides, and has been demonstrated empirically in the laboratory 

(Brander, et al, 2009), although there may be some degree of difference between Type I and Type II 

pyrethroid active ingredients.  As such, the sum of TUs is often calculated and taken as an expression 

of total toxic exposure.  For H. azteca the model predicted sum of TUs is a reasonable means of 
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estimating the aggregate toxic effect of pyrethroids discharged to the lower American River during 

precipitation events. 

TABLE 4-8.  Published 96 Hour EC50 values for Hyalella azteca (ng/L) 

Bif Cyf Cyhal Cyper Delta Fenv Perm 

3.3a 1.9a 2.3b 1.7a 2.2 2.2 21.1c 
 

Bif – bifenthrin, Cyf – cyfluthrin, Cyhal – cyhalothrin, Cyper – cypermethrin, Delta – 
deltamethrin, Fenv – fenvalerate, Perm - permethrin 
 
a Weston and Jackson, 2009 
b Maund et al, 1998 
c Anderson et al, 2006. 
 
There are no published H. azteca EC50 values for deltamethrin and fenvalerate.  EC50 
values for deltamethrin and fenvalerate are the geometric mean of bifenthrin, cyfluthrin, 
cyhalothrin, and cypermethrin 
Value for permethrin is LC50 

 
 

As shown in Figure 4-5, the predicted sum of TUs have, at times been relatively high.  Again, as 

with the individual pyrethroid concentrations, the sum of TU metric is similarly subject to the 

sensitivity of the exposure model to the PUR database.  Nevertheless, since the year 2000, the 

watershed exposure model has predicted frequent excursions in water quality exceeding 5 TU.  In the 

context of how the EPA phase out of many organophosphate uses may have affected water quality in 

the lower American River, as well how this water quality may have contributed to the decline of 

pelagic organisms in the Sacramento San Joaquin Delta, the calendar year 2000 makes a logical 

division for comparison purposes.  While the exposure model predicts fairly frequent water quality at 

about 5 TU regardless of year, there is a marked increase in 5 TU excursions starting in around 

calendar year 2000.  In fact, for those days where the exposure model does predict pyrethroids 

discharge to the river (i.e., during precipitation events), the frequency of water quality exceeding 5 

TU from 1995 through 1999 was merely 2%, while the frequency of water quality exceeding 5 TU 

from 2000 through 2010 was 22%.  While the lower American River contributes only a fraction of 

freshwater flows to the Sacramento-San Joaquin Delta, extrapolation of the results presented here to 
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other urbanized areas on the Sacramento and San Joaquin Rivers and tributaries may not be 

unreasonable.  Given the similarities of use patterns and behaviors, the model-predicted experience 

of the lower American River watershed may be transferable to the combined watershed of the 

Sacramento-San Joaquin Delta.  In support of this notion, Weston and Lydy (2010) suggested that 

similarities in use patterns across three different urbanized areas may explain the similarities they 

were observing in the composition of pyrethroids measured in urban runoff. 

 

FIGURE 4-5.  Exposure model predicted daily sum of TU.  A marked increase in daily TU >5 is 
observed post-1999. 

 

Owing to the fact that each pyrethroid has a different H. azteca effect threshold, the relative 

contribution of each pyrethroid to the total toxic exposure varies not only in relation to its predicted 

river concentration, but also with regard to its specific EC50 value.  Table 4-9 provides a summary of 

predicted average daily TU and total calendar year TU exposure, as well the contribution of each 

pyrethroid towards the total TU exposure.  When total TU exposure was predicted to be its greatest, 

between the years 2003 to 2008, bifenthrin, cyfluthrin, and cypermethrin were responsible for more 

than 83% of the total exposure.  Interestingly, during the 2009-2010 river monitoring period used in 

the calibration of the model, while cyfluthrin, and cypermethrin comprised nearly 50% of the total 

toxic exposure, neither pyrethroid was detected at or above the reported analytical detection limit of  
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TABLE 4-9. Exposure model predicted daily average TU and total annual TU 

Year 
Average 

Daily  
TU 

Sum of 
Annual 

TUa 

% Contribution to Annual TU 

Bif Cyf Cyh Cyp Delta Fen Per 

1995 0.5 41.4 0% 44% 0% 54% 0% 0% 1% 

1996 1.2 88.3 0% 52% 0% 47% 0% 0% 1% 

1997 2.4 144.7 0% 39% 0% 60% 0% 0% 1% 

1998 1.1 111.0 12% 29% 9% 48% 1% 0% 1% 

1999 1.3 80.8 9% 31% 12% 41% 7% 0% 1% 

2000 1.9 146.0 2% 31% 14% 35% 17% 0% 1% 

2001 4.5 287.7 8% 32% 7% 37% 16% 0% 1% 

2002 4.5 257.7 18% 33% 2% 36% 11% 0% 1% 

2003 4.7 340.6 15% 54% 1% 28% 1% 0% 0% 

2004 4.5 310.6 17% 48% 1% 32% 1% 0% 0% 

2005 3.8 302.0 15% 47% 16% 21% 1% 0% 0% 

2006 2.0 160.9 23% 30% 11% 31% 5% 0% 1% 

2007 5.2 283.7 29% 40% 5% 22% 3% 0% 1% 

2008 5.6 322.2 39% 39% 3% 18% 0% 0% 1% 

2009 3.7 240.2 43% 27% 6% 16% 7% 0% 1% 

2010 1.8 157.9 27% 38% 4% 14% 16% 0% 0% 
 

Bif – bifenthrin, Cyf – cyfluthrin, Cyhal – cyhalothrin, Cyper – cypermethrin, Delta – deltamethrin, Fenv – 
fenvalerate, Perm - permethrin 
 

a Sum of annual TU is the sum of all daily TU predictions for that calendar year. 
 
 

1 ng/L.  While both cyfluthrin and cypermethrin were detected in moderate frequency in storm drain 

sump pumps and urban creeks of the watershed (Weston, 2011), their average concentration was 3 to 

4 times less than bifenthrin.  While such an observation can only be answered with speculation, the 

fact the model does not account for residential application of over-the-counter products may suggest 

an answer.  Market surveys over the last five years conducted by this author have shown an absence 

of general use (as opposed to restricted use) cypermethrin products (not including aerosols or 

foggers), and about an equal market share for bifenthrin products relative to cyfluthrin products.  

While the model would not predict such a disparity in occurrence and concentration in these three 

pyrethroids, the model does not account for this residential application.  To that end, this disparity 
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may point to a need for greater attention placed on residential homeowner use, as opposed to the 

current exclusive focus on professional applicators.  

While the modeling assumptions may neglect an important potential source of pyrethroids, that being 

unreported residential home owner application, the model does bring substantial evidence to bear on 

the urban pyrethroid problem.  Namely, the model allows an investigation into the role of application 

site (e.g., landscape maintenance versus structural pest control) and product formulation (e.g., SC, 

EC, GR).  Table 4-10 provides a summary of this breakdown by percent contribution to the total 

calendar year TU for each year.  Application of SC categorized products for exterior above-ground 

structural pest control purposes accounts for over 93% of toxic exposure in all years except 1995.  

This is quite remarkable given that SC categorized products comprised less than 60% of the total 

mass of pyrethroid applied in the watershed in most years.  This model prediction is a product of 

several important variables.  Firstly, TUs are a weighted metric.  Permethrin comprised about 25% of 

the total pyrethroid mass applied in most years, but permethrin is about 6 to 10 times less toxic than 

the other pyrethroids (Table 4-8) and, thus, contributes comparatively less toxic exposure in the river.  

Secondly, more than 99% of the permethrin applications were with EC categorized products.  And 

finally, the prediction is, in part, the product of the washoff functions, where SC categorized 

products applied to impervious surfaces yield the greatest fractional washoff.  

The model prediction is remarkable by other means as well.  Namely, this prediction fundamentally 

limits the available mitigation opportunities.   

Mitigation Opportunities 

In October 2011, the DPR announced Regulation No. 11-004, a proposed action to amend Title 3 of 

the California Code of Regulations.  The proposed amendments would establish limitations on the 

types of pyrethroid applications permissible in a non-agricultural setting, namely applications to the 

exterior of buildings and structures, as well as landscapes.  Most notably, the proposed amendments 

would significantly curtail the application of pyrethroids as a perimeter barrier spray, limiting 
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applications to the vertical surface of a structure and virtually eliminating all applications to 

horizontal impervious surfaces, such as concrete patios, walkways, and driveways (Table 4-11).  

Owing to its prevalence in monitoring studies and estimated fractional contribution to toxicity, the 

DPR rules contain additional provisions for bifenthrin, further limiting its use.  

TABLE 4-10.  Percent of annual TU attributed to product formulation and surface of application 

Year 

Formulation Surface Type Surface Type + Formulation

SC  
Fraction 

EC  
Fraction  

GR 
Fraction 

Landscape 
Fraction 

Structural 
Fraction 

Structural SC 
Fraction 

Structural EC 
Fraction 

1995 88.6% 11.4% 0% 1.1% 98.9% 87.5% 11.4% 
1996 93.2% 6.8% 0% 0.1% 99.9% 93.1% 6.8% 
1997 93.9% 6.1% 0% 0% 100% 93.9% 6.1% 
1998 93.0% 7.0% 0% 0% 100% 93.0% 7.0% 
1999 94.3% 5.7% 0% 0% 100% 94.3% 5.6% 
2000 96.0% 4.0% 0% 0% 100% 96.0% 4.0% 
2001 97.3% 2.7% 0% 0% 100% 97.3% 2.7% 
2002 97.9% 2.1% 0% 0% 100% 97.9% 2.1% 
2003 98.5% 1.5% 0% 0% 100% 98.5% 1.5% 
2004 97.9% 2.1% 0% 0% 100% 97.9% 2.1% 
2005 98.1% 1.9% 0% 0% 100% 98.1% 1.9% 
2006 96.9% 3.1% 0% 0% 100% 96.9% 3.1% 
2007 95.8% 4.2% 0% 0% 100% 95.8% 4.2% 
2008 95.2% 4.8% 0% 0% 100% 95.1% 4.8% 
2009 93.8% 6.2% 0% 0.2% 99.8% 93.6% 6.2% 
2010 96.0% 4.0% 0% 0.1% 99.9% 95.9% 4.0% 

 

Bif – bifenthrin, Cyf – cyfluthrin, Cyhal – cyhalothrin, Cyper – cypermethrin, Delta – deltamethrin, Fenv 
– fenvalerate, Perm - permethrin 
 
 

A key assumption of the model is that all above-ground applications in the structural pest control 

category are made to the exterior perimeter of buildings.  The model further distributes these 

applications to both pervious and impervious surface types.  Per these assumptions, implementation 

of the DPR proposed amendments would result in an approximate 50% reduction in mass applied to 

the pervious perimeter fraction of the structural pest control category, as well as an 80% reduction in 

pyrethroid mass applied to the impervious perimeter fraction of the structural pest control category.  

As summarized in Table 4-12, implementation of this amendment would have resulted in a 
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reduction in predicted total TU exposure of nearly 80%, with a typically annual average TU of less 

than 1.  With the addition of the special rules for bifenthrin (Table 4-11), a total TU reduction of 

nearly 84% in most years would be accomplished, with a typical annual average TU of less than 0.8.  

Due to the model’s assumption that structural pest control is only a perimeter treatment, these 

estimated reductions in TU exposure likely represent an upper bound. 

TABLE 4-11.  Proposed amendments to perimeter band treatment of structures 

Existing Regulation Proposed Regulation 

Pervious Surfaces (vertical surface in contact with pervious horizontal surface)

Permissible application of 6 o 10 feet on the 
horizontal and 2 to 3 feet on the vertical 

Permissible application of 3 feet on horizontal and 2 
feet on vertical 

Impervious Surfaces (vertical surface in contact with impervious horizontal surface) 

Permissible application of 6 o 10 feet on the 
horizontal and 2 to 3 feet on the vertical 

Permissible application of 2 feet on vertical; spot, 
crack and crevice, and pin stream on horizontal 

surface only 

Special Rules for Bifenthrin (in addition to those above) 

Permissible application of 6 o 10 feet on the 
horizontal and 2 to 3 feet on the vertical 

No application to a vertical surface in direct contact 
with an impervious horizontal surface and no spot, 
crack and crevice, or pin stream application to any 

unprotected horizontal impervious surface. 

 

To obtain these reductions in TU exposure requires the virtual elimination of current pest control 

practices.  Above-ground pyrethroid applications in Sacramento County are overwhelmingly for 

structural pest control and utilize SC categorized products.  The proposed amendment drastically 

curtails the permitted use of these products for the post-construction treatment of building 

perimeters.  Such a substantial limitation risks forcing a change in active ingredients applied for the 

purpose of post-construction structural pest control.  Products already available in the pest control 

operator’s arsenal include imidacloprid and fipronil, which pose hazards of their own.  Particularly in 

the case of fipronil, it is not clear if such a substitution from pyrethroids would result in a net 

environmental or water quality benefit.  Some degradation products of fipronil are as, or more, toxic 
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than fipronil (Aajoud et. al., 2003; Gunasekara et. al., 2007); additionaly there are concerns that 

fipronil may adversely impact honey bees (Hassani et al, 2005; Tingle et al, 2003). 

TABLE 4-12.  Daily average TU, total annual TU, and percent reduction in total TU by mitigation scenario

Year 

DPR Surface Water Rules 
DPR Surface Water Rules + 
Bifenthrin Label Restrictions

Substitute All SC Structural 
Applications with EC 

Daily 
Average 

TU 

Sum of   
Annual 

TU 

Reduction 
in Annual 

TU 

Daily 
Average 

TU 

Sum of   
Annual 

TU 

Reduction 
in Annual 

TU 

Daily 
Average 

TU 

Sum of   
Annual 

TU 

Reduction 
in Annual 

TU 

1995 0.1 8.7 78.8% 0.1 8.7 78.8% 0.1 9.4 77.3% 

1996 0.2 17.9 79.7% 0.2 17.9 79.7% 0.2 16.4 81.4% 

1997 0.5 29.2 79.9% 0.5 29.2 79.9% 0.4 24.1 83.3% 

1998 0.2 22.4 79.8% 0.2 19.8 82.2% 0.2 21.3 80.8% 

1999 0.3 16.3 79.9% 0.2 14.8 81.7% 0.2 13.2 83.7% 

2000 0.4 29.5 79.8% 0.4 28.9 80.2% 0.3 22.8 84.4% 

2001 0.9 58.1 79.8% 0.8 53.7 81.3% 0.7 47.6 83.5% 

2002 0.9 51.9 79.9% 0.8 42.9 83.4% 0.7 38.5 85.1% 

2003 1.0 68.5 79.9% 0.8 58.3 82.9% 0.7 49.1 85.6% 

2004 0.9 62.6 79.9% 0.8 51.8 83.3% 0.7 46.7 85.0% 

2005 0.8 60.8 79.9% 0.7 51.5 82.9% 0.6 44.9 85.1% 

2006 0.4 32.4 79.9% 0.3 25.0 84.4% 0.3 25.6 84.1% 

2007 1.0 57.1 79.9% 0.7 40.5 85.7% 0.9 47.5 83.3% 

2008 1.1 64.8 79.9% 0.7 39.9 87.6% 0.9 51.5 84.0% 

2009 0.7 48.7 79.7% 0.4 28.0 88.3% 0.7 43.0 82.1% 

2010 0.4 31.9 79.8% 0.3 23.3 85.3% 0.3 26.6 83.2% 
 

One available alternative to the proposed amendment would be a shift to the use of EC products in 

lieu of SC products.  Such an exact substitution of product categorized mass would result in 

equivalent gains in water quality, as shown in Table 4-12, all the while allowing pest control operators 

to continue post-construction pest control treatments in current fashion.  Such a switch, however, 

would come with its own costs, both environmental and economic.  Manufacturers of pesticide 

products have moved away from solvent-based formulations for reasons of reduced flammability, 

reduced phytotoxicity, and improved safety in handling and transport (Rebmann and Fiquet, 1993), 

as well to reduce volatile organic emissions with ozone forming potential (Kumar et al, 2011).  Pest 

control applicators have similarly moved away from solvent based formulations due to odor issues 
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and customer complaint (Van Steenwyk, 2007), where consumer acceptance would likely represent a 

formidable obstacle to post-construction EC-based pest control.  Additionally, the model predicted 

gains of switching to EC formulations is based almost entirely on the observed difference in washoff 

function of EC as opposed to SC treatments of concrete.  The SC washoff function used in the 

exposure model was derived from a single SC product, yet the categorizing of SC products in the 

PUR database aggregated all non-solvent based liquid formulations together, including 

micronencapsulated suspensions and wettable powders (Table 4-4).  To date ,it is not certain that 

these formulations would in fact yield similar washoff functions as derived for the SC formulation.  

Nevertheless, evidence presented here suggests that formulation substitutions represent a mitigation 

opportunity that should not be discounted. 

Based on the model predictions presented here, proposed DPR mitigation efforts appear to be on 

target insomuch as the principal use behavior addressed by the proposed surface water protection 

rules is covered.  However, even if the mitigation measures were implemented, model predicted 

pyrethroid concentrations would still occasionally exceed proposed aquatic life criteria.  Derived 

chronic criteria range from 0.05 to 2 ng/L, depending on the particular pyrethroid (Table 4-13).  At 

times the daily predicted river concentration and, for some years, the average daily river 

concentration would exceed these low criteria thresholds (data not presented).  Furthermore, given 

the comparatively high dilution capacity of the American River, similarly protected surface waters 

such as urban creeks would have even higher predicted pyrethroid concentrations.  Unfortunately, 

such observations illustrate the recalcitrance of the urban pyrethroid problem. 

CONCLUSION 

A watershed pyrethroid insecticide exposure model was developed for the lower American River 

watershed located in California, USA and used to develop retrospective predictions of in-stream 

pyrethroid concentrations and toxic unit exposure.  Based on model predictions, approximately 80% 

of this predicted toxic unit exposure in the watershed was associated with the pyrethroids bifenthrin, 
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cyfluthrin, and cypermethrin.  Pyrethroid applications for above-ground structural pest control 

purposes utilizing SC categorized product formulations accounted for greater than 93% of the total 

toxic unit exposure for all modeled years except 1995.  Implementation of mitigation strategies, such 

as those proposed by DPR, yielded an approximate 80% reduction in predicted total toxic unit 

exposure in all modeled years. The exposure model assumes that all above-ground exterior structural 

pest control is in the form of a perimeter barrier spray, and as such, the gains derived from 

implementing the DPR proposed surface water protection regulation are through application mass 

reductions imposed by the virtual elimination of permissible structural pest control applications.  

Granting that the model assumptions are correct, such rules would likely drive pest control operators 

to substitute the use of permitted insecticide products that do not contain pyrethroids.  Products 

containing imidacloprid and fipronil would likely serve to gain from such a shift in the urban pest 

control market.  While these active ingredients are considerably less toxic to H. azteca, it is unclear if 

such a shift would result in a net environmental improvement. 

TABLE 4-13.  Aquatic life criteria for pyrethroids (ng/L) 

 Acute 1-Hour Average Chronic 4-Day Average 

Bifenthrina 4 0.6 

Cyfluthrinb 0.3 0.05 

Lambda-Cyhalothrinc 1 0.5 

Cyfluthrinc 0.3 0.05 

Cypermethrind 1 0.2 

Permethrine 10 2 
 
a Palumbo et al, 2010 
b Fojut et al, 2010a 
c Fojut et al, 2010b 
d Fojut et al, 2011a 
e Fojut et al, 2011b 
 

 

Highlighting the importance of formulation, similar reductions in toxic unit exposure could be 

achieved through a movement towards pyrethroid containing EC products.  Based on these model 

predictions, such a shift to EC products would allow the continued use of pyrethroids as they are 
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applied today, thus avoiding a potentially harmful or environmentally net-neutral switch to the use of 

other insecticidal active ingredients.  However, there would likely be manufacturer and consumer 

opposition to such a shift, given various human health and environmental issues related to the 

solvents used in EC formulations. 

Should implementation of the proposed DPR surface water protection regulations take place, 

concerted effort should be undertaken to monitor its effect.  Monitoring should not only include 

ambient surface water monitoring of pyrethroids and their potential replacement active ingredients, 

but also tracking of pesticide use market trends.  The PUR database provides a unique resource as it 

summarizes pesticide use market trends – serving as a leading indicator to potential environmental 

harm – and is at the disposal of pesticide regulators and water quality managers. While the PUR 

database is rich with information, it can lead to gross overgeneralizations.  As demonstrated here, the 

PUR database contains entries likely to be erroneous that can cause potentially significant errors in 

watershed modeling.  Accurate and consistent entry of the “application count” field would serve to 

improve efforts at screening underground applications.  Moreover, additional fields to specify indoor 

versus outdoor application, and above-ground versus below-ground application would be valuable.  

Such additions would significantly improve the utility of the PUR database for both data miners and 

modelers. 

Acknowledgement – The research described in this paper was supported by funding from the California 

Department of Pesticide Regulation under contract number 06-0086C and by the National Institute 

of Environmental Health Sciences under award number P42E5004699. The content is solely the 

responsibility of the author and does not necessarily represent the official views of the California 

Department of Pesticide Regulation, the National Institute of Environmental Health Sciences, or the 

National Institutes of Health. The author wishes to thank his principal advisor, Dr. Thomas M. 

Young for his preparing and debugging the FORTRAN code, and Drs. Frank Spurlock and Kean 



    76 

 

Goh, California Department of Pesticide Regulation; for providing provisional PUR database data 

for 2010. 

  



    77 

 

CHAPTER 5  
CONCLUSIONS AND REFLECTIONS 

 

The principal conclusions of this research have been presented in Chapters 2-4.  A summary of those 

conclusions is presented here, followed by a reflection on possible directions for future research. 

CONCLUSIONS 

In Chapter 2, the results from small-scale rainfall simulations over concrete, soil, and turf utilizing 

formulated end-use pyrethroid insecticide products were reviewed and discussed.  Main factor effects 

contributing to off-target mass washoff were investigated, including formulation class, surface type, 

product set-time, and rainfall intensity.  While significant interaction between the factor effects of 

formulation class and surface type suggest these factors are not purely additive, these results present 

supporting evidence that these factors are influential and imperative, demanding additional attention.  

Most notably, concrete treated with suspension or emulsifiable concentrate formulations yielded the 

greatest mass washoff, yet with significantly different washoff profiles.  While the data collected 

under the various rainfall simulations and surface treatments were suitable for use in deriving 

washoff functions and coefficients necessary for watershed modeling, the contrasting behavior on 

concrete surfaces demanded additional investigation and experimentation.  The characteristic 

differences in surfactant classes, blends, and mass fraction between emulsifiable and suspension 

formulations, hint at an important fate and transport phenomenon for these extremely hydrophobic 

pyrethroids applied for structural pest control purposes.  Due to the increasing percentage of the pest 

control market occupied by suspension concentrates and other flowable formulations, their use on 

impervious surfaces should be evaluated critically.   

In Chapter 3, the results of small scale rainfall simulations over concrete were critically reviewed.  

Investigations into the role of surfactants used in the formulation of pyrethroid products was the 

focus, with targeted rainfall simulations and laboratory bench-scale desorption experiments 
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conducted.  In these experiments, conclusive evidence was presented, demonstrating that the 

commonly used surfactant LAS can enhance bifenthrin solubility at concentrations of LAS well 

below its critical micelle concentration.  Detailed analysis of emulsifiable and suspension concentrate 

pyrethroid products by FAB-MS revealed the type and composition of surfactants used.  Through 

the soft ionization technique of FAB-MS, a change in commercial product formulation correlated to 

a 3-fold reduction in mass washoff was confirmed.  Such an observation suggests that possible 

mitigation of off-target transport from concrete surfaces may be obtained through careful selection 

of surfactants at the time of product manufacturing. 

In Chapter 4, washoff data collected through previously discussed rainfall simulations was used to 

derive washoff functions for the purpose of watershed modeling.  A pyrethroid exposure model was 

constructed for the lower American River watershed, a river of regional significance to the 

Sacramento-San Joaquin Delta of California, USA.  To obtain structural and landscape maintenance 

pyrethroid applications that more accurately reflected true hazard to surface water quality, a process 

of screening and culling the CalDPRs PUR database of low risk, indoor, and below-ground 

applications was presented.  Through the screening and culling procedure, useful observations were 

made on trends in pyrethroid use, such as a confirmed increase in the  hazard to surface water quality 

with bifenthrin and cyfluthrin use.  The model was used to obtain a 16 year baseline of pyrethroid 

concentration and toxic unit exposure profile for the lower American River.  A marked increase in 

toxic unit exposure starting in 2000 was noted, coincident with the simultaneous EPA announcement 

of a negotiated phase out of residential chlorpyrifos and diazinon product registrations as well the 

onset of the POD in the Sacramento-San Joaquin Delta.  The model was also used to estimate that 

over 90% of the toxic unit exposure in the lower American River was associated with structural pest 

control applications of suspension concentrate categorized products.  In addition, nearly 80% of the 

toxic unit exposure was associated with bifenthrin, cyfluthrin, and cypermethrin.  The model was 

then used to evaluate potential mitigation strategies, including recently proposed surface water 

protection regulations.  While the model predicted that the DPR regulations would reduce the toxic 
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unit exposure by more than 80%, this reduction would come by means of a virtual elimination of the 

most common above-ground structural pyrethroid uses, increasing the likelihood of a market shift to 

products with active ingredients other than pyrethroids which pose environmental risks of their own.  

As an alternative, it was proposed and confirmed through model prediction that a similar reduction 

in toxic unit exposure can be achieved by switching from suspension concentrate to emulsifiable 

concentrate products without any new restrictions on use. 

While the emphasis of this research has been on factors contributing to the transport of pyrethroid 

insecticides from their place of application in an urban environment, washoff and associated runoff 

losses are not the only mode of dissipation.  The watershed model of Chapter 4 aggregates some of 

these alternative dissipation pathways into a single attenuation coefficient, while others operate on 

longer time scales that were intended to be captured in the time-based exponent of the washoff 

functions.  These alternative loss pathways primarily include abiotic processes such as volatilization, 

photodegradation, and hydrolysis, as well biotic processes such as microbial degradation.  

Volatilization is expected to be minimal given the low vapor pressure of the pyrethroids and very low 

Henry’s Law constant, and the pyrethroids as a class have been engineered to withstand direct 

photolysis through the incorporation of halogens in their chemical structure.  Half-lives in soil range 

from 3 to 96 days under aerobic conditions, and 5 to 430 days anaerobically (Laskowski, 2002), 

which generally yield desirably long residual efficacies when applied as an insecticide.  On a concrete 

surface, however, alkaline hydrolysis is expected to be an important process; an expectation of such 

high probability that concrete used in the experiments of this research were deliberately aged and 

runoff pH tested prior to experimental use (see Chapters 2 and 3).  Nevertheless, while these other 

components of dissipation are important in understanding and predicting overall fate of pyrethroids 

released to the environment, the focus of this research was specifically on factors contributing to 

their transport to surface waters.  Such a focus is supported by the physical and chemical properties 

of the pyrethroids as a class, and the patterns of intentional pyrethroid release to the environment, 
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specifically the use of relatively large quantities of pyrethroid in an urban environment and on 

surfaces with fairly uncomplicated runoff connection to surface waters. 

REFLECTIONS 

The conclusions summarized above are based in part on empirical observation and in part on 

assumption.  A logical future direction for this line of inquiry is to test the validity and accuracy of 

the assumptions thus far relied upon.  The empirical measurement of mass washoff supports a novel 

conclusion that surfactant-based pyrethroid formulations applied to concrete surfaces can lead to 

significant surface water quality hazard; however, it is unclear over what distance from the source 

zone this surfactant effect can last.  A lingering question is whether or not a chromatographic 

separation of surfactant and active ingredient will occur on an untreated concrete surface, which 

might render this formulation phenomenon relatively unimportant over a larger scale, such as an 

entire watershed.  While we know that untreated surfaces such as vegetated medians or swales can 

help attenuate contaminant mass transport, it is yet unknown if untreated concrete surfaces attenuate 

this formulation dependent effect. 

