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Organophosphorous Pesticides in Stormwater Runoff from Southern California

ABSTRACT

Large quantities of the organophosphorous (OP) pegticides diazinon and chlorpyrifos are
goplied to agriculturd and urban watersheds in Cdifornia every year. Although water
quaity managers recognize the need to reduce OP pedicide inputs from stormwater
runoff, little data are available on the sources of OP pedticides in urban watersheds. The
god of this sudy was to characterize diazinon and chlorpyrifos concentrations from
different land uses indicative of source categories in urban southern  Cdifornia
watersheds.  This characterization included anadysis of 128 runoff samples from eght
different land uses over five gorm events. In addition, 41 samples were collected from
two gtes located a the mouth of large, mixed land use, watersheds during three different
sorm events.

Diazinon was condgently detected (93% of samples) during this study whereas
chlorpyrifos was not (12% of samples). Agriculturd land use had the highest flow
weighted mean (FWM) concentration of diazinon (4,076 ng/L), which exceeded the next
highest land use categories (commercid, resdentid) by a factor of 10 to 100 (324 to 99
ng/L, respectively). Open space had the lowest concentration of diazinon (< 20 ng/L).
Concentrations of diazinon at replicate land use dtes and during replicate sorm events a
the same dte were highly varidble  The difference in diazinon FWM concentrations
among replicate stes ranged from 15 to 45-fold. The difference in diazinon FWM
concentrations among storms a the same ste ranged from 1.25 to 30-fold. Part of this
vaiability is a response to the tempora petterns observed within a gorm event. The
mgority of land use dte-events had pesk concentrations prior to pesk flow indicating a
fird flush, but this was not dways a predictable tempora trend. Additiond sources of
vaiahility likely include pesticide usage within the catchment.
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INTRODUCTION

Large quantities of the organophosphorous (OP) pedticides diazinon (O,O-diethyl-O-(2-
isopropyl-6-methyl-4-pyrimidinyl)  phosphorothioate) and chlorpyrifos  (O,0O-diethyl-O-
(3,5,6-trichloro-2-pyridyl) phosphorothioate ) are applied to agriculturd and urbanized
watersheds in Cdifornia every year. An estimated 387 metric tons (mt) of diazinon and
another 927 mt of chlorpyrifos were applied in 1999 based upon records kept by
agricultural  applicators and by commercid pest control operators (DPR  2000).
Additiond dgnificant users of OP pedicides, paticulaly diazinon, ae resdentid
homeowners for exterior pest control. Unfortunatdy, there are no edtimates of diazinon
or chlorpyrifos use during home gpplications dthough these pesticides can be purchased
over-the-counter a most home improvement stores. In southern Cdifornia, where more
than 17 million people resde, resdentid use of OP pedticides has the potentid to be
€normous.

OP pedticides are toxic to a wide variety of nonrtarget aguetic organiams induding fish
and invertebrates (Menconi et a. 1994a 1994b). OP pedticide usage in agricultura
watersheds of Cdifornia has migrated into ambient surface waters and resulted in
toxicity to the cladoceran Ceriodaphnia dubia (deVlaming et a. 2000). However, OP
pesicide usage is not redricted to agricultura watersheds. Diazinon and chlorpyrifos
have both been found in wet weether runoff from urban watersheds and resulted in
discharge and ambient water column toxicity (Baley et d 2000). The consgtent toxicity
measured in urban wet weather discharges has led State regulators to add a least 32
Cdifornia dreams to ther lig of impared waterbodies (eg., 8303d lig) for OP

pesticides.

Despite the demondrated toxicity of diazinon and chlorpyrifos to aguatic organisms,
there is a lack of understanding of the magor sources of these pedticides in an urbanized
watershed. Source contributions are exacerbated in southern  Cdifornias  arid
environment where streams are routindy dry unless it is raining thus enabling longer time
periods for OP pedticides to build-up within urban watersheds. Moreover, when rain
does occur, flow may change from < 1 cfs to > 10,000 cfs in a matter of minutes to hours
enhancing pedicide transport to recaving waters (Tigfenthder e a 2001d). This
fundamenta lack of data regarding source contributions of OP pedticides in stormwater
runoff is a serious impediment to water qudity managers atempting to control the
discharge of these compounds to receiving water bodies. The objective of this study was
to messure concentrations from different land uses to assess ther relaive contributions of
OP pedticides during sorm events. However, flow and water quality are highly variable
within sorms in southern Cdifornia and underdanding these dynamic reationships in
flow and concentration may hep water qudity mangers determine the most effective
actions for controlling OP pedticide in urban sormwater runoff. Therefore, the god of
this sudy was to generae pollutagrephs that facilitate the evauaion of flow and
concentration dynamics during sorm events.
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METHODS

