Stormwater Runoff Water Quality Science/Engineering Newsletter
Devoted to Urban Stor mwater Runoff
Water Quality Management | ssues

* % % % %
Volume 4 Number 2 Editor: Anne Jones-Lee, PhD
March 8, 2001 Contributor to this |ssue:
G. Fred Lee, PhD, PE, DEE
* % % % %

Developing TMDL sfor Control of Excessive Bioaccumulation of
Organochlorine Pesticides and PCBs

Previous issues of the Newdetter have discussed the occurrence and potentia water quaity sgnificance
of organophosphate pesticides such as diazinon and chlorpyrifos that are being widdly used in urban and
resdentid areas for structura and lawn and garden pest control. The organophosphate pesticides were
developed a number of years ago as replacements for the organochlorine pesticides such as DDT,
chlordane, toxaphene, diddrin, etc. These pesticides were banned from further use because of their
potential to cause cancer. Unlike the organophosphate pesticides, the organochlorine pesticides are
extremdy perdgstent and eventhough banned many yearsago, are dill present in soils where they have been
used and aguatic sediments in waterbodies receiving runoff from areas where they were used.

The organochlorine pesticides are sometimesreferred toas*”legacy” pesticidesbecause of ther widespread
continued persstence. Inmany areas, edible fishcontain sufficdent concentrations of these pesticidesto be
a threat to cause cancer for those who consume the fishas food. This Stuation has caused regulatory
agenciesto lig waterbodieswith fish with excessve concentrations on the Clean Water Act 303(d) list of
impaired waterbodies whichresultsinthe need to develop a TMDL to control the excessve concentrations
of the legacy pesticides in edible fish tissue.

Polychlorinated biphenyls (PCBs) were widdy used asindudrid chemicas until banned. They, like the
organochlorine pesticides, are extremey persistent and have strong tendenciesto biocaccumul ate withinfish
tissue. They are dso of concernbecause of ther potentia to cause cancer in those who consume the fish
asfood. Many areas where excessive concentrations of legacy pesticides found infishtissue also contain
excessve concentrations of PCBs. This Stuation has dso led to the need to develop a TMDL to control
the excessve bioaccumulation of PCBs.

Since legacy pesticides and PCBs were used in urban, resdentia, and commercid/indudtria aress, soils
in these areas can Htill contain sufficient concentrations so that slormwater runoff fromthe areais a source
that continues to add these pollutants to waterbodies. Further, aguatic sediments in areas receiving
urban/indugtrid stormwater runoff as well as municipa and industrid wastewater discharges can contain
suffident concentrations of legacy pesticides and PCBs in available forms to be a source for excessve
biocaccumulation of these chemicas in edible fish. As a result, Ssormwater management agencies can



become involved in an effort to control the excessive bioaccumulation of these chemicds in waterbodies
receiving NPDES permitted sormwater runoff.

Dr. G. Fred Lee has become involved in developing TMDLSs for the legacy pesticides and PCBs.
Recently, Drs. G. F. Leeand Anne Jones-L ee have devel oped an extended abstract of a paper describing
a suggested approach for developing and implementing TMDL s to control the excessive bioaccumulaion
of DDT, chlordane, toxaphene and other legacy pesticides, aswel asPCBs. Thispaper will be presented
at the American Chemica Society (ACS) nationd meeting that will be held in San Diego, Cdifornia, inthe
fird week of April 2001. Presented below isthe extended abstract developed for the ACS Environmental
Chemigtry Division preprints of papers presented at the San Diego conference

DEVELOPING TMDLs FOR ORGANOCHLORINE
PESTICIDES AND PCBs'

