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I.  INTRODUCTION 
Urban pesticide uses include structural pest control, landscape maintenance, rights-of-
way applications, public health protection, 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. In 2008, over 11.5 million pounds 
active ingredient (a.i.) of pesticides were reported used for urban (non-agriculture) pest 
control (CDPR, 2010a). However, urban pesticide use by individual homeowners is not 
reported, so total urban use is greater than reported use. Based on pesticide sales records, 
it has been estimated that at least half of all pesticides sold in California (between 600 
and 750 million pounds a.i. annual sales) is used in urban areas (UP3 Project, 2010).  
 
With the high volume of urban pesticide use there is a potential for pesticide runoff into 
urban creeks and rivers via storm drains. Numerous urban creeks are listed on the 2006 
Federal Clean Water Act Section 303(d) list due to the presence of organophosphorus 
(OP) pesticides (Cal/EPA, 2009), likely contributed by this urban runoff. Additionally, 
recent monitoring has shown that urban waterways are frequently contaminated with 
pyrethroids, OPs, and fipronil; many of these detections were toxic to sensitive aquatic 
organisms (Holmes et al., 2008, Oki and Haver, 2009; Weston et al., 2005, 2009). In 
2008, CDPR initiated a statewide urban monitoring project to address the problems of 
pesticides in urban waterways (He, 2008). CDPR detected over 25 insecticides and 
herbicides in urban surface waters. CDPR most frequently detected bifenthrin, 
permethrin, fipronil (and degradates), carbaryl, malathion, diuron, MCPA, 2,4-D, 
triclopyr, dicamba, pendimethalin, prodiamine, oryzalin, simazine, and prometon 
(Ensminger, 2010). 
 
From CDPR’s studies, many of the major pesticide contaminants of surface water are 
known. However, it is uncertain of any long term trends in surface water pesticide 
contaminants, especially in light of new surface water regulations being proposed in 
California (CDPR, 2010b). Long term monitoring at selected urban sites will help 
determine the effectiveness of any new regulations and overall urban runoff trends. 
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Roseville, California, appears to be an ideal location to continue long term monitoring to 
determine changes in surface water runoff patterns. Of the various sites in Northern 
California where CDPR has monitored, Roseville gives the highest percent of detections: 
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Roseville, in Placer County, CA, is a highly urbanized city in the greater Sacramento, CA 
area. Pleasant Grove Creek (PGC) runs through the city of Roseville. There are no 
reported agricultural inputs into the watershed; any pesticides found in PGC are due to 
urban runoff (Figure 1). Roseville is also ideal urban neighborhood to study because of 
the construction of its storm drain system, including location of storm drain outflows and 
construction of small streams that feed into PGC. Potentially, Roseville could be a model 
system to mitigate pesticide inputs into a main urban creek such as PGC. 
  
Recent CDPR monitoring data from the Roseville area indicate that several pesticides 
were detected at concentrations of concern to aquatic organisms. Although the OP 
insecticides chlorpyrifos and diazinon are no longer sold for urban use, and their 
detections in Roseville were rare (2.5% detection frequency), malathion was frequently 
detected. During CDPR’s two year urban monitoring study, malathion was detected in 
45% of the water samples; 8% of these samples were greater than the (proposed) US EPA 
aquatic benchmark of 0.15 µg L-1. Fipronil and its degradates were also detected with 
high frequency. Fipronil was detected in every water sample from Roseville and all five 
fipronil degradates were detected in greater than 75% of these water samples. Their 
accumulated toxicity is of concern (Gunasekara et al., 2007). Pyrethroids were also 
detected at levels of toxicological concern. In Roseville, bifenthrin was the main 
pyrethroid detected. It was detected in 92% of the water samples at concentrations greater 
than bifenthrin’s EC50 to Hyalella azteca. Cypermethrin, λ-cyhalothrin, and permethrin 
were also always detected at levels greater than their respective EC50s, albeit much less 
frequently than bifenthrin. Pyrethroids were even more frequently detected in sediments 
at levels likely to be toxic to H. azteca. Many herbicides were detected in Roseville, but 
the diuron detections were of concern due to its high detection frequency and because of 
its high toxicity to algae. Diuron was detected in 44% of the water samples; about 5% of 
these samples were greater than diuron’s US EPA aquatic benchmark (Ensminger, 
unpublished data). These pesticides (malathion, fipronil, bifenthrin, and diuron) are 
targeted for further monitoring in the Roseville area. 
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II. OBJECTIVE 
The objectives of this study are four-fold:  