Sample Design

Southern Cdifornia is a semi-arid environment that typicaly receives 12 to 14 storm
events annudly averaging 28 cm of cumulaive precipitetion. The wet season extends
from October to April, but most of the precipitation occurs from January to March
(between 12 and 8 cm per month). Our sampling occurred between January and April,
2001.

Six different land uses, ranging in size from 0.5 to 2.6 knt, were sampled throughout the
Los Angeles region (Fig 1). These land uses included resdentid, commercid (COM),
indugtrid  (IND), recreationd (REC), agricultura, and open (OPEN). Since resdentid
and agricultura land uses were anticipated to be magor sources of OP pedticides, replicate
land use dtes were examined to assess the variability within these land use categories.
These replicates included high densty (HDR) and low dendty (LDR) resdentid land use
gtes as well as row crop (AG-MIX) and commercia nursery (AG-NU) agricultura Stes.
Variadility in runoff characterigics may arise from changes a the same land use among
different sorm events. Therefore, each Ste was sampled for at least one storm event, and
HDR, LDR, COM, IND, and AG-MIX were sampled for two storm events

In order to relate loading from land use categories to find concentration in recaving
waters, flow and concentration were measured during replicate storm events in two
magor creeks draining the Santa Monica Bay watershed. These two creeks, Balona Creek
(ME-BC) and Santa Monica Canyon (ME-SM), each drain separate basins comprised of
multiple land uses in varying proportions (Table 1). The sampling Stes, referred to mass
emisson (ME) dtes, are located just upstream of where the creeks discharge to Santa
Monica Bay.

Flow a the land use Stes was measured a 15 intervals during most events, but extended
to as much as 30 minutes during prolonged events, using ether area-velocity meters in
conjunction with stage measuring sensors or by edimating stage-discharge relationships
usng standard hydrologic equations. Flow a ME dtes was edimaed a 15 minute
intervas usng historically derived and cdlibrated stage-discharge relaionships.

The god of water quality sampling was to collect samples that were representative of the
entire the hydrograph including rising, peek, and taling flows. Ten to 12 water qudity
samples were targeted for each dte-event. This sample sze was datidticaly determined
to be optimd for southern California watersheds based on the work of Leecaster et d
(2001). All samples were collected with one of three methods. 1) peristdtic pumps with
intakes fixed at the bottom of the channel or pipe minted in the upstream direction in an
area of undisturbed flow; 2) direct filling of the sample bottle ether by hand or usng a
pole or 3) indirect filling usng an intermediaie bottle for securing large volumes.
Samples were stored immediatdy a 4°C until they were shipped to the laboratory for
andyss.
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Chemical Analysis

Water samples were extracted by passng 1L of sample through a preconditioned (ethyl
acetate followed by methanol) 90 mm 3M C18 solid phase extraction (SPE) disk.
Andytes were euted from the SPE disk uding ethyl acetate. The duate was dried over
sodium sulfate and rotoevaporated a 35 °C to Iml with solvent exchange to hexane. The
hexane extract was then concentrated under nitrogen to 0.5 ml for anayss.

Gas chromatographic (GC) analyses were performed using a Varian 3800 GC equipped
with DB-XLB capillary column (60 m x 0.32 mm x 025 mm.) and a Varian Saturn 2000
lon Trap. Hdium was used as a carier gas a condant flow of 1.2 ml/min. Samples
were fortified with 1-Bromo-2-nitrobenzene as an interna standard and injected in
glittess mode in an injector a 250 °C. The oven temperature profile was. 50 °C for 1
min; 50-100 °C at 25 °C/min; 100-310 °C at 10 °C/min for 7 min.

