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Contents of this Newsletter

Thisissue of the Newdletter is devoted to discussion of or ganophosphate pesticides (OP) caused
aquatic lifetoxicity in urban area stormwater runoff. This Newsdletter updates information on this
topicthatwaspublishedinNewsletter Vol. 2 No. 1 whichis available fromwww.gfredlee.com. That
Newsletter was devoted to an introduction to OP pesticide aquatic life toxicity in urban stormwater
runoff. The current Newsletter is also a companion to recently issued Newsletter Vol 3. No. 4
devoted to regulating heavy metal -caused aquatic life toxicity in urban area and highway stormwater
runoff. These two Newsletters address regulatory issues associated with the two most common
potential causes of aquatic life toxicity in urban stormwater runoff.

Recently, Drs. Anne Jones-Leeand G. Fred L ee have presented/published several papers and reports
on issues that should be considered in appropriately regulating urban area stormwater runoff
associated OP pesticide-caused aquatic life toxicity.. These papers include Importance of
I ntegrating Aquatic Chemistry with Toxicology in Regulating Urban Ar ea Stor mwater Runoff:
OP Pesticide Aquatic Life Toxicity Management that was published as an Extended Abstract of
the American Chemical Society Division of Environmental Chemistry national meeting that was held
in San Francisco, CA in March 2000. That paper provides an overview of heavy metal and OP
pesticide aguatic life toxicity in urban stormwater runoff. A condensed version of that paper is
presented in this Newsl etter.

A paper entitled, Development of TMDL Goals for Control of Organophosphate Pesticide-
Caused Aquatic Life Toxicity in Urban Stormwater Runoff is also attached. It is devoted to
developing TMDL goals to control aquatic life toxicity caused by organophosphate pesticides in
stormwater runoff. This paper will be presented at the Water Environment Federation’s national
meeting in Anaheim, CA in October 2000.

STORMWATER Journd

Forester Communications has announced the publication of STORMWATER The Journal of Surface
Water Quality Professionals. The first issue will be published in September. To subscribe to
STORMWATER go to www.stormh2o.com. Contributed articles to STORMWATER are being
solicited.



I mportance of Integrating Aquatic Chemistry with Toxicology in
Regulating Urban Area Stormwater Runoff:
OP Pesticide Aquatic Life Toxicity M anagementt

G. Fred Lee, and Anne Jones-Lee
G. Fred Lee & Associates
27298 E. El Macero Dr., El Macero, Cdlifornia, 95618

Introduction

With the US EPA implementation of the 1987 revisons of the CleanWater Act section devoted to urban
sormwater runoff impacts on recaiving waters for the runoff, the US EPA (1990) established that urban
sormwater runoff shal not cause or contribute to violations of water quaity Sandards. This requirement
is to be met through a best management practice (BMP) ratcheting down process where the urban
sormwater management agencies that hold NPDES stormwater runoff water quaity management permits
shdl implement BMPsto control the water quality standard violations. Stormwater runoff water quaity
monitoring programs insevera areas of Cdifornia and € sewhere have found that urban stormwater runoff
contains severa potentidly toxic heavy metas, such as lead, copper, zinc, and sometimes cadmium, at
concentrations that cause violations of worst case based US EPA water quality criteria/standards at the
point of discharge of the stormwater runoff to ambient waters for both total and dissolved forms of the
metals.

Thisisatechnicd violation of the NPDES permit that could require that the NPDES permit holder initiate
BMPs to remove those heavy metds that are present in the Sormwater runoff at concentrations above
water quaity standardsat the point of discharge. The US EPA and states requirethat NPDES permitted
discharges shdl not contain regulated congtituents in toxic amounts. Thistypically trandatesto no aquatic
lifetoxicityinNPDES regulated sources. Asdiscussed by Leeand Taylor (1999), urban stormwater runoff
in saverd Cdiforniacities, including Sacramento, Stockton, Los Angdles, SanDiego, and communitiesin
the San Francisco Bay region and Orange County, Cdifornia, and elsewhere such as Fort Worth, Texas
(Waller et al. 1995) hasbeen found to be toxic to Ceriodaphnia dubia. Whileinitidly it was suggested
that this toxicity was due to heavy metdsin the sormwater runoff, it has been repeatedly found (Hansen
& Associates 1995, and others, see Lee and Taylor 1999) that it is due to the organophosphate pesticides
diazinonand chlorpyrifos (Dursban) that are used inurban areas for structurd termite, ant, and lawn/garden
pest control. In some areas, such as Orange County, California, over 100,000 pounds of active ingredient
diazinon and chlorpyrifos are used each year on resdentia properties with most of the use for structura
pest control (Lee and Taylor 1997). Based on pesticide use patternsit appears that aguatic life toxicity
due to OP pesticidesin urban stormwater runoff isa nationd problemthat isnot generdly recognized. Lee

! Condensed from a presentation a the American Chemica Society Division of Environmenta
Chemidry nationa meeting symposium, Environmental Chemistry of Water:2000 and
Beyond held in San Francisco, CA March 2000. Published in the Extended Abstracts the
ACS Environmenta Divison. The origind verson is available from www.gfredlee.com.



(1999) hasrecommended a monitoring approach for determining whether aguatic life toxicity is present in
urban stormwater runoff and, if present, whether it is due to the OP pesticides.

