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Pesticide Use in Urban and Residential Areas

www.cdpr.ca.gov

 Pyrethroid and fipronil use by licensed applicators for structural pest
control and landscape maintenance in California
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Pesticide Contamination in Urban Areas

3
Stout et al., Environ Sci Technol, 2009; unpublished data

Pesticides on indoor surfaces Pesticides in Urban Runoff



Hard Surfaces in Urban Areas

 Impermeability
• Low water penetration rate
• To facilitate rapid urban surface drainage

 Up to 90 % of urban surface areas

 Pesticide deposition on hard surfaces
• Direct application
• Wind/water facilitated transport



Fate of Insecticides in Soils

5

 Impervious surfaces
• Larger runoff flow
• Higher pressure to neighboring soils

 No vegetation growth
• Higher insecticide runoff potential

 Different environment for insecticides
• Different persistence and runoff potential 

than soil

 Highly populated areas
• Fragile water bodies
• Higher ecological/environmental importance

Runoff

Deposition
Desorption
Soil erosion

Leaching

Soil M
atrix

∙ Biotic Transformation

∙Abiotic Transformation



Highlights from Some Pilot Studies





 Persistent wash‐off of pyrethroids and fipronil from
concrete
 112 d exposure to hot and dry outdoor conditions
 >10‐time repeated wash‐offs

(results published at Environ. Toxicol. Chem., 2010, 1203‐1208)

 Continuous pyrethroid desorption from concrete for over 300 h.
(results published at Environ. Sci. Technol., 2011, 602‐607)

 Effects of pesticide formulations on pyrethroid runoff patterns during a
continuous runoff event

(Jorgenson et al., Environ. Sci. Technol., 2010, 4951‐4957)



Gap of Knowledge
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• Relatively small scale of the experiment setup;

• Many environmental and application factors were not 
evaluated;

• Non‐identified transport pathway
 Phase‐distribution of pesticides in the runoff
 Contributions of particles on pesticide transport

• Methods for pesticide runoff prediction

• Pest control efficacy

• Occurrence of degradates in the runoff



Study objective:

Persistence and runoff transferability of current‐use
pesticides on concrete surfaces

Specifically,

 Pesticide runoff pattern

 Different application/environmental factors

 Runoff prediction

 Pest control efficacy

 Occurrence of degradates



Work of 2010‐2011: Field‐scale study
Pesticide Runoff from Concrete Surfaces



 Preparation of concrete slabs

 Selection of Pesticides
• Pyrethroids

 Bifenthrin: found most frequently in the environment
 Permethrin:most intensively used

‐ cis‐permethrin
‐ trans‐permethrin

• Fipronil

 Formulations
• Homeowners: Ready‐to‐use (RTU)

 RTU solid
 RTU liquid

• Professional 

Experiment Setup & Selection of Pesticides 





Objective I: Pesticide Runoff Pattern

 Different types of precipitations
• Simulated

 Single‐time
 Repeated

• Natural rainfalls



Single‐Time Simulated Rainfall
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Repeated Precipitations
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Natural Winter Rainfalls
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Bifenthrin Runoff from Concrete

 Treatment conditions:
 Professional formulations
 26.2± 2.7 mm/h, 15min



Runoff During Winter Rainfalls

Time of pesticide treatment
Apr.01
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Loading Patterns through Repeated Precipitations

 First runoff after pesticide treatments, or first flush, contributed >80% of
total pesticide loadings into the water during the entire study.



Objective II: Environmental/Application Factors

XConcrete modification

XXPrecipitation Intensity

XFormulation

XXXPesticide

XXXOutdoor exposure

rainfallRepeatedSingle-time

Natural Simulated

XConcrete modification

XXPrecipitation Intensity

XFormulation

XXXPesticide
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Different Environmental Factors

 Precipitation intensity:
 19.3 mm/h, 20 min
 26.2 mm/h, 15 min
 32.6 mm/h, 10 min

 Concrete surface:
 Regular
 Acid wash
 Silicone sealing
 Texture stamping
 Microsilica addition



Formulation Effects
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Analysis of Pesticides in the Runoff Water

 Runoff water
• 0.7µm glass‐fiber filter paper



Pyrethroid Runoff during Repeated Precipitations
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Possible reasons:

 Facilitated pesticide runoff by sorption on particles in RTU solid 
formulations

 Less interaction with concrete for RTU solid formulations and less 
pesticide degradation