Feld and laboratory blanks, laboratory duplicate and matrix spike samples were prepared
and andyzed a a frequency of > 5%. No blank samples contained target compounds at
levels that exceeded the detection limit. Laboratory duplicates were < 20% reproducible
difference among paired samples. Mairix spiked samples were dl < 30% reproducible
different from their nomind vaue.

Data Analysis

There were three steps for assessng wet weather runoff concentrations of OP pesticides
from urban aess. Fird, the flow-weighted mean (FWM) concentrations among the
various land uses were compared to determine which land use had the greatest wet
wesgther concentration. The FWM was cd culated according to equation 1:

where: FWM = Flow-weighted mean
C; = Concentration of it" sample
Fi = Ingtantaneous flow at the time of it sample
n = number of samples per event

Samples below the detection limit were coded as the detection limit (20 ng/L for both
diazinon and chlorpyrifos) for the purpose of esimaiing FWM concentrations.  The
FWM concentrations were used to compare among land use categories, within replicate
land use categories, and between replicate storm events at the same land use ste
Second, FWM concentrations were compared among ME Stes to assess differences in
concentrations among the two sub-basns Third, the pollutagrgphs from individud
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gorm events were examined to determine the presence of runoff characteristics such as
firgd flush or tal flush. Pollutagrephs were  plotted by graphing changes in concentration
and flow over time A dom event was induded in the andyss if the sampling
adequately covered the event. The criteria for adequate sampling coverage used for this
dudy was initiation of sampling when flows were < 20% of pesk flows and continuous
sampling through pesk flows until flows subsded to < 20% of pesk flow. Since
watersheds in southern Cdifornia have highly varigble flows that may increase orders of
magnitude during storm events, these criteriaare consdered relatively conservative.

RESULTS

Five of seven possble ran events, ranging in sze from 0.16 to 1.05 in, were sampled
throughout the study period of January 11 — April 15, 2001 (Table 2). One to two storm
events were sampled a each of the land use and mass emisson Stes during this period
with storm flows lagting from 4 to 23 hours. Mean flow ranged from 0.1 to 60.8 cfs in
the land use stes, and pesk flows ranged from 0.3 to 134 cfs. While both flow and
pesticide concentrations were sampled at the open space sSite during the February 10,
2001 gorm event, surface runoff flow infiltrated into the ground, so little change in flow
was measured. At the two ME dtes, average flows ranged from 3.1 to 1346 cfs, with
pesk flows of 3780 cfs recorded in Ballona Creek.

Comparison Among Land Use Types

Diazinon was detected in 93% of dl samples including 12 of 13 dte-events.
Concentrations of diazinon were highly variaddle among the various land uses with a
FWM concentration range from < 20 to 4,076 ng/L; only the open land use sSte had
diazinon concentrations below the detection limit. In contragt, only 12% of the samples
had detectable chlorpyrifos concentrations encompassing two of 13 ste-events; only the
mixed agriculture land use had FWM concentrations of chlorpyrifos above the detection
limit. These event FWM concentrations were 49.3 + 2.1 and 229 + 1.8 ng/L for the
February 19 and March 14, 2001 storm events, respectively, with a ste FWM of 36.7 £
14 ng/L. Therefore, the remainder of the results section will focus on diazinon.

The mixed agriculturd land use Ste had the highest diazinon concentration, with a FWM
concentration @,076 ng/L) that was 10 to 100 times higher than that of any other land use
type (Table 3). Commercid land use had the second highest concentration of diazinon
(324 ng/L). The FWM from this dte was three times that of the high dendty resdentia
land use (99 ng/L). The open space site had the lowest concentration of diazinon € 20

nglL).

Inter-storm varigbility in diazinon concentration was high, as shown by the difference in
event FWM concentrations at Stes in which two storms were sampled. Mixed agriculture
dte showed the highest inter-sorm variability, with a factor of 30 difference between
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gorm events (Table 3). The variability between replicate sorms was far less, but ill
subgtantial for the resdentid, commercid, and indudrid land use types. The FWM
concentrations among storm events ranged from a factor of 1.25 to 7 difference at these
gtes.