Although similar washoff profiles have been observed between surfactant-based micro-emulsions 

and suspension concentrates, total mass washoff differs by as much as ten-fold and it is unclear 

which particular attributes of these two formulations yield such similarity and dissimilarity.  While 

surfactant is a commonality that could lead to the similar profiles, what role does the physical form 

of the dried residue play, if any?  Additionally, it is unknown if there is a difference in the ability of a 

surfactant to emulsify an oily residue versus a crystal residue. 

In watershed modeling, for parsimonious reasons, we assume that the mass washed off a treated 

surface reaches the river to equal effect, regardless of the surface of origin or the formulation type.  

Therefore, what was observed at the edge of the treated surface is assumed to hold true until final 

mixing in the river.  The  model was tuned by aggregating all possible attenuating losses into a single 
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coefficient, with conclusions based on that result.  However, it remains to be demonstrated if it is fair 

to assume that the effect of formulation and surface type – the effect of surfactant and pyrethroid 

physical form – is attenuated equally. 

In the watershed modeling it was further assumed that all non-solvent based liquid formulations 

behave similarly to the sole tested suspension concentrate.  Yet there is no evidence that a wettable 

powder or a microencapsulated suspension would, in fact, behave similarly.  Will these specific 

product formulations, which comprise a large portion of the products used presently at this time, 

yield similar mass washoff fractions and washoff profiles as our sole tested suspension concentrate if 

tested under the same rainfall simulation conditions? 

Empirical answers to these questions are necessary and represent interesting future research 

questions.  In passing, however, behind the scenes, the cycle of pesticide ban and substitution looms 

heavily.  With nearly 70 year passed since the first insecticidal use of DDT, how will the story for 

pyrethroids end?  Is it possible to achieve a harmonious balance between the numerous benefits 

afforded through the use of pesticides and the need for environmental protection?  Surely, if the 

balance is to be achieved, the fields of environmental chemistry, toxicology, and analytical chemistry 

will continue to be invaluable and indispensible tools. 
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• Media: water & sediment collected 

  Sediment at some 
sites 2x a year 

 Sediment at storm 
drain outfalls 

 



Post PY Regulations Monitoring 

What we have seen: NORCAL – Water 
monitoring 

Regulation 
Period*  

# Storm drain 
outfalls (urban 

neighborhoods) 

Number 
of 

Sampling 
Events 

Data 
points 

Dates 

Pre 7 17 50 2/13/2009 – 6/19/2012 

Post 6** 8 31 7/31/2012 – 8/6/2013 

*PY regulations adopted June 19, 2012 and took effect July 19, 2012 
**One less site (PGC020) removed but within ~100 feet of PGC019 (in both pre 
and post periods) 



NorCal Pyrethroid Water Data 



Pyrethroids in Water - NorCal 
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Reporting Limits 

Active Ingredient RL (ng/L) Established  

Bifenthrin  
  

5 Feb 2009 
2 Feb 2011 
1 Jun 2012 

Cyfluthrin, λ-Cyhalothrin, cis-
Permethrin   

15 Feb 2009 
5 Feb 2011 
2 Jun 2012 

Cypermethrin, Deltamethrin, 
Fenpropathrin, Esfenvalerate, 

trans-Permethrin 

15 Feb 2009 

5 Feb 2011 

Resmethrin 
15 Feb 2009 
10 Feb 2011 



Detection Frequency Normalized  
to Highest RL 
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Post PY Regulations Monitoring 
 NorCAL: Storm drain outfalls of specific 

neighborhoods have lower bifenthrin median water: 
 
 
 

p=0.000 

0.01 

0.025 
Min. BM 
0.0013 



StormStormDryDry
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Post PY Regulations Monitoring 

 NorCAL: Non-storm (dry) runoff differences 
 
 

p=0.002 

0.015 

Pre Post

0.009 0.041 0.040 

p=0.65 



Pyrethroid Monitoring 
 NorCAL: Bifenthrin water concentrations are 

decreasing at storm drain outfalls since 2009: 
 
 
 

p=0.0013 



Pyrethroid Monitoring 
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Akritas-Theil-Sen line for censored data
Result = 0.414196 -0.00001*SampleDate

 NorCAL: Other PYs -  water concentrations may be 
decreasing (not significant p values): 
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Result.

Akritas-Theil-Sen line for censored data
Result = 0.319423 -0.00001*Sample Date

 Detections of permethrin (23% DF) and lambda-cyhalothrin 
(7% DF) not significantly changing 

 No detections of esfenvalerate, deltamethrin, or fenpropathrin 
in water 

 
 
 



NorCal PY Sediment Data 
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Post PY Regulations Monitoring 
 NorCAL: Storm drain outfalls of specific neighborhoods – no 

significant change in sediment TUs: 
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Post PY Regulations Monitoring 
 NorCAL: Storm drain outfalls of specific neighborhoods – 

sediment TUs are not changing: 
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Pyrethroid Sediment Monitoring 
 NorCAL: Pyrethroid Sediment TUs – no significant 

changes Post Regulations 
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SoCal Monitoring 
 Ambient Water & Sediment Monitoring 

• Spatial: 8 sites (6 storm drains, 2 receiving waters) 
• Temporal: 2 dry season, 2 rainfall events 
• Media: water collected at all stations, sediment 

monitored at subset (~5 locations)  
 

 
 
 



SoCal Monitoring 
Regulation 

Period*  
Sampling Period Event # Events # Samples* 

Pre* Dec 2009 – June 2012 
Dry 5 36 

Storm 6 43 

Post Aug 2012 – Oct 2013 
Dry 4 32 

Storm 3 23 

*  Only monitoring sites and analytes with associated data pre and post   
     regulations included 
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SoCal - Bifenthrin 

p = 0.12 

No significant trend in concentrations 



SoCal Sediment Toxicity Units 
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SoCal Sediment Toxicity 
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Post PY Regulations Monitoring 
 Pesticide detection technology  

 
 
 

Semipermeable 
Membrane Device 

(SPMD) 

Continuous low level 
aquatic monitoring 

(C.L.A.M.) 



Collaboration with SPOT Program 
 SPOT (Stream pollution trends) program 

monitors sediment pyrethroid 
concentrations at >100 sites statewide 
 

DPR contract supports              
 10 base stations (1 sample/yr) 
 4 intensive stations (4 sample/yr) 

• 2 coincide with DPR stations 
 

Goal: increased spatial analysis of SW 
regulations effectiveness 



SPOT Intensive Monitoring Locations 



Outreach Contract in SoCal 
 Determine major applicators in Laguna Niguel 

area 
 

 Online survey to determine pesticide usage by 
PMP’s within specific neighborhoods 

 

 Outreach will include IPM workshops for PMPs  
 

 Goals:  
 Incorporate IPM practices in standard methods 
 Decrease pyrethroid use within Salt Creek 

Watershed 
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ABSTRACT 

The California Department of Pesticide Regulation (CDPR) continued an urban surface 
water monitoring program in northern California in 2009 - 2010. At 13 sites either at 
storm drain outfalls or in urban creeks, water and sediment samples were collected in the 
Sacramento and San Francisco Bay areas. Ninety-five percent of the water samples 
contained at least one pesticide but multiple detections were common. For example, 75% 
of the samples contained at least two pesticides, 50% of the samples had four or more 
pesticides and 25% had six or more pesticides. Bifenthrin, malathion, carbaryl, and 
fipronil were commonly detected insecticides in surface waters. In addition, fipronil 
sulfone, diazinon, desulfinyl fipronil, and aldicarb were also detected, and there were 
trace detections of DDVP (dichlorvos). The herbicides 2,4-D, dicamba, triclopyr, diuron, 
MCPA, and prometon were also detected above their reporting limits. Rain increased 
pesticide runoff; dependent on pesticide, detection frequencies were between 17% - 69% 
higher with rain. Generally, more pesticides were detected during an October first flush 
rainstorm than an October dryflow (dryflow defined as sampling during California’s dry 
season) sampling event immediately preceding the first flush or during spring rainstorms. 
Triclopyr, 2,4-D, dicamba, and bifenthrin were detected more frequently in stormdrain 
outfalls whereas prometon was more commonly detected in receiving waters. There was 
little difference among other pesticides. Sediment samples were only collected during 
dryflow and analyzed for pyrethroids and chlorpyrifos. The most common pyrethroids in 
sediments were bifenthrin, cyfluthrin, permethrin, deltamethrin, λ-cyhalothrin, and 
cypermethrin. Half of the sediments contained six or more pyrethroids and chlorpyrifos 
was detected in 20% of the sediments. Of all the pesticides detected, bifenthrin had the 
most potential to be toxic to sensitive aquatic organisms. On occasion, diuron, fipronil, 
permethrin, malathion, and diazinon also were detected at concentrations that potentially 
could be toxic to aquatic life. 
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 I. INTRODUCTION 

Urban pesticide use includes structural pest control, landscape maintenance, rights-of-
way and public health pest protection applications, as well as applications to commercial, 
institutional, and industrial areas, and residential home-and-garden applications. The 
California Department of Pesticide Regulation (CDPR) compiles pesticide use records for 
urban pesticide applications made by licensed applicators. Annually, professional 
applicators apply over 4 million kg active ingredient (ai) of pesticides for urban (non-
agriculture) pest control (CDPR 2010). However, homeowners do not report their 
individual use, so that total urban pesticide use in California is greater than reported use. 
Based on pesticide products sold in home improvement stores, high homeowner pesticide 
use is anticipated (Flint 2003; Moran 2005; Osienski et al. 2010). And, although it is 
difficult to estimate this homeowner use (Zhang and Spurlock 2010), the US EPA has 
estimated that non-agricultural pesticide use accounts for approximately 20% of all total 
pesticide use in the United States. Most of these uses are in urban areas (Grube et al. 
2011). With over 68 million kg ai of reported pesticide use in California in 2009 (CDPR 
2010), 20% urban use would suggest that large amounts of pesticides are applied yearly 
in California urban areas.  
 
Due to the high volume of urban pesticide use and perhaps lack of consumer awareness, 
urban pesticide runoff may exceed agricultural runoff (Wittmer et al. 2011). Pesticide 
runoff into urban creeks and rivers can occur via stormdrains during dryflow or with 
stormwater runoff leading to concentrations that may be toxic to aquatic organisms 
(Hoffman et al. 2000; Revitt et al. 2001; Schiff and Sutula 2004; Budd et al. 2007; 
Sprague and Nowell 2008; Weston et al. 2009; Oki and Haver, 2009). Recent monitoring 
in California shows that urban waterways are frequently contaminated with pyrethroids, 
diazinon and chlorpyrifos, and fipronil (Oki and Haver, 2009; Weston et al. 2009; 
Weston and Lydy 2010; Lao et al. 2010). CDPR initiated its own urban monitoring 
program in 2008 and found that in addition to the above mentioned pesticides, bifenthrin, 
carbaryl, malathion, diuron, pendimethalin, 2,4-D, triclopyr, dicamba, and MCPA 
frequently contaminate urban waterways (Ensminger and Kelley 2011). However, 
additional monitoring is warranted to more fully understand the extent of pesticide 
contamination in urban waterways. Thus, CDPR’s urban sampling project was expanded 
in northern California to include additional monitoring sites in the Sacramento area. 
Specific objectives of this study were fourfold: 1) determine what pesticides, at what 
concentrations, are present in urban runoff; 2) evaluate the magnitude of measured 
concentrations relative to water quality or aquatic toxicity benchmarks; 3) assess the 
effect of waterbody type (e.g., stormwater drain vs. creek); and 4) assess the effect of 
season (dryflow vs. rainstorm). 
 

II. MATERIALS AND METHODS 

Study Area. Monitoring was conducted at 13 sites in northern California, in the San 
Francisco Bay Area and in the Sacramento area (Figure 1). The sampling sites in the San 
Francisco Bay area (Dublin) and one of the sampling areas in the Sacramento area 
(Roseville) were established sampling sites from CDPR’s initial urban study in northern 
California (http://www.cdpr.ca.gov/docs/emon/pubs/ehapreps/study249site.pdf). Five 

http://www.cdpr.ca.gov/docs/emon/pubs/ehapreps/study249site.pdf
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additional new sites were added in the Sacramento area. Four of these sites were identical 
to the northern California sites used by Haver and Oki (2009). For each main sampling 
area (one in the San Francisco Bay area and two in the Sacramento area), there were two 
or three stormdrain outfalls for each receiving water site (Figure 2). Two of the five new 
sites added in the Sacramento area did not fit this model and consisted solely of 
stormdrain outfalls. Detailed information about the sampling sites can be found in 
Appendix I, Table A1. 
 
Field Sampling. We will use the term dryflow to indicate sampling when surface waters 
receive no input from rain storms during California’s dry season. This is generally from 
late April or early May through September or October. Between October 2009 and June 
2010, one dryflow and two rainstorm sampling events were completed. The first flush 
rainstorm of the 2010 water year1 and one of the two last major spring rainstorms were 
sampled. In the spring of 2010, we were not able to sample all of the sites together during 
one rainstorm but had to collect samples during two year-end rainstorms to do so. These 
will be considered one water year-end rainstorm. Sediments were only collected once, 
prior to the first rainstorm of the 2010 water year. In addition, a preliminary dryflow 
monitoring event was conducted in August 2009 at the four Haver and Oki Sacramento 
area sites.  
 
Water samples from receiving waters were collected from stream banks close to 
midstream as feasible directly into 1-L glass amber bottles using an extendable pole and 
sealed with Teflon®-lined lids. Stormdrain outfalls, generally with less flow, were 
collected by hand directly into 1-L amber bottles. However, dependent on flow and water 
depth, occasionally water samples from stormdrain outfalls were collected into a stainless 
steel container and aliquots were poured into 1-L glass bottles. Sediment (up to a 2 cm 
depth) was collected using a stainless steel trowel or shovel, composited in a stainless 
steel container, and individual samples were placed into clear glass Mason® jars for later 
chemical analysis. Sediments could not be collected at all sites. Immediately after 
sampling, water and sediment samples were stored on wet ice for transport. Upon arrival 
at the laboratory, water samples were refrigerated (4°C) whereas sediments samples were 
frozen (–20°C) until chemical analysis.  
 
Total Suspended Solids and Total Organic Carbon. We analyzed total suspended 
solids (TSS) in water samples and total organic carbon (TOC) in both water and sediment 
samples. TSS was analyzed following US EPA method 160.2 (US EPA, 1971). Briefly, 
waters samples were filtered under vacuum through a Buchner funnel lined with a glass 
fiber filter, dried overnight at 103-105°C, and weighed. TOC was analyzed using a TOC-
V CSH/CNS analyzer (Shimadzu Corporation, Kyoto, Japan). 
 
Field Measurements. Water physiochemical properties (dissolved oxygen [DO], 
electrical conductivity [EC], pH, turbidity, and temperature) were measured in situ with a 

                                                 
1 A water year is a 12-month period beginning with October 1 for any given year through September 30 of 
the following year; e.g., water year 2010 is from October 1, 2009 through September 30, 2010 
(http://water.usgs.gov/nwc/explain_data.html). 
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YSI 6920 V2 meter (YSI Incorporated, Yellow Springs, OH). The meter was calibrated 
prior to field use (Doo and Lee 2008).  
To get an estimate over overall pesticide load, flow data measurements were collected 
using a Global Flow Probe Flow Meter (Global Water, Gold River, CA). Flow could not 
be taken at all sites at all sampling dates, due to low or no flow or, in some cases, due to 
rapid flow in larger creeks. In specific cases, flow was estimated using the float method 
(timing the movement of an object on the surface) or by measuring volume over time 
(Table A8, Appendix I). 
 
Analytical Chemistry. The California Department of Food and Agriculture (CDFA), 
Center for Analytical Chemistry, analyzed for a total of 41 different pesticides, or 
pesticide degradates, in this study. Most of the analyses were from the following 
pesticide groups: pyrethroids, carbamates, organophosphorus (OP) insecticides, fipronil 
(FP) and FP degradates, synthetic auxin herbicides, and photosynthesis inhibitor 
herbicides (triazine, trizinone, urea, and uracil chemistry) (Table 1). Although some of 
the pesticides included in the chemical analysis are not urban use pesticides, they were 
analyzed and reported by the laboratory from the same analytical method.  
 
We report the results as: 1) nd, not detected, concentrations below the minimum detection 
limit; 2) tr, trace detection, where in the chemist’s best professional judgment the analyte 
does exist between the reporting limit and the minimum detection limit; 3) a numerical 
concentration in ng L-1 (pyrethroid water samples), µg L-1 (all other water samples), or  
µg kg -1 (dry weight; sediment samples). 
 

QA/QC for Water and Sediment Samples. Quality control for this study followed the 
CDPR SOP guidelines on Chemistry Laboratory Quality Control (Segawa, 1995). Quality 
control consisted of blind spikes, laboratory matrix spikes, method blanks, field 
duplicates, and field blanks. Propazine was also used as a surrogate spike in the 
photosynthesis inhibitor herbicide analytical screen. Fifteen percent of the field samples 
were field duplicates, field blanks, or blind spikes.  
 
Statistics. Statistical analyses was conducted using the non-parametric Mann-Whitley 
mean comparison test, significance at the 0.05 level, with Minitab® Statistical Software 
(Release 15). 
 

III. RESULTS AND DISCUSSION 

Pesticides detected in surface waters 

Of the 41 pesticides analyzed, we detected 14 different pesticides (including degradates) 
above their analytical reporting limit: eight insecticides and six herbicides. In all, we 
collected 42 water samples for the four sampling timings; 40 samples (95%) contained at 
least one pesticide. Frequently, more than one pesticide was detected in the water at one 
site. For example, 75% of the samples contained two or more pesticides, 50% of the 
samples contained four or more, and 25% of the samples contained six or more pesticides 
(Figure 3). The new sites in the Sacramento area had approximately the same number of 
pesticides per sample as the established sites. 
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The most frequently detected insecticides in surface waters were, in decreasing order, 
bifenthrin, malathion, carbaryl, fipronil (FP), FP sulfone, diazinon, desulfinyl FP, and 
trans-permethrin (Figure 4). Bifenthrin was the most frequently detected pesticide in the 
study, with a 76% detection frequency. The high detection frequency was attributed to a 
100% detection frequency during rain runoff. Bifenthrin was detected with about equal 
frequency in the five new Sacramento sites (72% detection frequency) as was observed in 
the established sites (79%). Bifenthrin was also the highest detected insecticide in 
CDPR’s initial urban study (Ensminger and Kelley 2011) and has been frequently 
detected elsewhere (Oki and Haver 2009; Weston et al. 2009). It is apparent that in urban 
surface waters, bifenthrin is a major contaminant. Only one other pyrethroid was 
detected, permethrin, during a spring rain event at one of the new Sacramento sites. 
 
Two OPs were detected above their reporting limits, malathion and diazinon. Of these, 
malathion was most frequently detected. Twenty-six percent of the samples contained 
malathion (58% including trace detections). Of the new Sacramento sites, the detection of 
malathion was similar (21%) to the detections in established sites (29%). The OP 
diazinon was detected in 5% of the samples. Another OP, dichlorvos (DDVP), had trace 
detections in 20% of the samples. This OP had not previously been detected in CDPR’s 
earlier urban work (Ensminger and Kelley 2011).  
 
Carbaryl was detected almost as frequently as malathion, with a 24% detection frequency 
(40% with trace detections). Both the new sites and established sites had about the same 
detection frequency (21% and 25%, respectively). Another carbamate insecticide, 
aldicarb, was detected in stormdrain outfalls in two of the new sites in the northern 
section of Sacramento in August 2009. Aldicarb is a restricted use insecticide with no 
registered urban uses (agricultural use only); 96% of its use is on cotton. In 2009, there 
were no reported uses of aldicarb in the PUR database in Sacramento County for 2009, or 
in nearby counties (CDPR 2010). The source of this aldicarb detection would be difficult 
to locate. 
 
Fipronil was detected in 21% of the samples (with trace detections, 84%). Most of these 
detections were at the sampling sites in Roseville (50% detections frequency); with minor 
detections in the San Francisco Bay Area (Dublin; 8%) sites and the new Sacramento 
area sites (7% detection frequency). Roseville may be a high fipronil use area; in CDPR’s 
initial urban study, in northern California this city had a much higher detection frequency 
(31%) than did Dublin (7%).  
 
Similar to CDPR’s previous urban study, fipronil had a high frequency of trace detections 
(Ensminger and Kelley 2011). This was also the case with the fipronil (FP) degradates 
(percentage of detections above reporting limit, detections including trace detections):  

 FP sulfone (8%, 76%);  
 Desulfinyl FP (3%, 87%); 
 FP amide (no detections, 50%);  
 FP sulfide (no detections, 40%); 
 Desulfinyl FP amide (no detections, 24%). 
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The detection frequencies between the established and the new sites were about the same 
for the fipronil degradates. 
  
The most frequently detected herbicides were 2,4-D, dicamba, triclopyr, diuron, MCPA, 
and prometon (Figure 4). 2,4-D was the second most frequently detected pesticide in this 
study and as a group, the synthetic auxin herbicides (2,4-D, triclopyr, dicamba, and 
MCPA) were frequently detected. For urban use, these four herbicides have similar uses 
and application timings. Frequency of detection ranged from 21% (MCPA) to 74% (2,4-
D); detection frequency increased to 32% - 82% if trace detections are considered. 
Detections of synthetic auxin herbicides in the new sites were comparable to detections in 
the established sites. Based on results from this study and CDPR’s initial urban study, 
synthetic auxin herbicides are widespread in urban surface waters in northern California. 
 
Diuron was also frequently detected (37% detection frequency, with trace detections, 
50%). The new sites had only a slightly higher detection frequency (43%) than did the 
established sites (33%). Prometon was frequently detected (24%; with trace detections, 
40%). Prometon is not applied by professional applicators (nor used in agriculture) 
therefore its use must come strictly from homeowners (CDPR 2010). Interestingly, in a 
recent survey of pesticide products sold in large retail stores, prometon was only listed 
for sale in southern California (Osienski 2010) but in previous surveys it had been found 
in one product in northern California (Moran 2005). Its moderate detection frequency is 
likely due to its use and timing (often, to bare ground just prior to the rainy season).  
 
Pesticides detected in sediments 

Sediments were collected during the dryflow sampling event; a total of 10 sediment 
samples were collected from the sampling sites. Two of the sediment samples contained 
chlorpyrifos and all sediments contained bifenthrin and cyfluthrin. In addition, nine of the 
samples contained permethrin and half of the sediments contained cypermethrin, 
deltamethrin, and λ-cyhalothrin. Including chlorpyrifos, there was an average of six 
pesticides per sediment sample. 
 
Appendix I contains the complete analytical results (for both water and sediment) for the 
study (Tables A2-A4). 
 
The effect of waterbody type (stormdrain outfall vs. creek receiving water) on 

pesticide concentrations in urban surface waters. 

In the study, there were no significant differences in the median number of pesticides 
detected per sample in stormdrain outfalls and receiving waters (median 4.0 and 3.0, 
respectively; p=0.487). This seems to be consistent for the insecticides, as there were 
little differences between detection frequencies between storm drain outfalls and 
receiving waters (Figure 5). Bifenthrin had the largest difference, with more detections 
(12.5%) in stormdrain outfalls than in receiving waters. Although with the small samples 
size this might not be significant, this is consistent with previous observations 
(Ensminger and Kelley 2011). Several of the herbicides had larger differences between 
the waterbody types. The synthetic auxins (except for MCPA) all had higher detection 
frequencies in stormdrain outfalls than in receiving waters, whereas prometon was more 
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commonly found in receiving waters. For these herbicides, there was 20% or more 
differences between the two waterbodies. Perhaps these herbicides were applied near the 
time we collected our samples and were therefore more concentrated in specific 
locations. More likely this difference is due to the small sample size for receiving waters 
(n=9).  
 
The effect of season (dryflow vs. rainstorm) on pesticide concentrations in urban 

surface waters. 

The median number of pesticides detected per sample during rainstorm events was 
significantly greater than during dryflow (median 5.0 and 1.0, respectively; p=0.000). In 
addition, there were significant differences in pesticide detections between the different 
rainstorm events. The first flush rainfall in October had significantly more detections 
(median, 7) than did the October dryflow sampling event immediately preceding the first 
flush (median, 1; p=0.0002) or the spring rainstorm (median 4, p=0.012; Figure 6). The 
number of pesticides detected during the October dryflow and the spring rainstorm 
sampling event were also were significantly different (p=0.001). 
 
Of each individual pesticide, detection frequencies were between 17%-67% higher during 
the first flush rainfall of the 2010 water year than during the October dryflow sampling 
event (Figure 7). Generally, the first flush rain event had between 10%-60% higher 
detection frequencies than the spring rainstorm. However, bifenthrin and dicamba had the 
same detection frequencies during both rain events and 2,4-D had a higher detection 
frequency during the spring rain event. Bifenthrin has higher reported use in the late 
summer through early fall than during the spring, but use is common through most of the 
year (CDPR 2010; Figure 1A, Appendix 1). Bifenthrin also is known to tightly bind to 
soil particles; it is likely that we are seeing equal detections at both rain events because of 
higher sediments in the rain runoff waters. During rain events we had significantly higher 
TSS and turbidity than during dryflow (Table A6, Appendix I). Between the two rain 
events there were no significant differences between these variables. Dicamba has very 
low reported use for the sampling areas and detections likely represent homeowner use. 
2,4-D had about twice as much reported use in the spring as the fall, and may account for 
its higher detection frequency in the spring; homeowner use would likely contribute to 
the spring load. But because we generally detected more pesticides during the first flush 
rainfall, this suggests that pesticides accumulate over California’s dry season (May – 
October) and that dryflow runoff only appears to remove a small percentage of pesticides. 
However, these pesticides could have been applied prior the impending rainstorm by 
homeowners or licensed pesticide professionals.  
 
All sites except MCC030, PGC010, and PGC040 had higher detection frequencies with 
the first flush rainstorm (Figure 8). MCC030 and PGC040 had approximately the same 
detection frequencies during both rain events; however PGC010 was unusual in that the 
October dryflow sampling event had highest detection frequency. Including trace 
detections, however, the October first flush rainstorm had the most detections of all three 
of these sampling events. 
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Comparison of Pesticide Concentrations to Aquatic Toxicity Guidelines 

Established aquatic toxicity benchmarks can be used to interpret monitoring data and 
prioritize sites and pesticides for further investigation (US EPA 2011). For this analysis, 
we used benchmarks available from US EPA Office of Pesticide Programs and Office of 
Water. But for pyrethroids we also used established Hyalella azteca LC50s (where 
available) due to the sensitivity of this organism to pyrethroids (Anderson et al. 2006; 
Weston and Jackson 2009). Additionally, recently developed water quality criteria 
(WQC) by the University of California at Davis (UCD-WQC) was also used to interpret 
the results (CVRWQCB 2011). 
 
