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In the early 1990s, severa (Kuivila (1993), Foe and Sheipline (1993), Foe (1995a,b, 1998), Hansen &
Associates (1995), Waller, et al. (1995)), reported finding aquatic life (Ceriodaphnia) toxicity in urban
and agricultura stormwater runoff/drainage. In California, in accord with the Clean Water Act (CWA) and
the Regionad Water Quaity Control Boards Basin Plan requirements of “no toxics in toxic amounts,” a
number of waterbodieswere lised as 303(d) “impaired” waterbodies because of thistoxicity. This inturn,
has established the requirement that a Total Maximum Daily Load (TMDL.) be developed to contral this
toxicity.

Thetoxicity hasbeenfound to be primarily due to the organophosphate pesticides diazinonand chlorpyrifos
that are used inurbanresidentia areas and insome agriculturd areas. Thetoxicity hasbeen generdly found
to be present in urban sormwater runoff that has been monitored in Cdifornia. It is aso associated with
sormwater runoff and agricultura drainage from some types of crops. Of particular concernisthe use of
diazinon as adormant spray in orchards. Kuivilaand Foe (1995) found that the Sacramento River was
toxic to Ceriodaphniafor several weeks associ ated with stormwater runoff fromdiazinondormant sprayed
orchards. Thistoxicity perssted for severd weeks upstream of Sacramento in the Sacramento River al
the way through the Ddta into San Francisco Bay. Studies by Katzneson and Mumley (1997),
Domagaski (1997), Larsen (1998), Lee and Taylor (1999), SRWP (2001) and Lee and Jones-Lee
(2001), have confirmedthat OP pesticidetoxicity to Ceriodaphnia isacommonoccurrence instormwater
runoff inmeany urban areas and some agriculturd areasin Cdifornia. Larson, et al. (1999), as part of the
USGS Nationa Water Quaity Assessment Program, have found concentrations of diazinon in urban and
agricultura dreamsthat are sufficient to be toxic to Ceriodaphnia in many parts of the U.S.

In the mid 1990s, as part of developing an Evauation Monitoring approach (Jones-Lee and Lee, 1998)
for developing best management practices (BMPs) for urban area and highway stormwater runoff water
quality impacts, the authorsinitiated an aguatic life toxicity monitoring programinthe Orange County, CA,
Upper Newport Bay watershed. Thiswatershed is highly urbanized and consists of urban, agriculturd and
open space land uses. The origind impetus for the initiation of this toxicity monitoring program was the
finding by the Orange County Public Facilities and Resources Department (OCPFRD, 1998, 1999) that
stormwater runoff entering Upper Newport Bay contained severa heavy meta's, suchas copper, zinc and
cadmium, at concentrations above US EPA wordt-case-based water qudity criteria. Thisfinding raised
the issue as to whether the heavy metals present above the US EPA criteriawereintoxic available forms.
Smilar studiesfor the same purpose were conducted by Hansen & Associates (1995) inthe SanFrancisco

Bay region.

The Hansen & Associates (1995) studies, aswdl asthose of Lee and Taylor (1999) and Lee and Jones-
Lee (2000a), found that dthough stormwater runoff from urban areas was toxic to Ceriodaphnia, the
toxicity was due to organophosphate pesticides and not heavy metals. Lee and Jones-Lee (2000a) have
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recently summarized an approach that should be used to develop a TMDL to control heavy metal
concentrations inurban area and highway stormwater runoff above USEPA water qudity criteria and State
standards based on these criteria

In addition to being involved in the Upper Newport Bay watershed aguatic life toxicity sudies, the senior
author isa so familiar withurban and agricultura stormwater runoff toxicity testinginthe San Francisco Bay
areaand the Central Valey of Cdifornia, aswell asdsawhere. This paper presentsasummary of the US
EPA 319(h) grant 1999-2000 aquatic life toxicity test results and a discussion of issues that need to be
evauated with respect to assessing the water qudity sgnificance of OP pesticide-caused aguatic life
toxicity, and is an update of Leg, et al. (2000).

Upper Newport Bay Water shed 1999-2000 Studies

During the past four years, the authors have conducted studies that have involved over 500 toxicity tests
of sormwater runoff and basdline flow in the Upper Newport Bay tributaries. A mgor report covering
the firg three years of these studieswas presented by Lee and Taylor (1999). During 1999 and 2000, Lee
and Taylor conducted monitoring of the Upper Newport Bay watershed for the purpose of defining the
sources of aguetic lifetoxicity as well as diazinon and chlorpyrifos that caused thistoxicity. These Studies
were conducted as part of the Santa Ana Regional Water Quality Control Board' s (SARWQCB, 2000)
aqudtic lifetoxicity diazinon and chlorpyrifos TMDL management efforts. They were supported by aUS
EPA 319(h) grant. The results of these studies have been recently reported by Lee and Taylor (2001).
They represent one of the most comprehensve studies that have been conducted thus far on the
occurrence, causes, sources, and impact evauation for the OP pesticide-caused aguatic life toxicity.

Overview of Ceriodaphnia Toxicity

The overdl setting of this study and the locations of the sampling stations used in the 1999-2000 Upper
Newport Bay watershed study are shown in Figures 1 and 2 with the sampling station numbers lised in
Table 1. Table 2 presents asummary of the Ceriodaphnia toxicity testing results. The 1999-2000 water
year was somewhat bel ow normal interms of total precipitation. Averageannua precipitation in the Upper
Newport Bay watershed ranges from about 12.9 inches in Tudtin/lrvine Ranchto 11.5 inchesat Newport
Harbor (Source: Western Regiona Climate Center). Precipitation during the 1999-2000 water year was
about 8.1 inches in Santa Ana (Source: OCPFRD). The State Department of Water Resources lists
precipitation as 59% of norma in the south coast area of Cdifornia

Tablel
319(h) Upper Newport Bay Water shed Sampling L ocations
Station L ocation
San DIego Creek & Campus Diive
San Diego Creek a Harvard Ave
Peters Canyon Channel at Barranca Pkwy
Hines Channd & Irvine Blvd
San Joaguin Channd a Univergty Dr.
Santa Ana Delhi Channel at Mesa Dr.
Pelers Canyon Channd a Wanut Ave.
Sand Canyon Avenue-NE corner of Irvine Blvd
East Costa Mesa Channd a Highland Dr.
Centrd Trvine Channd a Monroe

(=
H o oo| 5] o 0| N oo Ny




Figurel

s i i e vy

UPPER NEWPORT BAY WATERSHED

{ BEACH

B - =]
g :di-l' ‘fhﬁ :"’-H-

P A O T F L C 0 ¢ E A N
[ T e
[ . P -
. Eelam Carynn 7l Banene g Poimoy
@ Foes e e e
B 2o cusepon Gl al Usbarsily Hrte
@ rres na D Caanca 81 Msss Do
B o G Cunnsl ;S 2w o .
. FI&oateng « iviag Chanwd ugshsan of Fews Carman Shasmal con kisnen =
- Herd Tanyon Avarim - norison comes o nde Brac, san Dlegﬂ Erﬂﬂk watErShEd

& Bist G v s o Hodiens G Toxicity Investigation Stations Locations
0 i i ol o koneen Figl.lrE 1




Figure2

El Modena-
trwine Channel

a-—-Feters Canyan
Channel

Sante Ang . Central Irvine
Dethi Channes Ihignpnet duva

L hanne!
. = e . .
Earrance R '?_b ?. ' 4 . pute=Hines Channel
3 " o

Harvard Ave [ 7 ar / | Sena Caryon Ave |
<0 Sand Canyon
Channel
y affrey Ro k frviee Rlud

e 10
'Q~ gr?rshbl.llr.n
&l / SamEl HDT:g o Cresk

b, Campus Or " [annversity Lir gl LS Hay Tt

East Costa
Mesza Channel

WS Hwer 5
P aa San Joaguin ~
San Digga Channal

Creck
. - R . Ade-Artfiwar Biwd ﬁ

Newpart Bay

# . Bamphng Statian Rumibor

Newport Bay Watershed Sampling Sites

The toxicity testing involved the use of the US EPA procedures described by Lewis, et al. (1994) ad
US EPA (1994). The information presented in Table 2 shows that under sormwater runoff conditions
that occurred on February 12 and February 21, 2000, there were high levels of Ceriodaphnia toxicity
a dl gations except Sand Canyon Avenue at the northeast corner of Irvine Blvd. Typicdly, dl 10
Ceriodaphnia test organiams were killed within 24 hours. The total measured Ceriodaphnia acute
toxicity units (TUa) ranged from 2 to 8. Some samples had a Ceriodaphnia toxicity of 16 and 32
TUa, with the latter occurring on February 12, 2000, for the San Joaquin Channel at Universty Drive
sample. The 16 TUa sample occurred in the scormwater runoff collected at Peters Canyon Channd at
Walnut Avenue on February 12, 2000.

The dry westher sampling that occurred on September 29, 1999, and May 31, 2000, generaly showed
low leves of Ceriodaphnia toxicity, with the exception of the September 29, 1999, sample obtained
from Hines Channd at Irvine Blvd. This sample had a measured TUa of 16. The results for the Hines
Channd at Irvine Blvd sample obtained on September 29, 1999, are Smilar to the results obtained for
the same gation in August 1997 and 1998 (Lee and Taylor, 1999). Both of those dry weather flow
samples contained high levels of Ceriodaphnia toxicity.
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Summary of Ceriodaphnia Toxicity in the 319(h)

Table?2

Upper Newport Bay Water shed Studies

Date L ocafion Mortality | Measured | Expected TUa
% (days) TUa TUa* M easur ed/
Expected
9/29/99 | San Diego Cr. @ Campus Dr. 0 0 - -
9/29/99 | San Diego Cr. @ Harvard Ave. 0 0 - -
9129/99 | Peters Cany Chann(@ Barranca 100 (1) Z Z 1
9/29/99 | Hines Channd @ Irvine Blvd. 100 (1) 16 4.5 35
9/29/99 | Santa AnaDelhi @ MesaDr. 0 0 - -
9129/99 | El Modena-Irvine Channel 0] 0] - -
1/25/00 | San Diego Cr. @ CampusDr. 100 (1) 8 3 2.7
2/12/00 | San Diego Cr. @ Campus Dr. 100 (1) 3 o 16
2712700 | San Diego Cr. @ Harvard AVe, 100 (7) 8 15 2
2712100 | Péers Cany Chann @ Barranca TOO (1) 8 5 16
2/12/00 | Hines Channd @ Irvine Blvd. 100 (1) 3 3 2.0
2/12/00 | San Joaquin Chann @ Univ Dr. 100 (1) 32 29 1
2/12/00 | Santa AnaDéhi (@ MesaDr. 100 (o) 1 <1 1
2/12/00 | Peters Cany Chan @ Walnut A 100 (1) 16 8.5 2
2/12/00 | Sand Canyon Avenue-northeast 22 (1) 0 0 -
corner of Irvine Blvd
2712100 | E CoslaMesa @ Highland Dr. TO0 (2) ND T5 =
2/12/00 | Cent Irvine Channel @ Monroe 100 (1) 8 4 2
2/21/00 | San Diego Creek @ Campus 100 (1) o 2.5 2
221700 | San Diego Cr. (@ Harvard Ave. 100 (1) K] S 1
2/21/00 | Peters Cany Chann @ Barranca 100 (1) 3 2.5 1.2
2/21/00 | Hines Channd @ Irvine Blvd 100 (1) 5 2.5 2
2721700 | San Joaguin Chann @ Univ DT, TO0 (1) 3 8 T
2/21/00 | Santa AnaDehi @ MesaDr. 100 (7) 0 0.5 -
2/21/00 | El Modena-Irvine Channel 100 (6) 0 0.7 -
upstream of Peters Canyon
2721700 | Sand Canyon Avenue-northeast S0 (7) 0 0 0
corner of Irvine Blvd
2/21/00 | E CodaMesa @ Hignhland Dr. 100 (1) 2.0 1 2.0
2121700 | Cent Irvine Chann @ Monroe 100 (1) 2.9 1.5 3.7
o/31/00 | San Diego Cr. @ Campus Dr. 0 0 04 0
o/o1/00 | San Diego Cr. (@ Harvard Ave. 0] 0] 9] -
o/31/00 | Peters Cany Chann @ Barranca 0 0 0.4 -
o/31/00 | Hines Channd @ Irvine Blva. 44 (/) - 0 -
o/31/O0 | Santa AnaDelhi (@ MesaDr. 6] U 0.2 -
o/31/00 | El Modena-Irvine Channel 0 0 04 -
upstream of Peters Canyon
o/31/00 | E CostaMesa @ Highland Dr. 100 (5) 1 0.5 2
o/o1/00 | Cent Irvine Channgl (@ Monroe NA NA 0.2 NA

ND = Not determined.
NA not available
* = TUaestimated based on L Cg, for diazinon, chlorpyrifos and carbaryl to Ceriodaphnia.
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Since the expected primary source of weater in the Hines Channd during dry weather flow conditions is
runoff/segpage from two commercia nurseries located just upstream, it appears that the nurseries are
releasing dgnificant amounts of avariety of pesticides to the Hines Channe during dry westher and, for
that matter, during ssormwater runoff events.