Comparisons within land use types, such as agriculturd and resdentid showed large
vaiability in diazinon FWM concentrations.  Runoff from the mixed agriculture ste had
dte FPWM concentration approximatey 45 times higher than the other agricultura use
measured (nursery aress, Table 3). The variability within land use was consderably less
within resdentia land uses, where the FWM diazinon concentration a the high dengty
resdentia stewas afactor of 1.5 higher than at the low dendty residentid Ste.

Comparison Among Mass Emission Sites

Diazinon was detected in 100% of the samples a both ME dtes during the study. In
contrast, chlorpyrifos was detected in only 3 of 41 samples teken a the ME sites (7%).
All three of the samples were collected during the February 10, 2001 event a Santa
Monica Canyon, yielding an event FWM concentration near the detection limit ( 205 *

0.9 nglL).

Santa Monica Canyon had a gte FWM diazinon concentration that was 87 % higher than
that of Balona Creek, but because of the high inter-sorm variability in Santa Monica
Canyon, these concentrations were not Sgnificantly different (p-vaue < 0.05; Table 4).
Event FWM concentrations during the February 19, 2001 storm were roughly equivaent
between the two ME dgtes, while the April 7, 2001 event sampled in Santa Monica
Canyon had atwo-fold grester concentration than the same event in Ballona Creek.

Temporal Variability Within Storm Events

There was no clear and condgtent pattern of within storm variability a each of the land
use stes (Fig 2). The mgority of land Ste-events showed evidence of a “firg flush” of
diazinon. Seven of the 13 totd land use Ste-events had the maximum diazinon
concentration prior to pesk flow. Concentration maxima were observed during pesk and
taling flows a one Ste-event each, respectively. The remaining four land use dte-events
had no discernable pattern of changes in diazinon concentration within the sorm event.

The ME dtes had an aray of pollutagraphs smilar to the patterns observed a the land
use gStes (Fig 2). Three of the four ME dte-events had pesk diazinon concentrations prior

to peak flow.
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DISCUSSION

Of dl the sources evauaed, the agricultura land use generaed the greatest
concentrations of diazinon in sormwater runoff.  Others have supported this finding
when concentrations of diazinon in ambient surface waters sgnificantly increased after
gorm events that followed fidd or orchard applications (deVliaming et a 2000).
Therefore, agriculturd practices are often the mgor target consdered when looking for
the most effective and direct management actions. In urban watersheds, however,
agriculture can be an inggnificantly smdl proportion of the waershed. In our targeted
mass emisson watersheds for example, agriculture comprised less than 0.1% of the totd
land use. Therefore, agriculturd controls in an urban watershed will produce negligible
effects on runoff water qudlity.

From an urban perspective, commercid and resdentiad land uses had the greatest
concentrations of diazinon. Although little work examining sources has been published,
Baley et a (2000) showed hat predominately residentid subwatersheds generated higher
runoff concentrations of diazinon than predominately indudrid subwaersheds.  This
makes intuitive sense since most urban gpplications of diazinon are either conducted by
commercial pest control operators or by homeowners themsdves.  Unfortunatdy, the
present study was not designed to assess the rdative contribution among homeowners
and commerciad pest control operator applications in resdentid land use runoff.
However, a totd maximum daly load (TMDL) for diazinon in San Diego, Cdifornig,
estimated that commercia pest control operator applications represented less than 40% of
the tota diazinon usein that urban watershed (SDRWQCB personad communication).

The vaiability of diazinon concentrations within land use replicates, or among different
dorms a the same land use are likely a function of rainfal and OP pedticides use within
the subwatershed. Vaiations in ranfal can dter the build up and wash off of pollutants
within watersheds. For example, variations in antecedent rainfal and precipitation, as
well as intengty and duration are factors that can influence event mean concentrations for
other congtituents (Sansalone and Buchberger et d 1997, Bertrand-Krajewski et a 1998).
Recent dudies in the Los Angeles Region have led to smilar condusons (Tiefenthaler et
a 2001b). However, pedticide use can dso have an affect on runoff water qudity. In
San Diego, a telephone survey was conducted in support of the diazinon TMDL (URS
2000). Results showed that most homeowners apply OP pesticides throughout the year,
often without regard to subsequent irrigetion or precipitation.