In water samples, we detected seven pesticides above their aquatic toxicity guideline 
values (Table 2; values in this table below reporting limits are not discussed). In all, 38% 
of the total samples and 62% of the sites had at least one pesticide above these toxicity 
values. This high percentage was due to the high number of bifenthrin detections with the 
potential to be toxic to sensitive aquatic organisms. Pyrethroids are highly hydrophobic 
and associate with the dissolved organic carbon and suspended sediment in water samples 
which may limit their bioavailability. Considering these factors with the equation by 
Spurlock et al. (2005) and using the Koc value of 240000 (NPIC 2011), 34% - 56% of the 
bifenthrin detections would be bioavailable and have the potential to be toxic to sensitive 
species (Table 2). However, Koc values are dependent on many factors. For bifenthrin, 
Laskowski (2002) lists a range of Koc values from 116000 – 888000 ml g-1. With this 
range of Koc, between 15 – 63% of all bifenthrin’s detections would have been 
bioavailable. It is likely that some of the bifenthrin would have been available for uptake 
and toxicity to sensitive aquatic species in these waterways.  
 
None of the other detected pesticides approached the level of potential toxicity of 
bifenthrin. Diuron and fipronil had two detections above their respective benchmarks 
(5.3%) and permethrin, diazinon, and malathion had one detection (2.6%) above their 
respective aquatic benchmarks (Table 2). Malathion has a lower WQC than benchmark 
(0.17 μL-1 compared to its benchmark of 0.3 μL-1); in addition, the US EPA Office of 
Water gives chronic continuous concentration value of 0.1 μL-1 (US EPA 2011). Using 
these values, the percentage of malathion detections above toxicity guideline values 
would range from 2.6 – 13% (Table 2).  
 
Water Quality 

Temperature, pH, EC, turbidity, DO, TSS, and TOC were measured in this study. DO, 
pH, and EC have specific water quality objectives. EC did not exceed water quality 
objectives, but pH and DO did (5% and 13% of the time, respectively). Median 
concentrations of turbidity, TSS, and TOC were 24.7 NTU, 18.3 ppm, and 5.9 ppm, 
respectively. There were no significant differences in water quality between stormdrain 
outfalls and receiving waters but there were some differences between dryflow and rain 
runoff. Water quality data can be found in the Appendix I, Tables A5 – A8. 
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Quality Control 

Quality control was acceptable for the study. CDFA recovered 97% of all matrix, blind, 
and propazine spikes within acceptable levels with no detections in the lab blanks. 
Appendix II has more detailed information about quality control. 
 

IV. CONCLUSIONS 

The main conclusions from the study are listed below. 
1. Ninety-five percent of the water samples contained at least one pesticide. The main 

insecticides detected in water samples were bifenthrin, malathion, carbaryl, and 
fipronil. The main herbicides were 2,4-D, dicamba, triclopyr, diuron, MCPA, and 
prometon.  

2. Two additional pesticides were detected in this study which were not observed in 
CDPR’s initial study. The cotton insecticide aldicarb was detected in two of the new 
Sacramento area sites. The OP insecticide DDVP (dichlorvos) had a 20% trace 
detection frequency. 

3. Urban water bodies contain numerous pesticides at any given time. Seventy-five 
percent of the sampled waters contained at least two pesticides, 50% contained four 
or more pesticides and 25% had six or more pesticides. 

4. The new sites in the Sacramento area (NAT001, ANT001, FOL001, FOL002, 
FOL100; see Appendix 1) had approximately the same detection frequency as the 
established sampling sites. 

5. Roseville had a higher detection frequency of fipronil than either the San Francisco 
Bay Area or new Sacramento area sites. 

6. Sediments are contaminated with chlorpyrifos and pyrethroids. Bifenthrin and 
cyfluthrin were detected in all sediments; permethrin in 90% of sediments. Half of the 
sediment samples also contained cypermethrin, deltamethrin, and λ-cyhalothrin.  

7. Rainstorms drive most pesticides into urban surface waters. Generally, more 
pesticides are detected in a first flush rainstorm than during late irrigation season 
dryflow or a late spring rainstorm. More pesticides were detected in spring rainstorms 
than during dryflow. 

8. Some pesticides were more commonly detected in stormdrain outfalls (2,4-D, 
dicamba, triclopyr), some more frequently detected in receiving waters (prometon), 
and others were detected with about equal frequency (diuron, bifenthrin, carbaryl, 
fipronil, malathion, MCPA). 

9. Bifenthrin frequently was detected at concentrations that could be toxic to aquatic 
life. Infrequently, permethrin, fipronil, malathion, diazinon, and diuron were detected 
at concentrations that potentially could be toxic to aquatic organisms.  
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Table 1. Pesticides analyzed by the California Department of Food and Agriculture in 
water or sediment, with their method detection and reporting limits, and holding times.  

Specific methods can be found at 
http://www.cdpr.ca.gov/docs/emon/pubs/em_methd_main.htm. 

Analyte Group (method) 
Method 

Detection Limit 
(µg L-1) 

Reporting 
Limit (µg 

L-1) 

Holding 
time 

(days) 

Carbamate Insecticides (HPLC; method EMON-SM 11.3) 

Analytes: aldicarb, aldicarb sufoxide, aldicarb 
sulfone, methomyl, carbofuran, 3-OH 
carbofuran, carbaryl, oxamyl, methiocarb 

0.01 – 0.02 0.05 28 
(acidified) 

Fipronil Insecticides (GC/MSD in SIM mode; method EMON-SM 05-013) 

Analytes: fipronil (FP), desulfinyl FP, 
desulfinyl FP amide, FP sulfide, FP sulfone, 
FP amide 

0.003 – 0.005 0.05 14 

Organophosphorus Insecticides in Water (method EMON-SM 46-0) 

Analytes by GC/FPD:  dichlorvos1, 
dimethoate, malathion, methidathion 0.008 – 0.0142 0.03 – 

0.05 7 

Analytes by GC/MS: chlorpyrifos, diazinon 0.0008 – 0.0012 0.01 7 

Pyrethroid Insecticides (GC-ECD; water method, EMON-SM 05-003; sediment 

method EMON-SM 52.9) 

Analytes: bifenthrin, cyfluthrin, 
cypermethrin, 
deltamethrin/tralomethrin, 
esfenvalerate/fenvalerate, 
fenpropathrin, λ-cyhalothrin, 
permethrin (cis, trans), resmethrin 

Water 0.001 – 0.008 0.005 – 
0.015 4 

Sediment 
(µg kg-1) 0.107 – 0.183 1.0 183 

Photosynthesis Inhibitor Herbicides (triazine, trizinone, urea, and uracil chemistry; 

(LC/MC/MC; method EMON-SM 62.9) 

Analytes: bromacil, DACT (diamino 
chlorotriazine), diuron, hexazinone, 
prometon1, simazine  

0.01 – 0.04 0.05 14 

Synthetic Auxin Herbicides (GC/MS; method EMON-SM 05-012) 

 
Analytes: 2,4-D, dicamba, MCPA, triclopyr 

0.064 0.1 12 

1dichlorvos and prometon only analyzed October 2009 

http://www.cdpr.ca.gov/docs/emon/pubs/em_methd_main.htm
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Table 2. US EPA aquatic life benchmarks, water quality criteria, or commonly accepted LC50 values of pesticides 
detected above these toxicity guideline values (in µg L-1 except for pyrethroids [ng L-1]). Detection frequencies (DF) 
greater than the toxicity value are given in parenthesis below the individual toxicity value. 

Pesticide DF for 
Study 

US EPA OPP* 
UCD WQC§ 

LC50
A Aquatic Benchmark Office of  Water 

AI CI AF CF ANV AV CMC CCC  AWQC CWQC 

Diazinon 5.3% 
0.11 

(2.6%) 
0.17 

(2.6%) 
45 <0.55 3700 -- 

 
0.17 

(2.6%) 
-- 0.2 0.07 

(2.6%) 
-- 

Diuron 37% 
80 200 200 26 2.4 

(5.3%) 
15 
 

-- -- 170 1.3  
(7.9%) 

-- 

Fipronil 21% 0.11 
(5.3%) 

0.011B 
(21%) 

41.5 6.6 -- -- -- -- -- -- -- 

Fipronil 
sulfone 7.9% 

0.36 0.037B 
(7.9%) 

12.5 0.67 140 >100 
 

-- -- -- -- -- 

Malathion 26% 
0.3 

(2.6%) 
0.035B 
(26%) 

16.4 8.6 -- -- 
 

-- 0.1 
(13%) 

0.17 
(7.9%) 

0.028B 
(26%) 

-- 

BifenthrinC 76% 
800 1.3B 

(76%) 
75 40 -- -- 

 
-- -- 4 

 (56%) 
0.6B 

(76%) 
7.7 

(34%) 

trans-
PermethrinC 2.6% 

10 
(2.6%) 

1.4B 
(2.6%) 

395 51.5 -- -- -- -- 10  

(2.6%) 
-- -- 

*AI = acute invertebrate; CI = chronic invertebrate; AF = acute fish; CF = chronic fish; ANV = acute nonvascular plant; AV = acute vascular plant; 
CMC = chronic maximum concentration; CCC = chronic continuous concentration (US EPA 2011). 
§AWQC = acute water quality criteria; CWQC = chronic water quality criteria (CVRWQCB 2011). 
A 

Hyalella azteca LC50 (Weston and Jackson 2009) 
B Below the reporting limits of the chemical analysis. 
C DF above estimated bioavailable concentration using equation from Spurlock et al. (2005) and Koc values from PPDB (2011) and NPIC (2011). 
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Figure 1. Sampling sites for CDPR’s northern California urban monitoring project in the 
Sacramento and San Francisco Bay areas, California. 
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Figure 2. Cartoon depicting a storm drain outfall and receiving water (from 
http://www.stormwater.co.trumbull.oh.us/). 
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Figure 3. Number of pesticides detected in water samples collected from urban creeks 
and storm drain outfalls in northern California, USA. All detections were above the 
analytical reporting limit; * indicates the median number of pesticides detected per water 
sample. 
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Figure 4. Detection frequency of pesticides (above the reporting limit) between October 2009 
and June 2010. Bif, bifenthrin; Mala, malathion; Carb, carbaryl; FP, fipronil; FP So, FP 
sulfone; Diaz, diazinon; Ds FP, desulfinyl FP; tPer, trans-permethrin; Dica, dicamba; Tric, 
triclopyr; Diur, diuron; Prom, prometon. There were also trace detections of FP amide (50%), 
FP sulfide (40%), desulfinyl FP amide (24%), and dichlorvos (20%). DDVP (dichlorvos) was 
detected in two of the four preliminary samples taken in August 2009 at the new Sacramento 
sites. 
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Figure 5. The influence of waterbody on frequency of pesticide detections. Detection 
frequency (DF) differences were determined by subtracting the detection frequency of 
stormdrain outfall samples from the detection frequency of receiving water (DF receiving 
water – DF stormdrain outfall). Tric, triclopyr; Dica, dicamba; Bif, bifenthrin; Diur, diuron; 
Carb; carbaryl; FP, fipronil; Mala, malathion; Prom, prometon. Only pesticides detected with 
a greater 10% detection frequency during the entire study are included in the figure. 



 

 18 

 

 

Figure 6. Number of pesticides detected during the different sampling events. 
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Figure 7. A. Detection frequency of samples collected during an October dryflow sampling 
event (October 11 or 12, 2009) which was immediately prior to a first flush rain event 
(October 13, 2009), and samples collected during spring rainstorms (April 4 and May 25, 
2010). There was no analytical data for prometon at the spring rainstorm event. Only 
pesticides detected with a greater 10% detection frequency during the entire study are 
included in the figure.
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Figure 8. Detection frequency of pesticides detected at the different sampling sites with each 
sampling event (NAT001 was not sampled in October first flush rainstorm). 
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VI. APPENDIX I. DATA for Study 264 

Appendix I contains data for the urban study, August 2009 – May 2010. Abbreviations commonly used in the Appendix tables: 
 

Abbreviation Definition 
FP fipronil 
SAC Sacramento Area 
SFB San Francisco Bay Area 
mv missing value, not data available or site not sampled 
nd not detected, below the reporting limit 
ppm parts per million (mg L-1) 
RW receiving water 
StDr storm drain outfall 
tr trace detection (below the reporting limit but above the minimum 

detection limit). 
nf water was not flowing 
fl water was flowing, either too slow or too dangerous to measure 
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Table A1. Characteristics of the sampling sites in Study 264. 

Watershed Site Location Site ID Site Type 
Urban Land 

Use 

Approx-
imate 
Area 

(Acres) 

Approximate 
Residence 

Number 

Datum:  WGS84 (Decimal 
degrees) 

City County 

Latitude  Longitude 

Martin 
Canyon/ 
Koopman 
Canyon 
Creek 

Donohue Drive at 
Fire Station 

(established site) 
MCC010 

Storm 
Drain 

Mostly 
residential 

500 1300 37.70922 -121.93335 Dublin Alameda 

Martin 
Canyon/ 
Koopman 
Canyon 
Creek 

End of Millbrook 
Avenue  

(established site) 
MCC020 

Storm 
Drain 

Mostly 
residential 

225 650 37.71668 -121.93524 Dublin Alameda 

Martin 
Canyon/ 
Koopman 
Canyon 
Creek 

Dublin Blvd by 
Safeway and I-680 
(established site) 

MCC030 
Storm 
Drain 

Mixed 
residential 

and 
commercial 

290 450 37.70686 -121.92711 Dublin Alameda 

Martin 
Canyon/ 
Koopman 
Canyon 
Creek 

Dublin Blvd by 
Safeway and I-680 
(established site) 

MCC040 
Receiving 

Water 

Mixed 
residential 

and 
commercial 

  37.706412 -121.92669 Dublin Alameda 

Pleasant 
Grove 
Creek 

Dr. Paul J. Dugan 
Park on Diamond 

Woods Circle 
(established site) 

PGC010 
Storm 
Drain 

Mostly 
residential 

50 250 38.80477 -121.32733 Roseville Placer 

Pleasant 
Grove 
Creek 

Opal and Parkside 
Way, right-hand side 

of stream 
(established site) 

PGC020 
Storm 
Drain 

Mostly 
residential 

150 450 38.80232 -121.33855 Roseville Placer 

Pleasant 
Grove 
Creek 

At Crocker Ranch 
Road 

(established site) 
PGC030 

Storm 
Drain 

Mostly 
residential 

85 300 38.79908 -121.34698 Roseville Placer 
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Table A1 continued. 

Watershed Site Location Site ID Site Type 
Urban Land 

Use 

Approx-
imate 
Area 

(Acres) 

Approximate 
Residence 

Number 

Datum:  WGS84 (Decimal 
degrees) 

City County 

Pleasant 
Grove 
Creek 

At Veteran's 
Memorial Park 

(established site) 
PGC040 

Receiving 
Water 

Mostly 
residential 

  38.79857 -121.34802 Roseville Placer 

Dry Creek 

Story Ridge Way and 
Redwater Drive near 
influx to Dry Creek 

(new site) 

ANT001* 
Storm 
Drain 

Mostly 
residential 

75 400 38.726232 -121.37336 Sacramento 

Sacramento 
River 

Babcock Way and 
Brookmere Way 

(new site) 

NAT001* 
Storm 
Drain 

Mostly 
residential 

50 300 38.66745 -121.52411 Sacramento 

Alder/ 
Willow 
Creek 

 

Marsh Hawk Dr. near 
Widgeon Ct. 

(new site) 

FOL001* 
Storm 
Drain 

Mostly 
residential 60 250 38.655646 -121.14375 Folsom 

Sacra-
mento 

At Brock Circle 

(new site) 
FOL002* 

Storm 
Drain 

Mostly 
residential 70 250 38.6503 -121.14494 Folsom 

Iron Point Rd., near 
Buckingham Way 

(new site) 

FOL100* 
Receiving 

Water 

Mostly 
residential   38.64559 -121.14442 Folsom 

*ANT001, NAT001, FOL001, FOL002, and FOL100 were new sites to the study. 
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Table A2. Detections of insecticides in water (concentrations in µg L-1 unless specified). Insecticides included in the analyses (Table 1) that 
were not detected in any event are not included in the table. 
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n
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-1
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SAC 8/28/2009 ANT001 StDr Dryflow 0.086 nd nd nd nd nd nd tr nd nd nd 11.3 nd 

SAC 8/28/2009 FOL001 StDr Dryflow nd nd nd nd nd tr nd tr nd nd nd nd nd 

SAC 8/28/2009 FOL002 StDr Dryflow nd nd nd nd nd nd nd nd nd nd nd 16.8 nd 

SAC 8/28/2009 NAT001 StDr Dryflow 0.084 nd tr nd tr tr nd tr nd tr nd nd nd 

SAC 10/12/2009 ANT001 StDr Dryflow nd nd tr nd nd nd nd tr nd nd nd 11.1 nd 

SAC 10/12/2009 FOL001 StDr Dryflow nd nd tr nd tr tr nd tr nd nd nd nd nd 

SAC 10/12/2009 FOL002 StDr Dryflow nd nd nd nd nd nd nd nd nd nd nd nd nd 

SAC 10/12/2009 FOL100 RW Dryflow nd nd tr nd nd nd tr tr nd nd nd nd nd 

SFB 10/11/2009 MCC010 StDr Dryflow nd nd nd nd tr tr nd nd nd nd nd nd nd 

SFB 10/11/2009 MCC020 StDr Dryflow nd nd tr nd tr nd tr nd nd nd nd nd nd 

SFB 10/11/2009 MCC030 StDr Dryflow nd nd nd nd nd nd nd nd nd nd nd nd nd 

SFB 10/11/2009 MCC040 RW Dryflow nd nd nd nd nd nd nd nd nd nd nd nd nd 

SAC 10/12/2009 NAT001 StDr Dryflow nd nd nd nd nd nd nd tr nd nd nd nd nd 

SAC 10/12/2009 PGC010 StDr Dryflow nd nd 0.088 tr 0.244 tr tr 0.066 nd nd 0.332 14.1 nd 

SAC 10/12/2009 PGC020 StDr Dryflow nd nd tr nd tr nd tr nd nd nd nd 7.43 nd 

SAC 10/12/2009 PGC030 StDr Dryflow nd nd tr nd tr nd tr tr nd nd nd 49.1 nd 

SAC 10/12/2009 PGC040 RW Dryflow nd nd tr nd tr nd tr tr nd nd nd nd nd 

SAC 10/13/2009 ANT001 StDr Rainstorm nd 0.057 tr tr tr tr tr tr nd tr 0.093 26.2 nd 

SAC 10/13/2009 FOL001 StDr Rainstorm nd 0.073 tr tr 0.087 tr tr 0.062 0.025 nd nd 26.5 nd 

SAC 10/13/2009 FOL002 StDr Rainstorm nd nd tr tr tr tr tr tr nd nd 0.043 22.1 nd 

SAC 10/13/2009 FOL100 RW Rainstorm nd nd tr nd tr tr tr tr nd nd 0.148 15.5 nd 

SFB 10/13/2009 MCC010 StDr Rainstorm nd 0.05 tr nd tr tr nd tr nd nd 0.046 18.9 nd 

SFB 10/13/2009 MCC020 StDr Rainstorm nd tr tr nd tr tr tr tr nd nd 0.186 34.8 nd 

SFB 10/13/2009 MCC030 StDr Rainstorm nd tr tr nd tr nd nd tr nd nd tr 16.9 nd 

SFB 10/13/2009 MCC040 RW Rainstorm nd 0.061 tr nd tr tr nd tr nd nd 0.134 14.2 nd 

SAC 10/13/2009 PGC010 StDr Rainstorm nd nd tr tr 0.077 tr tr tr nd tr 0.098 33.2 nd 

SAC 10/13/2009 PGC020 StDr Rainstorm nd 0.399 tr tr 0.203 tr tr 0.051 0.132 tr tr 51.3 nd 

SAC 10/13/2009 PGC030 StDr Rainstorm nd 0.087 tr tr 0.081 tr tr tr nd tr tr 33.3 nd 

SAC 10/13/2009 PGC040 RW Rainstorm nd tr tr tr 0.053 tr tr tr nd tr tr 19.5 nd 
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SAC 4/4/2010 ANT001 StDr Rainstorm nd nd tr nd tr nd nd tr nd mv tr 17.1 20 

SAC 4/4/2010 FOL001 StDr Rainstorm nd nd tr nd tr tr nd tr nd mv nd 31.1 nd 

SAC 4/4/2010 FOL002 StDr Rainstorm nd tr tr nd tr tr nd tr nd mv tr 39.4 nd 

SAC 4/4/2010 FOL100 RW Rainstorm nd 0.15 tr nd tr nd nd tr nd mv nd 8.23 nd 

SAC 4/4/2010 NAT001 StDr Rainstorm nd nd tr nd tr tr nd tr nd mv nd 5.37 nd 

SAC 4/4/2010 PGC010 StDr Rainstorm nd nd tr nd 0.056 nd nd tr nd mv tr 40.5 nd 

SAC 4/4/2010 PGC020 StDr Rainstorm nd nd tr nd tr tr nd tr nd mv tr 38.8 nd 

SAC 4/4/2010 PGC030 StDr Rainstorm nd 0.059 tr nd tr tr nd tr nd mv 0.178 40.6 nd 

SAC 4/4/2010 PGC040 RW Rainstorm nd nd tr nd tr nd nd tr nd mv 0.064 11.4 nd 

SFB 5/25/2010 MCC010 StDr Rainstorm nd tr tr nd tr nd nd nd nd mv tr 14.8 nd 

SFB 5/25/2010 MCC020 StDr Rainstorm nd nd tr tr tr nd nd tr nd mv tr 13.8 nd 

SFB 5/25/2010 MCC030 StDr Rainstorm nd 0.106 tr nd tr nd nd nd nd mv tr 8.92 nd 

SFB 5/25/2010 MCC040 RW Rainstorm nd tr tr nd 0.06 nd nd nd nd mv tr 6.84 nd 

 

Table A3. Detections of chlorpyrifos and pyrethroids in sediments (units, µg kg-1 dry wt.). All sediments were collected during dryflow. 
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SFB 10/11/2009 MCC010 StDr nd 3.26 1.69 nd nd nd nd 2.14 1.79 nd nd 

SFB 10/11/2009 MCC020 StDr nd 10.14 2.52 nd nd nd nd 1.69 1.71 nd nd 

SFB 10/11/2009 MCC030 StDr 4.74 53.13 29.52 nd nd nd 6.20 14.46 11.14 nd nd 

SFB 10/11/2009 MCC040 RW nd 15.89 3.98 nd nd nd nd 3.96 1.93 nd nd 

SAC 10/12/2009 PGC010 StDr nd 123.32 18.78 6.38 2.54 nd 3.55 14.59 4.90 nd nd 

SAC 10/12/2009 PGC020 StDr nd 105.87 10.99 5.83 nd nd 1.99 8.53 6.56 nd nd 

SAC 10/12/2009 FOL100 RW nd 106.15 15.79 nd 4.30 nd nd nd nd nd nd 

SAC 10/12/2009 FOL002 StDr 3.14 138.14 70.74 9.37 9.39 nd 5.29 23.13 8.05 nd nd 

SAC 10/12/2009 FOL001 StDr nd 120.14 22.88 6.46 7.51 nd 5.52 7.68 7.47 nd nd 

SAC 10/12/2009 ANT001 StDr nd 96.63 10.71 36.41 3.11 nd nd 19.88 10.37 nd nd 

Table A2 continued. 
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Table A4. Detections of herbicides in water samples (concentrations in µg L-1). Herbicides 
included in the analyses (Table 1) that were not detected in any event are not included in the 
table. 
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SAC 8/28/2009 ANT001 StDr Dryflow 0.428 0.164 nd 0.132 nd nd 

SAC 8/28/2009 FOL001 StDr Dryflow 0.123 nd nd nd nd nd 

SAC 8/28/2009 FOL002 StDr Dryflow nd nd nd nd nd nd 

SAC 8/28/2009 NAT001 StDr Dryflow 0.177 0.086 nd 0.123 nd nd 

SAC 10/12/2009 ANT001 StDr Dryflow 0.197 tr tr nd nd nd 

SAC 10/12/2009 FOL001 StDr Dryflow 0.094 nd nd nd nd nd 

SAC 10/12/2009 FOL002 StDr Dryflow nd nd nd nd nd nd 

SAC 10/12/2009 FOL100 RW Dryflow nd nd nd tr nd 0.341 

SFB 10/11/2009 MCC010 StDr Dryflow nd nd 0.056 tr 0.187 nd 

SFB 10/11/2009 MCC020 StDr Dryflow nd nd nd tr 1.64 tr 

SFB 10/11/2009 MCC030 StDr Dryflow nd nd nd nd nd nd 

SFB 10/11/2009 MCC040 RW Dryflow nd nd nd nd 0.73 nd 

SAC 10/12/2009 NAT001 StDr Dryflow 0.056 nd nd tr nd nd 

SAC 10/12/2009 PGC010 StDr Dryflow 1.69 0.616 nd nd nd nd 

SAC 10/12/2009 PGC020 StDr Dryflow 0.07 0.224 nd tr nd nd 

SAC 10/12/2009 PGC030 StDr Dryflow 0.065 0.117 nd 0.201 nd nd 

SAC 10/12/2009 PGC040 RW Dryflow nd 0.123 nd tr nd nd 

SAC 10/13/2009 ANT001 StDr Rainstorm 1.55 0.119 0.068 0.655 0.096 0.064 

SAC 10/13/2009 FOL001 StDr Rainstorm 1.18 0.077 tr 0.164 0.102 tr 

SAC 10/13/2009 FOL002 StDr Rainstorm tr 0.061 nd 0.094 0.187 tr 

SAC 10/13/2009 FOL100 RW Rainstorm 0.608 tr tr tr 0.053 0.123 

SFB 10/13/2009 MCC010 StDr Rainstorm 0.358 0.076 0.185 0.39 0.214 nd 

SFB 10/13/2009 MCC020 StDr Rainstorm 1.07 0.062 tr 0.246 2.53 0.061 

SFB 10/13/2009 MCC030 StDr Rainstorm 0.109 nd nd 0.081 0.114 nd 

SFB 10/13/2009 MCC040 RW Rainstorm 0.441 tr 0.087 0.179 2.5 tr 

SAC 10/13/2009 PGC010 StDr Rainstorm tr 0.249 nd nd tr nd 

SAC 10/13/2009 PGC020 StDr Rainstorm 0.097 0.172 nd 0.05 0.355 tr 

SAC 10/13/2009 PGC030 StDr Rainstorm 0.14 0.139 0.064 0.055 tr nd 

SAC 10/13/2009 PGC040 RW Rainstorm tr 0.122 nd tr tr tr 

SAC 4/4/2010 ANT001 StDr Rainstorm 1.19 0.195 0.062 tr 0.101 mv 

SAC 4/4/2010 FOL001 StDr Rainstorm 0.7 0.114 0.09 tr nd mv 

SAC 4/4/2010 FOL002 StDr Rainstorm 1.36 tr nd 0.238 0.057 mv 

SAC 4/4/2010 FOL100 RW Rainstorm 0.325 tr nd tr nd mv 

SAC 4/4/2010 NAT001 StDr Rainstorm 1.53 0.084 nd nd tr mv 

SAC 4/4/2010 PGC010 StDr Rainstorm 0.146 tr nd nd nd mv 

SAC 4/4/2010 PGC020 StDr Rainstorm 0.544 0.065 nd 0.05 tr mv 

SAC 4/4/2010 PGC030 StDr Rainstorm 2.73 0.171 nd nd nd mv 

SAC 4/4/2010 PGC040 RW Rainstorm 0.501 0.086 nd nd nd mv 

SFB 5/25/2010 MCC010 StDr Rainstorm 0.372 0.062 nd 0.146 nd mv 

SFB 5/25/2010 MCC020 StDr Rainstorm 0.237 0.06 nd 0.11 nd mv 

SFB 5/25/2010 MCC030 StDr Rainstorm 0.19 0.07 nd 0.155 nd mv 

SFB 5/25/2010 MCC040 RW Rainstorm 0.161 0.064 0.096 0.244 nd mv 
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Figure A1.Reported pesticide use compared to the detection frequency at the October dryflow, 
October rainstorm first flush, and a spring rainstorm event. There was no prometon data for the 
spring. Two dates in October reflect the two different sampling dates; use data is the same for the 
two different sampling dates in October. Pesticide use is the total PUR non-agriculture reported 
use for Alameda, Placer and Sacramento Counties (counties of the sampling sites). 
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Table A5. Summary of the water quality parameters for the entire study. 
 

 pH EC (mS 
cm-1) 

DO   
(mg L-

1) 

Temper-
ature (°C) 

Turbidity 
(NTU) 

TSS (mg 
L-1) 

TOC (mg 
L-1) 

Median 7.6 0.1 9.6 15.3 24.7 18.3 5.9 

Range 6.7 – 
8.6 

0.0 – 
2.4 

1.6 – 
14.3 10.4 – 21 0 – 195 0.1 – 1055 0 – 15.9 

Criteria 
for 
water 
quality1 

6.5 – 
8.5 

> 3.0 
(severe) < 5.0 

15.6 – 23.9 
(seasonal), 

or not 
2.8°C 
above 
natural 
levels 

> 1 NTU or 
20% based 
on natural 

levels2 

Shall not 
cause a 
nuisance or 
adversely 
affect 
beneficial 
uses. 