Based on current information, the toxicity of the OP pegticides in urban sormwater runoff is largely
restricted to certain cladacerans zooplankton (small animas) and the amphipod Gammarus. The
concentrations of OP pegticides found in urban sormwater runoff are typicaly on the order of a few
hundred nanograms/L (ng/L). The LCsy, for diazinon to Ceriodaphnia isabout 450 ng/L. The LCy, for
chlorpyrifosto Ceriodaphniaisabout 80 ng/L, while the LC, for chlorpyrifos to Mysidopsisis about 35
ng/L. Neither pesticide is normaly present in urban ssormwater runoff at concentrations that are toxic to
fish larvaor dgee. Thismeansthat in order for thistoxicity to be adverse to fish and other higher trophic
leve forms of aquatic life, the OP pesticide sengtive zooplankton must be key componentsof the larvafish
food at acritica period of the year.

In many urban areas where OP pesticide caused aguatic life toxicity isfound, the tota toxicity can largely
be accounted for by the concentrations of diazinon and chlorpyrifos. In some areas, such as Orange
County, Cdifornia, stormwater runoff containslarge amountsof unknown caused toxicity to Ceriodaphnia
and Mysidopsis. Based on athree year study (Lee and Taylor 1999) of San Diego Creek asit enters
Upper Newport Bay, Orange County, Cdifornia, sormwater runoff contains from 8 to 30 24-hr acute
toxic unitsof Ceriodaphnia/Mysidopsi s toxicity where only about half of the toxicity can be accounted for
based on the concentrations of diazinon and chlorpyrifos. The remainder of the toxicity is due to yet
unidentified causes. Thistoxicity is not due to metals and does not appear to be due to other commonly
measured OP and carbamate pesticides. Also, based on piperonyl butoxide (PBO) activation, it does not
appear to be due to pyrithroid pesticides. The sormwater runoff in Orange County, as it enters Upper
Newport Bay, is derived from urban, agricultura, and commercid nursery discharges. It appears that all
three sources are responsible for some of the unknown caused toxicity (Lee and Taylor 1999).

Regulation of OP Pesticide Caused Aquatic Life Toxicity

Asdiscussed by Leeet al. (1999), the finding of OP pesticide caused aquatic life toxicity associated with
the use of these pesticides in agricultural and urban areas has caused regulatory agenciesin Cdiforniato
list several waterbodies on the 303(d) list of impaired waterbodies. Thisin turn requiresthat TMDLs be
developed to control the OP pesticides diazinon and chlorpyrifos and their associated aquatic life toxicity.
Severa Cdifornia Regiond Water Quaity Control Boards are developing TMDLSs for diazinon and
chlorpyrifos and OP pesticide caused aguatic life toxicity to Ceriodaphnia. However, there is
considerable controversy about the TMDL goal that should be used. Thiscontroversy semsfrom thefact
that the US EPA Office of Pesticide Programs (US EPA OPP) requirements for control of the adverse
impacts of pesticidesto non target organisms dlowstoxicity to aquatic life, provided that this toxicity isnot
gonificartly adverse to the beneficid uses of the waterbody. While the Clean Water Act requires the
control of al aguatic life toxicity, for pesticides before the registered use of a pesticide can be restricted,
it must be shown to be sgnificantly adverse to public hedth or the environment. Because of the conflict
between Clean Water Act (no toxics in toxic amounts) and US EPA OPP (no toxicity thet is sgnificantly



adverse to beneficid uses) it isnot clear how the OP pesticide caused aguatic life toxicity in urban and
agricultural sormwater runoff will be regulated.

Asdiscussed by Leeet al. (1999), inorder for the OP pesticide caused toxicity in the sormwater runoff
to be dgnificantly adverse to the Upper Newport Bay aguatic ecosystem, a marine zooplankton must
migrate to the mixed non-toxic marineftoxic fresh water lens and stay in this water for a sufficient period
of timeto receive a critical exposure. Further the zooplankton that are killed must be an essentid, non-
replaceable component of the larvafish diet that are consdered by the public to be important.

For urban streams, the travel time fromthe headwatersto the discharge to larger waterbodiesis often short
compared to the critical exposure that is needed to be adverse to the zooplankton which move with the
water during a runoff event. At this time there are no guidelines on how regulatory agencies and others
should eva uate what the killing of certain zooplankton by OP pesticides associated withstormwater runoff
events means to higher trophic level organisms of concern to the public

The OP pediicide caused agutic life toxicity associated with urban storm water runoff is typicaly
associated withone to two units of acute Ceriodaphnia toxicity thet last aday or so during the stormwater
runoff event. Further, in many Stuations the toxic urban sormwater runoff israpidly diluted below toxic
leves in the recaving waterbody such as ariver, lake, estuary, or marine waterbody. Therefore the
potential area of impact for the OP pegticide caused toxicity islargely restricted to urban streams which
in many cases are channdlized to control flooding. While these waterbodies beneficial uses are often
classfied as aguatic life habitat, the qudity of this habitat is often severdly degraded. Itis questionable
whether the dimination of the OP pesticide caused agudtic life toxicity that is found when the US EPA
standard Ceriodaphnia toxicity test is used will have asgnificant impact onthe fisheriesrel ated beneficid
uses of urban streams.

An aspect of the regulation of OP pesticide caused aguatic life toxicity that needs to be considered is that
there are other pesticides available, such asthe pyrithroids, that can provide about the same pest control
asthediazinonand chlorpyrifos. These pedticidesare aso highly toxic to someforms of zooplankton. The
current regulatory approach covering the registrationand use of pesticides does not requirethat a potentia
environmentd impact evauation be made before subgtituting one pesticide for another. It is evident that
there is need to sgnificantly improve the pesticide registration process to screen pesticides for potential
impact on lower trophic level organisms such as Ceriodaphnia.