Professional RTU liquid RTU solid

Crunoff  (µg/L) Crunoff  (µg/L) Crunoff  (µg/L)

Bifenthrin 0.64 ± 0.10 0.76 ± 0.07 15.50 ± 7.35

cis ‐Permethrin 12.44 ± 2.98 22.87 ± 6.70 215.15 ± 76.09

trans ‐Permethrin 19.98 ± 4.51 22.36 ± 3.44 358.10 ± 136.59

Formulation



Partitioning of Pesticides in the Runoff
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 Dominant role of suspended particles on pyrethroid offsite transport from
concrete
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Pesticide Runoff with Particulate Materials

 Sorption on soil particles has been proved to be the primary pathway for 
hydrophobic pesticide runoff transport, and many mitigation practices have 
been proposed to decrease the offsite movement;

 Concrete is bound as an integrity and resists runoff erosion.

 Sources of particles on concrete:
 detached concrete fragments after extended outdoor exposure 
 deposited dusts from surrounding areas
 inert carrier ingredients from pesticide formulations 

 Small amounts of particles on concrete (<0.5g) 
accumulate 80 % of pyrethroids in the runoff.
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Partitioning of Fipronil and Degradates in the Runoff

 Dominant partitioning of fipronil and fipronil degradates in the aqueous
phase
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Objective III: Pesticide Runoff Prediction

 Different parameters for method validation
• Different types of precipitations
• Different pesticide formulations
• Different periods of outdoor exposure



Surface Wiping with Sponges

Surface wiping has been used by EPA and other agents to assess human 
exposure to pesticides on indoor surfaces;

For runoff prediction:
• Used to determine pesticide concentrations on concrete;
• Correlate the results with pesticide concentrations in the runoff water to 

predict runoff transferability.



Surface Wiping for Runoff Prediction
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-1 0 1 2 3 4 5

Lo
g 1

0(
C

ru
no

ff)
 (

g/
L)

-1

0

1

2

3

4

5

6 BF (P), single-time
PM (P), single-time
BF (P), repeated
PM (P), repeated
BF (L), repeated
PM (L), repeated
BF (S), repeated
PM (S), repeated

0001.0,79.0
15.070.0

0.091.08
Y

2 





pR
b
a

bXa

Concrete Wiping for Pyrethroid Runoff Prediction

Pearson’s r: 0.89



Concentration on the concrete (ng/cm2)
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Log-transformed concentration on the concrete (ng/cm2)
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Objective IV: Pest Control Efficacy



1 min

exposure

Analysis of Pest Control Efficacy

 Ant Survivorship Test

Median lethal time (LT50): average time intervals during which 50% of a given population 
may be expected to die.



Dissipation of Pest Control Efficacy
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Pyrethroids after 89 d Exposure

Pyrethroid Formulation LT50 (h) Crunoff (µg/L) Cconcrete (µg/cm2)

Bifenthrin

RTU solid - 15.50 ± 7.35 0.63 ± 0.49

RTU liquid - 0.76 ± 0.07 0.65 ± 0.05

Professional - 0.64 ± 0.10 0.68 ± 0.30

Permethrin

RTU solid 4 (0.5 - 8) 573.25 ± 212.19 13.24 ± 11.68

RTU liquid - 45.23 ± 6.53 1.80 ± 0.15

Professional - 32.42  ± 7.48 2.45 ± 0.74



Highlights

• Persistence on concrete and long‐term runoff potential
 Extended outdoor exposure
 Repeated flushes
 Winter rainfalls/storms

• Dominant contributions of the first flush

• Partitioning of pyrethroids on the suspended particles

• Partitioning of fipronil and degradates in the aqueous phase

• Surface wiping for runoff prediction

• Rapid dissipation of pest control efficacy over the runoff

• Occurrence of degradates in the runoff



On-going Study

On-going Study:
Pesticides Around Homes



Sampling Site 01: Old House Neighborhood



Sampling Site 02: New House Neighborhood



Vacuum Dust Sampling



Sampling with Surface Wiping



 Financial support from California Department of Pesticide Regulation
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 Dr. Rust and Andrew Soeprono from Entomology of UC, Riverside
 Pyrethroid Working Group: Dr. Russell Jones and Dr. Paul Hendley 
 Lab‐mates from Gan’s Lab