-- 

Percent 
outside 
criteria 

5% 0% 13% -- 

Background 
natural 
levels 

unknown 

unknown 

1Criteria from Central Valley Regional Water Quality Board, Water Quality Control Plan for the 
Sacramento and San Joaquin River Basins, 
http://www.waterboards.ca.gov/centralvalley/water_issues/basin_plans/; The San Diego Regional Water 
Quality Board, San Diego Region Basin Plan, 
http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/; San Francisco Bay Area 
Regional Water Quality Control Board, basin plan, http://www.swrcb.ca.gov/rwqcb2/basin_planning.shtml 
2Determined based on medians of sampling sites. If NTUs medians were between 1 – 5, and increase of 1 
NTU over the median was an exceedance. If the medians were between 5 – 50 NTUs, an increase of 20% or 
more was an exceedance. Most exceedances (70%) were during rainstorm sampling and in stormdrain 
outfalls (67%). 
 
 
Water Quality Parameters by Category  
There were no significant differences in water quality parameters between stormdrain outfalls and receiving 
waters (Table A6). Rainfall was the biggest factor influencing differences between water quality parameters. 
During dryflow conditions EC and temperature values were significantly higher than those observed during 
rainstorm events (p=0.0004-0.0008), whereas during rain events, DO, turbidity, and TSS were significantly 
higher than during dryflow (p=0.000-0.026; Table A7).  
 

http://www.waterboards.ca.gov/centralvalley/water_issues/basin_plans/
http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/
http://www.swrcb.ca.gov/rwqcb2/basin_planning.shtml
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Table A6.Water quality median concentrations between stormdrain outfalls and receiving waters. 
 

 pH EC (mS 
cm-1) 

DO (mg 
L-1) 

Temper-
ature (°C) 

Turbidity 
(NTU) 

TSS (mg 
L-1) 

TOC 
(mg L-1) 

Stormdrain 
outfalls 7.6 0.1 9.7 15.5 19.9 17.8 5.7 

Receiving 
waters 7.6 0.3 8.7 15.0 24.7 19.9 6.5 

Significant 
p values n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

 
 
Table A7. Water quality median concentrations between dryflow and rainstorm sampling. 
 

 pH EC (mS 
cm-1) 

DO (mg 
L-1) 

Temper-
ature (°C) 

Turbidity 
(NTU) 

TSS 
(mg L-1) 

TOC (mg 
L-1) 

Dryflow 7.8 0.32 6.1 18.6 4.8 2.9 4.7 
Rainstorm 7.4 0.10 9.7 14.9 24.7 31.6 6.1 
Significant 
p values. n.s. 0.0008 0.026 0.0004 0.024 0.000 n.s. 
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Table A8. Water quality parameters at the individual sampling sites of the urban study. 

Area 
Sample 

Date 
Site ID 

Site 
Type 

Sample 
Event 

Flow 
(cfs) 

pH 
EC (mS 

cm
-1

) 
DO (mg 

L
-1

) 
Temp 
(°C) 

Turb 
(NTU) 

TSS 
(ppm) 

TOC 
(ppm) 

SAC 28-Aug-09 NAT001 StDr Dryflow fl mv mv mv mv mv 2.12 5.38 

SAC 28-Aug-09 ANT001 StDr Dryflow 0.02 7.99 0.493 7.24 24.46 2.8 2.62 20.45 

SAC 28-Aug-09 FOL001 StDr Dryflow 0.02 6.61 0.201 6.69 21.46 0.3 0.71 5.698 

SAC 28-Aug-09 FOL002 StDr Dryflow fl 8.03 0.28 8.19 20.55 0 28.48 1.77 

SFB 11-Oct-09 MCC010 StDr Dryflow 0.12 8.58 2.393 14.32 15.7 0 7.20 3.762 

SFB 11-Oct-09 MCC020 StDr Dryflow 0.26 8.52 1.941 13.97 14.03 1.4 21.27 8.957 

SFB 11-Oct-09 MCC030 StDr Dryflow 1.31 8.25 1.125 8.64 18.62 0 1.00 1.957 

SFB 11-Oct-09 MCC040 RW Dryflow fl 8.07 1.711 13.12 16.79 0 0.20 3.502 

SAC 12-Oct-09 ANT001 StDr Dryflow 0.0002 7.85 0.4886 3.4 19.4 mv 19.80 6.326 

SAC 12-Oct-09 FOL001 StDr Dryflow 0.004 7.06 0.159 5.28 21 mv 1.60 2.265 

SAC 12-Oct-09 FOL002 StDr Dryflow 0.0004 7.86 0.2139 6.1 19.9 mv 1.10 1.511 

SAC 12-Oct-09 FOL100 RW Dryflow 0.22 7.62 0.3245 6.99 15 mv 0.10 4.678 

SAC 12-Oct-09 NAT001 StDr Dryflow fl 7.8 0.1207 2.58 18.9 mv 1.41 4.374 

SAC 12-Oct-09 PGC010 StDr Dryflow nf 6.83 0.137 1.62 20.14 8.2 2.90 7.55 

SAC 12-Oct-09 PGC020 StDr Dryflow fl 6.68 0.143 1.89 16.23 50.2 7.90 8.643 

SAC 12-Oct-09 PGC030 StDr Dryflow fl 7.66 0.142 1.56 19.07 54.7 3.43 8.91 

SAC 12-Oct-09 PGC040 RW Dryflow nf 7.56 0.417 10.29 14.07 25 8.89 13.26 

SAC 13-Oct-09 ANT001 StDr Rain 1.86 7.34 0.12 9.61 15.3 13.3 18.78 15.86 

SAC 13-Oct-09 FOL001 StDr Rain 1.62 7.24 0.096 9.78 15.32 28.3 40.00 0 

SAC 13-Oct-09 FOL002 StDr Rain 3.47 7.22 0.076 9.91 14.86 10.9 27.00 6.38 

SAC 13-Oct-09 FOL100 RW Rain 2.73 7.16 0.098 8.52 15.1 33.8 55.34 9.117 

SFB 13-Oct-09 MCC010 StDr Rain 123.98 7.58 1.22 9.66 15.65 63 111.72 mv 

SFB 13-Oct-09 MCC020 StDr Rain 80.56 7.74 0.203 9.4 15.45 195.1 155.65 9.19 

SFB 13-Oct-09 MCC030 StDr Rain 37.76 7.21 0.064 9.65 15.83 96.4 25.80 5.136 

SFB 13-Oct-09 MCC040 RW Rain 35.60 7.56 0.121 9.45 15.83 98.4 87.76 6.513 

SAC 13-Oct-09 PGC010 StDr Rain fl 7.62 0.074 9.82 14.82 18.5 32.37 5.57 

SAC 13-Oct-09 PGC020 StDr Rain fl 7.34 0.071 9.79 14.81 30.4 58.48 7.024 

SAC 13-Oct-09 PGC030 StDr Rain fl 7.56 0.14 9.91 14.98 11.8 17.04 11.07 

SAC 13-Oct-09 PGC040 RW Rain fl 7.31 0.257 8.09 14.68 24.7 41.98 13.39 

SAC 04-Apr-10 ANT001 StDr Rain 1.56 7.22 0.1 9.54 12.1 38.1 31.63 3.07 

SAC 04-Apr-10 FOL001 StDr Rain 0.33 7.17 0.107 9.91 13.15 11.2 13.14 5.87 

SAC 04-Apr-10 FOL002 StDr Rain 2.42 7.33 0.067 10.7 11.84 21.2 17.59 3.33 

SAC 04-Apr-10 FOL100 RW Rain 0.43 7.35 0.136 8.64 11.08 9 19.90 3.495 

SAC 04-Apr-10 NAT001 StDr Rain 3.60 7.71 0.05 10.9 10.9 7.7 17.76 5.47 
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Area 
Sample 

Date 
Site ID 

Site 
Type 

Sample 
Event 

Flow 
(cfs) 

pH 
EC (mS 

cm
-1

) 
DO (mg 

L
-1

) 
Temp 
(°C) 

Turb 
(NTU) 

TSS 
(ppm) 

TOC 
(ppm) 

SAC 04-Apr-10 PGC010 StDr Rain fl 7.59 0.057 10.29 11.3 mv 11.72 2.28 

SAC 04-Apr-10 PGC020 StDr Rain 23.22 7.43 0.051 10.16 10.81 mv 15.42 2.77 

SAC 04-Apr-10 PGC030 StDr Rain 14.93 7.58 0.012 10.64 10.4 mv 13.52 2.74 

SAC 04-Apr-10 PGC040 RW Rain fl 7.76 0.25 9.85 11.1 mv 13.22 5.7 

SFB 25-May-10 MCC010 StDr Rain 18.15 8.03 0.34 9.22 16.5 60.4 1054.50 13.15 

SFB 25-May-10 MCC020 StDr Rain 22.90 8.1 0.844 9.31 15.92 58.2 1009.50 15.68 

SFB 25-May-10 MCC030 StDr Rain 7.47 7.22 0.081 9.17 17.63 7.2 543.09 6.7 

SFB 25-May-10 MCC040 RW Rain 26.25 7.82 0.262 8.73 16.89 24.7 541.53 9.33 

Table A8 continued. 
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VII. APPENDIX II. QUALITY CONTROL 

1. Holding times. Holding times are the length of time from when the sample is collected 
to when it is extracted prior to analysis, and vary for the different analyte screens (Table 
1). All analyses met there holding times, except for two synthetic auxin analyses and one 
pyrethroid analysis. The pyrethroid analysis that failed to meet the holding time probably 
did not affect results. This analysis yielded the same detection percentage as the other 
rain event (100%) and had a higher median concentration. The holding time exceedances 
for the synthetic auxin herbicides were quite high, exceeding the 12 day holding time by 
112 and 136 days for two different analyses. This has been observed before with this 
analysis (Ensminger and Kelley 2011); previously a lab duplicate showed that the holding 
time exceedance of 50 days did not decrease the analysis quality. However in this case, 
no lab duplicate was run, but based on this previous work and the high overall detection 
frequency for synthetic auxins, it is likely that the delay in the analyses did not affect lab 
quality. 

2. Lab Blanks. There were no detections in any of the 249 lab blanks. 

3. Matrix and propazine surrogate spikes. With analytical batch, control water or 
sediment is spiked with known concentrations of the pesticides in that particular 
analytical screen. For the study there were 239 matrix spike analyses; 96% of these were 
recovered within acceptable limits. Nine pyrethroids (in water) were reported above 
control limits, but deemed acceptable to the chemist due to the low control levels, thus 
giving 100% acceptable recovery. All but one of the 49 propazine surrogates (a triazine 
surrogate) were recovered with laboratory acceptable limits. 

4. Blind spikes, Field Blanks, and Field Duplicates. Blind spikes, field blanks, or field 
duplicates comprised 15% of the water and sediment samples. There were no detections 
in the field blank and all blind spikes were recovered within acceptable limits. Of field 
duplicates (water samples), 99% had good reproducibility (less than 25% difference) 
between the original field sample and the field duplicate. Sediment samples had more 
variation, with only 73% of the samples having good reproducibility. The sediment 
matrix may be interfering the analysis and causing some variation in the data or the 
smaller sample size may be confounding the results.  
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I.  INTRODUCTION 
The California Department of Pesticide Regulation’s (CDPR) Surface Water Protection Program 
(SWPP) has been monitoring urban pesticide runoff at numerous sampling sites since 2008 (He, 
2008). A major portion of this work has been to determine the pesticides in urban runoff in 
targeted monitoring in northern and southern California. In this work, 32 different pesticides 
have been detected, with bifenthrin, imidacloprid, fipronil, 2,4-D, dicamba, triclopyr, and diuron 
being most frequent detections. Of these, bifenthrin and fipronil are of most concern to aquatic 
organisms; their detections frequently exceed US EPA aquatic life benchmarks (Ensminger et al., 
2013). With this monitoring, the SWPP has established several long term monitoring sites in 
northern and southern California. Long term monitoring sites allow for determining temporal and 
spatial pesticide runoff trends. For example, it has long been known that Orange County has a 
much higher detection frequency of fipronil than in other areas of the state, and recently it has 
been noticed that concentrations of bifenthrin in water samples have decreased during dry 
weather monitoring in some northern California sampling sites (Ensminger and Kelly, 2011; 
Ensminger and Budd, 2014). Additional monitoring at these long term monitoring sites will help 
determine other pesticide runoff trends. However, spatial distribution of CDPR’s sampling sites 
has been limited to two main areas: Sacramento area and Orange County. Specifically for 
northern California urban monitoring in FY 2014-2015, additional monitoring sites in the 
Sacramento and in the San Francisco Bay area will widen the spatial distribution. These sites will 
be used to determine the extent of pesticide runoff into ecologically sensitive areas (Sacramento 
River, San Francisco Bay) from specific watersheds. 
 
A second major undertaking for the SWPP has been to measure the effectiveness of best 
management practices implemented by local municipalities to mitigate urban runoff. 
Municipalities in California are charged with developing and implementing a storm water 
management plan to reduce the discharge of pollutants (including pesticides) to the “maximum 
extent practicable” (Cal/EPA, 2014). Such programs include outreach and education, as well as 
best management practices to curtail runoff. Outreach programs have been developed to increase 
consumer awareness (Sacramento Stormwater Quality Partnership, 2012; UC IPM Online, 2013; 
Our Water – Our World, 2014), but success of these programs to reduce pesticide runoff is 
unknown. On the other hand, best management practices as constructed wetlands have good 
potential to reduce pesticide runoff and their efficacy has been documented (Budd, 2011). The 
city of Folsom, California requires new development projects to minimize stormwater runoff by 
integrating stormwater quality treatment controls into the design of the project (City of Folsom, 
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2014a; Sacramento Stormwater Quality Partnership, 2007). The SWPP has been monitoring the 
effectiveness of two constructed water quality treatment ponds (CWQTP) in Folsom built for 
reducing urban runoff from residential areas. Some reduction of pesticide runoff has been 
observed in these ponds but the data is inclusive due to lack of pesticide loading data (Budd et 
al., 2013a). Pesticide loads into and out of these CWQTPs have not been documented due to 
incomplete flow measurements at the outfall. Recently, flow gauging equipment has been 
installed at the Marsh Hawk CWQTP through a contract with UC Davis 
(http://cdpr.ca.gov/docs/emon/surfwtr/contracts/ucdavis_13-C0052.pdf) (Figure 1). With flow 
gauging stations at the storm drain outfalls and at the CWQTP outfall, we can better evaluate the 
efficacy of this CWQTP to reduce pesticide loading into surrounding receiving surface waters. 
 
Study 269 is a continuation of CDPR’s urban monitoring in northern California, with some 
changes to monitoring frequency, site locations, and pesticides of interest for analysis. The main 
study objective is to determine the detection frequency of specific pesticides and their 
concentrations in urban runoff from long-term monitoring sites. Additionally, two sites in the 
San Francisco Bay area which were monitored in 2008 – 2010 will be monitored to determine 
the current level of pesticide runoff at these sites. Additional sites in the Santa Clara County will 
also be added to this Bay area monitoring due to the high use of fipronil and bifenthrin in this 
county (Figure 2). A second objective will be mitigation focused; to determine if two CWQTPs 
in Folsom effectively reduce pesticide loading from urban areas into receiving waters. 
 
II. OBJECTIVES 
For FY 2014–2015, the objectives of this Study 269 are:  

1) Determine the presence and concentrations of selected pesticides in urban runoff at 
stormdrain outfalls (both during the dry season and during storm runoff) in Roseville and 
Folsom; 

2) Determine the presence and concentrations of selected pesticides from creeks or rivers in the 
Sacramento area (Folsom, Roseville, and Sacramento) and in the San Francisco Bay area 
(Dublin, Martinez, and in Santa Clara County);  

3) Evaluate the effectiveness of CWQTPs to reduce pesticides from urban runoff; 
4) Determine the toxicity of water samples at long term monitoring locations, using toxicity 

tests conducted with Hyalella azteca; 
5) Evaluate the effectiveness of CDPR’s surface water regulation 6970, enacted July 12, 2012 

(http://cdpr.ca.gov/docs/legbills/calcode/040501.htm#a690), with long term (multi-year) 
monitoring at selected sampling locations; 

6) Assess if detected pesticides are at concentrations that could be potentially toxic to aquatic 
organisms by comparing the data to US EPA aquatic life benchmarks (US EPA 2014) or to 
water quality criteria (Fojut 2012a, 2012b). 

III. PERSONNEL 
The study will be conducted by staff from the CDPR’s Environmental Monitoring Branch, 
Surface Water Protection Program, under the general direction of Kean S. Goh, Environmental 
Program Manager I (Supervisory). Key personnel are listed below: 

• Project Leader: Michael Ensminger, Ph.D. 
• Field Coordinator: Kevin Kelley 
• Reviewing Scientist: Robert Budd, Ph.D. 

http://cdpr.ca.gov/docs/emon/surfwtr/contracts/ucdavis_13-C0052.pdf
http://cdpr.ca.gov/docs/legbills/calcode/040501.htm#a690
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• Statistician: Yina Xie, Ph.D. 
• Laboratory Liaison: Sue Peoples 
• Analytical Chemistry, water: Center for Analytical Chemistry, California Department 

of Food and Agriculture (CDFA) 
• Analytical Chemistry, sediment: California Department of Fish and Wildlife 
• Collaborator: Lorence Oki, Ph.D., University of California at Davis, CE Assistant 

Specialist, Landscape Horticulture, Department of Environmental Horticulture, 
Phone: (530) 754-4135, Email: lroki@ucdavis.edu 

 
Please direct questions regarding this study to Michael Ensminger, Senior Environmental 
Scientist (Specialist), at (916) 324-4186 or mensminger@cdpr.ca.gov. 

IV. STUDY PLAN 

SACRAMENTO AREA 

Monitoring sites. Sampling will occur in Folsom, Roseville, and Sacramento CA and will 
comprise of ambient monitoring (Roseville and Sacramento) and mitigation monitoring 
(Folsom): 

• Ambient monitoring - long term monitoring sites have been established in Roseville at 
three stormdrain outfalls and from one downstream sampling site in the Pleasant Grove 
Creek Watershed (Table 1; Figure 3). The Roseville sites have been sampled since 2008 
(2009 for pyrethroids), providing a baseline for observing changes in pesticide 
concentrations. 

• Ambient monitoring – Arcade Creek is added to the ambient monitoring sites for the 
Sacramento area. The Arcade Creek watershed encompasses 24,800 highly urbanized 
acres in the Sacramento area (Sunrise Parks, 2013). Initial monitoring (March 2014) at 
this site detected fipronil, imidacloprid, bifenthrin, 2,4-D, and diuron, and was the most 
polluted creek during this monitoring trip. Due to logistics and budget, monitoring will 
only occur during the dry season and analyte suites will be limited (Table 2). 

• Mitigation monitoring – three monitoring sites have been established in Folsom to 
determine the effect of a CWQTP in mitigating pesticide runoff from urban runoff.  A 
fourth site, FOL100, has been established to support the bioassessment study with UC 
Davis (http://cdpr.ca.gov/docs/emon/surfwtr/contracts/ucdavis_13-C0029.pdf) (Table 3).  

 
Monitoring schedule. Roseville sites will be sampled four times during the year (two dry season 
events and two rainstorm events). Dry season1 events will take place in August 2014 and in June 
2015. The rainstorm events will occur in October – November (first flush rainstorm) and in the 
winter of 2015 (February – March). Arcade Creek will be monitored only during the dry season 
sampling. Thirty-five chemicals will be analyzed at the Roseville long term monitoring sites but 
limited monitoring (17 chemicals) will occur at Arcade Creek (Tables 2, 4). CDPR has 
determined that many of these monitored pesticides are top priority urban pesticides for 
monitoring (Tables 4 and 5; Appendix; Budd et al. 2013b).  
                                                 
1 The drought of water year 2013 may alter sampling dates. Dry season runoff has been reduced due to mandatory 
water rationing by the cities of Roseville (2014) and Folsom (2014b). Alternate dates may be selected if monitoring 
sites are dry during scheduled sampling dates. 

mailto:%20lroki@ucdavis.edu
mailto:mensminger@cdpr.ca.gov
http://cdpr.ca.gov/docs/emon/surfwtr/contracts/ucdavis_13-C0029.pdf
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The Folsom sites at the CWQTPs will be sampled four times during the year (Table 3). Except 
for July/August monitoring, these sites will be sampled at the same time as the Roseville sites. 
To determine the efficacy of the CWQTP to reduce pesticide runoff, we will only look at 
analytes that have greater than 30% detection frequency (DF). This will include analyte screens 
for pyrethroids (bifenthrin, 94% DF, permethrin, 36% DF; fipronil (fipronil, 35% DF), 
imidacloprid (37% DF), and synthetic auxin herbicides (2,4-D, 85% DF, dicamba 41% DF, 
triclopyr, 35% DF).  
 
Specifics for sediment sampling. Sediments will be collected up to four times a year at eight 
sampling sites during the study and analyzed for pyrethroids, including two sites at a second 
CWQTP in Folsom (Figure 1; Table 6). Sediments will be collected as a composite sample with 
stainless steel trowels and divided into analytical samples, backup samples, and a sample for 
TOC analysis (Mamola, 2005). At some sites sediment will be collected using passive sediment 
collection samplers (Budd et al., 2009). At least 10% of the field samples will be field duplicates. 
 
SAN FRANCISCO BAY AREA 

Ambient monitoring will occur at two sites that CDPR monitored for 2008 – 2010. One site is 
located on Grayson Creek, in Martinez (GRY030) and the other site is located on a tributary of 
Arroyo de la Laguna (MCC040). Two additional sites in Santa Clara County will be added due 
to the high use of fipronil and pyrethroids in this county (Figure 2). Sites in Santa Clara County 
are based on SPOT sampling sites (GUA020 and COY060; SWRCB 2014) and are downstream 
of highly urbanized areas in San Jose. These sites were also investigated during CDPR’s initial 
reconnaissance of potential urban monitoring sites in 2007. Final selection of sites in Santa Clara 
County will be determined later. Sampling at these sites will be geared to looking for 
pyrethroids, fipronil, synthetic auxin herbicides, and imidacloprid due to frequent detections in 
previous sampling, potential toxicity to aquatic organisms, or use. Monitoring in the San 
Francisco Bay Area will occur in in July and August (Table 2). 
 
SUPPLEMENTARY INFORMATION 

Water sampling. Most water samples will be collected as grab samples directly into 1-L amber 
bottles (Bennett, 1997). Where the stream is too shallow to collect water directly into these 
bottles, a secondary stainless steel container will be used to initially collect the water samples. At 
sites FOL2, FOL3, FOL5, and FOL100, water samples may be collected as a composite sample 
using automated sampling equipment, especially during rainstorm events. Samples will be stored 
and transported on wet ice or refrigerated at 4°C until analyzed. At least 10% of the field samples 
will be field blanks or field duplicates. 
 
Field measurements. Water physiochemical properties (dissolved oxygen, electrical 
conductivity, pH, turbidity, and temperature) will be measured in situ during all sampling events 
with a calibrated YSI 6920 V2 meter (YSI Incorporated, Yellow Springs, OH, USA) (Doo and 
Lee, 2008) or a YSI EXO 1 multiparameter water quality sonde 
(https://www.ysi.com/productsdetail.php?EXO1-Water-Quality-Sonde-89). Flow rates will be 
estimated with a Global portable velocity flow probe (Goehring, 2008) or by the bucket method 
(Appropedia, 2012). At FOL 2, FOL3, and FOL5 flow rates will be determined by using an 
installed Hach Sigma 950 flow meter (Sisernoz et al., 2012). 
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Sample Transport. CDPR staff will transport samples following the procedures outlined in 
CDPR SOP QAQC004.01 (Jones, 1999). A chain-of-custody record will be completed and 
accompany each sample.   
 
Organic carbon and suspended sediment analysis. CDPR staff will analyze water and 
sediment samples for total organic carbon (TOC) using a TOC-V CSH/CNS analyzer (Shimadzu 
Corporation, Kyoto, Japan) (Ensminger and Goh, 2011; Ensminger, 2013a). Water samples will 
also be analyzed for suspended sediment (Lisker and Goh, 2010; Ensminger, 2013b).  
 
Toxicity sampling. During some of the monitoring, water will be collected from a subset of the 
sampling sites and sent to the University of Davis, Aquatic Health Program, to be tested for 
toxicity to Hyalella azteca. The Roseville long term monitoring sites will be the main focus for 
toxicity testing. 
 
Modifications for FY14 -15. The current sampling plan is an extension of urban monitoring in 
Northern California conducted during fiscal years 2010-2014 (for details of previous sampling 
protocols, see http://www.cdpr.ca.gov/docs/emon/pubs/protocol.htm for Study 269). The 
sampling and analysis schedule is similar to that for FY 13-14, with a few notable modifications 
(Table 7).  

V. CHEMICAL ANALYSIS 
The Center for Analytical Chemistry, California Department of Food and Agriculture, 
Sacramento, CA (CDFA) will conduct the pesticide analysis for water samples. CDFA will 
analyze eight different analyte groups which will include 35 pesticides and degradates (Table 4). 
The California Department of Fish and Wildlife (CDFW) will conduct pesticide analyses for 
eight pyrethroids in sediment (Table 5). Laboratory QA/QC will follow CDPR guidelines and 
will consist of laboratory blanks, matrix spikes, matrix spike duplicates, surrogate spikes, and 
blind spikes (Segawa, 1995). Laboratory blanks and matrix spikes will be included in each 
extraction set. 

VI. DATA ANALYSIS 
All data generated by this project will be entered to a Microsoft Office Access database that 
holds field information, field measurements, and laboratory analytical data. All ambient 
monitoring analytical data will also be uploaded into the CDPR Surface Water Database 
(http://cdpr.ca.gov/docs/emon/surfwtr/surfdata.htm).  
 
Initial analysis of urban monitoring data (Ensminger et al., 2013) has determined that the data is 
heavily skewed and does not follow a normal distribution, even with logarithm transformation. 
The non-normal structure posits a violation of the normality assumption of the commonly-used 
parametric procedures (tests based on the estimate of mean and standard deviation). Although 
some parametric procedures may be robust to the normality assumption, the use of these 
procedures on non-normal data will still lead to bias and low power. In addition, the sample data 
is highly censored and substitution of non-detections can result in inaccuracy of estimate and test 
result (Helsel, 2012, pp. 1-10). Moreover, the reporting limit (RL) for a given chemical can vary 
over time or differ between the chemical labs, which results in multiple RLs involved in the data. 
The presence of non-detections and multiple RLs limits the application of some widely-used 

http://www.cdpr.ca.gov/docs/emon/pubs/protocol.htm
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parametric procedures, such as analysis of variance (ANOVA) and t-tests. While some other 
parametric procedures, such as the censored regression by using maximum likelihood estimate 
(MLE), are capable of handling censored data with multiple RLs, the validity of their results 
depends on the selection of correct distribution. In other words, the procedure is not distribution 
free and may lose power if the data does not follow a specific distribution.      
 