Measurements downstream of the Hines Channd sampling station during dry weather showed that the
high leves of toxicity and measured pesticides released or present at the Hines Channel sampling station
are diluted by groundwater inflow and urban dry weather flow to the downstream channels so that the
toxicity and pedticides found at Peters Canyon at Barranca Parkway and San Diego Creek at Campus
Drive are consderably reduced or do not exist. It is clear that the two nurseries and possibly other
upstream sources of the Hines Channd sampling station are important sources of OP pesticides and
known- and unknown-caused toxicity for parts of the Upper Newport Bay watershed. The data in
Table 2 also show that, while the nurseries are potential sources of OP pesticide-caused aquatic life
toxicity and unknown-caused toxicity, there are many other sources of this toxicity in the Upper
Newport Bay watershed.

In order to edtimate the total toxicity in the sample, a toxicity test dilution series was conducted. A
comparison of the February 12 and 21, 2000, samples measured TUa at each of the sampling Sations
is of interest. In generd, as shown in Table 2, the totd amount of measured toxicities (TUQ) in the
February 21 samples was less than that found about a week earlier on February 12, 2000. Sinceit is
unlikdly that any sgnificant amount of new pesticide application took place between the two stormwater
runoff events, it could be expected that the second event (February 21, 2000) might have lower
concentrations than the first event (February 12, 2000).

Table 2 dso presents a summary of the expected Ceriodaphnia TUa found in the study. These
expected TUa are based on the LCg, normdized sum of the diazinon and chlorpyrifos concentrations
found in the sample by APPL Laboratory, Fresno, CA. As discussed by Lee and Taylor (2001),
duplicate data (see Table 3) obtained for the same sample by APPL, Pacific Eco-Risk, Martinez, CA
and AquaScience, Davis, CA, showed some mgor differences which would influence the magnitude of
the TUareported. Lee and Taylor (2001) discuss a systematic error that occurred between the APPL
GC based diazinon and chlorpyrifos measurements and the AquaScience ELISA based measurements
on the same sample. There appearsto be a calibration problem between these two laboratories.

A comparison of the measurements of the Ceriodaphnia toxicity test measured TUa with the estimated
TUa based on the concentrations of diazinon and chlorpyrifos, shows that often there was a factor of
two to three times more measured TUa than that estimated based on ELISA diazinon and chlorpyrifos
concentrations. These results are similar to those reported by Lee and Taylor (1999) for the Upper
Newport Bay watershed. Therefore, there were, in generd, about 3 to as much as 8 TUa of
Ceriodaphnia toxicity found in these samples that was due to unknown causes.

Asdiscussed by Lee and Taylor (1999), the nature of both the measured and estimated Ceriodaphnia
TUa, as reported in sudies of this type, is such that there can reedily be errors of up to severa TUain
each type of measuremert. The toxicity test measured TUa, as reported herein, are based on the
dilution of the sample that yields a measured acute toxic response (mortdity). There is, however, an
gppreciable TUa difference between the dilutions used. For example, if the 6.25% dilution is toxic and
the 3.13% dilution is not toxic, then what is known is that the measured TUa is between 16 and 32.
For the purposes of this sudy, it is reported as 16. It could be somewhat higher. Similarly, the
esimated TUa based on normdized diazinon and chlorpyrifos concentrations could be significantly
different from that reported, where there are mgjor differences between the APPL GC measured
concentration and the ELISA results obtained



Summary of Resultsfor Selected Analytes

Table3

Upper Newport Bay Watershed OP and Car bamate Pesticide Analysis

Analyte (ng/L) [L Csq

Station Diazinon Chlorpyrifos Malathion Prowl Benomyl Carbaryl Diuron Methomyl
[960] [100] [1,000] [280,000] | [80,000] [13,000] [21,000] [8,800]
Sample Collection Date 9/29/99
3 820 <50 <100 <100 <400 <70 <400 <70
4 220 310 <100 170 300J 70 <400 <70
Sample Collection Date. 2112700
1 320 160 170 120 <400 200 <400 <100
460-P 324-p
1 460 260 230 320 1,100 4,200 1,100 240
460-P 350-P
506-A 438-A
2 280 310 150 140 500 730 500 <70
466-A 507-A
3 420 100 460 510 2,100 13,000 1,600 930
639-A 166-A
4 760 120 680 190 2,500 470 <400 320
1,194-A 264-A
5 <50 770 <100 280 9,900 78,000 <400 710
70-A 1,103-A
§] 120 <50 120 200 <400 </0 1,100 </0
325-P 50-P
298-A 30-A
4 520 150 440 390 4,000 22,000 <400 810
716-A 252-A
8 110 <50 <100 <100 11,000 <70 <400 200
138-A 56-A
9 370 50 <100 430 <400 60J <400 <70
582-A 137-A
10 810 150 390 /00 2,200 120 <400 910
965-A 310-A
Sample Collection Date 2/21/00
1 220 170 <100 210 700 550 500 380
300-P 230-P
98-A 122-A
2 200 190 <100 <100 900 270 <400 <70
681-A 142-A
3 330 80 <100 340 1,300 1,200 400 1,200
450-A 42-A
4 810 50 <100 470 1,600 <70 <400 220
1704-A 38-A
5 <50 470 <100 1,600 6,700 8,400 <400 1,200
62-A 265-A
§ 200 <50 60 J 340 <1,000 <1,000 600 J <1,000
160-P 50-P
185-A <30-A
4 330 <50 90 J 500 <400 </0 <400 </0
309-A 40-A
38 70 <50 90 J <100 1,300 </0 <400 60 J
299-A 38-A
9 560 <50 170 830 <400 <70 <400 <70
314-A 38-A
10 280 70 <100 410 1,700 <70 <400 2,100
434-A 67-A




Table 3 Continued

Station Diazinon Chlorpyrifos Malathion Prowl Benomyl Carbaryl Diuron M ethomyl
[960] [100] [1,000] [280,000] | [80,000] [13,000] [21,000] [8,800]
Sample Collection Date 5/31/00
1 160 <50 <100 <100 <400 <70 <400 <70
104-A 41-A
2 <50 <50 <100 <100 <400 </0 <400 </0
12-A 42-A
3 170 <50 <100 <100 <400 <70 <400 <70
187-A 41-A
4 47 <50 83J 330 <400 <70 <400 <70
61-A 36-A
5 110 <50 <100 <100 <400 </0 <400 </0
17-A 27-A
7 180 <50 <100 <100 <400 <70 <400 <70
150-A 45-A
9 210 <50 <100 150 <400 <70 <400 <70
281-A 54-A
10 90 <20 <90 J <100 300 J </0 <400 </0
95-A 38-A

All samples analyzed by APPL Lab, Inc., using GC Procedures unless otherwise indicated
A = samples analyzed by AquaScience using ELISA

P = Samples analyzed by Pacific Eco-Risk using ELISA

J = below the practical quantitation limit

by Pedific Eco-Risk and AquaScience. In generd, it is concluded that if the measured and estimated
TUa are within about three units, the toxicity can be potentidly accounted for by diazinon and
chlorpyrifos. Using this gpproach, 10 of the 20 samples collected in the 319(h) study that were highly
toxic to Ceriodaphnia had readily measurable unknown-caused toxicity.

Table 3 dso presents the results obtained by APPL Laboratories for the OP and carbamate pesticides
that were found at measurable concentrations above the Practical Quantitation Limit (PQL) for dl
pesticides normdly screened for inits US EPA GC low-level OP and carbamate pesticide tests. While
some of the pedticides listed in Table 3 were found by Lee and Taylor (1999) to be present at sufficent
concentrations to contribute to the Ceriodaphnia toxicity, except for carbaryl, none of them were
present at sufficient concentrations in the 319(h) study to be consdered a potentia cause of
Ceriodaphnia toxicity. As discussed by Lee and Taylor (1999) this conclusion is based on the LCy,
data provided by the US EPA OPP Ecotoxicity Database where it is assumed that Ceriodaphnia
dubia have asmilar sengtivity to these pesticides as Daphnia magna.

Table 4 presents a summary of the toxicity test results, which showed PBO-enhanced toxicity,
indicating that pyrethroid-type pesticides may be responsible for part of the unknown-caused toxicity.
There were seven samples where PBO-enhanced toxicity was found. Failure to find PBO-enhanced
toxicity does not mean that it was not present Since, in order to seeit, it was necessary to dilute out the
OP pesticide-caused toxicity that was present in the sample. As discussed in a subsequent section of
this paper, pyrethroid-type pesticides would be expected to be present in stormwater runoff in the
Upper Newport Bay watershed, since about 20,000 Ibs (a) of pyrethroid pesticides are used each
year in Orange County by commercid applicators. In addition, a substantid amount of pyrethroid-type
pesticides are being sold to the public for home or commercid use.

According to the SARWQCB (2000) report, the Cdifornia Department of Pesticide Regulétion (DPR)
has reported dry weather flow toxicity to Ceriodaphnia on undiluted samples collected in the San



Diego Creek watershed. All of the dry westher flow samples reported in the 205(j) and in the 319(h)
study which had electrica conductivities above about 2500 pmhos/cm were diluted (to reduce the st
content of the samples) to about 2000 umhos'cm. This was necessary in order to diminate the toxicity
to Ceriodaphnia due to eevated TDS. Some of the toxicity being reported by DPR, based on
Cdifornia Department of Fish and Game laboratory results, for San Diego Creek and its tributaries is
artifactual related to the high sdt content of the dry weather flow in San Diego Creek and its tributaries.

The issue of concern is not whether Ceriodaphnia could live in San Diego Creek in dry westher
conditions (i.e., what is being evduated by DPR-DFG), but rather whether Upper Newport Bay and its
tributaries under dry weather flow conditions contain constituents which are toxic to Ceriodaphnia,
where Ceriodaphnia is an indicaior species for freshwater zooplankton. In order to make this
assessment, it is necessary to dilute the samples to keep the total sdinity below the concentrations that
are toxic to Ceriodaphnia. In the Upper Newport Bay watershed Stuation encountered in these
dudies, this dilution would not fail to detect potentialy important OP pesticide-caused aquatic life
toxicity.

Table4
PBO Activation of Ceriodaphnia Toxicity
Date L ocation Activation | Sample %
9/29/99 | Hines Channd a Irvine Blvd Yes 3.13
2712700 | Peters Canyon a Barranca PRWY Yes 75
2/12/00 | Hines Channd a Irvine Blvd Yes 125
2/12/00 | Peters Canyon Channd at Walnut Ave. Yes 6.25
2/12/00 | Centrd Irvine Channel a Monroe Y €Es 0.25
2/21/00 | San Diego Creek a Campus Drive Yes 0.25
2/21/00 | San Diego Creek at Harvard Avenue Yes 6.25
2/21/00 | Hines Channd a Trvine Blvd YEs 125
2/21/00 | Centrd Irvine Channd a Monroe Yes 6.25
o/31/00 | Hines Channd at Irvine Blvd Yes 100
5/31/00 | E. CostaMesa Channel at Highland Dr. Yes 100

Overview of Mysidopsis Toxicity

Tables 5 and 6 present a summary of the toxicity testing results obtained usng Mysidopsis bahia as a
test organism for the San Diego Creek at Campus Drive and the Santa Ana Delhi Channedl at Mesa
Drive samples obtained in this sudy. The freshwater samples tested for Mysidopsis toxicity had sea
salt added to them so that the test sdlinity was adjusted to 20 ppt (US EPA, 1994).

The San Diego Creek at Campus Drive and Santa Ana Delhi Channdl at Mesa Drive dry wegther flow
samples showed no or very low leves of toxicity to Mysidopsis. However, the January 25, 2000;
February 12, 2000, and February 21, 2000, stormwater runoff samples of San Diego Creek taken at
Campus Drive dl showed high levds of Mysidopsis toxicity, with 100 percent kill within oneday. The
meagnitude of the toxicity was 6 to 8 TUa. Based on the concentrations of chlorpyrifos found, there was
an expected total toxicity in the samples to Mysidopsis of about 9 TUa. The Mysidopsis toxicity
results of the winter 2000 sampling for San Diego Creek at Campus Drive are smilar to what was
found in previous years studies (Lee and Taylor, 1999).

The Santa Ana Ddhi Channel stormwater runoff samples collected on February 12, 2000, and
February 21, 2000, showed low leves of toxicity to Mysidopsis, which appeared to be related to the
chlorpyrifos concentrations found.



Pesticide Use in the Upper Newport Bay Water shed

Lee and Taylor (1999) provided information on the 1995, 1996 and 1997 amounts of diazinon and
chlorpyrifos and other pesticides used in Orange County, California, that have been detected in the
205(j) studies of scormwater runoff in this watershed. Recently, the California Department of Pesticide
Regulation has made available the 1998 and provisond 1999 pesticide use data for Orange County.
The 1999 datais under DPR review and is subject to revison. Lee and Taylor (2001) Appendices D-
1 and D-2 present the amounts of selected pesticides used in Orange County in 1998 and 1999,
repectively. Information is provided in these appendix tables on the monthly use for dominant types of
use.