Mogt of the diazinon concentrations found during this study exceeded thresholds of
concern edtablished by the State of Cdifornia  The Cdifornia Department of Fish and
Game has established water qudity guiddines of 80 ng/L based upon expected toxicity to
aquatic organisms (Menconi et d 1994b). All of the samples collected a the ME Stes
exceeded this threshold. At least 8 of the 13 FWMs collected at land use Stes during this
study exceeded this threshold; every storm had a least one sample that exceeded these
guidelines. Therefore, even the land uses that contributed relatively lower concentrations
of diazinon could be considered arisk to aguatic life by the Sate.
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One way the current data can be used to assst ormwater managers in difficult decisornt
making is to develop a dynamic water qudity modd. The dynamic model can be used to
identify locetions (i.e. important subwatersheds) where the most effective reductions
should be tested and implemented. Furthermore, the modd could be used to identify the
most efficient use of best management practices (BMPs) within that subwatershed. For
example, this study observed that a first flush often occurred during most storm events.
A dynamic water qudity modd could be used to identify the optimum conditions that a
dructurd BMP would be mogt effective including amount of volume trested, amount of
diazinon reduction necessary to meet targets, etc. The mode development, however, is
hindered by the lack of understanding about the effectiveness of the different BMPs that
currently exist for reducing OP pesticide concentrations.
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Table 1. Land use characteristics of the mass
emission watersheds.

Percent Land Use

Santa

Ballona Monica

Creek Canyon

Land Use (338 knf) (41 knf)
Agriculture <0.1 -

Industrial 73 0.0

Commercia 155 0.7

High Density Residential 50.3 116

Low Density Residential 34 85
Mixed Urban 49 -

Recreation 13 16

Open 164 776

Water 09 <01

Total 100.0 100.0
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Table 2. Land use and mass emission site sampling dates, duration of sampling, and mean
and peak flow measured.

Mean

Date of Storm Rai'nfall Sampl ing Flow Peak Flow
Event (in) Duration (hrs) (cf9) (cfs)
LAND USE STES
High Density 2/10/2001 016 1 289 19.87
Residential 2/19/2001 017 10 216 824
Low Density 2/19/2001 044 4 239 341
Residential 3/4/2001 105 8 066 252
Commerdia 2/19/2001 044 4 014 028
4/7/2001 073 6 028 064
N 2/10/2001 030 23 894 63.60
2/19/2001 016 1 7.25 2732
. . 2/19/2001 020 5 091 150
Agriculture (Mixed) o) o001 058 8 076 188
Agriculture (Nursery)  4/7/2001 081 7 6083 1342
Recreational 2/19/2001 017 5 059 155
Open Space 2/10/2001 0.16 6 <0.01% <0.01
MASSEMISSION
STES
2/19/2001 040 9 134551  3779.70
Ballona Creek 4/7/2001 054 20 115126 356120
. 2/19/2001 044 9 311 40,00
SantaMonicaCanyon 7m0 073 8 287 10669

& changein flow not detected at this site.

10
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Table 3. Event flow-weighted mean (FWM) and site FWM concentration of diazinon by land

use type
Event Flow-
. . ! Weighted Mean  Site Flow-Weighted Mean
LandUseSite  SamplingDates SampleSize 0 . asg6c Conc.+ 95% Cl (nglL)
(ng/L)
. . . . 2/10/2001 10 1253+6.1
High Density Residential 219/2001 10 901469 992+ 126
. S 2/19/2001 10 55.9+59
+
Low Density Residential 3142001 1 916455 67644
. 2/19/2001 10 66.2+ 89
+
Commercia 4712001 10 4409+ 79.1 3240570
. 2/10/2001 10 1065+ 110
| .6+87
ndustrial 2/19/2001 7 536+ 150 8968
Agriculture (Mixed) 2/19/2001 10 69998+ 309.8 4076.0+ 178.3
3/4/2001 10 219.6+ 495
Agriculture (Nursery) 4/7/2001 10 1480+£115 1480+ 115
Recreational 2/19/2001 10 632+118 632+118
Open Space 2/10/2001 10 <20+0 <20+0