In order to appropriately address the aforementioned characteristics of the sample data, a more 
generic and distribution-free approach, non-parametric statistics, will be used in this study. 
Helsel (2012) illustrated the application of non-parametric procedures to skewed and censored 
environmental data. We will primarily reference his book as a general guideline for data analysis 
of this study. The data will be analyzed by using R statistical program (http://www.r-
project.org/), the Nondetects And Data Analysis for environmental data (NADA) package for R 
(http://cran.r-project.org/web/packages/NADA/NADA.pdf), and/or Minitab 
(http://www.minitab.com/en-us/).  
   
Based on the study objectives, preliminary analysis, and data availability, we propose the 
following statistical procedures for data analysis (Table 8): 
1) Explanatory data analysis will be performed to summarize the characteristics of the sample 

data. Urban monitoring data has been collected since 2008 for a variety of analytes (i.e., 
fipronil, 2,4-D, etc.; Tables 4 and 5) at multiple locations (i.e., Folsom, Roseville, 
Sacramento, and San Francisco Bay; Table 1) with different site types (i.e., stormdrain 
outfalls and receiving water), and between different seasons (i.e., dry and wet seasons). Plots, 
such as boxplots, histograms, probability plots, and empirical distribution functions, will be 
produced to explore any potential patterns implied by the data;  

2) Hypothesis tests will be conducted to compare the concentration between groups of interest. 
For example, we will test whether or not there is significant difference in concentration 
between the dry and wet season, or between the different locations. Non-parametric 
procedures will be used to compute the statistics for hypothesis test. For data with multiple 
reporting limits, it will be censored at the highest limit before proceeding if the test procedure 
allows only one RL;  

3) Trend analysis will be included to depict the change in concentration over time. We are 
specifically interested in determining the effectiveness of CDPR regulation 6970 which went 
into effect July 19, 2012 to mitigate pyrethroid contamination in urban waters. The ambient 
monitoring data from the Roseville sites and from FOL2 and FOL3 will be used. For the 
trend analysis, we will use Akritas-Thenil-Sen non-parametric regression which regresses the 
censored concentration on time, or the Kaplan-Meier method, which tests the effects of year, 
month and location by developing a mixed linear model between the censored concentration 
and the spatial-temporal factors. 

 
Finally, we will attempt to develop statistical models to assess the factors potentially impacting 
pesticide concentration in surface water. One possible attempt is to develop a logistic regression 
model to estimate and predict the likelihood of detection or exceedance. The response variable 
will be the probability of the concentration being greater than or equal to the RLs or the toxicity 
benchmark. A series of explanatory variables will be examined, including: rainfall, field 
measurements (e.g., flow rate, pH, water TOC, sediment TOC, and TSS), number of households 
drains water into the storm drain outfall/creek, residential density (percent of impervious areas), 

http://www.r-project.org/
http://www.r-project.org/
http://cran.r-project.org/web/packages/NADA/NADA.pdf
http://www.minitab.com/en-us/
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season, year, regulation, and so on. Further literature review will be conducted to identify 
possible explanatory variables in favor of the model.       

VII. TIMETABLE 
Field Sampling:  July 2014 – June 2015 
Chemical Analysis:  July 2014 – December 2015 
Summary Report:  March 2016 

VIII. LABORATORY BUDGET 
The cost for the CDFA chemical analyses of water samples for mitigation monitoring is $44,820 
(Table 3). Approximately $20,000 will be supplemented with funding through SWPP’s 
Mitigation BCP. (R. Budd, personal communication). The additional $24,820 to support 
mitigation monitoring (including the bioassessment support at FOL100) will be taken from the 
northern California ambient monitoring budget2. Ambient monitoring costs for chemical analysis 
of water samples by CDFA are $115,980; the total cost of the northern California monitoring 
(less $20,000 from the Mitigation BCP) will be approximately $140,800 (Tables 2 and 3). For 
CDFW chemical analysis (sediment samples), the total cost is $16,150 (Table 6). All costs are 
estimated and include field QC sample analysis (field blanks and field duplicates) but not 
laboratory QC.  
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Table 1. Sampling sites for Study 269, FY 2014-15. 

Site Type/Description No. 
Homes§ 

Area§ 
(Acres)  

GPS Coordinates (NAD83) 
Latitude Longitude 

Mitigation Monitoring: Folsom, California  

 CWQTP* at Marsh Hawk Drive (sediment and water sampling) 

FOL002 Stormdrain outfall; input into 
CWQTP at Brock Circle 252 65 38.6503 -121.14494 

FOL003 Stormdrain outfall; input into 
CWQTP at Marsh Hawk Dr. 91 27 38.64938 -121.14494 

FOL005 CWQTP outfall near Marsh Hawk Dr. (CWQTP area:~ 0.7 
acres) 38.64969 -121.14459 

FOL100 Receiving water at Iron Point Road (for bioassessment 
study, so water samples only) 38.64559 -121.14442 

 CWQTP at Natoma Station Road (sediment sampling only)   

TRP1 
Stormdrain outfall; input into 
CWQTP at Turn Pike and Natoma 
Station Dr. 

385 110 38.64979 -121.18014 

TRP2 CWQTP outfall near Turn Pike Dr. (CWQTP area: ~1.2 
acres) 38.65062 -121.18098 

Ambient Monitoring: Roseville, California (sediment and water sampling) 

PGC010 Stormdrain outfall at Diamond 
Woods Circle, Roseville 250 56 38.80477 -121.32733 

PGC021 Single storm drain outfall at Opal 
and Northpark Drive, Roseville 130 44 38.80267 -121.338551 

PGC022 Dual stormdrain outfall at Opal and 
Northpark Drive, Roseville 375 112 38.802599 -121.338787 

PGC040 Pleasant Grove Creek at Veteran’s Park 38.79857 -121.34802 

Ambient Monitoring: Sacramento, California (water sampling only) 

ARC_at_ 
Nor Arcade Creek at Norwood Avenue 38.623950 -121.457190 

Ambient Monitoring: San Francisco Bay Area (water sampling only) 

GRY030 Grayson Creek at Center Avenue 37.983549 -122.068498 

MCC040 Big Canyon/Martin Canyon Creek near Dublin Boulevard 
and I-680 37.706412 -121.926687 

GUA020** Guadalupe River near Highway 101 at USGS gaging 
station 11169025 37.37389 -121.93194 

COY060** Coyote Creek near Montague Expressway 37.3954 -121.91485 
§Approximate number of homes and area (Goggle Earth Pro, Mountain View, CA) 
*Constructed water quality treatment pond as defined by the city of Folsom, CA 
**to be determined, those listed are estimated and may have an alternate site based on accessibility 
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Table 2. Analytical cost estimates for ambient monitoring water samples collected in Study 269, FY 2014-2015 and analyzed by CDFA. 

Site Analyte 
Group* 

No. of 
Sites 

Dry Season 
Monitoring Events§ 

Rainstorm 
Monitoring Events§ 

Total 
Number 
Samples 

QC Field  
samples 

Cost/ 
Sample Cost Total Cost 

Jy 14 Ag 14 Ju 15 O-N 14 W 15 

PGC010 
PGC021 
PGC022 
PGC040 

CY 

4 

 X X X X 16 2 $480 $8,640  
CF  X X X X 16 2 $600** $10,800  
FP/OP  X X X X 16 2 $840 $15,120  
IMD  X X X X 16 2 $600 $10,800  
DN  X X X X 16 2 $800 $14,400  
PX  X X X X 16 2 $690 $12,420  
PY-6  X X X X 16 2 $600 $10,800  
TR  X X X X 16 2 $450 $8,100  

Roseville Sub-total     144 16   $91,080 
Arcade Cr 
GRY030 
MCC040 
GUA020 
COY060 

FP 

5 

X X    10 0 $600 $6,000  
IMD X X    10 0 $600 $6,000  
PY-6 X X    10 0 $600 $6,000  

PX X X    10 0 $690 $8,970  

Sacramento and San Francisco Bay Area Sub-total  40 0   $24,900 
Grand Total    168 16   $115,980 

*CY = carbaryl; CF = chlorfenapyr; FP = fipronil + degradates; OP = organophosphates (chlorpyrifos, diazinon, and malathion); IMD = 
imidacloprid; DN = dinitroaniline herbicides + oxyfluorfen; PX = synthetic auxin herbicides; PY-6 = pyrethroid (six analyte screen); TR = 
photosynthetic inhibitor herbicides + norflurazon (short screen). 
§Jy 14, July 2014; Ag 14, August 2014; Ju 15, June 2015; O-N 14, October or November 2014; W 15, Winter 2015. Dry season runoff has 
been reduced due to mandatory water rationing by Roseville (2014), Santa Clara Valley (SCVWD 2014), and Dublin (DSRSD 2014), and 
voluntary rationing in Pleasant Hill (CCWD 2014). Alternate dates may be selected if monitoring sites are dry during scheduled sampling 
dates. 

**Estimate cost; analytical method is almost complete. Monitoring will occur only after analytical method is finalized. 
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Table 3. Analytical cost estimates for mitigation monitoring water samples collected in Study 269, FY 2014-2015 and analyzed by 
CDFA. 

Site Analyte 
Group* 

No. of 
Sites 

Dry Season 
Monitoring Events§ 

Rainstorm 
Monitoring Events§ 

Total 
Number 
Samples 

QC Field  
samples 

Cost/ 
Sample Total Cost 

Jy 14 Ag 14 Ju 15 O-N 14 W 15 

FOL2 
FOL3 
FOL5 
FOL100 

FP 

4 

X  X X X 16 2 $600 $10,800 
IMD X  X X X 16 2 $600 $10,800 
PX X  X X X 16 2 $690 $12,240 
PY-6 X  X X X 16 2 $600 $10,800 

Totals -- -- -- -- 64 8 -- $44,820 

*FP = fipronil + degradates; IMD = imidacloprid; PX = synthetic auxin herbicides; PY-6 = pyrethroid (six analyte screen). 
§Jy 14, July 2014; Ag 14, August 2014; A-M 14, Ju 15, June 2015; O-N 14, October or November 2014; W 15, Winter 2015. Dry season 
runoff has been reduced due to mandatory water rationing by the city of Folsom (2014b). Alternate dates may be selected if monitoring sites 
are dry during scheduled sampling dates. 
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Table 4. Chemical analysis of pesticides in the northern California urban monitoring Study 
269. The California Department of Food and Agriculture (CDFA) will analyze all water 
samples. Specific methods can be found at 
http://www.cdpr.ca.gov/docs/emon/pubs/em_methd_main.htm. 

Pesticide Analyte Screen 
(Method ID) 

Method Detection 
Limit (μg L-1) 

Reporting Limit  
(μg L-1) 

Carbaryl* Carbaryl (CY) 
 (EMON-SM11.3) 0.0111 0.05 

Chlorfenapyr* (not yet available) tbd 0.1 
Fipronil* 

Fipronil (FP) + 
Organophosphate (OP) 
(EMON-SM 05-013) 

0.004 0.05 
Fipronil sulfide 0.003 0.05 
Fipronil sulfone 0.005 0.05 
Fipronil desulfinyl 0.003 0.05 
Fipronil desulfinyl amide 0.005 0.05 
Fipronil amide 0.005 0.05 
Diazinon 0.0012 0.01 
Chlorpyrifos* 0.0079 0.01 
Malathion* 0.0117 0.04 
Imidacloprid* Imidacloprid (IMD) 0.0101 0.05 
Bifenthrin* Pyrethroid (PY-6) 

 (EMON-SM 05-022) 
  
  
  
  
  

0.00176 0.005 
Cyfluthrin* 0.00173 0.015 
Cypermethrin* 0.00175 0.015 
Deltamethrin/Tralomethrin* 0.00177 0.005 
Lambda-cyhalothrin* 0.00115 0.015 
Permethrin cis* 0.00352 0.015 
Permethrin trans* 0.00768 0.015 
Benfluralin Dinitroaniline (DN) 

(EMON-SM-05-006) 
0.012 0.05 

Ethalfluralin 0.015 0.05 
Oryzalin* 0.021 0.05 
Oxyfluorfen* 0.0101 0.05 
Pendimethalin* 0.012 0.05 
Prodiamine* 0.0124 0.05 
Trifluralin 0.0144 0.05 
Bromacil* Photosynthetic Inhibitor 

Herbicides and 
Norflorazon (TR)  
(EMON-SM-62.9) 

0.031 0.05 
Diuron* 0.022 0.05 
Hexazionone* 0.04 0.05 
Norflorazon 0.019 0.05 
Prometon 0.016 0.05 
Simazine 0.013 0.05 
2,4-D* 

Synthetic Auxin 
Herbicides (PX) 

EMON-SM-05-012) 

0.015 0.05 
Dicamba 0.017 0.05 
MCPA 0.022 0.05 
Triclopyr* 0.020 0.05 

*Listed in CDPR’s top 35 pesticides with highest priority for urban monitoring (Budd et al. 2013b). 

http://www.cdpr.ca.gov/docs/emon/pubs/em_methd_main.htm
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Table 5. Chemical analysis of pesticides in the northern California urban monitoring Study 
269. The Department of Fish and Wildlife (DFW) will analyze all sediment samples. 
 

Pesticide Method Detection 
Limit (ng g-1 dry wt) 

Reporting Limit (ng 
g-1 dry wt) 

Bifenthrin* 0.063 0.25 
Cyfluthrin* 0.129 1.25 
Cypermethrin* 0.131 1.25 
Deltamethrin/Tralomethrin* 0.222 1.0 
Esfenvalerate/Fenvalerate* 0.131 0.5 
Fenpropathrin 0.044 0.25 
Lambda cyhalothrin* 0.053 0.5 
Permethrin, cis* 0.484 1.25 
Permethrin, trans* 0.8 2.5 

*Listed in CDPR’s top 35 pesticides with highest priority for urban monitoring 
(Budd et al. 2013b). 

 
 
 
 
Table 6. Analytical cost estimates for sediment samples collected in Study 269, FY 2014-
2015, and analyzed by CDFW. 
 

Sampling Date (season) Sites No. of 
Samples 

Cost per 
Sample Cost§ Grand 

Total 

Fall 2014 prior to first flush 
rain fall 

PCC010, PGC019*, 
PGC040, FOL2, 
FOL3, FOL5, TRP1, 
TPR2  

8 $646 $5168 

$16,150 

Fall 2013 after first flush rain 
fall FOL2, FOL3, FOL5 3 $646 $1938 

Winter 2014 FOL2, FOL3, FOL5 3 $646 $1938 

Spring 2014 after ~ last 
rainfall of water year 

PCC010, PGC019*, 
PGC040, FOL2, 
FOL3, FOL5, TRP1, 
TPR2 

8 $646 $5168 

Field duplicates (various 
timing) Selected sites 3 $646 $1938 

*A combination of PGC021 and  PGC022 
§Includes 29% overhead 
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Table 7. Modifications for FY14-15 monitoring in northern California. Listed below are 
modifications from FY 13-14 Study 269 protocol 
(http://www.cdpr.ca.gov/docs/emon/pubs/protocol/study269protocol2013_14.pdf). 

Change from FY 13-14 Justification 

Add chlorfenapyr insecticide to the long term 
monitoring sites in Roseville. 

Chlorfenapyr has been identified as high priority 
pesticide in urban areas. 

Add Arcade Creek in Sacrmento and Alameda, Contra 
Costa, and Santa Clara Counties to dry season 
monitoring. 

Increase spatial distribution of sampling sites in 
northern California; look at watershed level of 
pesticide runoff. 

Reduce monitoring at Marsh Hawk CWQTP from six 
times a year to four times. 

Frees up resource to add additional monitoring 
sites and to add chlorfenapyr to monitoring study. 

 

 
Table 8: Non-parametric procedures frequently used for comparing paired data, two samples and 
three or more samples 
Data Non-Parametric Procedure 
Paired data Wilcoxon signed-rank test for uncensored data 

Sign test (modified for ties) for censored data with one RL 
Score tests for censored data with multiple RLs (the PPW test and the Akritas test) 

Two samples Wilcoxon rank-sum (or Mann-Whitney) test or Kolmogorov-Smirnov test for 
censored data with one RL 
Score tests for censored data with multiple RLs (the Gehan test and generalized 
Wilcoxon test) 

Three or more samples in 
one-way layout 

Kruskal-Wallis test (for unordered alternative) or Jonckheere-Terpstra test (for 
ordered alternative) for censored data with one RL 
Generalized Wilcoxon score test for censored data with multiple RLs 
Multiple comparison to detect which group is different 

Three or more samples in 
two-way layout  

Friedman’s test (for unordered alternative) or Page’s test (for ordered alternative) 
for censored data with one RL 
Multiple comparison to detect which group is different 

 

http://www.cdpr.ca.gov/docs/emon/pubs/protocol/study269protocol2013_14.pdf
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w  

Figure 1. Two constructed water quality treatment ponds (CWQTP) in Folsom, California. The CWQTPs are outlined in yellow 
with arrows indicating water flow direction (inputs at TRP1, FOL2, and FOL3; outfalls at TRP2 and FOL5). Flow gaging 
equipment has been installed at the CWQTP on Marsh Hawk Drive (B, at FOL2, FOL3, and FOL5). 

 

A. CWQTP on Turn Pike Drive and Natoma Station Drive B. CWQTP on Marsh Hawk Drive 
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Figure 2. Northern California counties with highest pyrethroid and fipronil use. Pyrethroid 
use is the urban use of the 17 regulated pyrethroids listed in CDPR’s 2012 pyrethroid urban 
use regulations (http://cdpr.ca.gov/docs/legbills/calcode/040501.htm#a690).  

 

http://cdpr.ca.gov/docs/legbills/calcode/040501.htm#a690
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Figure 3. Long-term monitoring sites in Roseville, California. Arrows indicate water flow direction. PGC040 is the downstream 
sampling site. 
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Appendix. Priority model pesticides based on Alameda, Contra Costa, Placer, Sacramento and Santa 
Clara Counties urban usage (2009-2011). Pesticides with priorities greater or equal to the priority 
score of 6 are listed. Priority model does not include homeowner pesticide use. 
 

Pesticide Priority 
Score 

Pesticide Priority 
Score 

Bifenthrin 30 Dichlobenil 9 
Permethrin 28 PCNB 9 
Diuron 20 Propiconazole 9 
Copper 20 Tebuthiuron 9 
Pendimethalin 20 Trifluralin 8 
Diquat dibromide 20 Chlorfenapyr 8 
Cypermethrin 20 Chlorantraniliprole 8 
Cyfluthrin 18 Hexazinone 8 
Chlorothalonil 16 NABAM 8 
Bromacil 16 Sulfentrazone 8 
Prodiamine 16 Cyhalothrin (gamma) 8 
Acrolein 16 Diflubenzuron 7 
Fipronil 15 (S)-Cypermethrin 7 
Sulfometuron-methyl 15 Isoxaben 6 
Malathion 15 Thiophanate-methyl 6 
Flumioxazin 15 2,4-D, 2-ethylhexyl ester 6 
Oxyfluorfen 15 Simazine 6 
Cyhalothrin (lambda) 14 Hydroprene 6 
Oryzalin 12 Iprodione 6 
Triclopyr, butoxyethyl ester 12 MCPP-P, dimethylamine salt 6 
Imidacloprid 12 Azoxystrobin 6 
Halosulfuron-methyl 12 Hydrogen peroxide 6 
Oxadiazon 12 Fludioxonil 6 
Cyfluthrin (beta) 12 Carfentrazone-ethyl 6 
Deltamethrin 12 Dicamba 6 
Chlorsulfuron 12 Esfenvalerate 6 
Chlorpyrifos 12 DDVP 6 
Carbaryl 10 Endosulfan 6 
Diazinon 10 Fenvalerate 6 
Dithiopyr 9 Abamectin 6 
Mancozeb 9 Tralomethrin 6 
2,4-D 9 Hexaflumuron 6 

Yellow = in current monitoring plan, green = previously monitored, blue= monitored 
as part of isomer mixture. 

 

 



 

MANAGEMENT AGENCY AGREEMENT BETWEEN THE STATE WATER 
RESOURCES CONTROL BOARD AND THE DEPARTMENT OF PESTICIDE 
REGULATION  

This Management Agency Agreement (MAA) is between the State Water Resources Control Board (State 
Board) and the Department of Pesticide Regulation (DPR). Both agencies are part of the California 
Environmental Protection Agency.  

The State Board and DPR have responsibilities to protect water quality from the potential adverse effects of 
pesticides. Both agencies concur that the State will benefit from a unified and cooperative program to protect 
water quality related to the use of pesticides.  

WHEREAS:  

1. The purpose of this MAA is to:  

(a) Enter into a voluntary agreement between two agencies having discretionary and complementary authority 
regarding pesticides.  

(b) Ensure that all pesticides registered in California are used in a manner that protects water quality and the 
beneficial uses of water while providing effective, environmentally sound pest management.  

(c) Identify roles and responsibilities of the two agencies regarding both water quality protection and pesticide 
regulation, and to describe how the agencies will work cooperatively to protect water quality in these areas.  

(d) Coordinate respective authorities in a cohesive manner to eliminate duplication of effort and inconsistency 
of action.  

(e) Coordinate respective authorities to solve water quality problems related to pesticide use by promoting the 
development and use of preventive practices through both self-regulatory and regulatory efforts.  

2. DPR is the lead agency, with local administration by County Agricultural Commissioners (Commissioners), 
for pesticide regulation in California. DPR has the authority and responsibility in the Food and Agricultural Code 
(FAC) to:  

(a) Provide for the proper, safe, and efficient use of pesticides that are essential for protecting the public health 
and safety in the production of food, fiber, forest products, ornamental horticulture, and for other uses that 
include structure, home, and landscape maintenance.  

(b) Protect the environment from environmentally harmful pesticides by prohibiting, regulating, or controlling 
uses of such pesticides.  

(c) Assure the agricultural and pest control workers safe working conditions where pesticides are present.  

(d) Permit pest control by competent and responsible licensees, certificate holders, permittees, and operator 
identification holders under strict control of the DPR Director and Commissioners.  

(e) Ensure that pesticides are properly labeled and appropriate for the use designated by the label.  

(f) Encourage the development and implementation of pest management systems, stressing application of 
biological and cultural pest control techniques with selective pesticides, when necessary, to achieve acceptable 
levels of control with the least possible harm to nontarget organisms and the environment.  



(g) Continuously evaluate pesticides to determine if any endanger the agricultural or nonagricultural 
environment, placing appropriate restrictions on use including limitations on worker reentry, quantity used, area 
treated, and manner of application.  

(h) Establish, as necessary, criteria to evaluate environmental effects of pesticides.  

(i) Coordinate with other local, state, and federal agencies responsible for environmental issues regarding 
pesticides and water quality.  

3. The local administration of DPR's pesticide regulatory program is the responsibility of the Commissioners 
with coordination, supervision, and training provided by DPR. As part of enforcing pesticide laws and 
regulations, the Commissioners evaluate permit requests for the use of restricted use pesticides, provide 
information and training, monitor and inspect pesticide handling and use operations, investigate suspected 
pesticide misuse, and take enforcement or other appropriate action against violators. Commissioners may also 
be involved in preventive action such as mitigation measures development, education, and compliance. The 
term "mitigation" as used for the MAA and The California Pesticide Management Plan for Water Quality (Plan) 
means to moderate or eliminate an existing condition at a specific site using such reduced-risk practices as 
noted in Appendix II of the Plan. It does not include remediation, provide other water supplies, or create 
wetlands.  

4. The State Board and the nine Regional Water Quality Control Boards (Regional Boards) are the lead 
agencies for coordination and control of water quality in California. The State Board and Regional Boards have 
the authority and responsibility, pursuant to the State Porter-Cologne Water Quality Control Act, the California 
Water Code, and federal Clean Water Act to:  

(a) Designate and protect appropriate beneficial uses of water for the benefit of the State.  

(b) Establish water quality objectives, both numeric and narrative, for the reasonable protection of the beneficial 
uses of water or the prevention of nuisance within a specific area.  

(c) Develop, implement, and enforce programs to achieve water quality objectives including, but not limited to, 
issuance of Waste Discharge Requirements, conducting compliance inspections, initiating enforcement actions, 
and controlling nonpoint sources of pollution pursuant to the Nonpoint Source Management Plan.  

(d) Develop, implement, and enforce regulations and policies consisting of principles and guidelines deemed 
essential for the protection of water quality.  

5. DPR and the State Board entered into a Memorandum of Understanding (MOU) in December 1991. The 
agencies agreed to develop an implementation plan to carry out the identified principles of agreement. This 
MAA and Plan fulfill that agreement. Once approved, the MAA and Plan will replace the MOU as the functional 
agreement between DPR and the State Board relative to pesticides and water quality.  

6. DPR, in cooperation with the State and Regional Board staff and Commissioners, prepared the Plan to 
describe a cooperative effort for protecting surface and ground water quality. This is a dynamic document that 
will be amended as necessary to ensure the development and use of preventive activities and practices, and 
responsive efforts, ranging from self-regulation to regulatory measures, as appropriate, to protect the beneficial 
uses of the State's waters from the potential adverse effects associated with the use of pesticides which may 
contribute to water pollution.  

7. DPR has a Ground Water Protection Program and a Surface Water Protection Program. These programs, 
administered locally by Commissioners, address both agricultural and nonagricultural sources of pesticide 
residues in water and include pollution prevention and response elements. The Ground Water Protection 
Program is based on general authority in the FAC to protect the environment from environmentally harmful 
pesticides, and specific authority in the Pesticide Contamination Prevention Act (PCPA, FAC sections 13142 
through 13152) that establishes a process to prevent further pollution of ground water by agricultural pesticides. 
The Ground Water Protection Program focuses on developing reduced-risk practices for pesticides identified as 
having moved through soil to ground water, research designed to evaluate pesticide use practices and 
irrigation methods that reduce movement of pesticides from application sites, outreach through training 
programs for pesticide users, and implementation of the PCPA. The PCPA provides mechanisms for 



identifying, monitoring, and tracking potential ground water pollutants; reviewing, in cooperation with the State 
Board and the Office of Environmental Health Hazard Assessment, pesticide chemicals found in ground water 
or soil as a result of agricultural use; and modifying or canceling the use of such chemicals. Chemicals found in 
ground water or soil due to nonagricultural use, such as uses in urban areas and that have been determined to 
present a hazard or potential adverse effect, will be considered for review as part of the reevaluation process 
described in sections 6220-6225 of Title 3 of the California Code of Regulations.  

The DPR Surface Water Protection Program has preventive and response components that reduce the 
presence of pesticides in both agricultural and urban surface water. The program's preventive component 
includes local outreach to promote management practices that reduce pesticide runoff. It also includes DPR's 
registration process in which potential adverse effects to surface water quality, particularly those in high risk 
situations, are evaluated. The response component includes mitigation to meet water quality goals. Mitigation 
options recognize the value of self-regulating efforts to reduce pesticides in surface water, as well as regulatory 
authorities of DPR and the State and Regional Boards.  

8. The State and Regional Boards have several surface and ground water programs that include monitoring, 
such as, the Toxic Substances Monitoring Program, State Mussel Watch, and the Bay Protection and Toxic 
Cleanup Programs.  