G. Fred Lee, PhD, PE, DEE and Anne Jones-Lee, PhD
G. Fred Lee & Associates, El Macero, Cdifornia

Fish and other aquatic life in some agricultura and urban areas contain concentrations of organochlorine
pesticides, such as DDT, dieldrin, chlordane, toxaphene and PCBs, which can be a human hedth threat
to those who consume these organisms asfood (Davis, et al., 2000). Also in some urban industrid aress
such as San Francisco Bay, edible fish have bioaccumulated dioxins to levelsthat are athreet to the use
of the fishas food. Excessve bioaccumulation of organochlorines can lead to a 303(d) listing of the
waterbody in which the fish with excessve edible tissue concentrations are located as an “impaired”
waterbody. In 1998 Cdifornia Regiond Water Quadlity Control Boards listed 60 waterbodies as
“impaired” by PCBs. In that same year, therewere over 160 Cdiforniawaterbodies listed as “impaired”
due to the organochlorine pegticides (DDT, ddrin, dieldrin, chlordane, endrin, heptachlor, heptachlor
epoxide, hexachlorocyclohexane (induding lindane), endosulfanand toxaphene). The303(d) listing results
inthe need for the regulatory agency responsible for the waterbody to devel op atotal maximumdaily load
(TMDL) to control the concentrations of the organochlorine pesticides and PCBs (OCls) so that the
concentrations inthe edible fishtissue are lessthanthose that are considered a threat to human hedth. The
authorsareinvolved inthe review of severa Studtions of thistype. This paper presents an overview of the
gpproach that we fed should be used to establish TMDLs and their implementation to control excessve
bioaccumulation of OCls.

303(d) Listing
Thefirgt step in developing a TMDL for organochlorine pesticides and PCBs is areliable assessment of
excess ve concentrations of thesetypes of pesticides and PCBswithinedible fish tissue. In order to make

! Presented at Environmental Division, American Chemical Society nationa meeting, San
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this assessment, it is necessary to assume afish consumption rate for those in the area who use fish from
the waterbodies of concern. While the US EPA uses 6.5 g of fish per person per day as the nationd
average consumption rate (which trandates to about one med per month), it is generdly agreed that that
consumptionrateis not normaly appropriate for protecting some of thosewho utilizelocd fish asasource
of food. Morefrequently, one med per week or even severd meds per week isthe rate of consumption
of fishthat is used to eval uate potential hazardsof bioaccumulationof organochlorine pesticidesand PCBs.
The US EPA (20008, b) has provided guidance onarisk-based consumptionrate whichwill be protective
of those who consume fish with regulated hazardous chemicalsin the edible tissue.

Table 1 presents a summary of the Cdifornia Office of Environmenta Hedth Hazard Assessment
(OEHHA) 1999 fish tissue screening values for selected OCls. These values are based on a cancer risk
of 1 x 10° and afish consumption rate of 21 g/day.

The US EPA draft consumptioncriteriafor DDT and other chlorinated pesticides provide arecommended
risk-based consumption limit that is related to the fish tissue concentration. For example, if the fish tissue
concentrationof DDT is0.2 mglkg, the US EPA recommends that no more thantwenty-three 8-0z. medls
or eleven16-0z. meds per monthbe consumed. Theseratesof consumption aresignificantly different from
the Food and Drug Adminigration (FDA) DDT Action Leve of 5 mg/kg.

Tablel
OEHHA Fish Tissue Contamination Screening Values
Chemical OEHHA Screening Values (ng/kg)
Chlordane 30
Totd DDT 100
Diddrin 2
Endrin 1,000
Toxaphene 30
PCBs 20
Dioxin TEQ 0.3 picogramg/kg

Source: SAWRCB (2000)

At that Action Leve, the US EPA would recommend no morethanone 4-0z. mea per month, six to eght
12-0z. medls per year, and no 16-0z. medls. It isevident that far grester attentionneedsto be givento the
amount of fish consumed by those in aregion who depend on locd fish as a subgtantid part of ther diet,
where the concentrations of the chlorinated hydrocarbon pesticides and PCBs in the fish are above US
EPA recommended risk-based levels.



Once the concentration of chlorinated hydrocarbon pesticides and PCBs in fish tissue thet represents a
threat to public hedlth hasbeen determined for a particular waterbody, consdering loca fish consumption
rates, then detailed sampling of the fish is necessary to rdiably assess whether the concentrations of OCls
in each of the mgjor types of edible fish exceed the critical concentrations. It has been found that various
types of fish bioaccumulate hazardous chemicasto varying degrees. Also larger, higher trophic levd fish
tend to have higher concentrations of OClsthan smdler fish. Further, fish with a higher body fat content
tend to accumulate OCls to agreater degree. It istherefore, important to representatively sample thefish
that are used as food in the region of concern. Thismay require acred census. If the fish used asfood
contain OCls that exceed the critical concentrations, then the waterbody may beligted (if it isnot already)
as a 303(d) “impaired” waterbody, which requiresthat a TMDL be developed to control the excessve
bioaccumulation of OClsin edible fish tissue.