Approach for Regulating Urban Stormwater Runoff Water Quality | mpacts

The traditiond, end of the pipe, compliance based water quality monitoring, where the monitoring results
are compared to US EPA/state water qudity criterig/standards is not an appropriate approach for
regulating chemica condituents in urbanareaand highway ssormwater runoff. The US EPA water quality
criteriawere not devel oped for urban sormwater runoff type Stuations where many of the condituentsin
the runoff areinnon-toxic, non-available forms and the duration of exposure of recaiving water aguetic life
to the toxic avalable forms in runoff is short compared to critical exposure conditions. Thereis need to



change the regulatory approachtypicaly used for municipa and indudtria wastewatersto an approachthat
involves ste specific evauations of the red, sgnificant impairment of beneficid uses caused by regulated
and unregulated congtituents in urban sormwater runoff.

Jones-Leeand Lee (1999) have recommended that an Evd uationM onitoring approach be used wherethe
emphasis is changed from regulating chemica concentrations to chemica impacts. This approach will
require an integrated use of aguatic chemidry, toxicology, and water quality-beneficia use assessments.
Rather than measuring a potentialy toxic chemica such as copper in urban ssormwater runoff, and then
assuming it is toxic because it exceeds a US EPA worst case based water quality criterion/standard, the
Evduation Monitoring approach measures toxicity of the scormwater runoff and its persstence in the
recelving waters for the runoff. If toxic for a suffident period of time to be adverse to aqudic lifein the
receiving waters, then toxicity investigation evauation studies (TIES) are conducted to determine whether
thistoxicity is due to copper in the sormwater runoff.

Smilaly, for condtituentsinurban sormwater runoff that tend to bioaccumulate in receiving water aguetic
lifeto excessive leves, the focus of the EvauationM onitoring approach is directed to determining whether
the agueatic lifeintherecalvingwaterscontainexcessve concentrations of a condituent of potentia concern.
If excessve concentrations are found, then studies are conducted to determine the source of the
condtituents responsible.

The Evauation Monitoring approach will leed to more technicaly vadid, cost effective regulation of red,
sgnificant water quaity problems than the gpproach that is being used today.
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Importance of Integrating Aquatic Chemistry with Toxicology/Biology in
Regulating Urban-Area Stormwater Runoff:

OP Pesticide Aquatic Life Toxicity M anagement
G. Fred Lee, PhD, PE, DEE and Anne Jones-Lee, PhD
G. Fred Lee & Associates
El Macero, California
Chronology of Urban Stormwater Runoff Toxics Control
1960s Found Urban and Highway Stormwater Runoff Had High Concentrations of Several Potentidly
Toxic Heavy Metds
1987 Amendments to the Clean Water Act Required US EPA to Regulate Urban-Area, Industrid, &
Highway Stormwater Runoff
1991 US EPA Deveoped Regulations That Require Control of Pollution to Maximum Extent
Practicable (M EP) Using Best M anagement Practices (BM Ps)
Neither “MEP’ nor “BMP’ Defined
1994 Monitoring Showed Urban Stormwater Runoff to Be Toxic
Thought to Be Due to Heavy Metds, Because of Exceedance of Heavy Metal Water
Qudlity Criteria



Pollutant
Defined as“ Constituent That Impairs Beneficial Uses of a Water body”
For Congtituents That Are Potentidly Toxic (Heavy Metals)
Pollutant Alters the Numbers, Types and/or Characteristics of Desirable Forms of
Aquetic Life in the Waterbody
Exceedance of Water Quality Criteria = Pollutant

Heavy Metal Toxicity in Urban Stormwater Runoff
Concentrations of Total and Soluble Cu, Pb, Zn and Sometimes Cd in Urban Street and Highway
Stormwater Runoff above Worst-Case-Based Water Quality Criteria (WQC)
» CriteriaBasad on Toxicity to Aqudtic Life
e Typicdly Assume That Exceedance of aWQC Leadsto Toxicity
»  Criteria Are Based on Worst-Case Conditions
»  Extended Exposure of Aquatic Organisms
»  100% Available/Toxic Forms
Ignores Aquatic Chemigry of Metals
CanBe“Adminidrative’ Exceedancesof Worst-Case-Based Water Qudlity Criteria

Need to Evaluate if Exceedance of WQC Represents “Pollution”

Must Use Integrated Assessment of Aquatic Chemistry and Toxicology/Biology to
Determine if Pollution Is Occurring
Especiadly True for Urban Stormwater Runoff-Associated Congtituents
Evaluation Monitoring
Conventional End-of-the-Pipe, Edge-of-the-Pavement “Water Qudity” Monitoring Provides Unrdiable
Assessment of Water Quality Impacts
» Leadsto Over-Regulation and Under-Regulation
*  Need aDifferent Approach
Early 1980s Proposed Integrated Aquatic Chemistry-Toxicology/Biology Approach
Evolved fromWorkin1970s on Screening New and Expanded-Use Chemicds for Environmental
Impact — TSCA
1990s Had Opportunity to Demonstrate the Use of Evaluation Monitoring as Part of Developing the
Eastern Trangportation Corridor (ETC)
26-mi, $800 Million New Toll Road in Orange County, CA
Evauation Monitoring Focuses onDefiningthe Redl, Significant Water Quality Use-Impairments Caused
by aParticular Discharge
Change Approach from Focus on Chemica Concentrations to Assessing Impacts of
Not “ How Much Copper Is Present in Runoff,” but Rather, “ What | sthe Impact of the
Copper Present on Aquatic Life?”
IsIt Toxic?