1) Determine the presence and concentrations of selected pesticides in urban storm 
drain outflows in Roseville and in PGC; 

2) Of selected (water soluble) pesticides, determine the total urban pesticide input 
(concentrations) into PGC from Roseville, CA; 

3) Compare pesticide concentrations at storm drain outfalls into feeder streams to 
pesticide concentrations in subsequent feeder stream outfalls into PGC to 
determine if feeder streams may be reducing eventual pesticide loads into PGC; 

4) Assess whether selected pesticides are present in concentrations that could be 
toxic to aquatic organisms. 

III. PERSONNEL 
The study will be conducted by staff from the CDPR’s Environmental Monitoring Branch 
under the general direction of Sheryl Gill, Senior Environmental Scientist. Key personnel 
are listed below: 

• Project Leader: Michael Ensminger, Ph.D. 
• Field Coordinator: Kevin Kelley 
• Senior Scientist: Frank Spurlock, Ph.D. 
• Laboratory Liaison: Sue Peoples 
• Analytical Chemistry: Center for Analytical Chemistry, Department of Food 

and Agriculture (CDFA) 
 
Please direct questions regarding this study to Michael Ensminger, Environmental 
Scientist, at (916) 324-4186 or mensminger@cdpr.ca.gov. 

IV. STUDY PLAN 

4.1 Continuation of monitoring sites from CDPR studies 249 and 264 (Objective 1) 
For two years, CDPR has been monitoring urban pesticide runoff at four sites in 
Roseville. These four sites consist of three storm drain outflows (PGC010, PGC020, 
PGC030) and a main downstream creek site (PGC040) (Figure 2; for additional 
information, see the Appendix 1). In CDPR’s two year urban study, there have been more 
pesticides detections at these four sites than any other location in Northern California.  
 
The storm drain sites consist of single family dwellings, three parks, and an elementary 
school. We will continue to monitor at these outflows to determine what pesticides a 
representative urban neighborhood contributes. Knowing specific neighborhood inputs 
could help potential future outreach projects. 
 
4.2 Characterization of inputs into PGC from Rocklin, CA and two tributaries of 
PGC (Objective 2) 
To fully characterize the pesticide inputs into PGC from Roseville, three additional sites 
will be included in the study. The first site is upstream of any pesticide inputs from the 
city of Roseville. PGC originates in the Sierra foothills, and travels through Rocklin, CA, 
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also a highly urbanized city with about one third the population of Roseville. 
Undoubtedly, Rocklin is contributing pesticide inputs into PGC. The upstream site 
PGC001 will be added to the study to characterize the pesticides in PGC prior to entering 
Roseville (Figure 2). 
 
The second and third additional sites will monitor the inputs from two tributaries 
of PGC, the South Branch of PGC (PGC050) and Kaseberg Creek (KBC100). 
Both the South Branch of PGC and Kaseberg Creek pass through heavily 
urbanized sections of Roseville that include three golf courses, recreational areas, 
and large neighborhoods. The inputs from the golf courses are of interest for 
monitoring chlorothalonil in future years. CDPR has not previously monitored at 
these sites, but other work has shown that they contain pyrethroids in sediment or 
in water (Weston et al., 2005a, 2009). To fully characterize the inputs of the 
Roseville area into PGC and eventually into the Sacramento River, it is essential 
to characterize these tributaries of PGC.  
 