Table5
Summary of Results of Mysidopsis Testing on Samples Collected from
San Diego Creek at Campus Drive and Santa Ana Delhi Channel at Mesa Drive

Date L ocation Acute | Chronic TUa
% Kill yes or
(days) no
Measured | Estimated Ratio
M eas: Est

9/29/99 | San Diego Creek 0(7) no 0 - -
at Campus Drive

9/29/99 | SantaAnaDéhia | 0(7) yes 0 - -
Mesa Drive

/25700 | San Diego Creek | 100 (1) VEs 8 o] T
a Campus Drive

2/12/00 | San Diego Creek 100 (1) yes 8 10 0.8
a Campus Drive

2/12/00 | SantaAnaDédhia | 40 (4) - 1 15 1
Mesa Drive

2721100 | San Diego Creek | 100 (1) VEs 3 6.5 T
a Campus Drive

2121700 Santa Anabéahi a S0 (/) - 1 15 1
Mesa Drive

o/31/00 | San Diego Creek 30 (7) - 1 - -
a Campus Drive

5/31/00 | SantaAnaDehia | 40 (7) - 1 - -
MesaDrive

- = No analysis made.

The information presented in Lee and Taylor (2001) Appendices D, E, and F is the most currently
avalable information on pegticide use by commercid/licensed applicators in Orange County. In
addition to the DPR reported use, there is dso substantia use of diazinon, chlorpyrifos and pyrethroid
pesticides by the public that are acquired through over-the-counter sdles. The amount of the OP
pesticides used by the public is estimated to be at least equa to the DPR reported use.
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Table6
Diazinon and Chlorpyrifos Concentrationsin San Diego Creek @ Campus Dr and
Santa Ana Delhi Channd @Mesa Dr. Using ELISA Procedures

Date L ocafion Diazinon Chlorpyrifos Eslimaied TUa*
ng/L ng/L

9729700 San Diego Cr@ -- -- --
Campus Dr

1/25/00 San Diego Cr@ 400 24 9
Campus Dr

ZIT2100 San Diego Cr@ 460 350 10
Campus Dr

2/12/00 Santa Ana bahi @ 320 o0 15
MesaDr.

ZIZ1700 San Diego Cra@ 300 Z30 6.5
Campus Dr

-- no analysis conducted
Based toxicity to Mysidopsis bahia
Analysis performed by Pacific Eco-Risk using ELISA procedures

Table 7 presents a summary of selected pesticide usein Orange County as reported by the Department
of Pesticide Regulation (DPR) database for the period 1995 through 1999. The 1999 data presented
in this table is provisond. The 1998 and 1999 backup data for Table 7 isincluded in Lee and Taylor
(2001) Appendices D and F. Lee and Taylor (1999) presented the backup data for 1995 through
1997. The pedicides sdected for incluson in this table are those that have been identified in
sormwater runoff in the Upper Newport Bay watershed or, in the case of the pyrethroid pesticides, are
pesticides that are highly toxic to certain zooplankton and are used in Orange County in amounts that
could cause toxicity in sormwater runoff.

Examination of these data shows that about the same amounts of each of the OP and carbamate
pesticides such as diazinon, chlorpyrifos, carbaryl, methomyl and maathion have been used since 1995.
However, severa of the pyrethroid pesticides have decreased in use since 1995, or increased. For
example, permethrin and fenvaerate use have decreased while bifenthrin use has increased sgnificantly.
The bifenthrin increase may in part be related to the fact that this pesticide is being used for fire ant
control in Orange County. A subgtantid part of the bifenthrin used, however, was due to new uses on
agricultura cropsthat were initiated in 1999.

Table 7 also presents a summation of the total copper compounds that are used as a pesticide within
Orange County for 1997 through 1999. Since the Orange County Public Facilities Resources
Depatment (OCPFRD, 1998, 1999) and Lee and Taylor (2001) have found that the copper
concentrations in sormwater runoff from various parts of the Upper Newport Bay watershed are
sgnificantly elevated, there is the issue of how much of this elevated copper is due to pedticide use
versus vehicular traffic, such as release from wear of automobile break pads, etc.

With the phase-out of chlorpyrifosin 2001, there will likdy be a Sgnificant shift to other pesticidesasa

replacement. It will be of interest to examine the changes in pesticide use that take place associated
with this phase-out and the effects of the phase-out on aguetic life toxicity in sormwater runoff.
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Table7
Pesticide Usein Orange County

(Based on DPR Database)
Pesticide Pounds (ai) of Pesticide Used

1995 1996 1997 1998 1999
Diazinon 21,543 16,438 21,655 25,766 24,452
Chlorpyrifos 41,782 75,396 73,662 91,707 79,990
Carbaryl 5,648 3,199 5,636 6,506 2,835
Methomyl 4,174 3,163 3,059 2,413 3,181
Maathion 9,192 4,724 4,341 5,858 5,953
Permethrin 18,644 10,299 11,218 19,011 10,480
Bifenthrin 18 39 130 493 5,257
Cypermethrin 2,483 6,377 4,106 5,925 5,871
Edenvaeraie 396 436 278 227 113
Fenvaderate 4,129 8,125 8,492 428 18
Cyfluthrin - - 1,478 1,567 793
Ddtamethrin - - 0.08 25 86
Piperonyl Butoxide, - - 461 547 387
Technicd, Other Related
Total Copper used as - - 15,635 23,883 16,389
Pedticides

- data not available

Apportionment of Pesticide Use in the Upper Newport Bay Water shed

Approximately 21,300 Ib (a) of diazinon and 68,103 Ib (a) of chlorpyrifos (average for data from
1995 to 1998 reported to the County Agriculture Commissoner) are gpplied by commercial
applicators in Orange County each year. In addition, the public, through over-the-counter purchases,
goplies at least an equa amount. The Upper Newport Bay watershed represents approximately 20
percent of the land mass in Orange County. Assuming a proration by watershed area, approximately
4,300 b (ai) of diazinon and 13,600 Ib (a) of chlorpyrifos are gpplied by commercid applicatorsin the
Upper Newport Bay watershed, or gpproximately 3,200 Ib (a) and 10,300 Ib (ai), repectively, in the
San Diego Creek watershed.

Over the 3-yr period of sampling in the San Diego Creek watershed, the average storm depth of runoff
is approximately 0.23 in. or 0.019 ft (excluding an ungaged 100-yr event). The average totd rainfal
depth per storm was approximately 1 in. Ranfdl data for Newport Harbor indicate that gpproximately
11.5 in. of ranfdl occurs per year. Therefore, on average, using the previous 3 yr of storm data
developed during this sudy, approximately 11 storm events occur per year. The average concentration
of diazinon per event is approximately 340 ng/L, and 126 ng/L for chlorpyrifos. Using the average
event direct runoff depth of 0.019 ft, the average mass of diazinon and chlorpyrifos discharged via San
Diego Creek to Upper Newport Bay per event is 1.34 |b and 0.5 Ib, respectively. These average
event vaues compare with the commercialy applied load in the San Diego Creek watershed (excludes
resdentia applications by the public) of 3,200 Ib of diazinon and 10,300 Ib of chlorpyrifos (active
ingredient). In addition, there is likely a least an equa amount of diazinon and chlorpyrifos applied in
the Upper Newport Bay watershed as a rexult of over-the-counter sdes. Therefore, it can be
concluded that only asmdl part (less than 0.1%) of the diazinon and chlorpyrifos gpplied in the Upper
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Newport Bay watershed is responsible for the stcormwater runoff associated toxicity to aguetic life in
San Diego Creek.

OP Pesticide Runoff L oads

One of the primary objectives of the 319(h) project wasto gain indght into the potentia sgnificance of
various types of land use in the Upper Newport Bay watershed as a source of the OP pesticides
diazinon and chlorpyrifos as well as the unknown-caused toxicity. The Santa Ana Regiond Water
Quadlity Control Board daff selected 10 sampling stations in the Upper Newport Bay watershed. Then,
based on the tota funds made avalabdle through the Board in the 319(h) grant as well as the
supplemental funding, it was determined that these 10 stations would be sampled for two major
stormwater runoff events. This sampling took place on February 12, and February 21, 2000. Further,
a set of samples was obtained during a limited ssormwater runoff event on January 25, 2000, for San
Diego Creek at Campus Drive. Also, a complete set of samples was to be obtained, if possble, from
dl 10 gations during dry weather flow conditions. This sampling took place on May 31, 2000. In
addition, a more limited set of sampling locations (due to lack of flow) was taken during dry weather
flow conditions on September 29, 1999.

It was understood at the initiation of the sampling program that there were insufficent funds available to
fuly define ether the loads of pedticides or the total amount of Ceriodaphnia toxicity during a
stormwater runoff event at the 10 stations selected for study. Of particular concern is whether the
concentration of a pesticide found during a runoff event could be adequately characterized by a single
grab sample taken at some time during the event. The 205(j) studies conducted by Lee and Taylor
(1999) showed that the concentrations of diazinon and chlorpyrifos were essentiadly constant during a
runoff event for several storms sampled at San Diego Creek at Campus Drive; however, there is no
assurance that that same pattern of constant concentration during a runoff event would occur at dl ten
319(h) sampling gations. While the San Diego Creek at Campus Drive sampling stetion is an integrator
for most of the Upper Newport Bay watershed, it is possble/likdy that as the San Diego Creek
tributaries are sampled near the areas where the pesticides are used, there could be changes in
concentration of the pesticides during a runoff event.

One of the initid objectives of the 319(h) monitoring program was to determine if resdentid areas,

agricultura activities or nurseries were the primary source of diazinon, chlorpyrifos or unknown-caused

toxicty. Lee and Taylor (2001) provide a summary of land use within each of the sampling gation’s
watersheds. An issue of concern with respect to rdiably estimating the potentid sgnificance of a
particular type of land use as a source of diazinon and chlorpyrifos aswell as unknown-caused toxicity,

was that, of the 10 sampling Sations selected, five had mixed land use in the watersheds upstream of

the sampling location (see Table 8). Station 5 (San Joaguin Channd at University Drive) had aland use
upstream of the sampling location of primarily open space with a secondary use of agriculture. Station
6 (Santa Ana Channel at Mesa Drive) watershed is 95% developed with commercia/residentia uses.

Station 7b is primarily devoted to resdentid use with some commercid area. Station 8 (Sand Canyon
Avenue - northeast corner of Irvine Blvd) watershed is devoted to agriculturd use. Station 9 (East

Costa Mesa Channel a Highland Drive) watershed is devoted primarily to resdentid with a small

amount of commercid use. All other sampling stations had a mixture of resdential and agricultura uses,

and Stations 1, 2, 3, 4, 7aand 10 aso had nursery use within the sub-watershed.

Condtituent load caculations were completed for each of the two wet weather events for diazinon and
chlorpyrifos at each of the 10 sampling stations. The purpose of the load calculations is to provide
information to assist in dlocaing loads for toxics within the watershed by land use and discharger.
Load cdculations for the May 31, 2000, dry weather sampling event were dlso made. The September
29, 1999, dry weather event did not provide a sufficdent data set for load calcuaions snce there was
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inufficient flow for measurements a severd locations. The details of the load cdculations are

presented by Lee and Taylor (2001). A summary of the load calculationsis presented herein.

Table8
Summary of Sampling Station Water shed Dominant Land Uses
Station L ocation Dominant Land Use
1 San Diego Creek at Campus Drive Mixed residential, agricultural, nursery
2 San Diego Creek at Harvard Avenue Mixed residential, agricultural, nursery
3 Peters Canyon Channel at Barranca Parkway Mixed residential, agricultural, nursery
4 Hines Channel at Irvine Blvd Nursery, agricultural
5 San Joaquin Channel at University Drive Agricultural, open space
6 Santa Ana Delhi Channel at Mesa Drive Residential, commercial
7a Peters Canyon Channel at Walnut Avenue Residential, agricultural, nursery
7b El Modena Irvine Channel upstream of Peters Residential, some commercial
Canyon Channel
8 Sand Canyon Avenue-NE corner of Irvine Blvd. | Agricultural
9 East Costa Mesa Channel at Highland Dr. Residential, commercial
10 Central Irvine Channel at Monroe Agricultural, residential, nursery

The data show that on average, about 1 to 2 Ib of diazinon and 1 to 1.5 Ib of chlorpyrifos are
discharged to Upper Newport Bay during a “typical” storm event. Stations 5 and 8 are either
agricultura land use, or agriculture and open space. Each of these locations shows rates of diazinon
export from about 0 to 0.8 x 10°° Ib/acre/storm. Export rates of chlorpyrifos are somewhat higher,
ranging from 0.1 x 10° to about 2.3 x 10° Ib/acre/storm. By comparison, for largely urban aress
(resdentid, commercial, indugtrid), such as for ations 6, 7b and 9, diazinon export rates range from
about 0.9 x 10° to 3.9 x 10° Ib/acre/storm. For chlorpyrifos, export rates for these same stations
range from 0.2 x 10° to 1.2 x 10° Ib/acre/storm, somewhat lower than for agriculture. Export rates
for diazinon and chlorpyrifos are generdly largest at the Campus Drive station, incorporating al mgor
land uses. An exception occurs for diazinon, which has the largest total export for Station 7b during the
February 21, 2000, event. Station 7b serves a completely urbanized area consisting of commercia and
resdentia uses.