If Toxic, Isthe Toxicity of Sufficient Magnitude and Duration to Impair Beneficid Uses
of Waterbody?
Do Not Measure Copper Concentrations and Then Try to Estimate Whether Copper Is Toxic

Measure Toxicity

* If Toxic, Determine If It Is Significant to Beneficid Uses

*  Also, Determine Cause of Toxicity through TIES
Toxicity ldentification Evauetion (TIE)

*  Physcd/Chemicd Sample Fractionation Procedures to Determine Cause of Toxicity

e.g., Add EDTA — Does Toxicity Disappear?
Screen for Most Heavy Metd Toxicity, Since Heavy Metd Complex IsNot Toxic

Current Regulatory Approach for Urban Stormwater Runoff Requires that Ultimatdy, Must Meet Water
Quadlity Standards in the Runoff Waters at the Point of Discharge to Receiving Waters

Cannot Have Any Amount of a Regulated Condtituent in Concentrations Greater Than a Standard

More Than Once Every Three Years

Current Regulatory Approach Will Ultimately Cost the US Public Hundreds of Billions of Dollars
to Meet Word-Case-Based Water Quality Standards in Recelving Waters at the Point of
Discharge
Obvioudy Need Different Regulatory Approach

Need to Rdiably Evauate the Red, Significant Adverse Impacts of Chemical Condtituents such
as Heavy Metds in Urban Stormwater Runoff as They May Impact the Beneficia Uses of
Recaving Waters

Conclusions and Recommendations

«  Urban Stormwater Runoff Contains Concentrations of Potential Pollutants That Could Impair
Beneficid Uses

o Current Regulatory Approach for Urban Stormwater Runoff (Heavy Meta Concentrations
Need to Meet Water Qudity Standards in Runoff Water) Will Cost the Public Hundreds of
Billions of Dallars and Will Likdy Have Limited Impact on Beneficid Uses of the Recaiving
Waters for the Runoff

» Need to Change Regulatory Approach from Chemica-Concentration-Based Approach to
Chemica Impact Assessment Approach

o BEvduaion Monitoring Usng an Integrated Assessment of Aquatic Chemistry &
Toxicology/Biology Provides a Readily Implementable Approach to More Appropriately
Regulate Water Quality Impacts of Chemical Congtituents in Urban Stormwater Runoff and
Other Sources of Potential Pollutants



DEVELOPMENT OF TMDL GOALSFOR CONTROL OF
ORGANOPHOSPHATE PESTICIDE-CAUSED AQUATIC LIFE TOXICITY
IN URBAN STORMWATER RUNOFF!

Anne Jones-Lee, PhD, and G. Fred Lee, PhD, PE, DEE
G. Fred Lee & Associates
27298 E. El Macero Dr.
El Macero, CA 95618
gfredlee@aol.com
www.gfredlee.com

ABSTRACT

Urban stormwater runoff in severa municipalities in California has been found to be toxic to
Ceriodaphniadubia. Thistoxicity isdue to residential use of the organophosphate (OP) pesticides,
diazinon and chlorpyrifos, for termite, ant, lawn and garden pest control. This toxicity has caused
regulatory agenciesto list the receiving watersfor the urban stormwater runoff as 303(d) “impaired”
waterbodies. This listing requires that a TMDL be developed to control the concentrations of
diazinon and chlorpyrifos so that they do not cause aquatic life toxicity in the runoff waters. This
paper provides guidance on an approach that can be used to develop an appropriate TMDL god to
control aguatic life toxicity due to the OP pesticides used in residential areas. While the paper
focuses on residential use of these pesticides, many of the same issuesand approachesare applicable
to runoff from agricultural areas where the pesticides are used.

KEYWORDS
Toxicity, pesticides, TMDL, urban stormwater runoff.
INTRODUCTION

The authors and their colleagues have recently completed a three-year study of aquatic life toxicity
in stormwater runoff in the Upper Newport Bay, Orange County, CA watershed. Lee and Taylor
(1999) have presented the results of this study. This study has found that stormwater runoff in this
predominantly urban watershed contains from 5 to 20 units (TUQ) of Ceriodaphnia dubia and
Mysidopsisbahia acutetoxicity. Ceriodaphniaand Mysidopsis are standard USEPA test organisms
used for evaluating the potential toxicity of NPDES-permitted wastewater discharges and stormwater
runoff. Both organisms are zooplankton that are representative of agquatic organismsthat are used as
larval fishfood infreshand marine waters. The Orange County study involved conducting over 140
toxicity tests and associated chemical measurements. These tests show that all stormwater runoff in
the Upper Newport Bay watershed contains sufficient diazinonand chlorpyrifos, two organophosphate
(OP) pesticides, to cause part of the toxicity found in the stormwater runoff. Over 100,000 pounds
of diazinonand chlorpyrifosare used in Orange County eachyear onresidential propertiesfor termite,

'Proceedings Water Environment Federation national 73rd Annual Conference, Anaheim,
Cdlifornia, October 2000.



ant and lawn and garden pest control. Only about 5 pounds of the total amount applied per year is
responsible for the aquatic life toxicity found in this study.

The Orange County study results are similar to urban stormwater runoff studies conducted inthe San
Francisco Bay area, Stockton, Sacramento, Los Angeles, San Diego, CA, and Fort Worth, TX, inthat
this runoff is acutely toxic to Ceriodaphnia dubia. Further, the USGS (Larson, et al., 1999) has
recently rel eased areport covering the national pesticide monitoring programwhich showsthat there
are sufficient concentrations of diazinon and chlorpyrifosin urban streams located in severa areas
of the USto betoxicto Ceriodaphnia. Itisnow clear that the aquatic lifetoxicity problem associated
with the use of OP pesticidesonresidential propertiesisalargely unrecognized national problemthat
needs attention.

Thistoxicity hascaused several of the California Regional Water Quality Control Boardstolist urban
streams as 303(d) “impaired” waterbodies for which TMDLs must be developed to control the OP
pesticide-caused aquatic life toxicity. Thispaper focuses onthe issues that need to be considered in
developing technically valid, cost-effective TMDL goal sfor appropriately managing thetoxicity due
to OP pesticides in urban stormwater runoff.