9. In 1988 the State Board adopted a Nonpoint Source Management Plan which describes the measures the 
State will take to address nonpoint sources of water pollution. Those measures include entering into MAAs with 
other agencies to work toward the prevention and abatement of nonpoint source pollution.  

10. The State and Regional Boards have developed and are in the initial stages of implementing a watershed 
management strategy pursuant to their Strategic Plan. They are looking to watershed management as a means 
to develop partnerships among all stakeholders, including government, business, and citizens. Effective 
watershed management relies on stewardship and a common vision for the desired condition of the resource.  

THE AGENCIES AGREE AS FOLLOWS:  

1. DPR agrees:  

(a) To implement, in coordination with the Commissioners, State Board, and Regional Boards, the Plan in a 
manner consistent with and in conformity with State and Regional Board plans, policies, and regulations so that 
water quality is protected from adverse impacts due to the use of pesticides registered in California.  

(b) To have DPR and Commissioner staff provide routine updates of their ongoing and planned pesticide 
monitoring programs to State and Regional Board staff.  

(c) To provide the State Board with an annual report on the effectiveness of the MAA and Plan and to propose 
revisions of the Plan as necessary to ensure protection of water quality.  

(d) To have DPR and Commissioner staff confer with State and Regional Board staff when developing 
reduced-risk practices, quantitative response limits, and required use restrictions.  

2. The State Board agrees:  

(a) To accept the MAA and Plan as measures consistent with the State's Nonpoint Source Management Plan 
unless it is determined by the State Board that implementation is inadequate to protect beneficial uses.  

(b) To accept the MAA and Plan as a coordinated effort for protecting water quality and beneficial uses of water 
from the potential harmful effects from the use of pesticides.  

(c) To have State and Regional Board staff provide routine updates of their ongoing and planned pesticide 
monitoring programs to DPR and Commissioner staff.  

(d) To have State and Regional Board staff and management actively participate in the annual update on the 
implementation of the Plan and identify concerns regarding the coordination and control of water quality due to 
changes in laws, regulations, policies, and water quality control plans.  



(e) To have State and Regional Board staff confer with DPR and Commissioners when developing or revising 
water quality objectives for pesticides.  

3. The State Board and DPR mutually agree:  

(a) That the provisions of the MAA and Plan are not intended to be the subject of any third party actions to 
enforce such provisions and that decisions concerning the adequacy of compliance with the provisions of the 
MAA and Plan are solely within the discretion of the signatory agencies.  

(b) To promote technical and policy consultations concerning pesticide water quality issues through formal 
channels, such as standing interagency committees and State Board workshops and meetings, as well as 
through informal staff exchanges of information. The State Board, Regional Boards, DPR, and Commissioners 
will consult during the early stages of planning any investigation relating to pesticides and water quality. The 
agencies will provide technical assistance to each other upon request.  

(c) To implement a pesticide detection notification system to ensure mutual awareness of pesticide finds in 
State waters and provide results of pesticide monitoring in an expeditious manner. Reporting requirements and 
procedures for data referrals are described in the Plan.  

(d) That nothing in the MAA or Plan is intended to abrogate any legal requirement on any person or agency to 
report pesticide spills, such as to the State Office of Emergency Services.  

(e) To collect, exchange, and disseminate information on (1) the use of pesticides, (2) impacts on the quality of 
the State’s waters from such uses, and (3) any efforts to mitigate those impacts.  

(f) To share information on pesticide formulations, environmental fate and toxicity of active ingredients, inert 
ingredients, and breakdown products. Procedures to protect proprietary information are described in the Plan.  

(g) To ensure that compliance with State and Regional Boards' established numeric and narrative water quality 
objectives is achieved. Responsibility for interpretation of compliance with narrative water quality objectives will 
continue to rest with the State and Regional Boards.  

(h) To convene interagency staff meetings at least every six months to discuss existing and proposed projects 
of mutual interest and to serve as a forum for considering changes to the MAA and Plan.  

(i) To consult each other in developing or revising statutes and regulations relative to pesticides which may 
impact water quality.  

(j) To participate in developing State policies, guidelines, water quality control plans, and management plans 
relative to pesticide use and water quality.  

(k) To work in cooperation with regulated industries, researchers, and educators to identify issues and develop 
mitigation strategies.  

(l) To promote the development and implementation of reduced-risk practices whenever necessary to protect 
the beneficial uses of the waters of the State from the potentially adverse effects of certain pesticides. Plans to 
implement reduced-risk practices should: (1) describe the actions necessary to achieve the objectives, 
including recommendations for appropriate actions by any public or private entity; (2) set a schedule for actions 
to be taken; and (3) describe where water quality criteria are applied and the monitoring to be undertaken to 
determine compliance with water quality objectives.  

(m) To implement reduced-risk practices initially upon a self-regulating basis to be followed by regulatory 
actions if necessary. Whenever possible, self-regulating measures will be attempted before enforcement 
actions are taken. DPR and Commissioners have responsibility for regulating sources of pesticide pollution 
resulting from the use of pesticides. Regulatory-based compliance will be achieved by DPR's implementing 
restricted use pesticide permit requirements and/or regulations coordinated through Commissioners. However, 
the State and Regional Boards retain responsibility for ensuring compliance with water quality laws, 
regulations, policies, and plans. This responsibility may be implemented at any time through the State and 
Regional Boards' Water Quality Control Plan or other appropriate regulatory measures consistent with 



applicable authorities and the provisions of California's Nonpoint Source Management Plan. The Plan will help 
make the Nonpoint Source Management Plan specific for pesticides by defining how a four-stage approach will 
be used to protect beneficial uses of water from the potential adverse effects of pesticides. Stage 1 relies on 
education and outreach efforts to communicate pollution prevention strategies. Stage 2 efforts involve self-
regulating or cooperative efforts to identify and implement the most appropriate site-specific reduced-risk 
practices. In stage 3, mandatory compliance is achieved through restricted use pesticide permit requirements, 
implementation of regulations, or other DPR regulatory authority, as required in the FAC. In stage 4, 
compliance is achieved through the State and Regional Boards' Water Quality Control Plans or other 
appropriate regulatory measures consistent with applicable authorities. Stages 1 through 4 are listed in a 
sequence that should generally apply. However, these stages need not be implemented in sequential order, but 
rather as necessary to assure protection of beneficial uses.  

(n) To develop a feasible surface and ground water monitoring strategy which considers anticipated funding 
and supports the implementation of the MAA. The monitoring strategy will be developed no later than one year 
from the effective date of the MAA and will be implemented to the extent that budgeted resources allow.  

(o) To hold no later than three years after the effective date of the MAA and every three years thereafter public 
workshops to discuss the implementation of the MAA and Plan.  

(p) That all references to the State Board and Regional Board(s) in the MAA and Plan include staff to the extent 
the action is delegable.  

DISPUTE AND CONFLICT RESOLUTION  

It is the desire of both agencies to establish a speedy, efficient, and informal method for resolving interagency 
conflicts. Conflicts among staff of the State and Regional Boards, DPR, and the Commissioners, which cannot 
otherwise be informally resolved, will be referred to the Executive Director of the State Board and the Director 
of DPR. Conflicts which cannot be resolved at this level may be referred to the Secretary for Environmental 
Protection.  

The Executive Director of the State Board and the Director of DPR will each appoint one staff member to assist 
in resolving conflicts.  

RESERVATION OF AUTHORITY  

Nothing herein shall be construed in any way as limiting the authority of the State Board or Regional Boards in 
carrying out their legal responsibilities for management, regulation, coordination, and control of water quality. 
Action may be taken at any time through the State or Regional Board water quality programs or through other 
appropriate regulatory measures to assure protection of beneficial uses. Such action will include compliance 
with the State Board's antidegradation policy and with requirements of the federal Clean Water Act including 
regulation of point source discharges of pesticides to surface waters.  

Nothing herein shall be construed in any way as limiting the authority of DPR in carrying out their legal 
responsibilities for regulating the sale and use of pesticides.  

MODIFICATION/RECISION  

This MAA shall become effective upon the date of final signature and shall continue in effect until modified by 
the mutual written consent of both parties or until terminated by either party upon a 30-day advance written 
notice to the other party.  

DEPARTMENT OF PESTICIDE REGULATION  
Approves  
 
James W. Wells, Director  
March 19, 1997  

STATE WATER RESOURCES CONTROL BOARD  
Approves  



Walter G. Pettit, Executive Director  
March 14, 1997  

CALIFORNIA ENVIRONMENTAL PROTECTION AGENCY  
Concurs  
 
James M. Strock  
Secretary for Environmental Protection  
March 20, 1997  
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I. OVERVIEW 

 

The California Pesticide Management Plan for Water Quality (Plan) is a joint effort by the Department of 
Pesticide Regulation (DPR) and the State Water Resources Control Board (State Board) to protect water 
quality from the potential adverse effects of pesticides. It describes how DPR and the County Agricultural 
Commissioners (Commissioners) will work in cooperation with the State Board and the Regional Water Quality 
Control Boards (Regional Boards) to protect water quality from the use of pesticides. The Plan is part of an 
effort to make state programs addressing pesticides and water quality more understandable, consistent, and 
efficient. 

The Plan contains provisions for outreach programs, compliance with water quality standards, ground and 
surface water protection programs, self-regulatory and regulatory compliance, interagency communication, and 
dispute and conflict resolution. The appendices contain a copy of the Management Agency Agreement (MAA) 
between DPR and the State Board, a list of reduced-risk practices for minimizing the potential for offsite 
pesticide movement and transport of residues to ground or surface water, information on procedures to protect 
proprietary information, applicable state and federal laws and regulations, a glossary of terms, and a list of 
abbreviations used in the Plan. The Plan recognizes both the importance of water quality in the state and the 
role pesticides play in maintaining a strong economy and protecting public health and safety. 

II. INTRODUCTION 

Pesticides are substances intended to be used for preventing or controlling pest problems, for defoliating 
plants, or for regulating plant growth. They are used in a variety of ways that benefit society. Agricultural 
production, public health and safety programs, structural pest control, ornamental landscapes, and exotic pest 
control programs all rely to some degree on the availability and use of pesticides.  



However, pesticides can also have detrimental effects, including offsite movement to surface water at 
concentrations that can adversely affect aquatic organisms and human health. Responsible pesticide use 
maximizes the benefits of use while minimizing the adverse effects that pesticides can cause. 

The Food and Agricultural Code (FAC) authorizes DPR to register pesticides for sale and use in the State. The 
FAC also authorizes DPR and the Commissioners to regulate the sale, storage, handling, and use of 
pesticides, and states that one of the purposes of the pesticide regulatory program is to protect the 
environment from environmentally harmful pesticides. The California Water Code (CWC) states that the State 
and Regional Boards are the principal state agencies with primary responsibility for the coordination and control 
of activities related to water quality. The result is that the FAC and the CWC provide overlapping authorities for 
protecting water quality from pesticides. This can lead to duplication of effort, inconsistencies, and confusion for 
the regulated public. 

One of the reasons for the creation of the California Environmental Protection Agency (Cal/EPA) was to bring 
these related regulatory programs into a unified government entity. As member agencies of Cal/EPA, DPR and 
the State Board signed a Memorandum of Understanding (MOU) to develop a comprehensive, integrated 
statewide water quality pesticide management program. The principles of this MOU will be fully described and 
implemented by an MAA signed by DPR and the State Board, and by this Plan. An MAA is an agreement 
between the State Board and another agency or agencies for managing water quality. The Plan describes how 
DPR and the Commissioners will work cooperatively with the State and Regional Boards to prevent and 
respond to pesticide contamination of water. When signed, the MAA will replace the MOU as the operative 
agreement between the agencies. 

The scope of the Plan includes water quality issues related to all pesticides uses. The goal is to provide a 
coordinated approach to protect water quality. However, the Plan does not specifically deal with pesticide spills 
and is not intended to abrogate any legal requirements on any person or agency to report such spills. 

DPR and the State Board have adopted a four-stage approach to minimize the potential for pesticide 
movement to ground and surface waters. This is consistent with the State Board's Nonpoint Source 
Management Plan approach. In Stage 1, prevention of pesticide contamination of ground and surface water is 
promoted through educational outreach. Stage 2 is initiated following detections of pesticides that require 
response. This stage relies on self-regulating or cooperative efforts to identify and implement the most 
appropriate site-specific, reduced-risk practices. Stages 1 or 2 may include self-regulating label changes and 
implementation of registrant stewardship programs that address water quality issues on a statewide or regional 
basis. If adequate protection cannot be achieved by Stage 2, DPR and the Commissioners implement Stage 3. 
In this stage, reduced-risk practices will be implemented by restricted material use permit requirements, 
regulations, and other regulatory authority used by DPR and the Commissioners. If Stage 4 is necessary, the 
State and Regional Boards will use water quality control planning programs or other appropriate regulatory 
measures to protect water quality. These four stages will be implemented, not necessarily in sequential order, 
as necessary to protect water quality. 

Because DPR and the State Board have responsibilities for the protection of water quality, both agencies 
intend that the Plan will serve as a guide to coordinate interaction, facilitate communication, promote problem-
solving, and ultimately assure protection of water quality. 

III. OUTREACH 

This outreach section represents part of the Plan's four-stage approach to minimize the potential for pesticide 
movement to ground and surface waters. Stage 1 promotes prevention of pesticide contamination of ground 
and surface water through education and outreach efforts, some of which are described in this section. These 
activities will complement efforts from affected industry, researchers, and educators. 

A. Education and Training Programs 

The objective of the Education and Training Programs of the Plan is to increase awareness among pest control 
advisers, pest control businesses, growers, farm managers, homeowners, and other pesticide users in 
agricultural and nonagricultural situations regarding water quality issues and reduced-risk practices so that they 
can help prevent water quality problems. There are several options that DPR with the cooperation of the State 
and Regional Boards may pursue to further this objective: 



1. Develop a "Train the Trainer" course and reference manual for trainers. There are several similar courses 
already being given. A new course may not be needed as trainers could attend existing classes that would 
incorporate and present material relating to water quality protection. 

2. Develop a handbook to provide growers information about practices they can adopt that will prevent pollution 
of ground and surface water. 

3. Encourage outreach training programs that would include State and Regional Boards' staff, DPR staff 
(Environmental Monitoring and Pest Management Branch), or others as speakers at meetings or workshops of 
influential agricultural organizations. To encourage participation, licensees would earn continuing education 
credits for license or certificate renewal purposes. 

4. Develop a one-page pamphlet summarizing water quality issues, problems, and solutions for growers and 
land managers in English, Spanish, and other appropriate languages, which can be distributed by 
Commissioners when they issue restricted materials permits, operator identification numbers, register 
licensees, or conduct certified applicator training and grower meetings. 

5. Develop a one-page fact sheet for the general public that discusses pesticide use and water protection. 

6. The Commissioners can provide information and training when they issue restricted material permits, and 
operator identification numbers, or register structural and agricultural pest control operators, maintenance 
gardeners, and pest control advisers. This outreach and training would target urban, rural, and agricultural 
pesticide users. The Commissioners also conduct training sessions, meet with interested citizens, groups, and 
the regulated community. 

B. Public Information Programs 

The purpose of the Public Information Programs is to ensure public awareness and coordinate responses to 
public concerns. The objectives are to: 

1. Notify the general public concerning water quality issues through news releases and public service 
announcements from State and Regional Boards, DPR, and Commissioners. 

2. Inform interested parties about upcoming meetings and changes in regulations and policy through trade 
journals, newsletters, and other professional publications. This information shall be posted in all offices 
(including districts) which license holders, permit holders, and at other locations stakeholders are known to 
frequent. 

3. Distribute a one-page "fact sheet" designed to inform people about water quality issues and where to get 
additional information concerning water quality data, watershed planning, and status of ongoing efforts. 

4. Distribute information about public meetings, hearings and changes in laws, regulations and policies to 
interested parties when appropriate. 

5. Compile water quality issues, standards, management options, responses to the public, and other 
information on the Internet Home Page for the State Board and DPR when appropriate. 

IV. STATE AND REGIONAL BOARDS' WATER QUALITY PROTECTION PROGRAMS 

A. Background 

The State Board along with the nine Regional Boards is the principal State agency with regulatory responsibility 
for coordination and control of water quality. The Porter-Cologne Water Quality Control Act [(CWC) sections 
174 and 13000 et seq.] establishes the requirements to adopt and revise State policy for water quality control 
(CWC sections 13000 and 13140, et seq.). Regional Water Quality Control Plans (Basin Plans) must conform 
to these policies. 

Authority for each Regional Board to formulate and adopt Basin Plans and periodically review the plans is 
provided in section 13240. However, a Basin Plan, or a revision of a Basin Plan, adopted by a Regional Board 
does not become effective until approved by the State Board (section 13245). In addition, regulatory provisions 
that are adopted or revised in Basin Plans do not become effective until approved by the Office of 
Administrative Law. Authority for State Board adoption of Water Quality Control Plans (Statewide Plans, in 



accordance with provisions outlined in sections 13240 to 13244) for waters that are required by the federal 
Clean Water Act (CWA) to have water quality standards is provided in section 13170. Also, Statewide Plans for 
waters for which standards are required under the CWA supersede regional Basin Plans to the extent of any 
conflict that may arise (section 13170). 

Section 303 of the CWA (which covers water quality standards) requires that a state adopt water quality 
standards for surface waters, including designated uses of water and criteria to protect those uses. Further, the 
CWA requires that at least once every three years, the State hold public hearings for the purpose of reviewing 
applicable water quality standards and modify and adopt these standards, as appropriate. These requirements 
are also delineated in the Code of Federal Regulations (CFR), primarily 40 CFR 130 (which covers water 
quality planning and management) and 40 CFR 131 (which covers water quality standards). 

B. Basin Plans 

Basin Plans adopted by the Regional Boards identify existing and potential beneficial uses of marine, ground, 
and surface waters such as domestic water supplies; establish water quality objectives to protect the beneficial 
uses; describe implementation programs to achieve these objectives; and describe surveillance and monitoring 
activities to evaluate the effectiveness of the water quality control program (CWC section 13170). 

Regional Boards also consider the specific economic, political, demographic, and weather conditions unique to 
the basin in adopting plans. Background information, such as population and land use projections, may be 
included as technical appendices to the Basin Plans. 

C. Statewide Plans 

The State Board adopts Statewide Plans to address water quality concerns for surface waters that overlap 
Regional Board boundaries, are statewide in scope, or are otherwise considered significant. Statewide Plans 
are to be reviewed periodically (CWC section 13240), except for the California Ocean Plan (Ocean Plan), which 
is to be reviewed at least every three years to guarantee that the current standards are adequate [CWC section 
13170.2(b)]. Statewide Plans include the Ocean Plan and the Thermal Plan. Another State Board-adopted plan 
is the Bay-Delta Plan. Work is underway to develop a new Inland Surface Waters Plan and Enclosed Bays and 
Estuaries Plan. Statewide Plans supersede regional Basin Plans where conflicts occur (CWC section 13170). 

D. Beneficial Uses 

The types of beneficial uses of the waters of the State (any water, surface or underground, within the 
boundaries of the State) that may be protected against quality degradation include, but are not limited to, 
domestic, municipal, agricultural, and industrial supply; power generation; recreation; esthetic enjoyment; 
navigation; and preservation and enhancement of fish, wildlife, and other aquatic resources or preserves. 

As mentioned above, the CWA (section 303) requires that the State adopt designated beneficial uses for 
surface waters. 

E. Water Quality Objectives 

A water quality objective is the limit or level of a water quality constituent or characteristic established for the 
reasonable protection of beneficial uses of the water or the prevention of a nuisance in a specific area [CWC 
section 13050(h)]. Thus, the designated beneficial uses to be made of the water result in objectives based 
upon sound scientific rationale to protect the designated beneficial uses. 

Factors to be considered in establishing water quality objectives shall include, but not be limited to, all of the 
following (CWC section 13241): 

1. Past, present, and probable future beneficial uses of water. 

2. Environmental characteristics of the hydrographic unit under consideration, including the quality of water 
available. 

3. Water quality conditions that could reasonably be achieved through the coordinated control of all factors that 
affect water quality in the area. 

4. Economic considerations. 



5. The need for developing housing within the region. 

6. The need to develop and use recycled water. 

Water quality objectives can be either numerical values based upon CWA guidance [section 304(a)] or other 
scientifically defensible methods or narrative objectives with which compliance is evaluated through methods 
such as biomonitoring or chemical analysis. Water quality objectives must support the most sensitive of the 
designated beneficial uses (40 CFR 131.11).  

F. Water Quality Standards  

The CWA requires states to develop water quality standards for all surface waters. In California, water quality 
standards are established through the basin planning process. Water quality standards consist of the 
designated beneficial uses and water quality objectives of the Statewide and Basin Plans. Water quality 
standards shall protect the public health or welfare, enhance the quality of water, and serve the purposes of the 
CWA. Such standards must take into consideration the use and value of water for: (1) public water supplies; (2) 
the protection  

and propagation of fish, shellfish, and wildlife; (3) recreation in and on the water; and (4) agricultural, industrial, 
and other purposes including navigation [CWA section 303(c)].  

G. Antidegradation Policy  

Water quality standards must also conform to federal regulations covering antidegradation (40 CFR Section 
131.12) and State Board Resolution No. 68-16, "Statement of Policy with Respect to Maintaining High Quality 
of Waters in California." Application of the antidegradation provisions to the standard setting process requires 
supporting documentation and appropriate findings whenever a standard (beneficial use and water quality 
objective) would allow a reduction in water quality below currently existing water quality or below higher water 
quality which may have existed since 1968. The federal antidegradation regulation does not absolutely bar 
reductions in water quality in surface waters. Rather, the regulation requires that reductions in water quality be 
justified to accommodate important social and economic development as long as instream beneficial uses are 
not impaired and the water quality of any waters constituting an outstanding national resource is maintained 
and protected. Under State Board Resolution No. 68-16, which applies to all waters of the State, the State and 
Regional Boards must adopt findings that show that the change is for the maximum benefit of the people of the 
State.  

H. Implementation  

The State and Regional Boards ensure that water quality objectives are achieved through various 
implementation programs including issuance of waste discharge requirements, monitoring, compliance 
inspections, and enforcement actions such as issuance of cleanup and abatement orders, cease and desist 
orders, and administrative civil liability orders.  

V. GROUND WATER PROTECTION PROGRAM  

In 1985, California enacted the Pesticide Contamination Prevention Act (PCPA) (Division 7, Chapter 2, Article 
15, FAC). The purpose of the PCPA is to prevent further pesticide pollution of ground water from legal 
agricultural use of currently registered pesticides. Pollution as used in this act is defined in section 13142(j) as 
meaning the introduction into the ground waters of the state of an active ingredient, other specified product, or 
degradation product of an active ingredient of an economic poison above a level, with an adequate margin of 
safety, that does not cause adverse health effects. This act has been incorporated into DPR's overall ground 
water protection program and provides a mechanism for identifying and tracking pesticides with the potential to 
pollute ground water.  

A. Pollution Prevention Program  

The PCPA requires DPR to identify pesticidal active ingredients with the potential to pollute ground water by 
leaching based on their specific chemical and physical properties and specific uses. These chemicals are 
placed on the Ground Water Protection List in regulation and are monitored by DPR in ground water. The 
PCPA (FAC section 13149 and 13150) establishes procedures for reviewing and modifying the use of 
pesticides found in ground water or in soil under certain conditions as a result of legal agricultural use. These 



use modifications are designed to prevent pesticides from reaching ground water at concentrations that would 
be considered pollution.  

As part of its pollution prevention program, DPR yearly conducts a statewide educational program that is 
required for those pesticide advisors who write the ground water protection advisories that are required before 
certain pesticides can be used in designated areas sensitive to ground water pollution by pesticides. It is 
intended that this program will promote reduced-risk practices in these sensitive areas for users of pesticides 
on the 6800(a) portion of the Ground Water Protection List. This list contains pesticides that have the potential 
to pollute ground water based either on their detection in ground water due to agricultural use or on their 
physical, chemical, and use characteristics.  

DPR evaluates the effect of climate, soil type, product formulation, method and rate of application of pesticides, 
timing and method of irrigation, seasonal timing of application of pesticides, and other factors affecting the 
movement of the pesticides to ground water. From this evaluation, DPR develops reduced-risk practices to 
minimize movement of pesticides to ground water. To identify areas sensitive to ground water pollution by 
pesticides, DPR uses a model based on climate and soil type.  

The County Agricultural Commissioners and Sealers Association has accepted a stewardship program for 
wellhead protection that may be adopted at the discretion of each Commissioner. The program consists of 
guidelines and management practices to prevent pesticide contamination of ground water from wells. The 
general guidelines for wellhead protection are:  

1. No well should serve as a catchment or receiving basin for surface water runoff containing pesticide residues 
or be contaminated by back-siphoning during mixing, rinsing, or chemigation.  

2. Storage, handling, and disposal of pesticides (including mixing, loading, and cleaning practices) should not 
occur in the immediate vicinity of a wellhead.  

3. Pest control around a wellhead should be achieved, whenever possible, by nonchemical means.  

4. Soil-applied pesticides should be avoided when chemical controls must be considered around a wellhead.  

The following regulations enable DPR and the Commissioners to better regulate the handling of pesticides to 
prevent pollution of ground water:  

1. 3 CCR section 6610 requires that each service rig and piece of application equipment that handles 
pesticides and draws water from an outside source shall be equipped with an air-gap separation, reduced 
pressure principle backflow prevention device, or double check valve assembly. Backflow protection must be 
acceptable to both the water purveyor and the local health department.  

2. 3 CCR section 3142 specifies the proper disposal of legally rinsed pesticide containers.  

3. 3 CCR section 3143 specifies the proper disposal of pesticides and unrinsed pesticide containers.  

B. Monitoring of Ground Water  

Monitoring is an important component of DPR's ground water protection program. DPR conducts four types of 
ground water monitoring:  

1. Ground water protection list monitoring to determine whether pesticides identified as having the potential to 
pollute ground water have moved to ground water.  

2. Four-section monitoring which is the monitoring of other wells in the vicinity of a well containing pesticide 
residues. This monitoring is conducted to help determine whether a pesticide detected in ground water is due 
to agricultural use. Four-section monitoring is conducted only when active ingredients, degradation products of 
active ingredients, and other specified ingredients that have not been reviewed by the subcommittee of the 
Pesticide Registration and Evaluation Committee (PREC) are detected in ground water, or when chemicals 
previously reviewed by the subcommittee are detected in areas that are not currently designated as sensitive 
areas susceptible to ground water pollution by pesticides.  

3. Sensitive area monitoring is conducted to help identify areas sensitive to pollution by pesticides.  



4. Investigative monitoring is conducted to help identify and understand the factors that affect the movement of 
pesticides to ground water.  

DPR maintains a statewide database of wells sampled for pesticide active ingredients. Data for this database 
are submitted by other agencies, such as the Regional Boards and the Department of Health Services, as well 
as by DPR itself.  

C. Response to Detections  

Within 90 days after an economic poison is found under any of the conditions listed in 1, 2, or 3, DPR is 
required to determine whether the economic poison resulted from agricultural use in accordance with state and 
federal laws and regulations, and shall state in writing the reasons for the determination [FAC section 13149].  

1. An active ingredient of a pesticide is found at or below specified soil depths.  

2. An active ingredient of a pesticide is found in the ground waters of the state.  

3. The degradation products or other specified ingredients of a pesticide that pose a threat to public health are 
found under either conditions (1) or (2).  