The dry weather annua load data tend to support the trends for the wet weather data, with the Santa
Ana Ddhi watershed (Station 6 — resdentid, commercid and indudtrid uses) showing the highest
export rates on an annud per acre basis for the OPs, and primaily agriculture and nursery areas
showing the lowest export rates.

Thislimited study of OP pesticide loadingsto Upper Newport Bay tributary streams during stormwater

runoff events has provided some indght into potential sources of OP pedticides within the Upper

Newport Bay watershed. The results appear to follow the potentia export from various types of land

use based on reported pegticide use for various purposes. It is clear from this study that without a
much more comprehensive study program, which would be based on a greatly expanded budget, it is
not possible to define specific sources of OP pedticides usng the mass transported per storm in a
tributary stream approach to define specific pesticide sources.
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Regulatory Requirements

The implementation of the CWA TMDL requirements has initisted a mgor effort in Cdifornia to
control diazinon- and chlorpyrifos-caused aguatic life toxicty. The no toxics in toxic amounts
requirement is being used by the US EPA Region 9 and the Cdlifornia Water Quality Control Boards to
initiate TMDL programs to control Ceriodaphnia toxicity that is due to diazinon and/or chlorpyrifos.
Thereis, however, consderable discusson/controversy about the appropriate TMDL god. Ordinarily,
in a TMDL program, the TMDL god is the water quality standard/objective for the congtituent of
concern. However, since the US EPA has not adopted a water qudity criterion for diazinon, and is not
requiring that states adopt the US EPA (1987a,b) “ Goldbook” criteria for chlorpyrifos, and Cdifornia
and some other states have not voluntarily adopted the US EPA “Goldbook” criterion for chlorpyrifos
into a date standard, states like Cdifornia do not have water quality objectives (standards) for the OP
pesticides like diazinon and chlorpyrifos.

The Cdifornia Department of Fish and Game (DFG) (Siepmann and Findlayson, 2000) has devel oped
recommended water qudity criteria for diazinon and chlorpyrifos usng US EPA guidance for criteria
development. They recommend a freshwater diazinon acute criterion (CMC) of 80 ng/L and a chronic
criterion (CCC) of 50 ng/lL. No sdtwater criteria were recommended for diazinon. They recommend
a freshwater chlorpyrifos CMC of 20 ng/L and aCCC of 14 ng/L. The corresponding recommended
chlorpyrifos satwater CMC was 20 ng/L and CCC was 9 ng/L. They adso indicate that the diazinon
and chlorpyrifos toxicities are additive. The CA DFG criterion for chlorpyrifos is smilar to the US
EPA (1987a,b) criterion. According to current regulatory requirements, a concentration of a regulated
condituent in ambient waters above a water qudity standard by any amount more than once every
three years represents a violation of the standard.

The LCy, for diazinon toxicity to Ceriodaphnia is about 450 ng/L. The concentrations of diazinon that
can cause toxicity in the standard test (Lewis, et al., 1994) over an extended period of time are on the
order of 100 to 200 ng/L. Therefore, the CA DFG criteria are consderably less than the
concentrations of diazinon and chlorpyrifos that would cause aguetic life toxicity in a US EPA standard
toxicity test. The US EPA Region 9 (Strauss, 2000) has indicated that the Region would accept CA
DFG developed criteria as TMDL gods to diminate aguetic life toxicity due to diazinon and
chlorpyrifos.

Consdering the smdl amounts of diazinon and chlorpyrifos that are needed to cause aguatic life toxicity
to Ceriodaphnia (Lee and Taylor, 1999, 2001), establishing the TMDL god as a concentration of
diazinon and/or chlorpyrifos equal to the DFG criterion vaue effectively means that many, if not mog,
of the current uses where the pegticide is gpplied so that it is exposed to rainfal, runoff, and irrigation
water releases, will need to be diminated in order to iminate violations of the DFG recommended
water quality criteria

Another complicating factor in regulaing the OP pesticide-caused aguatic life toxicity is the different
regulatory approaches that are used for controlling pesticide impacts on non-target organisms versus
the control of toxicity to aguatic life by non-pesticides. The Clean Water Act, as being implemented by
the US EPA, requires the control of toxics discharged in toxic amounts. If the OP pesticide-caused
aqudtic life toxicity were due to heavy meds in urban stormwater runoff, they would have to be
controlled under Clean Water Act requirements. However, pesticides are regulated by the US EPA
Office of Pedticide Programs (OPP). The US EPA OPP Federd Insecticide, Fungicide and
Rodenticide Act (FIFRA) regulaions alow toxicity to non-target organisms, provided that this toxicity
is not Sgnificantly adverse to the beneficia uses of the waterbody. FIFRA definitions include:

15



“X) Protect health and the environment.--The terms 'protect health and the environment'
and 'protection of health and the environment' mean protection against any unreasonable
adver se effects on the environment.”

“(bb) Unreasonable Adverse Effects on the Environment.--The term ‘unreasonable
adverse effects on the environment’ means (1) any unreasonable risk to man or the
environment, taking into account the economic, social, and environmental costs and
benefits of the use of any pesticide, or (2) ...”

US EPA OPP has not determined whether diazinon or chlorpyrifos-caused aquatic life toxicity
represents an unreasonable adverse effect on the environment. Further, the US EPA OPP FIFRA
regulations alow other factors (such as economics and socid) than impairment of beneficia uses to
determine whether a pesticide' s registration or re-registration should be limited by adverse impacts to
non-target organisms. The US EPA OPP HFRA regulations point to the need to have a much better
understanding of the role of specific types of zooplankton in influenang beneficia uses of waterbodiesin
regulaing OP pesticides, such as diazinon and chlorpyrifos, that are toxic to only certain types of
zooplankton. Basicaly the question becomes one of whether the numbers, types, and characteristics of
aqudtic life present in recelving waters for urban stormwater runoff containing OP pesticide-caused
aqudic life toxicity are being sgnificantly adversdly impacted by thistoxicity.

Toxicity Impact Evaluation

One of the most important components of developing an appropriate TMDL goal for control of OP
pesticide-caused aquatic life toxicity is an evauation of the potentia water quality-beneficid use impacts
of the stormwater runoff-associated toxic pulses of OP pedticide-caused aguatic life toxicity. The
finding of toxicity in urban sormwater runoff should not be assumed to be significantly detrimenta to the
beneficid uses of the receiving waters for the runoff. The conditions of the US EPA standard toxicity
text usng Ceriodaphnia (zooplankton), fatheed minnow larvae (fish) and Selenastrum (algae) can lead
to laboratory-based toxicity that is not manifested in the field.

There are stuations where OP pesticide-caused aguatic life toxicity in urban streams is rapidly lost
through dilution in the receiving waters for the stream discharges. This Stuation gppears to be occurring
in Sacramento, Cdifornia, where highly toxic urban streams that discharge to the Sacramento River do
not cause this River to be toxic. It is essentid, as part of a TMDL goa development program for OP
pesticide-caused aguatic life toxicity, to determine if aquatic life in receiving weters for the stream
discharge experience sufficent toxicity for a sufficent period of time to be toxic and adverse to aquatic
organisms.

Further, it is important to assess whether toxicity in the urban stream as wdl as in the recelving waters
to organisms with a sengtivity to OP pesticides, like Ceriodaphnia, is adverse to higher trophic leve
organiams that depend on zooplankton as food. Novartis (1997) and Giddings, et al. (2000) have
developed a probabilistic ecologicd risk assessment (PERA) which shows that Ceriodaphnia is one of
the most sengtive organiams known to OP pesticide toxicity. Novartis clams that killing zooplankton
with an OP pesticide sengtivity, like Ceriodaphnia, will not be adverse to the beneficial uses of the
ecosystem since there are other sources of larval or smal fish food that are available that are not
impacted by OP pesticide-caused toxicity. Hall and Giddings (2000) have discussed the need to use
multiple lines of evidence in predicting site-specific ecological effects due to pesticides and other
toxicants.

Lee and Jones-Lee (1999a) have pointed out that the single chemical PERA used by Novartis as an
assessment of the ecologica/water qudity impacts of the OP pesticide-caused aguatic life toxicity may
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not be vdid since the ecologica role of the Ceriodaphnia-like organiams that are killed by OP
pesticides in sormwater runoff is not known. 1t could be that the zooplankton that are sengitive to OP
pesticide toxicity are essential components of the food web for important higher trophic level organisms.
The loss of thar food through OP pesticide-caused toxicity could be detrimental to the beneficia uses
of the waterbody. Another problem with the single chemical PERA approach is that it does not
consder additive and/or synergidic effects of other pesticides or chemicds which together could be
adverse to the beneficid uses of awaterbody.

As discussed by Lee and Jones-Lee (19993), a substantial Site-specific research program is needed to
substantiate that the PERA approach is a vdid approach for protecting the beneficia uses of
waterbodies that experience toxic pulses of OP pesticide-caused toxicity. Recently, Strauss (2000) of
the US EPA Region 9 has indicated that the PERA approach is not acceptable for establishing a
TMDL god for OP pedticide-caused aquatic life toxicity. Strauss has indicated that the TMDL goal
should be a chemica concentration that is based on the approach that the US EPA uses to develop a
water quality criterion such asthose used by CA DFG in developing their suggested criteria for diazinon
and chlorpyrifos.

Since many urban streams have been converted to stormwater conveyance structures (some are
concrete-lined) with severdly limited agquetic life hebitat, the dimination of OP pegticide toxicity will, in

many cases, likdy have little or no impact on the aguatic life-rdaed beneficid uses of the urban stream.

In conducting the studies for establishing the TMDL god, it is important to determine if toxicity in an
urban stream pergists for a sufficient period of time in the stream and in the receiving waters for the

stream discharge to be toxic to stream and/or receiving water zooplankton with OP pesticide toxicity
sengtivity Smilar to Ceriodaphnia. Often the period of time that zooplankton can be exposed to toxic

conditions in an urban stream associated with a sormwater runoff event is on the order of a few hours
-- i.e, thetime it takes for a zooplankton present in the headwaters of the stream to be carried from this

locetion to the point where the stream mixes with nontoxic downstream waters. The results of a
four-day toxicity test where the toxicity is only manifested on the third or fourth day have limited

gpplicability to properly assessing significant urban sormwater runoff-associated toxicity.

Urban stormwater runoff that enters marine waters creates a specia Stuation for evauaing the impact
of OP pedticide-caused aguatic life toxicity. The studies conducted by Lee and Taylor (1999) and
Lee, et al. (2000) involve assessing the presence and impacts of OP pesticide-caused aquatic life
toxicity in Upper Newport Bay, Orange County, CA. Based on a now four-year study of stormwater
runoff, they have found that al stormwater runoff to Upper Newport Bay is highly toxic to
Ceriodaphnia and Mysidopsis with typicaly 5 to 20 TUa. This toxicity isto Ceriodaphnia due to a
combination of diazinon (LCsy, of 450 ng/L) and chlorpyrifos (LCs, of 80 ng/L) as wdl as unknown
condituents.  This toxicity is typicaly manifested within 24 hours, where dl Ceriodaphnia or
Mysidopsis added to the undiluted test samples of stormwater runoff are killed within one day.
Diazinon a the concentrations found in urban stormwater runoff in the Upper Newport Bay watershed
is not toxic to Mysidopsis (LCs, of 4,500 ng/L). The toxicity found is due to chlorpyrifos (LCs, of 35
ng/L) and some as yet unidentified toxic condtituents present in the runoff waters.

Upper Newport Bay isamarine bay with atypica sdinity of 30 ppt. The stormwater runoff to the Bay
is freshwater. Therefore, under most conditions, the sormwater runoff forms a freshwater lens on the
undalying maine waters. Studies (Lee and Taylor, 1999) on the persstence of the OP
pesticide-caused aquatic life toxicity in Upper Newport Bay show thet it is present only in areatively
thin layer of freshwater sormwater runoff that has mixed to a limited extent with the marine waters of
the Bay. Bay waters which have a sdinity grester than about 5 ppt are nontoxic since the toxic
freshwater has been diluted sufficiently to diminate the toxicity to Mysidopsis.
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Any freshwater organiams carried into the Bay in the ssormwater runoff will be killed by the sinity of
the Bay. Further, the impact of the toxicity to freshwater organisms in the tributary streams is restricted
to a few hours of exposure during a sormwater runoff event since this is the maximum transport time
from the tributary stream’s headwaters to the Bay. Except for discharges apparently associated with
nurseries, no toxicity has been found in the tributary streams during non-runoff events. Therefore, the
focus of evauating the impact of the OP pesticide-caused agudtic life toxicity should be on its impact to
marine zooplankton and other marine organisms.