REGULATORY ISSUES

The regulation of OP pesticide-caused aquatic life toxicity in urban stormwater runoff is complicated
by several factors. Leg, et al. (2000) have reviewed theseissues, one of the mostimportant of which
isthat the OP pesticides, while highly toxic to Ceriodaphniaand Mysidopsis, are not toxic to many
other types of zooplanktonand are nontoxicto fishand al gae at the concentrations being found inurban
stormwater runoff. An issue that immediately arises from this situation is whether killing
Ceriodaphnia-type zooplankton in the short-term toxic pulses associated with stormwater runoff
eventsis significantly detrimental to the beneficial uses of the receiving waters for the stormwater
runoff. Therearesomeadvocatesfor the continued use of OP pesticidesonresidentia propertieswho
assert that the OP pesticide toxicity is highly selective to certain types of organisms which are not
essential components of the aquatic food web that lead to desirable forms of aquatic life such as
edible fish and shellfish.

Another complicating factor in regulating the OP pesticide-caused aquatic life toxicity isthe different
regulatory approachesthat are used for controlling pesticide impacts on non-target organisms versus
the control of toxicity to aquatic life by non-pesticides. The Clean Water Act as being implemented
by the US EPA requiresthe control of toxics discharged intoxic amounts. If the OP pesticide-caused
aquatic life toxicity were due to heavy metals in urban stormwater runoff, they would have to be
controlled under Clean Water Actrequirements. However, pesticides are regulated by the US EPA
Office of Pesticide Programs (OPP). The US EPA OPP Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA) regul ationsallow toxicity to non-target organismsprovided that thistoxicity
is not significantly adverse to the beneficial uses of the waterbody. FIFRA definitions include:

“Xx) Protect health and the environment.--The terms ‘protect health and the

environment’ and ‘protection of health and the environment’ mean protection

against any unreasonabl e adver se effects on the environment.”



“ (bb) Unreasonable Adver se Effects on the Environment.--The term‘ unreasonable
adver se effects on the environment’ means (1) any unreasonablerisk to man or the
environment, taking into account theeconomic, social, and environmental costsand
benefits of the use of any pesticide, or (2) ...”

The US EPA OPP FIFRA regulations allow other factors (such as economics and social) than
impairment of beneficial usesto determine whether apesticide’ sregistration or re-registrationshould
be limited by adverse impacts to non-target organisms. The US EPA OPP FIFRA regulations point
to the need to have a much better understanding of the role of specific types of zooplankton in
influencing beneficial uses of waterbodies. Basically the question becomes one of whether the
numbers, types, and characteristics of aquatic life present in receiving waters for urban stormwater
runoff containing OP pesticide-caused aguaticlife toxicity are being significantly adversely impacted
by this toxicity.

Itisimportant to note that OP pesticide-caused aquatic life toxicity in urban stormwater runoff isnot
anew problem. It hasbeen occurring for 10to 15 years. It wasnot until toxicity testswere conducted
on urban stormwater runoff that this problem beganto be identified. Another important issue is that
under current pesticide regulations, restricting the use of OP pesticides will resultinthe use of other
pesticides that may have at |east the same or even greater adverse impacts to the beneficial uses of
waterbodiesasdiazinonand chlorpyrifos. Thecurrent pesticideregulatory approach doesnot require
adequate evaluation of potential toxicity to aquatic life in stormwater runoff as part of pesticide
registration.

This paper summarizes these issues and presents recommended approaches for developing TMDL
goalsfor the control of aquatic life toxicity inurbanstormwater runoff that will protect the designated
beneficial uses of receiving waters for urban stormwater runoff without unnecessarily restricting the
use of OP pesticides for residential termite and ant control.

SUGGESTED APPROACH FOR TMDL GOAL DEVELOPMENT
Stormwater Runoff Monitoring Program

Thefirst step indeveloping anappropriate TMDL goal and itsimplementationto control aquatic life
toxicity in urban stormwater runoff is to establish a monitoring program that will define whether
stormwater runoff and dry weather flow in urban streams and the receiving waters for the runoff are
toxicto Ceriodaphnia dubia. Theoverall approach that should be used isthe Evaluation Monitoring
approach described by Jones-Lee and Lee (1998). Thisapproach focuses on finding potential water
quality useimpairmentsinthereceiving watersfor the stormwater runoff. Where such useimpairment
potentially exists, the cause of the use impairment is determined and its significance is assessed. If
it is determined to be significant to impairment of beneficial uses, then the constituents responsible
are determined and their sources are defined through forensic studies.

Basicaly, rather than measuring potentially toxic constituents, such as copper, in urban stormwater
runoff and then trying to extrapolate the chemical concentration results to toxicity in the receiving
waters for the runoff, toxicity is measured directly and its cause is determined through toxicity
investigationevaluationprocedures(TIES). Evaluation Monitoringisafar morereliable, technically
valid, cost-effective approach for developing water quality management programs for urban
stormwater runoff thanthe traditional, conventional monitoring approachinwhichasuite of chemical
parameters are measured and the results are compared to worst case- based US EPA water quality
criteria/state standards based on these criteria.



It was through the use of toxicity measurements on urban stormwater runoff that it was found that the
heavy metals that exceed US EPA water quality criteriain the urban street and highway stormwater
runoff, such as copper, lead, and zinc, were in nontoxic forms. It was aso determined through this
approach that the OP pesticides, diazinonand chlorpyrifos, were responsible for aquatic life toxicity
in urban stormwater runoff. These issues have been reviewed by Lee and Taylor (1999).