4.3 Mitigation effects of small streams connecting storm drain outflows to urban 
creeks (Objective 3) 
Small streams connecting storm drain outflows to urban creeks may mitigate pesticide 
runoff from entering urban creeks. These small streams may allow for pesticide 
deposition, uptake, and degradation such that overall pesticide input into urban creeks is 
minimized. Two storm drain outflows in this study (PGC010 and PGC020) have this 
design. Water from these two storm drains flows through approximately 750 – 1000 feet 
of grass and tree-lined streams prior to entering PGC. Preliminary sediment data show 
that not all pyrethroids at the storm drain outflows reach PGC (Figure 3). Additional 
sediment and water sampling at these downstream sites will determine if these results can 
be repeated.  
 
Thus, two additional sampling sites will be added to the study: PGC015 and PGC025. 
PGC015 is approximately 1000 ft from PGC010 and PGC025 is approximately 750 ft 
from PGC020. Both of these new sites are located near the input of the streams into PGC, 
and both are downstream of the respective storm drain outflows (Figures 4 and 5). 

4.3 Aquatic toxicity (Objective 4) 
We will compare analytical data to benchmarks developed by the USEPA (2010a) where 
available; other aquatic effects data may be used for comparison, including LC50 or EC50 
values (USEPA 2010b). Fipronil (and degradates) toxicity values will be from the review 
by Gunasekara et al. (2007). Sediment toxicity will be determined by generating TU 
values (Amweg et al, 2005). 
 

V. SAMPLING METHODS 

5.1 Sampling 
Water sampling. There will be two baseflow and three storm sampling events. Baseflow 
sampling will occur in the summer of 2010 and the spring of 2011. Storm sampling will 
occur with the first major storm (rain) event of the 2010 water year (October 2010 
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through September 2011), with a major storm in midwinter, and late winter to early 
spring of 2010 (Table 1). Sample dates are based on application timings of urban use 
pesticides (Figure 6) as well as expected storms during the winter of 2010 – 2011. 
 
CDPR staff will collect water samples for chemical analysis and for determining total 
suspended solids (TSS) and total organic carbon (TOC). During creek sampling, CDPR 
will collect samples from the center channel using an extendable pole directly into 1-L 
amber glass bottles. When collecting water samples from storm drains, samples will be 
collected by hand directly into 1-L bottles. All bottles will be sealed with Teflon® lined 
lids following CDPR SOP FSWA002.00 (Bennett, 1997). Samples will be stored and 
transported on wet ice or refrigerated at 4°C until analyzed.  
 
Sediment sampling. Sediment samples will be collected once, prior to the first major 
storm event of the 2010 water year (Table 1). Sediment samples will be collected 
following CDPR SOP FSWA016.00 (Mamola, 2005). Sediments will be analyzed for 
pyrethroids and for TOC. 
 
Sample Transport. CDPR staff will transport samples following the procedures outlined 
in CDPR SOP QAQC004.01 (Jones, 1999b).  A chain-of-custody record will be 
completed and accompany each sample.   
 

5.2 Field Measurements 
Physiochemical properties of water will be determined using a YSI 6920 V2-2 
multiparameter Sonde according to the methods described by Doo and He (2008). At 
each site, water parameters measured in situ will include pH, temperature, conductivity, 
turbidity, and dissolved oxygen. Salinity and total dissolved solids will be estimated from 
conductivity.  
 
Stormdrain discharge or stream flow rates will be measured to characterize the flow 
regime and to estimate the total loading of target pesticides. Where possible, flow will be 
calculated using a Global portable velocity flow probe (Goehring, 2008). 

 

5.3 Quality Assurance/Quality Control 
Quality Assurance/Quality Control (QA/QC) will be conducted in accordance with 
Standard Operating Procedure QAQC001.00 (Segawa, 1995). At minimum, ten percent 
of the total number of samples will be submitted as field blanks, blind spikes, or field 
duplicates. In addition, QA/QC procedures developed by US EPA (2002) and for the 
Surface Water Ambient Monitoring Program (SWAMP) by California’s State Water 
Resources Control Board (SWAMP, 2008) will be consulted where applicable. 

VI.  CHEMICAL ANALYSIS 
The Center for Analytical Chemistry, California Department of Food and Agriculture, 
Sacramento, CA (CDFA) will conduct the pesticide analysis for the study. They will 
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analyze four different analyte groups which will include 27 chemical compounds for 
analysis (Appendix 2).  
 