Lee, et al. (2000) have reviewed the conditions that need to be considered in reliably evauating the
OP pesticide-caused aqudtic life toxicity in urban scormwater runoff to marine waters. They point out
that in order for the OP pesticide-caused aqudic life toxicity in the stormwater runoff to Upper
Newport Bay to be dgnificantly adverse to the beneficid uses of the Bay, a marine zooplankton must
migrate from the 30 ppt marine waters into the freshwater/marine water lens that has sufficient toxicity
to kill the zooplankton in the period of time that this toxicity persstsin the Bay. The stormwater runoff
potentia toxicity Stuation is shown in Figure 3. The studies of Lee and Taylor (1999) have shown that
the toxic concentrations perdst for a day or two in the upper pat of the Bay within the
freshwater/marine water lens. Upper Newport Bay is atida bay with a maximum 10-foot tidal range.
Thistida action rapidly mixes any freshwater inputs to the Bay.

Figure3. Stormwater Runoff Potential Toxicity
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While significant toxicity to marine zooplankton in the Bay is possible, it appears to be unlikey. Studies
need to be done to determine if marine zooplankton migrate into the freshwater/marine water lens
during a runoff event and are exposed to toxic conditions within the lens water. If organisms of this
type are found, then the ecologica significance of these organiams to the Bay’s beneficid uses needsto
be evauated.

Recommended Approach for Developinga TMDL to Control
Aquatic Life Toxicity Caused by OP Pesticides

Harader (2001) has recently developed a proposed Arcade Creek Pesticide TMDL Process. Arcade
Creek is an urban stream located in Sacramento, CA. It ison the CVRWQCB 303(d) list of impaired
waterbodies due to the aquetic life toxicity caused by diazinon and chlorpyrifos. Harader’s proposed
approach for TMDL development is designed to meet US EPA nationa as well as Region 9
requirements for TMDLs. His gpproach includes developing the following information:

. Problem Statement

. Numeric Targets Report

. Source Andysis
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. Linkage Andyss
. TMDL Report

Information on each of these areas is provided below.

Problem Statement. The problem statement should present the body of evidence pertinent to the
current water quality/beneficia use impairment issues. It should review the database available a the
time of the 303(d) listing for the waterbody and any additional data pertinent to TMDL formulation and
implementation since the origind liding. For OP pesticide-caused aquatic life toxicity, is any
information available on the magnitude of the toxicity, the concentrations of diazinon and chlorpyrifos
and other pedticides in the samples, the amount of the totd toxicity that can be attributed to OP
pesticides, the magnitude of unknown-caused toxicity, the duration of toxicity during stormwater runoff
events, toxicity during dry weether flow and any information on the impact of the toxicity on the
numbers, types and characterigtics of desirable forms of aguetic life, including planktonic and benthic
organisms aswdll as higher trophic leve organisms, such as fish? In addition, an assessment should be
made as to whether the conditions that led to the origina 303(d) listing of the waterbody, exist today.

An issue of particular concern with urban streams is whether stream aguetic life habitat characterigtics,
such as armoring, are severdy degraded because of flood control channdlization and/or high stream
flow erosion so as to preclude of dter the development of any sgnificant aquatic life related beneficia
uses of the stream.

Establishing Numeric Targets. In accord with the currently used approach in implementing Clean
Water Act requirements, focusng on atainment of water quality standards based on chemicd
concentrations, the numeric targets for 303(d) listed waterbodies TMDLS, where the listing is caused
by OP pedticide-caused aguetic life toxicity, are the Cdifornia Depatment of Fish and Game
(Sepmann and Findlayson, 2000) recommended water quality criteria for diazinon and chlorpyrifos.
These are discussed elsewhere in this paper. Asindicated in that discussion, Strauss (2000) has stated
that the DFG criterion vaues are considered appropriate TMDL goals for OP pesticide-caused 303(d)
liding. Generdly, if the concentrations of diazinon and chlorpyrifos above the criterion vaues is
restricted to stormwater runoff events, the DFG acute (CMC) criteria should be used. However, if the
elevated concentrations persist over a four- day period, then the chronic (CCC) criteria should be
used. It isimportant in assessing the potentia adverse impacts of the OP pegticides to aguatic life to
incorporate the additive toxicity of these pesticides. There could readily be situations where the
concentrations of diazinon and chlorpyrifos are below the criterion vaues, yet, because of their additive
toxicity, there could be adverse impacts to some forms of agutic life.

Since the overall god of the water quality management program should be the control of aquatic life
toxicity in the state's waters, the TMDL god for OP pegticide-caused aquatic life toxicity should
indude dimination of toxicity to zooplankton and fish that adversdly impacts the beneficid uses of the
waterbody. The firg step in assessing this requirement would be the determination of whether there is
toxicity in the stream.  Where toxicity is found, its cause(s) should be determined and an assessment
should be made as to the water qudity sgnificance of the toxicity as it relates to the beneficid use
imparment of the sream. It is important in interpreting the toxicity test results to consder the duration
of exposure that aquatic organisms can experience in a stream compared to the duration of exposure
necessary to cause toxicity under laboratory test conditions. For many urban streams the duration of
exposure that planktonic organisms can experience during a stormwater runoff event is a few hours.
Toxicity that is only manifested after severd days of exposure has little relevance to toxicity in many
urban streams.
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While the US EPA recommends a three species toxicity test approach involving fish, zooplankton and
agaee, toxicity testing with agee is essentidly impossble to interpret without a major Ste specific
investigation of the potentia consequences of this dgd toxicity to the beneficid uses of the waterbody.
Lee and Jones-Lee (1996) have discussed the issues that need to be consdered in assessing whether
laboratory measured dgd toxicity trandates to an adverse impact on the beneficial uses of waterbodies.
For many waterbodies, excessve dga growth isan imparment of the beneficid uses of the waterbody.

The phase-out of the OP pesticides due to US EPA and chemical manufacturers agreements that arise
out of the potentiad human hedth hazards to children, as well as any limitations on OP pesticide
resdentia use due to TMDLSs, will result in many instances in the use of other pedticides, such as the
pyrethroid pesticides. It is important to not subgtitute one toxicity problem for another, i.e, “pesticide
roulette” Thisis egpecidly important for some of the pyrethroid pesticides since they are much more
toxic to fish than the OP pesticides. This Stuation mandates that the TMDL gods for the OP pegticides
include, as an integrd component of the god, the dimination of pesticide-caused aquatic life toxicity in
the waterbody of concern. Simply focusing on diazinon and chlorpyrifos concentrations in an effort to
achieve a chemicdly based TMDL goa without appropriately conducted toxicity measurements could
reedily lead to severe adverse impacts to the beneficial uses of the stream associated with the subdtitute
pesticides that replace the OP pedticides. Toxicity testing, as part of the TMDL god, is needed to
ensure that associated with the decrease of diazinon and chlorpyrifos concentrations, is the dimination
of the toxicity in the waterbodly.

As discussed dsewhere in this paper and by Lee and Jones-Lee (1999a), the single chemical species
probabilistic ecologicd risk assessment (PERA) approach is not a valid approach for establishing an
OP pesticide-caused aguatic life toxicity TMDL god unlessit is demongtrated by the proponents of that
approach that zooplankton and benthic organiams that are killed during a stormwater runoff event are
not essentid components of the food for higher trophic level organisms that are considered important
components of the beneficia uses of awaterbody.

Source Analysis Information on the specific sources of the OP pegticides that are causing sgnificant
aquatic life toxicity in the urban streams and their receiving waters should be compiled and if deficient,
developed. Of particular importance, with respect to urban OP pedticide use, is whether the OP
pesticides used for dructurd pest control contribute to stormwater runoff aguatic life toxicity.
Information is needed on the specific role that various types of residentia property OP pesticide use
playsin leading to aquetic life toxicity in the urban sresms and other waterbodies. 1t is highly likey thet
there will be resdentia pesticide usesthat do not lead to sormwater runoff contamination. The TMDL
restriction should be placed on those pesticide uses that impair the beneficid uses of waterbodies, and
not dl resdentia uses of pedticides.

Linkage Analysis. Typicdly, the linkage andys's component of a TMDL is a modding effort which
relates the sources of the congtituents of concern to their impacts. Normally, impacts are trandated into
exceedances of water quality criteria/lstandards. However, often, as discussed by Jones-Lee and Lee
(2000) and Lee and Jones-Lee (2000a) thereis a poor correlation between exceedances of worst case
based water qudity criteria/standards and the imparment of the beneficia uses of waterbodies. This
arises from the highly protective approach that the US EPA used in establishing national water qudity
criteria. This approach will likely apply to the use of the DFG recommended criteria for diazinon and
chlorpyrifos. These criteria are well below the incipient toxic levels for these pesticides.

While, for some congtituents such as nutrients, it is sometimes possible to establish a linkage analysis
between the amounts of nutrients added to a waterbody and the water quality impacts of the nutrients,
for the OP pesticides such a linkage andlysis is not possible at thistime. As discussed herein, only a
very samdl part of the pesticides applied to residentia properties is present in runoff from the property.
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In order to establish a reigble linkage analyssin a TMDL based program, it is necessary to be abdle to
gan an understanding of pollutant transport mechanisms from the source to the waters of concern.
Obtaining this information for OP pegticide transport from some residentia property uses will likdy be
difficult. An OP pedticide agudic life toxicity/TMDL linkage andyss will have to be based on a phased
adaptive management approach, where as part of phase 1, redtrictions on certain types of residential
uses will need to be imposed, such as the dimination of the use of diazinon on lawns and gardens. This
issue is discussed further in the next section of this paper.

Since, in accord with the recent agreements reached between the US EPA and diazinon and
chlorpyrifos regigtrants, both diazinon and chlorpyrifos will be phased out of residentia use over the
next few years, the development of a TMDL to control the use of these pesticides is moot. The
currently required phase-out will amost certainly be implemented before any meaningful phased TMDL
implementation approach isimplemented. The phase-out of diazinon and chlorpyrifos use on residentia
properties could be an important Situation for establishing residentia use for certain purposes and the
impacts of this use on agudic life toxicity in the recelving waters for stormwater runoff from residentia
properties. This gpproach would require knowledge of the amounts of diazinon and chlorpyrifos used
and the types of uses that occur on residentid properties and the associated export of diazinon and
chlorpyrifos from residentiad properties associated with each use during the phase-out process.
Unfortunately, the amount of pesticides used on residentia properties is poorly understood because of
the over the counter sdles of the pesticides to the public. There is no rdiable information on the
amounts of pesticides purchased by the public within an area and how the public uses these pesticides
on their property. Without this information, the desired linkage analysis will not be achieved.

While not required in the US EPA TMDL development, the linkege andlyss or some other section of
the TMDL report should include an assessment of the improvementsin the beneficia uses of the 303(d)
liged waterbody expected to arise from the implementation of the TMDL. While often this is
supeficidly addressed as reduced concentrations of regulated condtituents, what should be assessed is
not concentrations, but impacts of chemicds, i.e,, will the restriction/elimination of the use of diazinon
and chlorpyrifos lead to a discernible improvement in the beneficia uses.

TMDL Report. The TMDL report should present the results of the problem statement, and the
assessment of target, source and linkage andysis. The TMDL report should also include a discussion
of an implementation plan for achieving the TMDL. This plan should include definitive information on
how pesticides that will be used as alternates to the OP pesticides will be evaluated with respect to
protecting the beneficid uses of the waterbodies of concern. The overdl approach that will likdy need
to be followed to control the agquetic life toxicity impacts of OP pegticides is to establish a goal of
meeting the CA DFG recommended criteria in dl waters having an unrestricted aquatic life designated
beneficia use. In accord with current Clean Water Act implementation approaches, this approach is
generdly, but not dways, protective of aqudic life resources. However since this worst case gpproach
can be overprotective and thereby unnecessarily redtrict the use of a useful pest control product, in
accord with CWA implementation approaches those who want to manufecture, sdl and use the OP
pesticide under review should be provided the opportunity to fund and conduct the studies needed to
determine whether aless restrictive gpproach can be followed for regulating the pesticide. Such studies
should be conducted using afull public interactive stakeholder gpproach; those who want to continue to
use a pesticide and alow its concentrations to occur in public waters at concentrations above DFG
recommended criteria, should work with regulatory agencies, environmenta groups, the public and
others to formulate the studies, supervise their implementation, and participate in the interpretation and
presentation of the results. A best professiond judgement, triad weight of evidence approach of the
type described herein should be used.
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The tributary rule should gpply to those waterbodies that do not have a formaly designated beneficia
use, induding those intermittent streams that could during certain times of the year when water is
present, serve as gpawning areas for migratory fish such as steelhead trout. These criteria should be
implemented as worst case vaues which are not to be exceeded by any amount more than once in
three years. The implementation should be based on additive toxicity for the OP pegticides and other
condtituents that could enhance the toxicity of the OP pesticides.

The TMDL implementation plan must incdude a comprehensve monitoring program to determine
whether the water quality god, i.e,, meeting the DFG criteria, is achieved. Since redricting the use of a
pesticide could lead to the subgtitution of another pesticide that could cause at least equd, if not greeter,
environmental harm, it is essential that the TMDL program indude a comprehensive toxicity testing
program to detect aguatic life toxicity in ambient waters that may be due to the transport of the
substitute pesticide(s) from the point of application to the waters of the Sate.