While there are higher trophic level impacts of OCIs, at this time, except for PCBs inthe Great Lakes
region, there are no nationd water quaity criteriafor protectionof aquatic life. Generdly, it isassumed that
aquatic lifewill be protected if humans are protected, especidly if the consumption rate is based on one
medl per week. That assumption may not be protective for some stuations.

In addition to concern about excessve bioaccumulation of the OCls asahumanhedth threet, thereisaso
increasing concern about the body burdens of these chemicals being adverseto the host organism. There
are two publications (Jarvinenand Ankley, 1999, and US COE, 1987) which provide information on the
concentrations of various chemicas, including severd of the OCls, that have been found to be adverse to
the host aguatic organism.

It should be noted that GC or GC/M S organochlorine pesticide and PCB scans of fish tissue from some
areas show that there are unidentified, apparently anthropogenic chemicds in fish tissue that potentialy
could be athreat to thosewho usethefishasfood. Whilethis situation has been known for over 35 years,
thusfar, federa and state regulatory agenciesand others, suchasthe USGS, arelargdly ignoringit. Atthis
time, thereis no effort to sysemdticdly investigate the chemicas responsible for the unidentified peaksin
the GC or GC/MS scans for organochlorine pesticides and PCBs, as wdl as once they are identified,
determine their hazard to human hedlth and higher trophic level organisms.

Developing TMDL Goalsfor OCls

Normadly the TMDL godl isthe state water qudity standard, whichis based on the US EPA water qudity
criterion for the condituent of concern. These criteria are typically based on a worst case (greatest)
bioaccumulation of the chemica in laboratory or fid conditions. The US EPA, as part of promulgating
the Cdifornia Toxics Rule (US EPA, 2000c), has devel oped updated recommended water quality criteria
for several organochlorine pesticides. Table 2 presents these criteria

It is the authors experience that, occasondly, the concentrations of totd DDT in runoff from some
agricultura areas, where DDT hasnot beenused for many years, can exceed the drinking water maximum
contaminant level (MCL) (Domagdski, 1997; Panshin, et al., 1998). Generdly, the MCL ismuch higher



than the water qudity criterion for prevention of bioaccumulation under worst-case conditions. Under
those conditions, high levels of bioaccumulation would be expected.

The criteria presented in Table 2 could be used as TMDL goas to protect against excessve
biocaccumulation (“organisms only” columninTable 2) or to protect againg adverseimpacts to aguatic life
(the “CCC” columnsin Table 2).

Table2
Selected National Recommended Water Quality Criteria for
Priority Toxic Pollutants-Pesticides

Freshwater Sdtwater Human Hedlth For
Consumption of:
. + '
i | G [ ccc [ e | oco | e [ oome
(hg/L)
Chlordane 24 0.0043 0.09 0.004 0.0021 0.0022
4,4-DDT 1.1 0.001 0.13 0.001 | 0.00059 0.00059
4,4-DDE - - - - 0.00059 0.00059
4,4-DDD - - - - 0.00083 0.00084
Didldrin 0.24 0.056 0.71 0.0019 | 0.00014 0.00014
Endrin 0.086 0.036 0.037 | 0.0023 0.76 0.81
Polychlorinated - 0.014 - 0.03 0.00017 0.00017
Biphenyls PCBs
Toxaphene 0.73 0.0002 0.21 0.0002 | 0.00073 0.00075

Source: US EPA (1999)

Lee and Jones-Lee (1996) have discussed the problems of trying to use water column-based
biocaccumulation water quality criteriato predict fish tissue concentrations. The basic problem isthat the
sediments of a waterbody act as an additiona snk for the congtituent of concern. Therefore, thereisa
partitioning between the organiamtissue, the sedimentsand water. Thedigtribution of achemicd likeDDT
into these compartments depends to a consderable extent on the characteristics (TOC content) and
amounts of sediment. This Stuation frequently leads to a Sgnificant overestimation of the amount of
bioaccumulation thet will occur inawaterbody based onameasured concentration of the condituent inthe
water column relative to the US EPA worgt case-based water qudity criterion.