If DPR verifies a detection and determines that it is the result of a legal agricultural use, DPR is required to 
immediately notify the registrant of the determination and of the registrant's opportunity to request a hearing 
[FAC section 13149(b)]. If the registrant requests a hearing, DPR schedules a hearing of a PREC 
subcommittee of consisting of one member each representing DPR, the Office of Environmental Health and 
Hazard Assessment, and the State Board. If the registrant does not request the hearing within 30 days after the 
notice is issued, DPR shall cancel the registration of the economic poison [FAC section 13149(c)]. The 
subcommittee is authorized to make one of the following findings:  

1. That the ingredient found in the soil or ground water has not polluted and does not threaten to pollute, the 
ground water of the state.  

2. That the agricultural use of the pesticide can be modified so that there is a high probability that the pesticide 
would not pollute the ground water of the state.  

3. That the modification or cancellation of the agricultural use of the pesticide would cause a severe economic 
hardship to the agricultural industry. In this case, the subcommittee recommends a level of the pesticide that 
does not significantly diminish the margin of safety recognized by the subcommittee to not cause adverse 
health effects.  

The registration for any pesticide identified pursuant to section 13149 which fails to meet any of the conditions 
of section 13150 shall be canceled.  

The Director, within 30 days after the subcommittee issues its findings, may concur with one of the above 
findings or may determine that no pollution or threat of pollution exists. If the Director concurs with the 
subcommittee that use can be modified, the pesticide is added to 3 CCR section 6800 (a).  

Detections of pesticides resulting from illegal use or point sources are referred to the Commissioners, Regional 
Boards, and other appropriate agencies. All detections, regardless of source, are included in the well inventory 
database and will be brought to the attention of and made available to Commissioners and the State and 
Regional Boards.  

Not withstanding the above-described DPR Ground Water Protection Program, action may be taken at any time 
through the State or Regional Board water quality control programs or through other appropriate regulatory 
measures to assure protection of beneficial uses. Such action will include compliance with the State Board's 
antidegradation policy.  

VI. SURFACE WATER PROTECTION PROGRAM  

A. Prevention  

1. Public Outreach  



DPR and the State and Regional Boards recognize that public outreach is important in preventing water quality 
problems associated with pesticides. Management practices advocated in such outreach programs are 
preventive; their use should be encouraged as Stage 1 activities, even when impairment of water quality from 
pesticides has not been demonstrated. A discussion of outreach efforts is presented in Section III.  

2. Pesticide Evaluation and Registration  

State law requires DPR to thoroughly evaluate and register pesticides before they are sold or used in 
California. During the evaluation and registration process, DPR evaluates potential water quality problems 
associated with specific uses of pesticides, including use on sites where pesticides are likely to move with 
runoff or irrigation tailwater into surface waterways. DPR gives special attention to the potential for toxicity to 
the aquatic biota and to factors that may interfere with attaining water quality objectives. If DPR determines that 
such uses will likely result in significant adverse impacts that cannot be avoided or adequately mitigated, 
registration is not granted unless the Director indicates otherwise, as provided in 3 CCR section 6158.  

DPR notifies the State Board and other members of the PREC of pesticides that are under review for 
registration.  

3. Surveillance Monitoring  

Surveillance monitoring is used to help identify potential problems before direct evidence of impairment of 
water quality is available. DPR and the State Board, in consultation with the Regional Boards and 
Commissioners, will develop sampling protocols for monitoring sites with the highest potential for the presence 
of pesticides. Sites will be selected based on activities and natural characteristics within the watershed 
including, but not limited to, pesticide use and application methods, crop production characteristics, and 
irrigation and rainfall patterns. Biotoxicity monitoring, toxicity identification evaluations, and chemical analyses 
will be performed using protocols (e.g., American Society for Testing and Materials (ASTM), U.S. EPA) and 
other methods approved by DPR and the State Board. DPR and the State Board will monitor these sites as 
resources allow. Data from surveillance monitoring activities will be evaluated as described below.  

B. Submission of Monitoring Data  

DPR will describe the desired format for submissions of pesticide detections. Analytical data contained in such 
submissions should include the following:  

1. Sampling party  

2. Date of sample  

3. Location of sampling site (including latitude and longitude if available)  

4. Method of collection  

5. Chemical analyzed  

6. Analytical method  

7. Dates of extraction and analysis  

8. Limits of quantitation  

9. Individual sample concentration and  

10. Quality assurance and quality control (QA/QC) statement  

If biotoxicity monitoring data are included with such submissions, the data will be assessed using procedures 
approved by DPR and the State Board.  

DPR, Commissioners, and the State and Regional Boards will exchange information on monitoring and QA/QC 
procedures and lists of laboratories currently used for analyzing pesticides in water. DPR will accept for 
consideration all data indicating the presence of pesticides in surface water. DPR, Commissioners, and the 



State and Regional Boards will share such data on at least a quarterly basis. A computerized database for 
surface water monitoring data is being developed by DPR.  

C. Evaluation of Monitoring Data  

1. Determination of Valid Data  

DPR will evaluate monitoring data and determine their validity based on completeness and quality. If 
deficiencies are noted, DPR will notify the reporting party and request upgrading if possible.  

2. Primary Evaluation of Valid Data  

If detections are determined to be valid, DPR may request additional available data, including negative 
detections of the pesticide and results of biotoxicity monitoring, from the reporting party. DPR will identify 
potential sources of the pesticide by reviewing DPR's Pesticide Use Database and conferring with 
Commissioners. DPR will compare concentrations reported with valid detections to toxicological characteristics 
of the pesticide and to federal water quality standards, and established numerical water quality objectives, or if 
none are applicable, to other appropriate values such as water quality control plan performance goals or 
Quantitative Response Limits (QRLs) (see section D.3.a.) or federal water quality criteria if available. DPR will 
then transmit findings to the State and Regional Boards and appropriate Commissioners immediately for 
review. The PREC will be briefed as needed.  

3. Secondary Evaluation of Valid Data  

(a) Motivation  

DPR will evaluate conditions associated with multiple valid detections when:  

(1) Concentrations are greater than federal water quality standards, established numerical water quality 
objectives, or if none are applicable, then other appropriate values such as water quality control plan 
performance goals, QRLs, or federal water quality criteria if available.  

(2) Toxicity monitoring indicates that toxicity is present and associated with the detected pesticide or pesticides.  

(3) Toxic concentrations of the pesticide or pesticides are regularly detected or detected at several locations. 
This process is the secondary evaluation of data.  

(b) Evaluation of Field Characteristics  

During secondary evaluations, additional information will be prepared that addresses the pesticide, its use, and 
monitoring. DPR and Commissioners will determine whether the presence of the pesticide in surface water was 
the result of legal use. If the detections were the result of legal use, DPR may request additional available data 
from appropriate parties including negative detections of the pesticide and results from biotoxicity monitoring. 
Additionally, DPR will evaluate the environmental fate and behavior of the pesticide and will further evaluate the 
environmental risks indicated by the monitoring data. DPR may collaborate with the pesticide's registrants and 
pesticide user groups to develop additional information on sources, fate and behavior, potential management 
options, and other relevant factors.  

DPR will provide secondary evaluations to the State and Regional Boards and to Commissioners for review. 
DPR will periodically report to the PREC on activities relating to secondary evaluations.  

D. Response  

1. Detections Resulting from Illegal Use  

DPR will refer detections determined to be from illegal uses to Commissioners and may provide technical and 
legal assistance to properly penalize responsible parties. The State and Regional Boards will be notified of 
these detections.  

2. Detections Resulting from Legal Use  



After secondary evaluations conclude that detections of pesticides are the result of legal use of the pesticide, 
DPR may solicit participation of local interested parties in an advisory group. Advisory groups help identify 
issues, goals, mitigation options, and monitoring requirements. If the pesticides are detected in more than one 
region, more than one advisory group may be appropriate. Membership in advisory groups will include DPR 
and appropriate Regional Boards and Commissioners; other members will represent industry interests and 
public agencies as appropriate.  

3. Mitigation  

Management strategies for protecting surface water from pesticide problems may be included in four stages (as 
described previously), arranged in order of regulatory severity: Stage 1--outreach and education (preventive), 
Stage 2--self-regulating (response), Stage 3--regulatory (DPR and Commissioners), and Stage 4--regulatory 
(State and Regional Boards). Stages 2, 3, and 4 are used to mitigate pesticide problems in surface water after 
secondary evaluations conclude that detections of pesticides are the result of legal use of the pesticide. These 
three stages and a procedure for developing interim water quality goals for Stage 2 and Stage 3 activities 
(QRLs) are described below. Stage 2 and stage 3 activities will not be delayed while QRLs are developed.  

Quantitative Response Limits (QRLs) are numerical values used during Stage 2 and Stage 3 activities to 

help determine whether pesticide concentrations are in conformity with narrative water quality objectives in the 
absence of numerical objectives. QRLs are not intended of themselves to be enforceable standards but rather 
may be used as measures of success for mitigation efforts.  

DPR will develop QRLs after repeated valid detections of pesticides for which there are no numerical objectives 
in surface water. The number of detections, water bodies affected, identity and concentrations of the pesticides, 
and recommendations of the State and Regional Boards will be considered when determining QRLs.  

QRLs are developed after a review of the following:  

a. U.S. EPA health advisories, federal and California Maximum Contaminant Levels, and other levels 
established to help protect human health.  

b. Water quality criteria for protecting aquatic species.  

c. Biotoxicity monitoring data.  

d. Other relevant toxicological data.  

QRLs will be reviewed at least once every three years and updated toxicological information will be considered. 
Adjustments to the QRLs will be made as necessary. If federal water quality standards or numerical water 
quality objectives are established, such standards or objectives will replace the QRLs as measures of success 
for mitigation efforts.  

When developing QRLs and when QRLs are adjusted, DPR will seek concurrence from the State and Regional 
Boards and will consult with other appropriate agencies. Additional information will be sought from the public at 
workshops. The State and Regional Boards and the PREC will be notified of changes in status of QRLs.  

(a) Stage 2--Self-Regulation  

Sponsors will be sought to direct local self-regulating implementation of control options identified by the 
advisory group. Sponsors may include, but are not limited to, local commodity groups, Resource Conservation 
Districts, pesticide registrants, and pesticide users participating in stewardship programs. Sponsors will submit 
to DPR for approval a draft plan that includes the following elements:  

(1) A review of the use of the pesticide in relation to current pest management practices.  

(2) Consideration of reduced use of the pesticide.  

(3) Other management practices to be used for mitigation.  

(4) Economic consideration of management options.  

(5) Selection of management practices to be used in the mitigation effort.  



(6) A timetable for implementation. Timetables are not to exceed four years; two one-year extensions are 
possible.  

(7) Measures of success. Ultimately measures of success shall be conformity with applicable federal water 
quality standards and water quality objectives. Interim measures such as water quality control plan 
performance goals, QRLs, federal water quality criteria if available or reasonable progress toward complying 
with federal water quality standards or water quality objectives may be used when necessary.  

(8) A monitoring program.  

(9) An outreach program describing how pesticide users and other interested parties will learn of issues and 
mitigation programs.  

(10) Sources of funding, if any, for Stage 2 activities, including monitoring.  

DPR will review the plan in consultation with Commissioners and the Regional Boards and notify the sponsor of 
the outcome. If the plan is rejected, DPR will indicate elements that were not adequately addressed and 
establish time lines the sponsor must meet for resubmittal to DPR for review. If DPR agrees with the plan, DPR 
will report to the PREC.  

After a plan is approved, the sponsor must submit a progress report to DPR annually. DPR may recommend 
reevaluating mitigation options with the advisory group if progress is unsatisfactory in meeting timetables for 
implementing management practices and improving water quality. DPR will report to the PREC the outcome of 
the review of the progress report.  

If there are no sponsors forthcoming to implement the self-regulation stage, other measures will be taken, such 
as Stage 3 or Stage 4.  

(b) Stage 3--Regulatory Approach Using DPR's Authority  

DPR may exercise its option to begin a Stage 3 program if a sponsor declines to support Stage 2 efforts or if 
there is unsatisfactory progress toward meeting timetables for submitting reports or implementing mitigation 
measures. Depending on circumstances, DPR may begin Stage 3 activities before Stage 2 options are 
exhausted.  

DPR will consider matters relating to the elements listed in Stage 2 above. Regulatory options will be 
considered, including establishing new regulations in Title 3 of the CCR. Such regulations may place the 
pesticide on the list of California restricted materials (if it is not yet restricted), establish use requirements, or 
both. For situations where a pesticide use permit is required, such as the use of restricted materials, 
Commissioners issuing the permit may specify conditions of use that protect water quality. DPR may also 
consider action on the pesticide's registration, such as cancellation.  

DPR will prepare a report including elements that would be required of a Stage 2 plan and information on 
regulatory steps to be taken by DPR and Commissioners. The report will be submitted to the advisory group 
and the PREC.  

DPR will implement the mitigation efforts as presented in the final report. DPR will prepare subsequent reports 
presenting the progress of these efforts every three years and will submit it to the advisory group. The 
appropriate Regional Board(s) will review the progress report and comment on the progress made toward 
meeting water quality objectives and other issues related to basin plan requirements. The Regional Board may 
recommend that the advisory group reevaluate mitigation options or the Board may consider a DPR 
recommendation that the Regional Board initiate regulatory action.  

(c) Stage 4--Regulatory Approach Using State and Regional Boards' Authority  

The State or Regional Boards may, after conferring with DPR, begin regulatory-based programs if a Board 
finds that the effort as described in Stage 2 or Stage 3 is not reasonably protecting water quality, such as 
where there is an actual or threatened violation of water quality standards.  

Not withstanding the above-described DPR Surface Water Protection Programs, action may be taken at any 
time through the State or Regional Board water quality control programs or through other appropriate 
regulatory measures to assure protection of beneficial uses. Such action will include compliance with the State 



Board's antidegradation policy and with requirements of the federal Clean Water Act including regulation of 
point source discharges of pesticides to surface waters.  

VII. INTERAGENCY COMMUNICATION PROCEDURES  

A. Meetings Between DPR and the State Board  

1. Annual Review  

DPR and the State Board will meet at least annually to discuss existing and proposed projects, evaluate the 
effectiveness of the MAA and Plan, to discuss DPR and State Board priorities, and consider changes to the 
MAA and Plan. The Commissioners and Regional Board staff are encouraged to attend and to submit items for 
the agenda. Prior to each meeting, an agenda will be mailed to every Regional Board and Commissioners. 
Meeting summaries which recap the issues and outcome of any evaluations will be provided in writing to each 
Regional Board and Commissioner.  

Decisions and information from these meetings will be publicized and distributed by State Board and DPR to 
their respective interested parties mailing list.  

2. Technical Briefing  

Staff of DPR and the State Board will meet at least twice each year to discuss recent activities of each agency, 
technical issues that deal with pesticides and water quality, and to review overall program direction.  

B. MAA Coordinators  

The MAA Coordinators (Manager of the Implementation Program, Environmental Monitoring and Pest 
Management Branch, DPR; and Chief of the Nonpoint Source Agricultural Unit, State Board) will oversee the 
exchange of information among DPR, Commissioners, State and Regional Boards in the following situations.  

1. Early Stages of Planning  

To facilitate consultation during the early stages of planning, staff will inform the MAA Coordinators in any of 
the following situations related to pesticides and water quality:  

a. Before issuing any public notice of regulations or of workshops, hearings, or public meetings where policies 
or projects of mutual interest, including basin planning, will be addressed. DPR and the State Board will provide 
written notice or other appropriate notification to the other organization for each of the above-mentioned items.  

b. Before releasing any pertinent reports, staff will provide a draft copy when possible.  

c. Before completing the study design or contract workplan for any field monitoring or other investigations of 
mutual interest. A brief project description and name of contact person will be provided.  

d. Before proposing legislation, budget change proposals, or grant workplans that impact mutual program 
interests. Appropriate written legislative concepts, budget change proposal concepts, or grant workplans will be 
provided.  

e. Before setting or revising any water quality objectives or other standards.  

f. During the development of policies, guidelines, and management plans for federal and/or State projects.  

2. Notification of Pesticide Detections  

When a pesticide is detected in surface or ground waters of the State at concentrations that violate any federal 
water quality standard or water quality objective, other known enforceable standard, water quality control plan 
performance goal, QRL, or federal water quality criteria if available, the MAA coordinators will be contacted as 
soon as possible. If the pesticide detection does not violate any federal water quality standard or water quality 
objective, other known enforceable standard, water quality control plan performance goal, QRL, or federal 
water quality criteria if available, the results will be made available officially on a quarterly basis. It is expected 
that ongoing communication between staff and the assigned MAA coordinators will be maintained which will 
provide access to sampling results of studies in progress.  



C. Other Information  

DPR, Commissioners, and the State and Regional Boards will exchange other information as follows:  

1. To the fullest extent possible, DPR, Commissioners, and State and Regional Boards will exchange records, 
reports, material, and any other information relating to water, water rights, water pollution or quality, or any 
areas of mutual concern to the end that unnecessary duplication of efforts may be avoided.  

2. Written protocols or workplans on monitoring projects addressing nonpoint surface or ground water quality 
and pesticides prior to monitoring activities.  

3. Data from pesticide use reporting as soon as they are available.  

4. DPR and State Board will update information used in the Water Quality Assessment.  

5. Final reports on projects of mutual interest.  

6. On the local level, information can be shared between DPR, the Commissioners, and State and Regional 
Boards through the quarterly Commissioner's meeting required by the FAC.  

As required by CWC section 13163 (c), any agency shall submit to the State Board plans for and results of all 
investigations that relate to or have an effect upon water quality for review and comment.  

D. Procedures to Protect Proprietary Information  

These procedures are described in DPR's policy document contained in Appendix VI.  

VIII. DISPUTE AND CONFLICT RESOLUTION PROCEDURES  

A. Informal Procedures  

It is the desire of both agencies to establish a speedy, efficient, and informal method for resolving interagency 
conflicts. If a conflict arises at any point in implementing activities described in the Plan, the party or parties 
identifying the conflict will discuss it first with the MAA coordinators. The MAA coordinators will verbally or in 
writing discuss and resolve interagency procedure conflicts by a specified time. When appropriate, a 
representative of the Regional Board(s) and a representative of the Commissioners will participate.  

If these attempts do not successfully resolve the conflict, then formal procedures will be followed.  

B. Formal Procedures  

The MAA coordinators will provide a description of the conflict simultaneously to the State Board's Chief of the 
Division of Water Quality and to DPR's Assistant Director for the Division of Enforcement, Environmental 
Monitoring, and Data Management. If the conflict cannot be resolved by a specified time, it will be referred to 
the State Board's Executive Director and DPR's Director. Each Director will appoint one staff member to assist 
in resolving conflicts. If the conflict cannot be resolved by a specified time at this level, then it may be referred 
to the Secretary of the California Environmental Protection Agency for review. Such review shall not be a 
limitation on each agency's statutory authority.  

APPENDIX I. Management Agency Agreement between the Department of Pesticide Regulation and the State 

Water Resources Control Board.  

APPENDIX II. Reduced-Risk Practices to Minimize the Potential for Pesticide Off-Site Movement and 
Transport of Residues to Ground and Surface Water.  

The practices listed below are intended to be used for reference only. No comprehensive list of practices or 
single prescription for the actions needed to protect water quality from pesticide residues can be developed that 
would be applicable to every site or operation. Flexible, site-specific decision-making is the key to effective 
protection. Selection of the most appropriate reduced-risk practices for each site and situation will involve local 
environmental and economic considerations as well as considerations of effectiveness and acceptability of 
practices.  

http://www.cdpr.ca.gov/docs/emon/surfwtr/maa.htm
http://www.cdpr.ca.gov/docs/emon/surfwtr/maa.htm


A. Pest Management Decision Process  

Expand the use of integrated pest management (IPM) strategies. IPM systems can significantly reduce 
pesticide inputs to aquatic systems by all routes. IPM is an information-based systems approach to preventing 
unacceptable levels of pest damage. Pest and environmental information along with available cultural, 
biological, physical, mechanical, genetic, and chemical pest control methods are integrated to provide 
environmentally sound and economically viable control of pest problems. The principles of IPM can be briefly 
summarized as follows:  

1. Use crop rotations and planting schedules that minimize pest infestations.  

2. Perform thorough in-field assessments of each pest problem.  

3. Establish scouting or inspection procedures to monitor pest population levels and severity of the pest 
problem.  

4. Use economic or other appropriate control action thresholds, if available, for each (combination of) pest 
problem(s) to determine when corrective action(s) must be implemented.  

5. Determine corrective action(s) when a control action threshold is reached. Use the following objectives in the 
selection of specific reduced-risk practices: least disruptive of natural controls, least hazardous to human 
health, least toxic to nontarget organisms, least damaging to the environment, most likely to produce a 
permanent reduction in the supportive environment for the target pest(s), and most cost-effective considering 
both short- and long-term objectives.  

6. Establish and maintain an accurate record-keeping system to catalog monitoring information and document 
management procedures.  

7. Evaluate the effectiveness of the IPM program and make adjustments as needed.  

B. Pesticide Selection  

Select active ingredient, product, formulation, additives, placement, and rate that minimize persistence and 
biotoxicity and optimize selectivity. Sources of technical information include the California Department of Food 
and Agriculture, Commissioners, DPR, pest control advisers, Resource Conservation Districts, University of 
California Cooperative Extension farm advisors, and the U.S. Department of Agriculture Natural Resources 
Conservation Service.  

1. Select pesticides that are not known or suspected to be ground or surface water contaminants, especially 
when applications are planned for the rainy season.  

2. Select herbicides not listed in Title 3, California Code of Regulations (3 CCR), section 6800(a) for soil 
applications in areas of shallow ground water. This practice is especially important in areas of high rainfall or 
where the soil has low organic matter content. Indications of shallow ground water include riparian vegetation; 
persistently green, unirrigated grass or herbaceous vegetation; springs; evidence of seasonal flooding; or low 
topographic position in relation to nearby surface water, springs, and riparian vegetation.  

3. Use pesticides most selective for the target pest species to enhance natural population control mechanisms 
and reduce pesticide need.  

C. Pesticide Application and Handling  

Increase the effectiveness, efficiency, and environmental safety of pesticide application (method, equipment, 
technique, calibration, rate, timing, and placement), and handling (mixing, loading, storage, transportation, 
rinsing, and disposal).  

1. Use the lowest pesticide application rate and application frequency proven effective.  

2. Recalibrate spray equipment frequently to insure accuracy of application rate.  

3. Use strategies that avoid long-term, repeated use of a single pesticide. This reduces potential problems with 
pest resistance or tolerance and the corresponding need for increased application rate and/or frequency.  



4. Match pesticide application timing to the most susceptible growth stage of the target pest.  

5. Where appropriate, use surface or subsurface band application of pesticides (in or along a crop row rather 
than over the entire field) to reduce the total amount of pesticide applied.  

6. Incorporate weather conditions and irrigation scheduling into the planning of pesticide application timing and 
placement to minimize the potential for pesticide off-site movement by the water-driven forces of leaching and 
runoff, e.g., schedule soil applications after large irrigations for frost protection, leaching of salts, or replenishing 
deep soil moisture. Allow at least a 12-hour time interval between pesticide application and predicted runoff 
events.  

7. Reduce drift:  

a. Apply pesticides only when wind speed is less likely to result in drift.  

b. Use low delivery pressure and nozzles that do not create ultra-small droplets that can easily drift off-target.  

c. Use spray adjuvants that enhance penetration of leaf and soil surfaces.  

8. Equip each service rig and piece of application equipment that handles pesticides and draws water from an 
outside source with an air-gap separation, a reduced pressure principle backflow prevention device, or a 
double check valve assembly. Backflow protection must be acceptable to both the water purveyor and the local 
health department (3 CCR, section 6610).  

9. Mix, load, and store pesticides at least 100 feet away from water sources, pumps, well heads and sink holes. 
Store pesticides in a secure and dry site.  

10. Properly rinse spray equipment and use closed mixing systems in compliance with 3 CCR, section 6746 to 
facilitate a triple rinse of the empty pesticide container in compliance with 3 CCR, section 6684 and safely apply 
the rinsate to the target field or dispose of safely.  

11. Use returnable, refillable liquid pesticide containers when available. Properly dispose of pesticide 
containers in compliance with 3 CCR, sections 6670-6686.  

12. Prepare an emergency spill and response plan for each chemical tank truck.  

D. Water and Soil Conservation  

Minimize water, soil, and sediment losses from treated sites.  

1. Improve irrigation system uniformity, and manage irrigation timing and amount to minimize deep percolation 
and surface runoff losses.  

2. Use crop rotations, crop residue management, cover crops, conservation tillage, vegetative filter strips, 
grade stabilization structures, or sediment basins to minimize soil erosion and runoff velocity from rainfall and 
irrigation and allow sediment deposition.  

3. Install irrigation tailwater return systems to reduce runoff, allowing more time for pesticide dissipation and 
degradation.  

4. For control of urban runoff from new development and construction, avoid conversions of areas particularly 
susceptible to erosion and sediment loss and/or establish development guidance that identifies these areas 
and protects them from erosion and sediment loss. These areas are characterized by steep slopes, highly 
erodible soils, periods of intense rainfall, and inability to revegetate once disturbed.  

E. Drainage and Disposal of Surface Water Runoff  

Prevent the transport of runoff from treated areas to surface waters and wetlands and to sites that may serve 
as pathways for ground water contamination, including production water wells, dry wells, and infiltration basins.  

1. Surface waters and wetlands.  



Surface waters include all reservoirs, lakes, streams, springs, ponds, marshes, and other features where open 
water surface is discernable other than immediately after rainfall. Wetlands are those areas that are inundated 
or saturated by surface or ground water at a frequency or duration sufficient to support, and under normal 
circumstances do support a prevalence of vegetation typically adapted for life in saturated soil conditions.  

a. In situations where there is direct surface water runoff from treatment sites to surface water bodies or 
wetlands, apply only those chemicals formulated for aquatic or wetland use.  

b. Wherever possible, establish noncropland sites adjacent to surface water features as application exclusion 
zones to reduce the potential for surface water contamination by the transport of residues in storm water runoff.  

c. Urban runoff from new development and construction.  

(1) To the extent feasible, preserve and, where possible, create or restore areas that provide water quality 
benefits, such as riparian corridors and wetlands, and promote the design of new development so that it 
protects the natural integrity of drainage systems and water bodies.  

(2) Integrate storm water quality protection into construction and postconstruction activities at all development 
sites. This should include minimizing the use of toxic materials and their proper containment on-site.  

(3) Wherever practicable, maintain peak runoff rates at predevelopment levels.  

2. Sites that may serve as pathways for ground water contamination.  

a. Production water wells.  

(1) Divert the flow of runoff from treated areas to bypass entirely the area where a production water wellhead is 
located. Where this is not possible, protect the well by sealing or repairing the wellhead or constructing berms.  

(2) Properly seal new wells, add safeguards to old wells, and properly destroy abandoned wells.  

b. Infiltration drainage structures and sites.  

(1) Alter drainage design where necessary to divert runoff from treated areas away from dry wells, infiltration 
basins, and other infiltration sites.  

(2) Properly destroy unused, nonfunctional, improperly constructed or improperly located dry wells and 
infiltration basins. Dry wells and infiltration basins that are not constructed with the proper setback distance 
from the water table (in compliance with local ordinances) or are located in areas of shallow ground water may 
present a pathway for ground water contamination.  

APPENDIX III. Federal and State Authority for the Department of Pesticide Regulation, the County 
Agricultural Commissioners, the State Water Resources Control Board, and the Regional Water Quality 
Control Boards.  

A. Department of Pesticide Regulation  

1. Federal Authority: Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)-- Amendments of 1972 and 
1988 and the Code of Federal Regulations (CFR 40)  

Pesticide products must be registered federally before distribution or sale to any person. Registration includes 
submission of required data by the person seeking the registration, evaluation and acceptance of these data by 
the U.S. Environmental Protection  

Agency (U.S. EPA), submission of a proposed label by the registrant, review and acceptance of the final 
labeling by U.S. EPA, establishment of a tolerance (maximum residue level) for pesticides used on food or feed 
commodities, and the classification by U.S. EPA of the pesticide product for restricted use or general use as 
appropriate. The federal authority for the routine registration of pesticide products is under FIFRA section 3.  