Suggested Approach for Implementing a Phasel TMDL Goal for
Urban Stormwater Runoff OP Pesticide-Caused Aquatic Life Toxicity

In Orange County, Cdifornia, about 100,000 lbslyr (a) of diazinon (25,000 Ibs/yr) and chlorpyrifos
(75,000 |bslyr) are used by commercia applicators for resdentid structural purposes (termite and ant
contral). In addition, approximately the same amount that is purchased in the local hardware/garden
store is projected to be used by the public on resdentia properties. The tota amount of diazinon and
chlorpyrifos that is needed to cause the toxicity found in sormweter runoff as it enters Upper Newport
Bay is about 2 Ibs per sorm, with an average of about 11 storms per year (22 Ibs/yr), out of the
gpproximately 30,000 Ibslyr that are applied to the Upper Newport Bay watershed. It is evident that
most of the diazinon and chlorpyrifos used on residential properties is not clontributing to the
sormwaeter runoff toxicity problem.

There are two types of OP pesticide uses on residentid properties. The typicd sructurd use, which is
often injected into the foundations of the structures below the ground surface, probably does not
contribute significantly to OP pesticide-caused aguetic life toxicity. It islikely that the primary source of
the diazinon and chlorpyrifos that causes the toxicity in urban sormwater runoff is due to the application
of these pegticides above ground near structures and for lawn and garden pest control.

Studies are needed to determine how OP peticides, and for that matter other pesticides used for
various purposes on residential properties, contribute to sormwater runoff toxicty. It is suggested that
it may be possble to continue to use the OP pegticides below ground and in other applications for
gructural pest control (termites and ants) that do not lead to water washoff/leaching, and thereby
greeatly reduce, if not diminate, the OP pesticide aquatic life toxicity associated with stormwater runoff
from residentid aress.

An appropriate Phase | OP pegticide control program could involve regtricting the use of OP pesticides
for lavn and garden pest control as wdl as for aboveground near-structure applications where runoff
waters could carry the pesticides from the residentia properties to the nearby water courses. The
implementation of this approach would require redrictions on the sde of the OP pedticides to the
public. Such restrictions would have to be implemented through changing the regidtration governing the
use of these pedticides at the federd or state levd. Efforts are underway in Cdifornia by municipd
sormwater management agencies who face compliance with TMDLs designed to control OP
pesticide-caused aguetic life toxicity in sormwater runoff to have the Cdifornia Depatment of
Pedticide Regulation change the registration of OP pesticides to redtrict their use on residential
properties to reduce agudic life toxicity in sormwater runoff from these properties. This same
approach needs to be followed for the pesticides that replace the OP pesticides for resdential use.
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Restricting the Sales’'Use of OP Pesticides on Residential Properties

Recently the US EPA has announced that it will redtrict the resdentia use of chlorpyrifos by the public
under the Food Qudity Protection Act because of its potentid cumulative toxicity to humans. This
restriction could potentialy result in asgnificant reduction of the OP pedticide aguatic life toxicity thet is
found in the Upper Newport Bay watershed stormwater runoff. Placing smilar redtrictions on the
public sales of diazinon for resdentia lawn and garden use, while ill dlowing the use of diazinon for
bel ow-ground structura control of termites and ants, could be an effective approach for implementing a
Phase | TMDL OP pedticide aguatic life toxicity control program. If the restrictions on the sde of
chlorpyrifos and diazinon for resdentia lawn and garden use do not control aquatic life toxicity in
stormwater runoff, then a Phase || TMDL implementation program involving greater restrictions on the
use of OP pesticides (diazinon and chlorpyrifos) would be needed.

Phase-Out of Chlorpyrifos Residential Use
The reaults of the 205(j) study (Lee and Taylor 1999) and the 1999-2000 319(h) study (Lee and
Taylor, 2001) of the toxicity of San Diego Creek samplestaken a Campus Drive and Santa Ana Delhi
Channd samples taken at Mesa Drive lead to some interesting conclusions with respect to the future
Mysidopsis toxicity of stormwater runoff from the Upper Newport Bay watershed. In June 2000, the
US EPA and the chlorpyrifos registrants announced that they had reached an agreement to voluntarily
withdraw the regidtration of chlorpyrifos for uses which could result in residential exposure of children
to this pesticide. The fina announcement on this action was published by the US EPA. A synopss of
this agreement developed by the US EPA is presented below.
“On September 20, 2000, US EPA announced receipt of requests by registrantsto cancel
registrations for chlorpyrifos intended for use to manufacture pesticide products. In
addition, registrants are requesting US EPA to cancel or amend uses of certain pesticide
products containing chlorpyrifos. These registration cancellations result from the
memorandum of agreement signed by US EPA and certain registrants of chlorpyrifos
products on June 7, 2000, and follow up agreements with other registrants. This
agreement was designed to reduce risks to children and others from exposure to
chlorpyrifos from dietary and non-dietary sources. The Federal Register notice (65 FR
56886) lists the products being canceled and describes uses that are being eliminated or
changed.”

The phase-out of the manufacture and sale of chlorpyrifos-containing products will take place over a
severd-year period. All manufacture of chlorpyrifos for resdentid use associated with lawn application
and dmilar outdoor uses was terminated on December 1, 2000. On February 1, 2001, the registrants
terminated sale of chlorpyrifos products that could be used for outdoor residential purposes. The
termination of retail saes of these types of products will occur on December 31, 2001. Some dlowed
resdential uses will continue for severd years after that date, such as for the control of termites.

Quedtions have been raised about severa aspects of this action, one of the most important of whichis
the time period dlowed for the dimination of future sades of chlorpyrifos that would become restricted
under this voluntary reduction in the permitted uses. The immediate implementation of this restriction on
resdential use ses seems premature based on severd factors, the most important of which is that,
while causing aguatic life toxicity to a certain group of zooplankton, the significance of thistoxicity to the
beneficid uses of watersis gppropriately questioned.

The Upper Newport Bay studies on the fate, persstence and toxicity, as wel as chlorpyrifos
concentrations in the Bay associated with stormwater runoff events indicate that the toxicity present in
sormwater runoff entering the Bay is unlikdy to be adverse to the beneficid uses of the Bay or its
tributaries. 1n the Upper Newport Bay watershed and in most urban streams, there is a limited time
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from when the chlorpyrifos associated with Sormwater runoff events enters the headwaters of the urban
sreams before it enters the Bay or is diluted in the receiving waters to nontoxic levels. Within Upper
Newport Bay, there is a day or so from the time that the chlorpyrifos enters the Bay in a sormwater
runoff event beforeit is diluted by mixing with marine waters to nontoxic concentrations.

In addition, there is substantia evidence that, because of the sorption tendencies of chlorpyrifos, its
toxicity is sgnificantly reduced in the sorbed form. AsLee and Taylor (1999) discussed, studies by the
US EPA daff (Ankley, et al., 1994) have shown that chlorpyrifos associated with sediments is in a
nontoxic form. It may be concluded that, with respect to stormwater runoff impacts, there is
consderable question about the water quality beneficid use sgnificance of chlorpyrifos toxicity as a
cause of beneficid useimpairment of waterbodies.

Another argument has been made that this delayed voluntary restriction of the use of chlorpyrifos in
resdential areas could lead to additiona 303(d) ligtings and the associated TMDLS, and thereby cause
stormwater management agencies to have to initiate control programs. This is not a vaid reason to
immediatdy terminate the sde of chlorpyrifos to the public. The dimination of chlorpyrifos from
resdential use, while it may reduce, will not solve the agquatic life toxicity problem in urban stormwater
runoff. This problem is due to both diazinon and chlorpyrifos, where most of the time the toxicity is due
to diazinon. In some instances, chlorpyrifos adds to this toxicity. Any new 303(d) listings that occur
during this period of phase-out of residential use of chlorpyrifos will likely occur due to diazinon's
presence. It is highly doubtful that the eimination of the use of chlorpyrifos on resdentia properties will
have any impact on the beneficid uses of urban streams that now show toxicity due to or in part to
chlorpyrifos.

There is need for a program to determine which of the pesticides that are currently registered for
resdential use could be likely candidates to replace chlorpyrifos and their fate in sormwater runoff from
resdential properties. Are they trangported in sufficient concentrations in the runoff waters to cause
aquatic life toxicity or excessve bioaccumulation in aguetic life in the receiving waters for the runoff?
Situations could develop where the questionable beneficid use imparment associated with chlorpyrifos
aquatic life toxicity could be trandated into a red significant water qudity problem associated with the
replacements for chlorpyrifos that will occur over the next year. These issues have recently been
reviewed by Lee (2001).

An area of particular concern is that some of the replacements for chlorpyrifos, such as the pyrethroid
pesticides, are highly toxic to fish. There are some who consider this limited toxicity to certain types of
zooplankton, such as Ceriodaphnia and Mysidopsis, of lesser potentid dgnificance to aquatic
ecosystems and water qudity than direct toxicity to fish. While toxicity to Ceriodaphnia- and
Mysidopsis-like organisms can be of potentia sgnificance to higher trophic leve organiams if there are
no other subdtitute zooplankton that can serve as larvad fish food, direct toxicity to fish can be highly
adverse to upper trophic level aguetic life.

The most likely candidates for chlorpyrifos replacement are the pyrethroid pesticides. There is a dearth
of information at this time on the presence, fate and effects of pyrethroid pesticides associated with thar
use on residential and agricultura properties as they may impact the beneficia uses of recaiving waters
for sormwater runoff from these properties. There is an immediate need for US EPA and state
pesticide regulatory agencies to require that this information be provided before there is a larger-scae
use of pyrethroid pesticides arising from the phasing out of the residentid use of chlorpyrifos.

Phase-Out of Diazinon Residential Use

On December 5, 2000, the US EPA (2000) announced an agreement to phase out diazinon for indoor
uses beginning in March 2001, and for dl lavn, garden and turf uses by December 2003. According
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to the US EPA, diazinon is the most widely-used pesticide ingredient for application around homes and
in gardens. It is used to control insects and grub worms. The agreement reached with the
manufacturers, Syngenta and Makhteshim Agan, will diminate 75 percent of the use, which amounts to
more than 11 million pounds of the pesticide used annudly.

“ Soecifically, the terms of the agreement implement the following phase-out schedules:

. For the indoor household use, the registration will be canceled on March 2001,
and all retail saleswill stop by December 2002. _
. For all lawn, garden and turf uses, manufacturing stops in June 2003, all sales

and distribution to retailers ends in August 2003. Further, the company will
implement a product recovery program in 2004 to complete the phase out of the
roduct.

. Rdditionally, as part of the phase out, for all lawn, garden, and turf uses, the
agreement ratchets down the manufacturing amounts. Specifically, for 2002,
there will be a 25 percent decrease in production; and for 2003, there will be a 50
percent decrease in production.

. Also, the agreement begins the process to cancel around 20 different uses on food
crops.”

Syngenta (2000a,b) (formerly Novartis) and Fuelner (2000) are phasing out the registration of diazinon
for many residential uses. Syngenta (2000a), in amedia rel ease Sated:
“ Diazinon has been marketed worldwide for more than 40 years. In the USiit is sold
mainly to control home lawn and garden insect pests, and many agricultural pests. While
other manufacturers will continue to sell diazinon for agricultural uses after 2004,
Syngenta will phase the product out completely.
Many factors contributed to the company's decision to end diazinon sales, but the most
compelling factors were economic.”
* * %
“ Earlier this year, Syngenta submitted a comprehensive response to EPA's Preliminary
Risk Assessment of diazinon and has presented additional studies that show wide margins
of safety. The EPA's agreement to a four-year market transition for lawn and garden use
confirms the value and safety of this product, and reflects the agency's conclusion that no
unreasonable risk to people or the environment exists.”

Based on adiscussion of diazinon phase-out by G. Dugan (pers. comm 2001) of the US EPA Region 9
deff, the US EPA’s action on the phase-out of diazinon effectively precludes another manufacturer
from re-registering diazinon for resdentia property use. Therefore, by 2004 the sale of diazinon-
containing products for resdentiad use should dgnificantly be decreased since diazinon-containing
products will no longer be available for resdentia use. From an Orange County perspective, this
means that on the order of 20,000 to 25,000 Ibs (a) of diazinon that is currently being used for
resdentia purposes, will be replaced by some other pesticides or some other approach for pest
management.

Evaluation of the Impact of Alternative Pesticide Use

At this time there are other OP pesticides, such as propetamphos, that are used on residential
properties. Severd thousand lbs/yr (ai) of propetamphos are used by commercia applicators on
resdentia properties in Orange County, CA and in the Sacramento, CA area. Propetamphos is not
measured in the conventiond dual column GC scans usng US EPA procedures. It could be a
contributor to the unknown-caused toxicity thet is found in Upper Newport Bay stormwater runoff.
Also, and likdy of greater concern, is the use of pyrethroid pegticides on residentid properties.
Through the late 1990's, gpproximately 25,000 |bslyr (ai) of four pyrethroid pesticides (permethrin,
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cypermethrin, fenvaerate and hifenthrin) were used in Orange County, CA. The pyrethroid pesticides
are as toxic, if not more toxic, to some zooplankton as the OP pesticides. Further, the pyrethroid
pesticides are beginning to be sold over the counter in substantid amounts for resdentid use by the
public. Thereis need to evauate whether the use of pyrethroid pesticides on residential properties is
now, or could in the future with increased use as the OP pedticides are phased out, be a cause of
aqudic life toxicity in ormwater runoff.