Lee(1999) hasprovided guidance onthe characteristics of the stormwater runoff monitoring program
that is designed to assess the magnitude of aquatic life toxicity, the cause of the toxicity, and the
sources of the congtituents responsible. This program focuses on using Ceriodaphnia dubia, fathead
minnow larvae (Pimephales promelas), and Selenastrum capricornutum (algae) as the three test
species using the US EPA standard testing protocol (Lewis, et al., 1994). For marine waters, the US
EPA 1994 testing procedures are used with Mysidopsis bahia or other marine organisms as a test
organism.

In addition to measuring the toxicity to these organisms, toxicity measurements should be conducted
onadilution series of those samples of stormwater runoff and dry weather flow that show significant
toxicity to the test organisms within aday or two. The dilution seriestesting should be designed to
assess the magnitude of the toxicity (TUa) in the sample. For the samples which are toxic to
Ceriodaphnia, the dilution series should be tested with and without PBO (piperonyl butoxide). The
additionof PBOto asample canremove the OP pesticide-caused toxicity and, therefore, if thetoxicity
of the sampl eiseither eliminated or significantly reduced uponPBO addition, thisis anindicationthat
the toxicity was due to OP pesticides.

If toxicity isfound, then chemical measurements on the samples should be conducted to determine the
potential cause of the toxicity. The ELISA (enzyme linked immuno sorbent assay) procedures are
highly specificfor eachof the OP pesticides. Further, the ELISA testing should be backed up by some
dua column GC or GC-MS procedures. Further information on the use of these procedures is
available from Lee (1999).

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 evaluation of the potential water quality-beneficial use
impacts of the toxic pulses of OP pesticide-caused aquatic life toxicity. The finding of toxicity in
urban stormwater runoff should not be assumed to be significantly detrimental to the beneficial uses
of the receiving waters for the runoff. The conditions of the US EPA standard toxicity text using
Ceriodaphnia, fathead minnow larvae, and Selenastrum, can lead to laboratory- based toxicity that
isnot manifested inthefield. There are situationswhere OP pesticide-caused aquatic lifetoxicity in
urban streamsis rapidly lost through dilution inthe receiving watersfor the streamdischarges. This
situation appears to be occurring in Sacramento, California. It isessential, as part of aTMDL goal
development program for OP pesticide-caused aguatic life toxicity, to determine if aquatic lifein
receiving watersfor the streamdischarge experience sufficient toxicity for a sufficient period of time
to betoxic.

Further, itisimportant to assesswhether toxicity inthe urbanstreamas well asinthe receiving waters
to organisms with asensitivity to OP pesticides, like Ceriodaphnia, is adverseto higher trophic level
organisms that depend on zooplankton as food. Novartis (1997) has developed a probabilistic
ecological risk assessment (PERA) which shows that Ceriodaphnia is one of the most sensitive
organisms known to OP pesticide toxicity. Novartis claims that killing zooplankton with an OP
pesticide sensitivity, like Ceriodaphnia, will not be adverse to the beneficial uses of the ecosystem
since there are other sources of larval or small fish food that are available that are not impacted by
OP pesticide-caused toxicity. However, Lee and Jones-Lee (1999) have pointed out that the single
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chemical PERA used by Novartismay notbevalid since the ecological role of the Ceriodaphnia-like
organisms that are killed by OP pesticides in stormwater runoff is not known. It could be that the
zooplankton that are sensitive to OP pesticide toxicity are essential components of the food for
important higher trophiclevel organisms. Thelossof their food through OP pesticide caused toxicity
could be detrimental to the beneficial uses of the waterbody. Another problem with the single
chemical PERA approachis that is does not consider additive and/or synergistic effects of other
pesticides or chemicals which together could be adverse to the beneficial uses of awaterbody.

Asdiscussed by Lee and Jones-Lee (1999), a substantial site-specific research programis needed to
substantiate that the PERA approach is a valid approach for protecting the beneficial uses of
waterbodies that experience toxic pulses of OP pesticide-caused toxicity. Recently, Strauss (2000)
of the US EPA Region IX has indicated that the PERA approach is not an acceptabl e approach for
establishingaTMDL goal for OP pesticide-caused aguatic life toxicity. Strauss hasindicated that the
TMDL goal should be achemica concentration that is based on the approach that the US EPA uses
to develop awater quality criterion.

Since many urban streams have been converted to stormwater conveyance structures (oftenconcrete-
lined) with severely limited aguatic life habitat, the elimination of OP pesticidetoxicity will, inmany
cases, likely have little or no impact on the aquatic life-related beneficial uses of the urban stream.
In conducting the studies for establishing the TMDL godl, itisimportant to determineif toxicity inan
urban stream persists for a sufficient period of time inthe stream and in the receiving waters for the
streamdischarge to be toxic to streamand/or receiving water zooplanktonwith OP pesticide toxicity
sengitivity similar to Ceriodaphnia. Oftenthe period of timethat zooplankton can be exposed totoxic
conditionsinanurbanstreamassociated with a stormwater runoff event is onthe order of afew hours,
i.e. thetimeit takes for a zooplankton present in the headwaters of the streamto be carried fromthis
locationto the point where the streammixeswith nontoxic downstreamwaters. Theresultsof afour-
day toxicity test where the toxicity is only manifested on the third or fourth day, have limited
applicability to properly ng significant urban stormwater runoff-associated toxicity.

Urban stormwater runoff that entersmarine waters creates a special situationfor eval uating theimpact
of OP pesticide-caused aquaticlifetoxicity. The studiesconducted by Leeand Taylor (1999) involve
ng the presence and impacts of OP pesticide-caused aquatic life toxicity in Upper Newport
Bay, Orange County, CA. Based on anow four-year study of stormwater runoff they have found that
all stormwater runoff to Upper Newport Bay is highly toxic to Ceriodaphnia and Mysidopsis with
typicaly 10to 20 TUa. Thistoxicity isto Ceriodaphnia due to a combination of diazinon (L Csx, of
450 ng/L) and chlorpyrifos (LCs, of 80 ng/L) as well as unknown constituents. This toxicity is
typically manifested within24 hours, whereal| Ceriodaphnia or Mysidopsisin the undiluted samples
of stormwater runoff are killed within one day. Diazinon at 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 yet unidentified toxic
congtituents present in the runoff waters.