CDPR will analyze TSS in the water samples and will analyze TOC in both water and 
sediment samples. TSS samples will be analyzed following US EPA method 160.2 (US 
EPA, 1971) and as described in Kelley and Starner in CDPR Study Memo 219 (2004).  
TOC will be analyzed with a TOC-V CSH/CNS analyzer (Shimadzu Corporation, Kyoto, 
Japan). 

VII. DATA ANALYSIS 
All data generated by this project will be entered to a central database that holds all data 
including weather and field information, field measurements, and laboratory analytical 
data. We will use various nonparametric and parametric statistical methods to analyze the 
data. The data collected from this project may be used to develop or calibrate an urban 
pesticide runoff model. 

VIII. TIMETABLE 
Field Sampling:  July 2010 – June 2011 
Chemical Analysis:  July 2010 – October 2011 
Draft Report:   April 2012 

IX. LABORATORY BUDGET 
The total cost for the CDFA chemical analyses is $144,700. This cost includes QC 
sample analysis (Table 2).  
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Table 1. Sampling schedule for urban pesticide monitoring in Roseville, CA. Sample 
number does not include QC samples. 

Sample Type July Oct - Dec Jan - Feb Mar - Apr Apr - 
June Total 

Event Baseflow Stormwater Stormwater Stormwater Baseflow  

Number of 
sites 9 9 9 9 9  

45 water 45 water 45 water 45 water 45 water 225 
water Number 

chemical of 
samples 9 

sediment -- -- -- -- 9 
sediment

 
 

 

Figure 1. Agricultural pesticide use in the Placer and Sutter Counties, California. 
Only pesticides being evaluated in the current study are reported; pesticide use is 
from 2008 and 2009. The area of the Pleasant Grove Creek (PGC) watershed is 
estimated. SB PGC is the South Branch of PGC; KBC is Kaseberg Creek. 
Roseville is located in Placer County.
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Table 2. Analytical cost estimates for urban samples collected in Roseville, CA  
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Samples* Chemical Analyses Cost 
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Water 2 3 10 50 $500 $500 $500 $800 $450 $2750 $137,500 

Sediment 1 0 9 9 -- -- -- $800 -- $800 $7,200 

Total 2 3  59   $144,700 

*includes 10% QC samples 
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Figure 2. Sampling sites in Roseville, CA. Sites PGC015 and PGC025 have been 
removed for map clarity. These two sites are within 1000 ft of PGC010 and 
PGC020, respectively. 
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Figure 3. Pyrethroid detections in sediment at storm drain outflows and creek inflows in 
Pleasant Grove Creek, Roseville, CA. 
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Figure 4. Configuration of PGC010 and PGC015. PGC015 is not influenced by 
the two unnamed storm drain outflows. 
 

 
Figure 5. Configuration of PGC020 and PGC025. 
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Urban Pesticide Use, 2008 - 2009, Placer County

0

200

400

600

800

1000

1200

1400

1600

1800

J F M A M J J A S O N D

Month

P
ou

nd
s 

a.
i. 

ap
pl

ie
d

Herbicides

Insecticides

 
Figure 6. Urban pesticide use in Placer County, 2008 – 2009. 
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Appendix 1. Detailed Sampling Site Information 

Site ID Site Address/Location
GPS 
Coordinates 
(NAD83) 

Site type 
Stormdrain 
Area 
(approximate)

Pleasant Grove Creek, Roseville (Placer County) 

PGC001 Woodcreek Oaks Blvd at 
PGC 

38.80385  
-121.32159 

Upstream 
creek 
sampling site 
of PGC 

 