Any TMDL for the control of OP pesticide-caused aquatic life toxicity should include funding to
conduct studies to determine the aquatic life impacts of the dternaive pedticides that are used as
replacements for the OPs.  Without this gpproach, the benefits of controlling the agquetic life toxicity in
urban sormwater runoff associated with restricting the use of the OP pesticides may not occur. A key
component of any TMDL program for control of OP pesticide-caused agudtic life toxicity should be an
evauation of the anticipated improvement of the beneficid uses of the recaving waters for the urban
gormwater runoff.

Conclusions. The OP pedticides diazinon and chlorpyrifos are useful products for controlling pests on
resdential and agricultura properties. They are, however, causng subgtantia toxicity in urban
stormwater runoff and in some recalving waters for agriculturd runoff. Currently, their impacts on
beneficid uses is poorly understood. It is possible that, through appropriately conducted studies, they
can continue to be used for some purposes on residentia properties. The development of a TMDL

god to control OP pesticide-caused aquatic life toxicity in urban sormwater runoff will require a
ubstantia study/evauation program to determine for the waterbodies receiving the urban runoff the

beneficid use imparments that are likely occurring. The funding of these studies should be provided by
pesticide manufacturers, formulators and users. Failure to provide adequate funding to demonstrate
that the OP pedticides diazinon and chlorpyrifos can be used on resdentia properties without significant

adverse impacts on the beneficid uses of receiving waters for the urban sormwater runoff will likely
require restricting their use in residential settings.

Proactive Approach for Managing Pesticide-Caused Aquatic Life Toxicity

Over the past half a dozen years, several groups in Cdifornia have been sudying the aquetic life toxicity
that is present in sormwater runoff from urban and some agriculturd areas that is attributable to the use
of the organophosphate (OP) pesticides diazinon and chlorpyrifos. These pegticides are sufficiently
mohbile from ther point of gpplication so that they cause aguatic life toxicity to certain forms of
zooplankton (Ceriodaphnia dubia and Mysidopsis bahia) in the recaiving waters for the runoff from
the area of application. This toxicity was originaly discovered in urban sormwater runoff associated
with monitoring runoff from urban areas in the San Francisco Bay region for assessing the impacts of
condituents such as heavy metds that are present in the runoff waters above water quality
criterialstandards. It was aso discovered in the early 1990s, through the work of Dr. Chris Foe of the
Cdifornia Centra Valey Regiond Water Quality Control Board in investigating aquatic life toxicity in
the San Joaquin River and its watershed. It was found through the use of TIEs that the heavy metads
present in urban stormwater runoff were not in toxic forms, however, there was appreciable toxicity
due to the OP pesticides diazinon and chlorpyrifos. In agricultura areas, the toxicity is associated with
the use of these pedticides on agriculturd crops in the Central Vdley. The Sacramento River, Feather
River, San Joaguin River, Delta and Upper San Francisco Bay are toxic each winter/spring due to the
use of diazinon as a dormant spray in orchards.

In recent years, in both urban and residentia aress, increasing use of pyrethroid-type pesticides is being
made as a subgtitute for the OP pesticides. According to Kuivila (2000), there are over 150 pesticides
used in the Centra Vdley of Cdifornia Very few of these are being monitored for their potential
impacts to aguatic organiams. Further, the information gathered by the US EPA Office of Pesticide
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Programs, as well as the Cdifornia Department of Pesticide Regulation for pesticide regidration falsfar
short of providing the information necessary to evauate whether the replacements for the OP pesticides
(such as pyrethroids and other types of pesticides) will cause adverse impacts to the environment.

Bascdly, the Stuation today is one where pesticides are registered for use without adequate evauation
for potential environmental impacts. It is only when substantial problems are found that there is a
potentia for restriction on the use of the pesticides. Asdiscussed by Lee and Jones-Lee (2000b), it is
clear that there is need to significantly change from a passive to a proactive approach, in which
pesticides that are in use today are evauated by water quality management agencies for their impacts.
This evauation is not done as part of pesticide registration, because of the pressure on registration
agencies at the federal and state leve, which effectively precludes requiring that pesticide registrants
conduct an adequate evaduation of the potentia for pesticides in urban area and, for that matter,
agricultura stormwater runoff and agriculturd fidd discharges to cause aguatic life toxicity in the
recelving waters for the runoff/discharges.

In light of the current regulatory approaches toward controlling aguatic life toxicity associated with
pesticide use, there is need to conduct studies associated with use to determine whether there is aquatic
life toxicity in runoff from areas where the pedticide is applied. The proactive approach toward
evauatiing whether pedticide use in a particular region is adverse to the beneficia uses of the receiving
waters for sormwater runoff/drainage/discharges from areas where it is gpplied involves determining
what, when and where pesticides are applied in the region. Associated with each gpplication area
should be a monitoring program of the receiving waters for the runoff from the gpplication area. A
combination of chemica and biologica monitoring should be conducted immediately following, and then
for sometime after the application(s) occurs. This monitoring should use an event-based gpproach, in
which the monitoring specificaly targets stormwater runoff/discharge events when the pesticide is most
likdy to be present in the discharge. A combination of aguatic toxicity and aguatic organism
assemblage information should be collected to assess potentia biologica impacts. The toxicity
information should be not only at fixed locations downstream of the runoff location, but sampling should
aso be done in the runoff plume matching the transport of the water receiving the pesticides from the
point of application.

Studies of this type should be conducted for severa years associated with the use of a particular
pesticide on a particular crop at a particular location. Eventudly, provided that the formulation of the
pesticide and its gpplication rate and method reman the same, the monitoring program for that
particular pesticide use at the test gpplication can be significantly curtailed. Further, as experience is
ganed with this proactive approach, it should be possible to greatly reduce the amount of
monitoring/evauation needed for pesticides for which there is an adequate information base to
determine that their use does not pose a threet to the environment.

The funding of these types of studies should be provided by the pesticide manufacturers, where the
costs are passed on to the users of the pesticides. Adoption of this proactive approach would
sgnificantly change the current after-the-fact definition of problems associated with pesticide use to
detecting them when they first begin to be used. This approach should be considered part of the
registration/re-registration process, where any registration would be provisional, subject to immediate
revocation if it is found that the pesticides are adverse to ecologicaly/water quality important non-target
organisms associated with the sormwater runoff/discharges.

Best Professional Judgment/Weight of Evidence Triad for Evaluation of Significant
Pesticide | mpacts on the Beneficial Uses of Waterbodies

It is becoming increesingly clear and accepted among the professona community that a best
professonal judgment/weght of evidence triad approach is the appropriate approach to evauate
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potentidly significant water quality impacts associated with chemica condituents in the environment.
As described by Lee and Jones-Lee (1999b), the weight of evidence triad consists of:
information on the toxicity/bioaccumulation of the constituents of concern to aquatic life or

within aquatic organism tissue,

. information on the ateration of aguatic organism assemblages within the area of potentia
impact, relaive to gppropriate reference Stuations which are not impacted by the chemica(s) of
concern; and

. chemica information on the concentrations and, in particular, toxic available chemica species

present in the waters of concern associated with a ssormwater runoff event discharge Stuation.

The toxicity and chemicd concentration information should define the magnitude of toxicity and
concentration as a function of time of exposure for organisms potentially impacted by the pesticide. A
key component of the chemicd information is toxicity identification evaluation Sudies to specifically
determine the congtituent(s) respongible for the toxicity. It should not be assumed that, because a
condtituent exists at elevated concentrations, it is in fact respongble for the toxicity. Incorporation of
aqueous environmental chemigtry information coupled with toxicity assessment can provide reliable
assessments of the chemica species responsible for the toxicity.

Studies of pesticides focusing only on measuring chemical concentrations can provide highly mideading
information on aquatic life toxicity and the impacts of the pesticides found on the beneficid uses of
waterbodies. All pesticide water quality impact studies should include assessing totd toxicity to a suite
of different types of organisms. Further, and most importantly, where toxicity is found, a dilution series
should be conducted to determine the magnitude of the toxicity and whether, through TIEs, dl of the
toxicity can be accounted for based on known toxicants in the samples.

The weght of evidence triad information should be presented to a pane of experts who would first
criticaly review the information provided for its adequacy and rdighility, and then define what, if any,
additional studies are needed to make a proper adverse impact evauation. This panel should conduct
its review in a ful public interactive peer review arena, where the pand’s ddiberations would be open
to the public for review and comment. The public interactive peer review process (Lee, 1999a) that is
recommended could, if properly implemented, sgnificantly improve the qudity and reliability of peer
reviews of environmenta issues.

The pane would present a prdiminary assessment of its findings, with appropriate supporting
information. Those who fed that the pand has not properly consdered the information available would
be provided the opportunity to comment on the panel’s initid deliberations, providing any additiona
information that they fed is important. The pand then would issue a find determination, which would
present their conclusions on the issue. Based on this information, the regulatory authorities would then
determine whether the pesticide(s) or other congtituents are sgnificantly adverse to the beneficial uses
of awaterbody. The adoption of this best professiona judgmentiweight of evidence triad, interactively
peer-reviewed approach would lead to technicaly vaid assessments of adverse impacts of pesticides
and other congtituents on the beneficia uses of waterbodies.

| dentification of Unknown-Caused Toxicity

Aquatic life toxicity testing of stormwater runoff in the Upper Newport Bay watershed, Orange County,
Cdifornia, over the past four years has shown that this runoff is highly toxic to Ceriodaphnia dubia and
Mysidopsis bahia. Typicaly, the sormwater runoff contains from 5 to 20 TUa of Ceriodaphnia and
Mysidopsis toxicity. The stormwater runoff is not toxic to fathead minnow larvae or the dga
Selenastrum in the US EPA standard short-term chronic toxicity tests. Through dilution series toxicity
testing with and without PBO, it has been found that about hdf of this toxicity is gpparently due to the
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OP pedticides diazinon and chlorpyrifos. The remainder of the toxicity is due to unknown causes. TIES
have shown that the unknown-caused toxicity is not due to heavy metas.

As part of the 205(j) and 319(h) projects (Lee and Taylor, 1999, 2001), Dr. Jf Miller of
AgquaScience, Davis, Cdifornia, has conducted a detailed TIE investigation of the unknown-caused
toxicity and, thus far, has been unable to identify the congtituents responsible for it (Miller, 2000).
Samples of the waters with unknown-caused toxicity have been subjected to GC scansusing US EPA
standard low-level 8141 and 8321A anayses for the OP and carbamate pesticides. An evduation of
the pesticides found in these scans, compared to their toxicity (LCs, or ECs, vaues) has shown (see
Table 9) that the cause of the unknown-caused toxicity is not due to the OP and carbamate pesticides
typically detected in these scans.

In an effort to determine if other pesticides that are used in Orange County that are not measured in the
OP and carbamate pesticide GC scans could be responsible for this toxicity, the DPR 1998 and draft
1999 Pesticide Use Report databases have been examined rddive to the US EPA Office of Pegticide
Programs (US EPA OPP) Pedticide Ecotoxicity Database. This database contains over 13,000 results
of toxicity tests for pesticides. It includes toxicity test results for Daphnia magna and Mysidopsis
bahia. Pertinent parts of this database were included in the Lee and Taylor (1999) 205(j) report.

Generdly, it is assumed, based on limited data, that the toxicity of pesticides to Daphnia magna is
amilar (within afactor of 2 or o) to the toxicity to Ceriodaphnia dubia. Tables 9 and 10 present the
results of an evauation of the pesticides used within Orange County in 1998 and 1999 theat are gpplied
by commercia applicators and/or are recorded in the DPR database. It was decided in the preparation
of these tables, that theinitid screening for pedticides that are toxic to Daphnia magna and Mysidopsis
bahia would be for those pesticides that had an LCg, or EC, for these organiams of 2,000 ng/L. or
less.

The most sgnificant result from this evauation is the finding that in 1998 and 1999 the pyrethroid
pesticides were used in large amounts in Orange County. Over 25,000 Ibs (ai) were used during 1998
by commercia applicators. There were about the same amount of pyrethroid pesticides used in 1998
as diazinon. The most used pyrethroid pegticide was permethrin, with over 19,000 Ibs (a) used in
1998. Itsusein 1999 decreased to about 10,500 Ibs. Asindicated in Table 10, permethrin is highly
toxic to Daphnia magna and especidly Mysidopsis bahia. Almost 6,000 Ibs of cypermethrin were
used in Orange County during both 1998 and 1999. It is dso highly toxic to these organisms.
Bifenthrin, of which 493 Ibs were used during 1998 and over 5,200 Ibs in 1999 in Orange County, is
aso highly toxic to these organisms at the ng/L level. Bifenthrin has been found in 1999 DPR
monitoring to be present in the Upper Newport Bay watershed tributaries at concentrations that are
potentiadly toxic to certain zooplankton (Siepmann and Holm, 2000).

A review of Tables 9 and 10 showsthat, in generd, Mysidopsis bahia has alower LCy, than Daphnia
magna. Thereis no information available on the toxicity of the pyrethroid pesticides to Ceriodaphnia
dubia. There isneed for information on the toxicity of the pyrethroid pesticides to this organism since it
iswidely used for ambient weter toxicity testing.