Upper Newport Bay is amarine bay with atypical salinity of 30 ppt. The stormwater runoff to the
bay isfreshwater. Therefore, under most conditions, the stormwater runoff forms afreshwater lens
on the underlying marine waters. Studies (Lee and Taylor, 1999) on the persistence of the OP
pesticide-caused agquatic life toxicity inUpper Newport Bay show thatitispresentonlyinarelatively
thin layer of freshwater stormwater runoff that has mixed to alimited extent with the marine waters
of the bay. Bay waters which have a salinity greater than about 5 ppt are nontoxic since the toxic
freshwater has been diluted sufficiently to eliminate the toxicity to Mysidopsis.

Any freshwater organisms carried into the bay inthe stormwater runoff will bekilled by the salinity
of the bay. Further, the impact of the toxicity to freshwater organisms in the tributary streamsis
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restricted to a few hours of exposure during a stormwater runoff event since this is the maximum
transport time from the tributary stream’s headwaters to the bay. No toxicity has been found in the
tributary streams during non-runoff events. Therefore, the focus of evaluating the impact of the OP
pesticide-caused aquatic life toxicity should be onits impact to marine zooplankton and other marine
organisms.

Lee, et al. (2000) have reviewed the conditions that need to be considered inreliably evauating the
OP pesticide-caused aguatic life toxicity inurbanstormwater runoff to marine waters. They point out
that in order for the OP pesticide-caused aquatic life toxicity in the stormwater runoff to Upper
Newport Bay to be significantly adverse to the beneficial uses of the Bay, a marine zooplankton must
migrate fromthe 30 ppt marine watersinto the freshwater/marine water lensthat hassufficient toxicity
to kill the zooplankton in the period of time that this toxicity persistsin the Bay. The stormwater
runoff potential toxicity situation is shownin Figure 1. The studies of Lee and Taylor (1999) have
shown that the toxic concentrations persist for a day or two in the upper part of the Bay within the
freshwater/marine water lens. Upper Newport Bay isatidal bay with amaximum 10-foot tidal range.
Thistidal action rapidly mixes any freshwater inputs to the Bay.

Figure 1
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Not only must the marine zooplankton that migrate into the toxic freshwater/marine water lens be
killed by the OP pesticide toxicity, but the loss of these zooplankton must represent an essential
component of the food of marine organisms that are key components of the beneficial uses of the Bay.
While thisis possible, it appears to be unlikely. 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 ecological
significance of these organismsto the Bay’ s beneficial uses needs to be evaluated.

Water Quality Criteria/Standardsas TMDL Goals

The current US EPA approach for establishing TMDL goalsisto control the constituent that causes
the 303(d) listing of the waterbody asbeing an “impaired” waterbody. Typically, the 303(d) listing
arises out of an exceedance of aworst case-based water quality standard. Whilethe US EPA (1987)
published awater quality criterion for chlorpyrifos, the Agency did not require that thiscriterionbe
adopted by the states as a standard since chlorpyrifosis not considered a“toxic” pollutant.

Whilethe US EPA has beendevel oping thewater quality criterionfor diazinonfor many years, it still
has not developed a criterion. An Agency contractor has developed a proposed acute criterion,
however, there are problems in devel oping the chronic criterion. The California Department of Fish
and Game, however, usng US EPA criteria development approaches, has devel oped recommended
water quality criteria for diazinon and chlorpyrifos. Siepmann and Finlayson (2000) have recently
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completed an updated evaluation of the recommended water quality criteria of diazinon and
chlorpyrifos. They recommend afreshwater diazinon acute criterion (CMC) of 80 ng/L and achronic
criterion(CCC) of 50 ng/L. No saltwater criteriawere recommended for diazinon. They recommend
afreshwater chlorpyrifos CMC of 20 ng/L and a CCC of 14 ng/L. The corresponding recommended
chlorpyrifos saltwater CMC was 20 ng/L and CCC was 9 ng/L. They also indicate that the diazinon
and chlorpyrifos toxicities are additive.

Implementation of these criteria as worst case water quality standards which are not to be exceeded
by any amount more than oncein three yearswould likely meanthat neither diazinon nor chlorpyrifos
could be used onresidential propertieswherethereisany possibility of runoff fromthe property that
has either OP pesticide in the runoff waters.

Straus (2000) has indicated these criteriawould be acceptable TMDL goalsto the US EPA Region
IX. However these criteria canreadily over-regulate the use of OP pesticides dependent on how the
criteriaare applied. The application of these criteriato diazinon and chlorpyrifos concentrations at
the point where the stormwater runoff enters the receiving waters on a worst case basis would
effectively ban the use of these pesticides for many of the current homeowners' external outside uses.
They may also under-regulate aquatic life toxicity if the criteria are applied as chemical
concentrations without adequate aquatic life toxicity testing to be sure that toxicity is controlled to the
degree needed to protect beneficial uses.

SUGGESTED APPROACH FORIMPLEMENTING A PHASEI TMDL GOAL FOR URBAN
STORMWATER RUNOFF

In Orange County, California, about 100,000 Ibs/yr (ai) of diazinon (25,000 Ibs/yr) and chlorpyrifos
(75,000 Ibs/yr) are used by commercia applicators for residential structural purposes (termite and
ant control). In addition, approximately the same amount that is purchased in the loca
hardware/garden store is projected to be used by the public on residential properties. The total
amount of diazinon and chlorpyrifosthat is needed to cause the toxicity found in stormwater runoff as
it enters Upper Newport Bay isabout 5 Ibs/yr. It isevident that most of the diazinon and chlorpyrifos
used on residential propertiesis not contributing to the stormwater runoff toxicity problem.