11
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Table 4. Event flow-weighted mean (FWM) and site FWM concentration of diazinon by
mass emission site

. Event Flow-Weighted : :
Mass Emission . ! Site Flow-Weighted Mean
Site Sampling Dates SampleSize Mean C(?];?S 9N Conc.+ 95% CI (ng/L)
2/19/2001 10 2271+374
+
Ballona Creek 4/7/2001 10 2523+579 2429+ 390
Santa Monica 2/19/2001 10 239.1+49.3
Canyon 4712001 10 5053+ 255.9 452.3 + 2053




Organophosphorous Pesticides in Stormwater Runoff from Southern California

-118°33.9069' -118°15.5440' -117°57.1810'
o "AG-MIX
" coMm JREC ®OPEN
o [ ]
8 HDR .
2 AG-NUR

®TRANS

®ME-BAL

0287°'LS.E€

10 20

kilometers

TETL'IV.EE

Figure 1. Map of land use and mass emission sites throughout the Los Angeles region
(see text for abbreviations). Mass emission watersheds are highlighted
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Figure 2. Pollutagraphs of storm events for various land use and mass emission sites.
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Organophosphorous Pesticides in Stormwater Runoff from Southern California

Site ID Land Use Description

LUO1 High Density Residential (HDR) Mixed
LUO3 Low Density Residential (LDR) Sewer
LUO8 Commercial Without Homeless

LUO9 Industrial Mixed

LU14 Agriculture (Ag) Mixed

LU15 Agriculture (Ag) Nursery

LU17 Recreation (Rec) Horse

LU21 Open Space

MEO5 Ballona Creek

MEO6 Santa Monica Canyon
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Organophosphorous Pesticides in Stormwater Runoff from Southern California

LUO1 - HDR Mixed

Date Time Flow (cfs) Diazinon (ng/L)  Chlorpyrifos (ng/L)
02/10/2001 5:10 2.45 160.1 <20
02/10/2001 5:40 5.86 125.1 <20
02/10/2001 6:10 8.05 118.4 <20
02/10/2001 6:40 8.35 111.1 <20
02/10/2001 7:10 5.96 118.2 <20
02/10/2001 7:40 19.87 126.4 <20
02/10/2001 8:35 3.23 125.5 <20
02/10/2001 9:15 1.34 148.0 <20
02/10/2001 9:45 0.84 151.4 <20
02/10/2001 10:15 0.74 186.1 <20

Date Time Flow (cfs) Diazinon (ng/L)  Chlorpyrifos (ng/L)
02/19/2001 14:40 1.64 104.7 <20
02/19/2001 15:00 8.24 90.6 <20
02/19/2001 15:15 7.05 - -
02/19/2001 15:30 5.87 83.9 <20
02/19/2001 15:45 3.78 79.0 <20
02/19/2001 16:00 3.36 104.5 <20
02/19/2001 16:15 3.36 - -
02/19/2001 16:30 2.55 91.5 <20
02/19/2001 17:00 2.49 82.2 <20
02/19/2001 17:30 3.95 86.1 <20
02/19/2001 18:00 6.32 105.0 <20
02/19/2001 18:30 3.55 74.1 <20
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LUO3 - LDR Sewer

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
02/19/2001 14:00 0.80 99.5 <20
02/19/2001 14:20 1.95 74.3 <20
02/19/2001 14:40 2.81 62.3 <20
02/19/2001 15:00 2.92 56.3 <20
02/19/2001 15:20 2.63 48.5 <20
02/19/2001 15:40 3.41 56.4 <20
02/19/2001 16:00 3.20 54.0 <20
02/19/2001 16:30 3.32 53.3 <20
02/19/2001 17:15 2.68 39.1 <20
02/19/2001 18:00 0.74 44.8 <20