The US EPA senior staff (Pendergast, 2000) has indicated that the Agency is proceeding toward
addressing the problem of not being ale to rdiably use US EPA water qudity criteria to predict
biocaccumulation of hazardous chemicdsin fishtissue. Eventudly, the US EPA may adopt a much more
technicdly vaid approach of basng TMDL gods on an dlowable fish tissue residue, considering
appropriate loca fish consumption rates. For now, it appears that the Agency may dlow this approach,
provided that a Ste-specific water column congituent concentration be used to edtimate the
biocaccumulation that is occurring between the water column concentrations and the organisms. This Ste-
specific bioaccumulation factor is a pseudo-bioaccumulation factor that ignores the role of the sediments
in controlling tissue residues. While this approach will alow the Agency to continue to use a numeric
chemica concentrationasa TMDL god, it should be understood that this pseudo-biocaccumulationfactor
has no predictive capabilities that can be used to estimate the amount of bicaccumulation thet will occur
if the magnitude of the sediment reservoir of the available forms of the congtituent of concernisaltered, such
as through sediment remediation programs.

In summary, there are a variety of approaches for establishing TMDL godls for OCls to prevert their
excessive bioaccumulation. The most reliable gpproach is the development of an appropriate alowable
fish tissue residue that will be protective of those who use fish from a waterbody as a source of food,
consdering the locd fish consumption rate from the waterbody. The implementation of this TMDL god
should be based on a phased approach, in which readily-controllable sources of available forms of the
condituent of concern are controlled to the extent technicaly and economically feasible during Phase .
After five years or so following sediment remediation to the extent possible during Phase | and it is found
that the desirable fish tissue residue has not been achieved, thena Phase |1 sediment remediation program
should be undertakenand the systembe dlowed to equilibrate for anumber of yearsfollowing the sediment
remediationprogram. Thereisno need to invoke the technically invalid approach of establishinga TMDL
god of asngle chemica water column concentration to appropriately implement aTMDL for contralling
excessve bioaccumulation of OCls and, for that matter, other hazardous chemicals.

Defining the Sour ce of Bioaccumulatable Chemicals

The next step in developing an appropriate TMDL-based control program for organochlorines that
biocaccumulateto excessve levels in aguatic life isto define the location(s) where they occur to the greatest
extent in the waterbody of concern. Ordinarily, in a TMDL, the focus of the control programsis on
identified, currently-discharging sources of the condtituents to be controlled. However, with the
organochlorine pesticidesand PCBss, since these chemicds have not been sold in the U.S. for many years
and, therefore, should not ordinarily be present in wastewater discharges or runoff from current use, the
TMDL must focus on identifying and controlling reservoirs of these chemicals associated with former
use/discharge. Themogt likely reservoirsfor these chemicasareterrestrid soilsand/or aquatic sediments.
The identification of the source(s) of the OCls that have bioaccumulated to excessive levels within edible
organisms will require the use of techniques designed to assess bioavailable forms of the chemical(s) of
concern within awaterbody and its watershed.



While some individuds attempt to make an assessment of the sources of OCls based on concentrations of
organochlorines in sediments and water, usudly today the concentrations in water are below andytica
method detection limits. Water concentrations should be determined invarious parts of the watershed to
determine if, in fact, there are suffident concentrations to be measured using highly sendtive, rdidble
anayticad methods. The focus should be on both totd and dissolved forms, with care exercised in
determining the dissolved forms to insure that the separation process, such asfiltration, does not biasthe
results through sorption on thefilters. In some instances it is necessary to use high-speed, large-volume
centrifugation to properly separate dissolved from particulate forms of pesticides and PCBs.

With respect to determining bioaccumulatable organochlorines in sediments, it isimportant not to equate
concentrations in sediments to the sediments being a source of the OCls that are bicaccumulating to
excessive levds in fish or other aguatic life. The bioaccumulation process is based on both a food web
uptake and a partitioning between the sediments, the associated interditial water and aguatic organisms.
The avallability of OClsfor partitioning is dependent on the organic carbon content of the sediments. The
OCls sorb onto organic carbon particles and thereby reduce thar availability for partitioning with the
interdtitid water associated withthe sediment particles. This partitioning, however, may not prevent uptake
of the OCls by sediment-ingesting benthic organisms.

In order to assess where eevated concentrations of organochlorines present in sediments are a
biocaccumulation source, it is necessary to do some forensic bioaccumulation evauation using caged
organigms. It may aso be possble to use naturad organisms to detect sources of bioaccumulatable
chemicas. The key to rdiably implementing this approach is the availability of aguatic life with limited
mohbility suchas freshwater damsand, inmarine waters, mussals, throughout the waterbody of concernand
itstributaries. Through gradient analysis of aguatic organismtissue, it may be possbleto identify toxic “hot
spots’ of the chemicasthat are bioaccumulating to excessve levelsin higher trophic level organiams.