PGC010 38.80477 
-121.32733 

Stormdrain 
outflow 

PGC015 

1432 Diamond Woods 
Circle at Dr. Paul J. 
Dugan Park 38.80398  

-121.32869 
Stream from 
PGC010 to 
PGC 

 50 acres 

PGC020 Intersection of Opal Drive 
and Northpark Drive 

38.80232 
-121.33855 

Stormdrain 

PGC025 Access through Parkside 
Way and Bridgeside Ct 

38.80143  
-121.33952 

Stream from 
PGC020 to 
PGC 

 150 acres  

PGC030 PGC at Crocker Ranch 
Road 

38.79908        
-121.34698 

Stormdrain 
outflow 

 85 acres 

PGC040 PGC at Veterans 
Memorial Park 

38.79857        
-121.34802 

Receiving 
Water PGC 

 

PGC050 South Branch PGC at 
Veterans Memorial Park 

38.796960 
-121.351328 

Receiving 
Water, South 
Branch PGC 

 

KBC100 Kaseberg Creek at Blue 
Oaks Blvd. 

38.791507 
-121.363384 

Receiving 
Water, 
Kaseberg 
Creek 
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Appendix 2. Chemical analysis of pesticides in the Northern California urban monitoring 
study 269. Specific methods can be found at 
http://www.cdpr.ca.gov/docs/emon/pubs/em_methd_main.htm. 

Matrix: Water 
Analyte Group: Herbicide - Photosynthetic Inhibitors (“Triazine”;TR) 
Method: LC/MS/MS 

Compound Method Detection 
Limit (μg L-1) 

Reporting Limit 
(μg L-1) 

Diuron 0.022 0.05 

Simazine 0.013 0.05 

Hexazinone 0.040 0.05 

Bromacil 0.031 0.05 

DACT 0.016 0.05 

 

Matrix: Water 
Analyte Group: Carbamate (CB)  
Method: HPLC 

Chemical Method Detection 
Limit (μg L-1) 

Reporting Limit 
(μg L-1) 

Carbaryl 0.011 0.05 
 

Matrix: Water 
Analyte Group: Fipronil (FP) 
Method: GC/MSD in SIM mode 
 

Compound Method Detection 
Limit (μg L-1) 

Reporting Limit 
(μg L-1) 

Fipronil 0.004 0.05 
Fipronil sulfide 0.003 0.05 
Fipronil sulfone 0.005 0.05 
Desulfinyl fipronil 0.003 0.05 
Desulfinyl fipronil 
amide 0.005 0.05 

Fipronil amide 0.005 0.05 
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Matrix: Water 
Analyte Group: Organophosphorus (OP) 
 

Compound Method Detection 
Limit (μg L-1) 

Reporting Limit 
(μg L-1) 

Method: GC/MS   
     Diazinon 0.0012 0.01 
     Chlorpyrifos 0.0079 0.01 
Method: GC/FPD   
     Malathion 0.0117 0.04 
     Methidathion 0.0111 0.05 
     Dimethoate 0.0079 0.04 
 
 

Matrix: Sediment Water 
Analyte Group: Pyrethroid (PY) 
Method: GC/ECD 
 

Compound Method Detection 
Limit (ng L-1) 

Reporting 
Limit (ng L-1) 

Bifenthrin 1.76 5.0 
Fenopropathrin 1.52 15.0 
Lambda-cyhalothrin 1.15 15.0 

Permethrin cis 3.52 15.0 

Permethrin trans 7.68 15.0 

Cyfluthrin 1.73 15.0 

Cypermethrin 1.75 15.0 

Fenvalerate/Esfenvalerate 1.75 15.0 

Deltamethrin 1.86 15.0 

Resmethrin 3.82 15.0 
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Matrix: Sediment 
Analyte Group: Pyrethroid (PY) 
Method: GC/ECD 
 

Compound Method Detection 
Limit (μg kg-1) 

Reporting 
Limit (μg kg-1) 

Bifenthrin 0.108 1.0 
Fenopropathrin 0.109 1.0 

Lambda-cyhalothrin 0.115 1.0 

Permethrin cis 0.116 1.0 

Permethrin trans 0.135 1.0 

Cyfluthrin 0.183 1.0 

Cypermethrin 0.107 1.0 

Fenvalerate/Esfenvalerate 0.143 1.0 

Deltamethrin 0.066 1.0 

Resmethrin (GC/MSD) 0.87 1.5 
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