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
03/04/2001 18:30 0.11 86.3 <20
03/04/2001 19:00 0.04 - -
03/04/2001 19:30 0.15 74.4 <20
03/04/2001 20:00 0.05 - -
03/04/2001 21:00 0.01 86.4 <20
03/04/2001 23:10 0.00 67.6 <20
03/04/2001 23:25 0.39 73.8 <20
03/04/2001 23:40 1.47 92.5 <20
03/04/2001 23:55 1.78 85.3 <20
03/05/2001 0:10 2.25 95.1 <20
03/05/2001 0:40 2.14 97.7 <20
03/05/2001 1:10 0.61 90.1 <20
03/05/2001 1:40 2.13 105.4 <20
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LUO8 - Commercial Without Homeless

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
02/19/2001 13:38 0.01 139.6 <20
02/19/2001 13:58 0.03 134.8 <20
02/19/2001 14:18 0.10 112.0 <20
02/19/2001 14:40 0.22 65.4 <20
02/19/2001 14:55 0.20 55.1 <20
02/19/2001 15:10 0.17 54.4 <20
02/19/2001 15:25 0.17 61.1 <20
02/19/2001 15:55 0.28 64.5 <20
02/19/2001 16:25 0.13 58.4 <20
02/19/2001 17:25 0.07 67.9 <20

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
04/07/2001 3:15 0.33 315.1 <20
04/07/2001 3:45 0.28 643.7 <20
04/07/2001 4:15 0.20 414.4 <20
04/07/2001 4:45 0.16 - -
04/07/2001 5:15 0.17 263.6 <20
04/07/2001 6:00 0.29 346.4 <20
04/07/2001 6:45 0.17 - -
04/07/2001 7:30 0.09 326.0 <20
04/07/2001 8:00 0.47 620.2 <20
04/07/2001 8:30 0.64 456.2 <20
04/07/2001 9:00 0.43 374.1 <20
04/07/2001 9:30 0.13 370.2 <20
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LUQO9 - Industrial Mixed

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
02/10/2001 6:00 7.88 55.6 <20
02/10/2001 6:30 21.20 59.4 <20
02/10/2001 7:00 48.00 109.5 <20
02/10/2001 7:30 63.60 97.1 <20
02/10/2001 8:00 52.40 105.0 <20
02/10/2001 8:30 32.40 113.0 <20
02/10/2001 9:00 14.30 142.1 <20
02/10/2001 9:30 8.02 153.0 <20
02/10/2001 10:00 5.78 138.1 <20
02/10/2001 10:30 4.42 140.6 <20

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
02/19/2001 16:00 2.03 20.0 <20
02/19/2001 16:20 2.87 20.0 <20
02/19/2001 16:45 7.68 85.9 <20
02/19/2001 17:05 21.47 20.0 <20
02/19/2001 17:25 27.32 61.0 <20
02/19/2001 17:45 24.50 61.7 <20
02/19/2001 18:05 17.28 63.7 <20
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LU14 - Ag Mixed

Date Time Flow (cfs) Diazinon (ng/L)  Chlorpyrifos (ng/L)
02/19/2001 15:30 1.50 7549.9 50.4
02/19/2001 15:45 1.30 7560.1 42.7
02/19/2001 16:00 1.13 7190.0 47.5
02/19/2001 16:15 1.25 6491.9 51.6
02/19/2001 16:30 1.20 6463.7 51.1
02/19/2001 16:45 1.10 6918.0 51.2
02/19/2001 17:00 0.84 6530.2 515
02/19/2001 17:15 0.63 7433.2 47.1
02/19/2001 17:30 0.46 6945.1 50.7
02/19/2001 17:45 0.35 6275.6 52.4

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
03/04/2001 17:45 0.33 466.1 <20
03/04/2001 18:15 0.27 386.0 <20
03/04/2001 19:15 No Data - -
03/04/2001 20:15 0.67 352.9 22.1
03/04/2001 21:15 0.55 265.8 <20
03/04/2001 22:15 0.27 259.8 24.5
03/04/2001 22:45 No Data - -
03/04/2001 23:00 1.40 245.6 24.5
03/04/2001 23:15 1.28 221.8 24.9
03/04/2001 23:35 1.88 195.4 25.5
03/04/2001 23:55 1.50 127.6 <20
03/05/2001 0:15 No Data - -
03/05/2001 1:30 0.82 88.2 <20
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LU15- Ag Nursery