Permethrin and cypermethrin were used in Orange County amost exclusively for structural pest contral.
Smilaly, in 1998 much of the use of bifenthrin was for structural pest control, athough substantia
amounts of the 1998 493 |bs/yr were used in agriculture aswell. 1n 1999, the amount of bifenthrin used
for agricultura purposes (76 % of the total use) was in excess of 4,000 Ibs (a), while in 1998, only 102
Ibs of bifenthrin was listed as being used in agriculture. Bifenthrin is a pesticide that now is being sold
over the counter in loca hardware and garden stores for public use around the home. Its use in the
Upper Newport Bay watershed, therefore, could be condderably greater than that listed by DPR.
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There is need to determine the pyrethroid pesticides that are sold to the public, the amount sold, and
the use of these pesticides by the public.

Table9

OP and Carbamate Pesticides Found in Upper Newport Bay/San Diego Creek
Water shed Samples During 1996-1999

(Concentrations are the highest value found by APPL Laboratory, Fresno, CA

using US EPA 8141 Specid Low-Leve List and US EPA 8321A procedures.)

Max Conc Ibsused LCy or Dominant
Pesticide (ng/L) Location 1998 (ai) ECs Use
Diazinon 12,000 H 25,800 960 D | 90% S, 5%N, 3%A, 2% L
4,200 M
Chlorpyritos 0/0 H 561,000 100D 19/% S, 1% N, 0.6% A, 1% L
35M
Benomyl 2,000 H 2,500 80,000 D | 09%sS, tr N, 99.9% A, tr L
180,000 M
Carbaryl 11,000 H 5,330 13,000D [ 5% S, 11% N, 83% A, tr L
10,000 M
Methomyl 14,000 SDC 2,420 0,000D JtrS5 trN, 99.9% A, 0% L
230,000 M
Diuron 2,200 | SADC 7,946 21,000D | 0% S, 0% N, 0.4%A, 5% L, 83%
1,000,000 M | RW
Simazine 3,200 SDC 7,184 1,100,000 D | 0% S, 24% N, 52% A, 4% L, 20%
7?M | RW
Dimethoate 7,100 H 1,600 2D 0% S 31% N, 64% A, 5% L
15,000,000 M
Malathion 490 SDC 5,820 1,000D | 6% S, 2/% N, 64% A, 2% L
2,200 M
Prowl 1,200 H 5,099 280,000 D | 0%S, 33% N, tr A, 70% L, 5% RW
(pendimethalin) M
Trtluralin 190 SDC 194 000,000 D 1 0% S, tr N, 91% A, 48% L, tr RW
7?M
Methiocarb 2,500 H 575 19,000 D [ 0% S, 95 %N, 0% A, 5% L,
”?M
Propoxur 500 | Found in Yorba Lindaresdentia sormwater runott
L ocations: Dominant Use Categories:
H Hines Channel just downstream of two
S Structural
N Nursery commercial nurseries
SDC San Diego Creek at Campus Drive
A Agriculture
SADC Santa Ana Delhi Channel
L L andscape
RW Right-of-way
D Daphnia magna
M Mysidopsis bahia

tr

?? no data available

trace
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Table 10

High Toxicity Pesticides Used in Orange County during 1998 and 1999

Based on the Cdlifornia Department of Pesticide Regulation (DPR) and the

US EPA OPP Aqudtic Life Ecotoxicity Database

Pedlicide LbsUsed | LbsUsed Organism Toxicty*
(ai) 1998 (ai) 1999* (ng/L)
Chlorpyrifos 91,707 79,990 Daphnia magna 100
Mysidopsis bahia 35
Diazinon 75,766 24,257 Daphnia magna 060
Permethrin 19,011 10,480 Mysidopsis bahia 46
Daphnia magna 320
Mysidopsis bahia 19
Cypermehrn 5,025 5,871 MySdopsis bania 5
Daphnia magna 1,000
Maathion 9,898 9,953 Daphnia magna 1,000
Cytlutnnn 1,00/ 195 Daphnia magna 20
Mysidopsis bahia 4
Fenvaerate 428 18 Mysidopsis bahia 8
Daphnia magna 50
Bitenthnn 493 9,29/ Daphnia magna 1,600
Mysidopsis bahia 4
Piperonyl BuUtoxide 547 387 Daphnia magna TO00,000
Tau-Huvdinate 301 409 Mysidopsis bahia 18
Daphnia magna 400
Naled 200 205 Daphnia magna o00
Edenvderae 227 113 Daphnia magna 150
Resmehrin 102 183 Daphnia magna 400
Fenpropanrin 82 28 MySdops's bahia 21
Daphnia magna 530
Ditlubenzuron 43 13 Daphnia magna 1,500
Cambda Cyhaothnn 30 716 Daphnia magna 63
Mysidopsis bahia 4
Detamethrin 25 86 Mysidopsis bahia 18
Daphnia magna 170
Tradomethrin 8 6 Daphnia magna 39
Fenthion 0.5 9 Mysidopsis bahia 150
Pyridaben 1O 13 MyS/dops's bahia 670
Daphnia magna 030
Tetrachlorvinphos 0.3 0.0o0 Daphnia magna 1900
Hpronil <0.1 0.05 Mysidopsis bahia 140
Hexarlamuron <0.05 0.5 Daphnia magna 111

Dose type ECg, or LCy,
* provisional data

It was a0 of interest to find that 547 lbs of PBO were used in Orange County during 1998, while 387
Ibswere used in 1999. PBO isused as asynergist to enhance the toxicity of pyrethroid pesticides.
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Toxicological Evidencefor Pyrethroid Aquatic Life Toxicity

Over the past four years that Lee and Taylor (2001) have been monitoring Upper Newport Bay
watershed stormwater runoff toxicity, there has been some indication of PBO activation of the Upper
Newport Bay ssormwater runoff toxicity to Ceriodaphnia dubia, wherein atoxicity dilution series, the
higher dilutions were nontoxic to Ceriodaphnia. However, the same dilution with 100 wg/L of PBO
was toxic to Ceriodaphnia. As part of the 319(h) project, Dr Jeff Miller of AquaScience processed a
set of sormwater runoff samples from the Upper Newport Bay watershed collected on February 21,
2000. Miller (2001) found that five of the 10 samples tested for Ceriodaphnia toxicity had PBO-
enhanced toxicity. This is the strongest evidence yet that the pyrethroid pesticides are potentialy
responsible for at least part of the unknown-caused toxicity that is present in the Upper Newport Bay
watershed sormwater runoff.

The reaults of the AguaScience studies on the February 21, 2000 samples taken from the Upper
Newport Bay watershed are presented in Lee and Taylor (2001) Appendix A. This report presents
the results of the AquaScience TIE dudies on the February 21, 2000, samples. The Executive
Summary for the AquaScience report (Appendix A) states that the acute (48-hour) toxicity to
Ceriodaphnia measured in the February 21, 2000, samples ranged from < 2.0 to 10.6 toxic units
(TUa). The TIE reveded that diazinon and chlorpyrifos concentrations (62 to 1,704 ng/L and 42 to
265 ng/L, respectively) were sufficient to account for al or most of the TUa measured in four of the
seven samples. Carbaryl was detected in four samples at concentrations ranging from 270 to 8,700
ng/L (0.08 to 2.5 TUa). Methomyl was detected in five samples at 380 to 2,100 ng/L (0.05 to 0.2
Tua).

Low levels (8 to 87 ng/L) of the pyrethroid insecticide esfenvaerate and/or permethrin were detected in
filter extracts and/or raw water from five samples, and these results were consstent with the enhanced
toxicity detected in the samples when treated with PBO. Several other pesticides were detected by
GC in the samples at concentrations well below their toxicity to Ceriodaphnia.

HPLC/IMS/MS and ELISA andyses of toxic HPLC fractions confirmed the presence of diazinon
and/or chlorpyrifos in specific HPLC fractions from dl the toxic samples, but did not identify chemicas
that were respongble for a substantia portion of the toxicity (3.0 and 4.6 TUa) detected in two of the
samples. The AquaScience study reveded that TIE procedures for identifying toxicity due to
pyrethroid insecticides needs to be developed and vaidated. Andytica characterization of toxic HPLC
fractions from the samplesis continuing.

Recently, data have been made avalable (Sepmann and Holm, 2000) from the Cdifornia Department
of Pedticide Regulation from the Upper Newport Bay watershed, where bifenthrin has been used as
part of the fire ant control program. DPR has found sufficient concentrations of bifenthrin in Upper
Newport Bay watershed tributary streams to be acutely toxic to Daphnia magna. It is important to
note that the Lee and Taylor (1999) 205(j) studies finding of unknown-caused toxicity preceded the
initiation of the fire ant control program, and, while bifenthrin could be contributing to some of the
unknown-caused toxicity that was found this past year (2000), it is unlikdy to be the cause of the
toxicity that has been found in parts of the watershed where it has not been used for fire ant control or
prior to the initiation of the fire ant control program.

The USGS as part of the Nationd Water Quality Assessment Program (NAWQA) (Panshin, et al.,
1998) reported on the results of monitoring of dissolved pegticides in the San Joaguin River basin runoff
waters. They report that about 15,000 Ibs (al) of permethrin, cis were applied to agricultura cropsin
this basin in 1993. Panshin, et al., reported finding permethrin at 13 ng/L in the San Joaguin River at
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Verndis. The USGS used a GC/MS andytica procedure for permethrin that has a minimum detection
level of 5ng/L.

Need for Evaluation of Pyrethroid Pesticides as a Cause of
Ambient Water Aquatic Life Toxicity

It iscommonly stated thet the pyrethroid pesticides, while highly toxic to some forms of aguatic life, are
“non mohile’ and therefore are not a cause of ambient water aquatic life toxicity. It is now clear from
the Upper Newport Bay watershed, Orange County, CA, studies as well as those conducted in the San
Joaquin River watershed, that there is need to more critically evauate the mobility of pyrethroid
pesticides where ssormwater runoff or fugitive/drain irrigation waters could transport the pesticides from
the point of application to surface waters.  With an increased use projected for the pyrethroid
pesticides as replacement for the OP pesticides, there is need to evaduate whether the replacement of
the OP pedticides by pyrethroid pesticides leads to another source of aquatic life toxicity. Of particular
concern isthe fact that this toxicity could be broadened to include fish.

There is need to measure the concentrations of the most commonly used pyrethroid pesticides in
Orange County, and for that matter elsewhere, usng andytica procedures that can determine their
concentrations at levels that are less than one tenth the LCs, concentrations for procedures used.
Another issue that needs to be consdered is whether the toxicities of these various pyrethroid
pesticides are additive among pyrethroid pesticides and with other pesticides/ congtituents.

Recommendationsfor OP Pesticide Aquatic Life Toxicity Studies

It is recommended that dl those in Cdifornia who are involved in OP pesticide aquetic life toxicity
management issues review the DPR 1999 pesticide use database to determine the types and amounts of
pyrethroid pesticides used inther area. Also, it is essentid that OP pesticide toxicity studies include
meesuring thetotal Ceriodaphnia dubia and, for marine waters as the recaiving waters for stormwater
runoff, Mysidopsis bahia toxicity. Further, it is essentid that the toxicity dilution series include the use
of PBO to check for pyrethroid pesticide activation. Lee (1999b) has described the toxicity testing
program that should be used.

Request for Information on Pyrethroid Pesticide Fate and Effects

A request for information was submitted in the spring 2000 and again in December 2000 to the US
EPA OPP, Washington, D.C., for information in the following aress:

» toxicity of the pyrethroid pesticides and their additive toxicity to Ceriodaphnia dubia,

» andytica methods for pyrethroid pesticides at the ng/L levels,

» pyrethroid pesticide mohbility information from points of application, especidly associated with
resdentia structura use and lawn and garden use,

» pyrethroid pesticide persstence in aguatic systems,

» what other kinds of pesticides, besides pyrethroid pesticide toxicity, might be activated by PBO,

» the reaults of studies that have investigated the potentid for pyrethroid pesticides to be a cause of
aqudic life toxicity in ambient waters.

As of March 2001, the US EPA OPP has not responded to this request for information. With the
phase-out of most of the residentia use of chlorpyrifos within the next year, over 100,000 Ibs (ai) of
other pesticide(s) will likely be used as a replacement in Orange County, CA. The pyrethroids are the
mogt likdy candidates for this use. Therefore, there could be over 100,000 to as much as 200,000 Ibs
(@) of pyrethroid pesticides used per year in Orange County, CA., with much of it being inthe Upper
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Newport Bay watershed, within a year or two. At thistime, there is a very poor understanding of the
risk that current pyrethroid pesticide use -- much less this greatly expanded use — would represent to
aguatic ecosystems in fresh and marine waters. The current US EPA OPP regigtration of pyrethroid
pesticides, as wdl as other pesticides, does not adequately screen for aguetic life toxicity in stormwater
runoff of the type that is being found in the Upper Newport Bay watershed, as well as throughout
Cdifornia and elsawhere. There is an urgent need for information on the fate and effects of pyrethroid
pesticides, especialy related to urban resdentia use.
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