There aretwotypes of OP pesticide usesonresidential properties. Thetypical structural use, which
is often injected into the foundations of the structures below the ground surface, probably does not
contribute significantly to the OP pesticide-caused aquatic life toxicity. Itislikely that the primary
source of the diazinon and chlorpyrifos that causes the toxicity in urban stormwater runoff isdueto
the appli cation of these pesti cides above ground near structures and for lawnand garden pest control.

Studies are needed to determine how OP pesticides, and for that matter other pesticides used for
various purposes on residential properties, contribute to stormwater runoff toxicity. Thus far the
authors have been unable to obtain funding from either governmental agencies or pesticide
manufacturersto conduct the needed studiesto determine how the use of OP pesticides onresidential
properties leads to toxic stormwater runoff from the properties.

Itis suggested thatit may be possible to continue to use the OP pesticidesfor below ground structural
pest control (termites and ants) and greatly reduce, if not eliminate, the OP pesticide aquatic life
toxicity associated with stormwater runoff from residential areas. An appropriate Phase | OP
pesticide control programcould involve restricting the use of OP pesticidesfor lawnand garden pest
control aswell as for aboveground near-structure applications where runoff waters could carry the
pesticides from the residential properties to the nearby water courses. The implementation of this
approachwould require restrictions on the sale of the OP pesticides to the public. Such restrictions
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would haveto beimplemented through changing the regi stration governing the use of these pesticides
atthefederal or state level. Effortsareunderway in Californiaby municipa stormwater management
agencies who face compliance with TMDLs designed to control OP pesticide-caused aquatic life
toxicity in stormwater runoff to have the California Department of Pesticide Regulation change the
registration of OP pesticides to restrict their use on residential properties to reduce aquatic life
toxicity in stormwater runoff from these properties.

Restricting the Sales/lUse of OP Pesticides on Residential Properties

Recently the US EPA has announced that it will restrict the residential use of chlorpyrifos by the
public under the Food Quality Protection Act because of its potential cumulativetoxicity to humans.
This restriction could potentially result in a significant reduction of the OP pesticide aquatic life
toxicity that is found in the Upper Newport Bay watershed stormwater runoff. Placing similar
restrictions on the public sales of diazinonfor residential lawn and garden use, while still allowing
the use of diazinon for below ground structural control of termites and ants, could be an effective
approach for implementing aPhase| TMDL OP pesticide aguatic life toxicity control program. If the
restrictions onthe sal e of chlorpyrifosand diazinonfor residential |awnand garden use do notcontrol
aquatic life toxicity in ssormwater runoff, then a Phase II TMDL implementation program involving
greater restrictions on the use of OP pesticides (diazinon and chlorpyrifos) would be needed.

Evaluation of the Impact of Alternate Pesticide Use

At this time there are other OP pesticides, such as propetamphos, that are used on residential
properties. Several thousand |bs/yr (ai) of propetamphos are used by commercial applicators on
residential properties in Orange County. Propetamphos is not measured in the conventional dual
column GC scans using USEPA procedures. It could be acontributor to the unknown-caused toxicity
thatisfound in Upper Newport Bay stormwater runoff. Also, and likely of greater concern, isthe use
of pyrethroid pesticides on residential properties. Through the late 1990's, approximately 25,000
Ibs/yr (ai) of four pyrethroid pesticides (permethrin, cypermethrin, fenvalerate and bifenthrin) were
used in Orange County. The pyrethroid pesticidesare astoxic, if not moretoxic, to some zooplankton
asthe OP pesticides. Further, the pyrethroid pesticides are beginning to be sold over-the-counter in
substantial amounts for residential use by the public. There is need to evaluate whether the use of
pyrethroid pesticidesonresidential propertiesisnow, or could inthe futurewith increased use asthe
OP pesticides are phased out, be a cause of aquatic life toxicity in stormwater runoff.

Any appropriately developed TMDL for the control of OP pesticide-caused aquatic life toxicity must
include funding to conduct appropriate studiesto determine the aguatic life impacts of the alternative
pesticides that are used asreplacements for the OPs. Without thisapproach, the benefitsof controlling
the aquatic life toxicity in urban stormwater runoff associated with restricting the use of the OP
pesticidesmay notoccur. A key component of any TMDL program for control of OP pesticide-caused
aquatic life toxicity should be an evaluation of the anticipated improvement of the beneficial uses of
the receiving waters for the urban stormwater runoff.

CONCLUSIONS

The OP pesticides diazinon and chlorpyrifos are useful products for controlling pests onresidential
properties. They are, however, causing substantial toxicity in urban stormwater runoff and in some
receiving waters for this runoff. The current degree of understanding of their impacts on beneficia
uses is poorly understood. It is possible that, through appropriately conducted studies, they can
continue to be used for some purposesonresidential properties. The development of an appropriate
TMDL goa to control OP pesticide-caused aquatic life toxicity in urban stormwater runoff will
require a substantial study/evaluation programto determine for the waterbodies receiving the urban
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runoff the beneficial use impairmentsthat are likely occurring.  The funding of these studies should
be provided by pesticide manufacturers, formulators and users. Failure to provide adequate funding
to demondtrate that the OP pesti cides diazinon and chlorpyrifos can be used onresidential properties
without significant adverse impacts on the beneficial uses of receiving waters for the urban
stormwater runoff will likely require restricting their use in residential settings.
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