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
4/7/01 5:00 7.84 294.4 -
4/7/01 5:30 39.49 179.4 -
4/7/01 6:00 94.24 1415 -
4/7/01 6:30 113.83 126.6 -
4/7/01 7:00 44.36 160.6 -
4/7/01 8:00 24.55 145.2 -
4/7/01 8:45 98.29 162.2 -
4/7/01 9:30 59.86 163.2 -
4/7/01 10:15 134.22 142.4 -
4/7/01 11:30 34.80 109.2 -
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LU17 - Rec Horse

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
02/19/2001 14:30 0.23 20.0 -
02/19/2001 14:45 0.43 28.5 -
02/19/2001 15:00 0.46 29.0 -
02/19/2001 15:15 0.38 375 -
02/19/2001 15:30 0.39 65.1 -
02/19/2001 16:00 0.63 71.3 -
02/19/2001 16:30 0.62 73.3 -
02/19/2001 17:00 0.80 73.5 -
02/19/2001 17:30 1.25 77.9 -
02/19/2001 18:15 0.69 79.4 -

Appendix B9



Organophosphorous Pesticides in Stormwater Runoff from Southern California

LU21 - Open Space

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
02/10/2001 4:50 <0.01 <20 <20
02/10/2001 5:45 <0.01 <20 <20
02/10/2001 6:15 <0.01 <20 <20
02/10/2001 7:00 <0.01 <20 <20
02/10/2001 7:30 <0.01 <20 <20
02/10/2001 8:30 <0.01 <20 <20
02/10/2001 9:15 <0.01 <20 <20
02/10/2001 9:45 <0.01 <20 <20
02/10/2001 10:15 <0.01 <20 <20
02/10/2001 11:10 <0.01 <20 <20

Appendix B10



Organophosphorous Pesticides in Stormwater Runoff from Southern California

MEOQOS5 - Ballona Creek

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
02/19/2001 14:55 21.24 240.0 <20
02/19/2001 15:15 23.12 748.4 <20
02/19/2001 15:35 29.41 477.9 <20
02/19/2001 15:55 51.58 341.1 <20
02/19/2001 16:15 454.00 288.8 <20
02/19/2001 16:35 1387.40 235.0 <20
02/19/2001 17:10 3427.60 281.0 <20
02/19/2001 17:40 3716.10 245.8 <20
02/19/2001 18:10 3644.30 201.9 <20
02/19/2001 19:10 2882.10 156.7 <20

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)

4/7/01 3:45 2205.70 368.7 <20

4/7/01 4:45 3133.00 447.8 <20

4/7/01 5:15 3534.20 266.3 <20

4/7/01 5:45 3468.20 269.1 <20

4/7/01 6:45 3017.40 169.8 <20

4/7/01 7:45 2079.30 183.4 <20

4/7/01 8:45 2128.20 204.5 <20

4/7/01 9:15 2170.10 190.6 <20

4/7/01 9:45 2238.40 182.6 <20

4/7/01 10:45 2653.40 179.7 <20
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MEOG6 - Santa Monica Canyon

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)
02/10/2001 3:30 0.62 576.8 <20
02/10/2001 4:00 5.28 371.3 <20
02/10/2001 4:30 5.50 301.3 22.9
02/10/2001 5:00 3.88 257.6 <20
02/10/2001 5:30 1.14 228.9 <20
02/10/2001 6:30 40.00 208.5 <20
02/10/2001 7:30 1.13 214.1 32.2
02/10/2001 8:30 0.38 194.9 25.6
02/10/2001 9:00 0.26 168.1 <20
02/10/2001 9:30 0.18 114.4 <20

Date Time Flow (cfs) Diazinon (ng/L) Chlorpyrifos (ng/L)

4/7/01 4:30 54.38 300.7 <20

4/7/01 5:00 25.23 257.3 15.3

4/7/01 5:30 25.35 271.8 17.8

4/7/01 6:00 15.54 282.7 <20

4/7/01 6:30 8.72 254.4 19.5

4/7/01 7:30 6.27 248.9 <20

4/7/01 8:30 6.21 219.6 <20

4/7/01 9:00 67.42 891.6 <20

4/7/01 9:30 18.99 851.6 <20

4/7/01 10:30 6.98 462.7 <20
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