Other types of federal registration and exemption from registration are allowed. FIFRA section 5 allows the 
registrant to acquire a use permit, under certain conditions, in order to accumulate information necessary to 
register a pesticide under FIFRA section 3. Under FIFRA section 18, a federal or state agency may be 



exempted from the requirements of registration prior to the use of a product if emergency conditions exist that 
require such exemption.  

Once a pesticide product is registered federally, FIFRA section 24(a) authorizes a state to regulate the sale or 
use with the restriction that any sale or use prohibited federally is not permitted by the state. Section 24(b) 
requires uniformity of pesticide labeling and restricts a state from requiring changes to the federally accepted 
pesticide label. A state may register a pesticide product for additional uses of a federally registered pesticide to 
meet a special local need within the state in accord with FIFRA section 24(c).  

FIFRA section 26(a) authorizes a state to have primary enforcement responsibility for federal use violations of 
the pesticide if the state:  

1. Has adopted adequate pesticide use laws and regulations.  

2. Has adopted and is implementing adequate procedures for the enforcement of such laws and regulations.  

3. Will keep the records and make reports showing compliance with 1 and 2 above.  

U.S. EPA has determined that DPR qualifies under these standards and has primary enforcement responsibility 
for pesticide use violations in California.  

FIFRA section 11(2) authorizes states to certify applicators of federal restricted use pesticides if states submit a 
plan for U.S. EPA approval. DPR has submitted a plan and is authorized by U.S. EPA to certify applicators.  

2. State Authority: Food and Agricultural Code (FAC), and Title 3, CCR  

The State of California has an extensive pesticide program that enables DPR to evaluate and register pesticide 
products before their use in the State, monitor the sales within the State, regulate and record the use, protect 
workers who might come in contact with pesticides, identify pesticides with high risk to human health or the 
environment and regulate these in special manners; and, through the Commissioners' system, enforce the laws 
and regulations and take appropriate enforcement action when necessary.  

The purposes of the FAC Division 6 and Division 7 and listed in section 11501 are as follows:  

1. To provide for the proper, safe, and efficient use of pesticides essential for production of food and fiber and 
for protection of the public health and safety.  

2. To protect the environment from environmentally harmful pesticides by prohibiting, regulating, or controlling 
uses of such pesticides.  

3. To assure the agricultural and pest control workers of safe working conditions where pesticides are present.  

4. To permit agricultural pest control by competent and responsible licensees and permittees under strict 
control of the Director and Commissioners.  

5. To assure the users that economic poisons are properly labeled and are appropriate for the use designated 
by the label.  

6. To encourage the development and implementation of pest management systems, stressing application of 
biological and cultural pest control techniques with selective pesticides when necessary to achieve acceptable 
levels of control with the least possible harm to nontarget organisms and the environment.  

FAC section 12753 defines "economic poison" as any of the following:  

1. Any spray adjuvant.  

2. Any substance, or mixture of substances that is intended to be used for defoliating plants, regulating plant 
growth, or for preventing, destroying, repelling, or mitigating any pest, as defined in section 12754.5, which may 
infest or be detrimental to vegetation, man, animals, or households, or be present in any agricultural or 
nonagricultural environment whatsoever.  



As defined in section 12754.5, "pest" means any of the following that is, or is liable to become, dangerous or 
detrimental to the agricultural or nonagricultural environment of the state:  

1. Any insect, predatory animal, rodent, nematode, or weed.  

2. Any form of terrestrial, aquatic, or aerial plant or animal, virus, fungus, bacteria, or other microorganism 
(except viruses, fungi, bacteria, or other microorganisms on or in living man or other living animals).  

3. Anything that the Director, by regulation, declares to be a pest.  

The Director controls the registration of pesticides in the State under FAC section 12811, which requires every 
manufacturer, importer, or dealer of any economic poison to obtain a certificate of registration from DPR before 
offering the economic poison for sale in the State.  

FAC section 12824 provides the process to eliminate from use in the State any pesticide product that 
endangers the agricultural or nonagricultural environment, is not beneficial for the purposes for which it is sold, 
or is misrepresented. To accomplish this, an orderly program for the continuous evaluation of all pesticide 
products currently registered will be developed.  

Before a substance is registered as a pesticide product for the first time, a thorough evaluation will occur and 
appropriate restrictions may be placed on the product's use including, but not limited to, limitations on quantity, 
area, and manner of application.  

The Birth Defect Prevention Act (FAC section 13121) requires certain toxicological data for both new active 
ingredients and currently registered pesticides.  

The PCPA of 1985 (FAC section 13141) requires DPR to call in environmental fate data for agricultural use 
pesticides, use these data to identify pesticides with the potential to pollute ground water, monitor for those 
pesticides in ground water, review and modify, if appropriate, the use of pesticides found in soil under certain 
conditions or in ground water due to agricultural use, and maintain a database of wells sampled in the state for 
pesticides.  

B. State Water Resources Control Board and Regional Water Quality Control Boards  

The State Water Resources Control Board (State Board) and the nine Regional Water Quality Control Boards 
(Regional Boards) are the principal State agencies with primary responsibility for water quality control. The 
following is a brief discussion of their general mandates:  

1. Legal authority and regulations: The Porter-Cologne Water Quality Control Act (Porter-Cologne Act), 
California Water Code, Divisions 2 and 7; Public Resources Code, Division 10; Title 23, California Code of 
Regulations Divisions 3 and 4. Federal Clean Water Act (CWA)  

General mandate  

The State Board and Regional Boards regulate factors and activities that may affect the quality of the waters of 
the State to attain the highest water quality which is reasonable considering all demands being made and to be 
made on those waters and the total values involved--beneficial and detrimental, economic and social, tangible 
and intangible.  

Division 7 of the Porter-Cologne Act assigns overall responsibility for water quality protection to the State Board 
and directs the Regional Boards to establish and enforce water quality standards within their individual regions. 
The Porter-Cologne Act applies to both surface and ground waters, point and nonpoint sources, and waste 
discharges to land.  

It is the intent of the Porter-Cologne Act to create a water quality control program administered regionally within 
a framework of statewide coordination and policy. The State Board provides program guidance and oversight to 
the Regional Boards through adoption of statewide regulations, plans, policies, and administrative procedures. 
The State Board and Regional Boards carry out their water protection authority through specific "Water Quality 
Control Plans" which (1) designate beneficial uses, (2) set water quality objectives to protect beneficial uses, 
and (3) establish programs to achieve these objectives. Such plans may include prohibitions against the 
discharge of waste, or certain types of waste, in specified areas under specified conditions. Discharge 
prohibitions may be adopted for nonpoint sources, such as surface runoff or waste discharge to land, or for 



direct discharges to surface or ground water. The Porter-Cologne Act also requires the State Board to adopt 
"State Policy for Water Quality Control," including water quality objectives directly affecting water projects.  

The principal means of regulating activities that affect water quality and of implementing water quality control 
plans is by issuing waste discharge requirements (WDRs). Any person discharging waste or proposing to 
discharge waste that could affect the quality of waters of the State, other than discharge into a community 
sewer system, must submit a report of waste discharge to the Regional Boards unless the Regional Boards 
waive the filing of a report.  

The Porter-Cologne Act provides Regional Boards with additional enforcement powers to address unauthorized 
discharges, discharges violating WDRs or prohibitions of discharge,  

violations of reporting or monitoring requirements, or other activities that threaten water quality. The State 
Board may use its water rights authority to enforce requirements for the protection of water quality.  

The State Board has authority to administer all financial assistance programs administered by the State 
pursuant to the CWA. Additional water quality authority provided by the Porter-Cologne Act includes provisions 
for grants and loans for waste water treatment facilities, a State water pollution cleanup and abatement 
account, regulation of reclaimed water use, sewage treatment plant operator certification, regulation of water 
wells, monitoring wells and cathodic protection wells, and regulation of waste discharges from houseboats.  

Chapter 5.5 of the Porter-Cologne Act authorizes regulation of point source discharge of pollutants to surface 
waters through WDRs, which also serve as National Pollutant Discharge Elimination System (NPDES) permits 
required under the federal CWA. Chapter 5.5 also authorizes regulation of sewage sludge use and disposal, 
disposal of pollutants into wells, and pretreatment of waste.  

In addressing nonpoint source problems, the State Board and Regional Boards generally use three 
management approaches: (1) voluntary implementation of best management practices (BMPs), (2) regulatory-
based encouragement of BMPs implementation, and (3) effluent requirements. It will generally be up to the 
Regional Boards to decide which option(s) to use to address particular problems. The Regional Boards 
generally refrain from imposing effluent requirements on dischargers who implement BMPs in accordance with 
a State Board or Regional Board's formal action.  

In some cases, BMPs developed through a nonpoint source management program may be implemented 
through the NPDES program. Activities commonly thought of as nonpoint sources may result in point source 
discharges in specific cases where the discharge happens to occur through a pipe, ditch, or other confined and 
discrete conveyance. Moreover, an NPDES permit may impose BMPs on an industrial facility to control 
nonpoint sources of discharge of toxic or hazardous pollutants from ancillary industrial activities.  

2. Specific Programs  

a. Aboveground Petroleum Storage  

Legal Authority: Clean Water Act; Federal Regulations 40 CFR, Part 112 Aboveground Petroleum Storage 
Act, Health and Safety Code, Chapter 6.67  

In accordance with the Aboveground Petroleum Storage Act, every two years owners and operators of 
aboveground storage tanks facilities with a single tank capacity greater than 660 gallons or cumulative tank 
capacity greater than 1,320 gallons must file a storage statement and pay a fee to the State Board. In addition, 
most owner/operators must prepare a Spill Prevention Control and Containment Plan in accordance with 
federal oil pollution prevention regulations.  

b. Regulation of Dischargers of Solid Waste to Land  

Legal Authority: Clean Water Act; Water Code, Sections 13172, 13263, 13267, and 13304. California Code of 
Regulations (CCR) Title 23, Division 3, Chapter 15.  

The State Board shall develop standards for discharges of solid waste to land. Chapter 15 (CCR, Title 23, 
Division 3) establishes a classification system for waste and waste management units. Waste classifications 
include hazardous, designated, solid nonhazardous, and inert. Each waste type has its own requirements. 
These regulations govern siting, construction, operation, closure, monitoring and response to leaks, including 
cleanup standards. The State Board and Regional Boards regulate some of the same dischargers as the 



Department of Toxic Substances Control (DTSC) and the Integrated Waste Management Board (IWMB). DTSC 
is the lead agency for Resource Conservation and Recovery Act (RCRA) Subtitle C and IWMB is the lead for 
RCRA Subtitle D.  

c. Solid Waste Assessment Tests (SWAT) to Protect Water Quality  

Legal Authority: Public Resources Code, Section 45700; Water Code, Sections 13273-13273.3  

The State Board ranked all solid waste disposal sites in groups of 150 based on their potential threat to water 
quality. SWAT reports from Rank 1 sites were due July 1, 1987, from rank 2 sites July 1, 1988, and from rank 3 
sites July 1, 1989, etc. Each succeeding year, 150 sites from the next rank must submit SWAT Reports.  

Each SWAT report must contain the following: (1) an analysis of the surface and ground water on, under, and 
within one mile of the solid waste disposal site to provide a reliable indication of whether there is any leakage of 
hazardous waste; and (2) a chemical characterization of the soil-pore liquid in those areas likely to be affected 
from the leaking solid waste disposal site, as compared with geologically similar areas near the solid waste 
disposal site not affected by leakage or waste discharge.  

d. Toxic Pits Cleanup Act (TCPA)  

Legal Authority: Health and Safety Code, Article 9.5, Section 25208 et seq.  

The TCPA prohibits storage or disposal of hazardous liquids in surface impoundments unless they are 
constructed with a double-liner and leachate collection system, and requires closure of all nonexempt sites. 
TPCA construction standards essentially mirror existing prescriptive standards for Class I surface 
impoundments in Chapter 15 (CCR Title 23, Division 3), regulations for discharge of waste to land. The TPCA 
also requires the facility owner or operator to submit a hydrogeological assessment report to the Regional 
Boards for review.  

The TPCA also restricts the siting of hazardous waste impoundments to areas that are not within 1/2 mile 
upgradient of a potential source of drinking water (a requirement that has no Chapter 15 equivalent), and 
specifies requirements for facility design and construction, facility monitoring, corrective action upon detected 
releases, closure and postclosure activities, and various types of disposal operations.  

e. Underground Storage Tanks  

Legal Authority: Health and Safety Code, Chapters 6.65 and 6.67, CCR Title 23, Division 3, Chapters 16, 17, 
and 18  

The regulations establish construction standards for new underground storage tanks; separate monitoring 
standards for new and existing underground storage tanks; uniform standards for unauthorized release 
reporting, repair, upgrade, and closure of underground storage tanks; and specific variance request 
procedures.  

Most aspects of this program, e.g., permitting, tank system inspections, underground storage tank testing and 
record-keeping, closure requirements removal and/or installation, plus site-specific inquiries, are administered 
locally by cities or counties.  

APPENDIX IV. Glossary.  

Basin Plans  

Water Quality Control Plans that identify existing and potential beneficial uses of marine, ground, and surface 
waters; establish water quality objectives to protect the beneficial uses; describe implementation programs to 
achieve these objectives; and describe surveillance and monitoring activities to evaluate the effectiveness of 
the water quality control program (CWC sections 13050[j]; 13242).  

Beneficial uses  

Uses of the waters of the State (any water, surface or underground within the boundaries of the State) that may 
be protected against quality degradation include, but are not limited to, domestic, municipal, agricultural, and 



industrial supply; power generation; recreation; esthetic enjoyment; navigation; and preservation and 
enhancement of fish, wildlife, and other aquatic resources or preserves.  

Best Management Practices  

Methods, measures, and practices selected by an agency to meet its nonpoint source pollution control needs. 
These include schedules of activities, prohibitions of practices, maintenance procedures, and other 
management practices to prevent or reduce the pollution of water.  

Commissioner  

County Agricultural Commissioner.  

Compliance monitoring  

Monitoring of soil conducted to determine whether a pesticide listed in 3 CCR 6800(a) and banned for use in 
some or all sites in pesticide management zones (PMZs) is being used on those sites.  

Four-section survey monitoring  

This monitoring survey is conducted by DPR after a pesticide active ingredient is found in ground water. Wells 
are sampled in the four cardinal directions (north, south, east, and west) from the contaminated well.  

Four-stage approach  

The philosophy of the Pesticide Management Plan is that DPR and the State Board adopt a four-stage 
approach to minimize the potential for pesticide movement to ground and surface waters. In Stage 1, 
prevention of pesticide contamination of ground and surface water is promoted through education and outreach 
efforts. Stage 2 will be initiated following detections of pesticides that require response. It relies on voluntary or 
cooperative efforts to identify and implement the most appropriate site-specific reduced risk practices. If 
adequate protection cannot be achieved by Stage 2, DPR and the county agricultural commissioners will 
implement Stage 3. In Stage 3, reduced-risk practices will be implemented based on restricted material use 
permit requirements, regulations, and other regulatory authority used by DPR and the county agricultural 
commissioners. If Stage 4 is necessary, the State and Regional Boards will use water quality control planning 
programs or other appropriate regulatory measures consistent with applicable authorities and the provisions of 
the Nonpoint Source Management Plan approved by the State Board. These four stages may not be 
implemented in sequential order, but rather as necessary to protect beneficial uses.  

Ground Water Protection List monitoring  

Conducted to determine whether residues of suspected leachers listed in 3 CCR 6800(b) occur in ground water 
under certain conditions.  

Management Agency Agreement  

Agreements between government agencies to coordinate water quality issues.  

Mitigation  

The term mitigation as used for the MAA and Plan means to moderate or eliminate an existing condition at a 
specific site using such reduced-risk practices as noted in Appendix II of the Plan. It does not include 
remediation, provide other water supplies, or create wetlands.  

Nonpoint Source Pollution  

Pollution that originates from diffuse sources.  

Nonpoint Source Management Plan  

Adopted by the State Board in 1988, the Plan outlines three management approaches in addressing nonpoint 
source problems, including pesticide runoff:  



(a) Voluntary implementation of best management practices.  

(b) Regulatory-based encouragement of best management practices.  

(c) Waste discharge requirements.  

Pesticide Management Plan  

California Pesticide Management Plan for Water Quality.  

Quality of the water(s)  

Refers to chemical, physical, biological, bacteriological, radiological, and other properties and characteristics of 
water that affect its use.  

Regional Board  

California Regional Water Quality Control Board.  

Reduced-risk practices  

Any pest management practice that is a cost-effective alternative to a current practice and judged to be of 
overall less risk to human health and the environment.  

State Board  

State Water Resources Control Board.  

Statewide Plans  

Adopted by the State Board to address water quality concerns for surface waters that overlap Regional Board 
boundaries, are statewide in scope, or are otherwise considered significant.  

Water quality objectives  

The limit or level of a water quality constituent or characteristic established for the reasonable protection of 
beneficial uses of the water or the prevention of a nuisance in a specific area [CWC Section 13050(h)]. Thus, 
the designated beneficial uses to be made of the water result in objectives based upon sound scientific 
rationale to protect the designated beneficial uses.  

Factors to be considered in establishing water quality objectives shall include, but not be limited to, all of the 
following (CWA Section 13241):  

1. Past, present, and probable future beneficial uses of water.  

2. Environmental characteristics of the hydrographic unit under consideration, including the quality of water 
available.  

3. Water quality conditions that could reasonably be achieved through the coordinated control of all factors 
which affect water quality in the area.  

4. Economic considerations.  

5. The need for developing housing within the region.  

6. The need to develop and use recycled water.  

Water quality objectives can be either numerical values based upon CWA guidance [section 304(a)] or other 
scientifically defensible methods or narrative objectives with which compliance is evaluated through methods 
such as biomonitoring methods. Water quality objectives must support the most sensitive of the designated 
beneficial uses (40 CFR 131.11).  



Water Quality Standards  

Established through the basin planning process. Water quality standards consist of the designated beneficial 
uses and water quality objectives of the Statewide and Basin Plans. Water quality standards shall protect the 
public health or welfare, enhance the quality of water, and serve the purposes of the CWA. Such standards 
must take into consideration the use and value of water for: (1) public water supplies; (2) the protection and 
propagation of fish, shellfish, and wildlife; (3) recreation in and on the water; and (4) agricultural, industrial, and 
other purposes including navigation [CWA section 303(c)].  

APPENDIX V. Abbreviations.  

Abbreviations 
Full Form 
 

BMP Best Management Practice 

CACSA County Agricultural Commissioners and Sealers Association 

Cal/EPA California Environmental Protection Agency 

CCR California Code of Regulations 

3 CCR Title 3, California Code of Regulations 

CFR Code of Fenderal Regulations 

CWA Clean Water Act of 1972 

DPR Department of Pesticide Regulation 

DTSC Department of Toxic Substances Control 

EM & PM Environmental Monitoring and Pest Management 

FAC Food and Agriculture Code 

FIFRA  Federal Insecticide, Fungicide and Rodenticide Act 

IPM Integrated Pest Management 

IWMB Integrated Waste Management Board 

LUSTIS Leaking Underground Storage Tank Information System 

MAA Management Agency Agreement 

MCL Maximum Contaminant Level 

MOU Memorandum of Understanding 

NOAA National Oceanic and Atmospheric Administration 

NPDES National Pollutant Discharge Elimination System 

PCPA Pesticide Contamination Prevention Act 

PMZ Pesticide Management Zone 

PREC Pesticide Registration and Evaluation Committee 

QA/QC Quality Assurance and Quality Control 

QRL Quantitative Response Limit 

RCD Resource Conservation District 

RCRA Resource Conservation and Recovery Act 

SDWA Safe Drinking Water Act 

SWAT Solid Waste Assessment Test 

TIE Toxicity Identification Evaluation 

TPCA Toxic Pits Cleanup Act 

USDA United States Department of Agriculture 

UST Underground Storage Tank 

U.S. EPA United States Environmental Protection Agency 

WDR Waste Discharge Requirements 

APPENDIX VI. Procedures to Protect Proprietary Information.  
 



Procedures to Protect Proprietary Information Guidelines for Maintaining Security of  
Registrant-Submitted Data and Related Materials  
in the Department of Pesticide Regulation Library  

 

I. Access for Review Purposes  

These guidelines outline procedures established to control access to registration support data submitted to the 
Department of Pesticide Regulation (DPR) by registrants or applicants and filed in DPR's library. These 
procedures apply to the data volumes and to any reviews of the data generated during the evaluation process 
and subsequently filed in the library, either with the data volumes reviewed or in a separate file.  

The library staff will also apply these procedures to the control of data packages which have not completed the 
evaluation process, when they are made available for review in the library during that process.  

A. Authorized Review Categories  

Individuals who will be allowed access to registration support data are the following;  

1. DPR employees who process or review data in the course of their work.  

2. Members of the Pesticide Registration Evaluation Committee (PREC) and the Pesticide Advisory Committee 
(PAC), their alternates, and staff from their agencies who are assigned and authorized to review data in 
connection with the responsibilities of those committees.  

3. Employees of, and consultants to, other State agencies and the Legislature, who are authorized by DPR to 
review data for the purpose of providing input to the pesticide registration process, for developing reports and 
recommendations on legislation or regulations relative to that process, or for implementing a specific state 
government policy in an effective manner.  

4. Persons authorized by DPR to review information in connection with a public proceeding.  

5. Company representatives who wish to examine data previously submitted by their company.  

6. Any person with written company authorization may examine data submitted by the company.  

B. Acknowledgment of Data Confidentiality  

Individuals in categories 1, 2, and 3 will be required to sign an Acknowledgment of Data Confidentiality which 
contains notice of potential personal liabilities.  

C. Affirmation of Status  

Individuals in categories 4 and 6 will be required to sign an Affirmation of Status when requesting access to 
registration support data, as required by section 6254.2 of the Government Code.  

D. Register of Data Access  

Individuals in categories 2 through 6 will be required to sign a register when they visit the library to review data.  

E. Data Reference/Review Request  

Authorization of the Chief of the Pesticide Registration Branch (PRB), a supervisor of registration, or a 
designated alternate must be obtained on the Data Reference/Review Request before library staff will allow 
access to data by individuals in categories 2, 3, 4, and 6.  

F. Departmental Staff and Library Staff Responsibilities  

1. Branch Chiefs will be responsible for designating individuals in their branches who are allowed to have 
access to pesticide data.  

2. The Chief of the PRB or a designated alternate will be responsible for:  



a. Approving additions to the list of PREC who are authorized to review data on a continuing basis.  

b. Authorizing individuals in categories 3 through 6 to review designated items for specific purposes.  

3. The Chief of the Information Services Branch will notify the library of changes in personnel assigned to the 
PAC.  

4. Library staff will be responsible for:  

a. Providing guidelines and orientation as to the procedures to be followed by individuals in all categories who 
may require access to pesticide data.  

b. Verifying the identity and authorization of all individuals who request access to data.  

c. Maintaining a permanent file of individuals in category 1 who are/were authorized to review data and to 
remove data from the library.  

d. Maintaining a record of data circulated to DPR staff.  

e. Providing printouts of study titles to individuals in all categories so that the data volumes to be reviewed may 
be identified.  

f. Retrieving requested data volumes for review in the library or other appropriate area.  

g. Maintaining a permanent register of individuals in categories 2 through 6 who visit the library to review data 
(indefinitely), a three-year record of the data volumes reviewed, and a file of the appropriate authorization 
forms.  

h. Providing a secure means for disposing of duplicate copies of registrant-submitted data which may contain 
trade secret information.  

5. DPR employees will check out all data taken from the library and will be responsible for its security while in 
their possession.  

G. Company Authorized Review  

1. Company representatives (category 5) will contact their assigned registration specialist for an appointment to 
review data, providing adequate lead time for library staff to assemble the desired material from their 
company's files and to arrange for a location at which the data may be reviewed.  

2. When an individual in category 6 has authorization to see only certain items in a company's data volumes, 
copies will be made of those specific items for the purpose of the review. These copies will be retained in the 
library with the company's written authorization for the review, the approved Data Reference/Review Request, 
and the individual's Affirmation of Status.  

H. Notes and Photocopies  

Individuals in categories 2, 3, 4 and 6 may make notes from the data volumes they are authorized to review, 
subject to the provisions of California Government Code, section 6254.2, and the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA), section 10.  

Photocopies of data, including evaluation memos which may contain extracts from data, may be provided on a 
case-by-case basis with the authorization of the Chief of the PRB.  

Individuals in category 5, with appropriate authorization, may be provided with copies from any of their 
company's data including memos of evaluation filed with the data; however, they will not be allowed to remove 
or alter data previously submitted.  

II. Release of Registration Support Data as a Public Record  



Requests for release of pesticides information under the California Public Records Act will be filled by a 
registration specialist designated by the supervising librarian in consultation with the Chief of PRB, a staff 
counsel, and other DPR staff as required.  

A. General Information  

Requests from the public for general information about pesticide chemicals may sometimes be filled by 
providing excerpts from published sources and may not trigger a formal public records request procedure. For 
this reason, the supervising librarian may review incoming requests to determine the appropriate response, 
contacting the requester for clarification as required.  

B. Formal Release Process  

When the request triggers a formal public records request procedure, these steps are followed:  

1. If a telephone inquiry is received, the requester will be asked to follow up with a written request for desired 
data, including the name of the active ingredient or product and the specific type of data desired.  

2. Upon receipt of a written request, a letter is sent to the requester acknowledging receipt of the request. If the 
request is unclear, the designated registration specialist will contact the Requester for clarification before 
proceeding with a search.  

3. A data search is done which results in a printout of data on file. A letter of prepayment for the printout is 
mailed to the requester.  

4. The printout is sent with copies of Government Code section 6254.2 and the Affirmation of Status form.  

5. To obtain copies of data, the requester must submit a follow-up request specifying the particular studies 
wanted. The requester must also submit the signed Affirmation of Status form as required by Government 
Code 6254.2(h). This signed affirmation is a prerelease requirement for any data submitted by a registrant, 
whether it was claimed confidential or not.  

6. a. If the requester does not respond with a specific request within 30 days of the date the printout was 
mailed, a follow-up letter is sent to inquire whether the material was received. If no response is received within 
30 days of the date of this letter, the file is closed.  

b. If a follow-up request is received, the registration specialist notifies the registrant who submitted the specific 
items of data that a request for release has been received. The requester receives copies of all such 
correspondence. Copies of title pages or other appropriate identifying material are supplied to the registrant to 
assist in the identification of the specific studies being requested. The registrant has 30 days from the date of 
receipt of this letter, which is sent certified mail/return receipt requested, to respond.  

7. a. If no response is received from the registrant, the registrant is considered to have waived any objections 
to release of the requested data. A final notice is sent by the registration specialist indicating that the data will 
be released. The data is released 15 days after the receipt date of the final notice  

b. If the registrant submits a justification for its claim of confidentiality, that justification is reviewed by the legal 
staff in consultation with appropriate division staff and the Chief of PRB. Legal staff makes the final 
determination as to trade secret status. The registration specialist then sends a final notice to the registrant 
indicating which, if any, data is exempt from release. The data are released upon the receipt of a payment for 
duplication, with any exempted portions deleted, no sooner that 15 days after mailing of the final notice.  

8. The requester receives a copy of the final notice sent to the registrant.  

C. Retention of Library Copies  

Once a study has been released following the trade-secret determination process, the library retains the record 
number of the released study in the database. Such studies may then be released in response to future 
requests without repeating the trade-secret determination process.  
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