The US EPA (2000d) has developed a procedure involving the use of Lumbriculus variegatusto assess
biocaccumulation of congtituents from sediments.  The sediments are incubated in the presence of these
organisms, and the tissue concentrations are assessed. The US EPA has recently expanded this testing
procedure to include the testing of the sediments for aquatic life toxicity usng Hylella, a freshwater
amphipod. The toxicity of sediments would not likely be due to the organochlorines, but to other
condituentsinthe sediments. Also, the US EPA and the Corps of Engineers (US EPA/COE 1991, 1998)
present bicaccumulation testing procedures that can be used to assess bioaccumulatable chemicas in
sediments.

Control of Bioaccumulatable Hazar dous Chemicals

If the forensc studies identify areas where there are substantial concentrations of bioaccumulatable
chemicas of concern in the waterbody sediments, then sediment remediation techniques can be used to
remove the contaminated sediments from the waterbody. The approach that is followed in sediment
remediation would, in generd, be asmilar to that being used today a Superfund Steswhere contaminated
sediments are part of the Ste. Through a phased agpproach, after remediation of contaminated sediments



thet are likely to be the most significant source of the bicaccumulatable chemicals that are leading to
excessve edible tissue resdues, it may be necessary to conduct aPhase 11 eva uation of potential sources
if the remediation of the “hot spots’ does not reduce the congtituents of concern in the edible organism
tissue to acceptable concentrations.

It should also be understood that if the source of the bioaccumulatable chemicals iswidespread throughout
the sediments, then it may not be possible to eliminate the exceedance of the tissue resdue. Under these
conditions, it may be necessary to change the designated beneficial uses of the waterbody through a Use
Attainability Andyds to restrict consumption of fish or some types of fish from the waterbody with
excessve tissue resdues,
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Thelast issue of Stormwater contained anoverview review article of the urban sormwater runoff aquatic
life toxicity problem that is due to the organophosphate pesticides diazinon and chlorpyrifos. Thisarticle
represented a synthes's of keyissuesthat Drs. G. Fred Lee and Anne Jones-L ee have previoudy published
on thistopic. While Stormwater is available to those interested at no cost (www.stormh2o.com), there
are some readers of the Newd etter who may not yet have subscribed to Stormwater. For those readers,
the Stormwater article on pesticide-caused aqudtic life toxicity in urban stormwater runoff is presented
below.



The Pesticide Problem:

E \
ANTSTERMITES

Commonly used organophosphate pesticides are present in stormwater runoff and are
responsible for toxicity to aquatic life in receiving waterbodies. But as OP pesticides are phased
out and replaced with others, lack of thorough evaluation techniques leads to a “ pesticide
roulette’ —how do we know the substitutes aren’t worse than the ones they're
replacing?

by G. FredLee

The organophosphate (OP) pesticides diazinon and chlorpyrifos are commonly used in resdentid areas
to control termites, ants, and lawn and garden pests. In some counties in the US, more than 100,000
Ib. of active ingredient diazinon and chlorpyrifos are used each year on resdentia properties (Lee ad
Taylor, 1997). The US Environmenta Protection Agency estimates that nonagricultural use of OP
pesticides totds 17 million|b. per year, and agriculturd use accounts for another 60 million Ib. (EPA
1999).

Urban stormwater runoff in several Cdifornia cities and in Fort Worth, TX, (Wadler, et al., 1995) has
been found to be toxic to zooplankton including Ceriodaphnia dubia. Although it was initidly
suggested that this toxicity was due to heavy metds in the scormwater runoff, it has been repeatedly
demongtrated that the toxicity is caused instead by diazinon and chlorpyrifos (Hansen and Associates,
1995; Lee and Taylor, 1999). Based on pesticide use patterns, it appears that aquatic life toxicity
caused by OP pedticidesin urban stormwater isanationa problem that is not generally recognized.

Toxicity in urban runoff is a violaion of the narrative water quaity standard, which requires that no
toxics be present in toxic amounts, and it has caused some regulatory agencies to list some receiving
waters for urban ssormwater runoff as impaired waterbodies under section 303(d) of the Clean Water
Act. Thisliding, in turn, requires that Totd Maximum Daily Loads (TMDLS) be developed to control
the concentrations of diazinon and chlorpyrifos. While TMDL development is an important—and
sometimes controversid—issue, other hedth and safety issues are now beginning to overtake it. For
example, the effect of chlorpyrifos (commonly sold under the brand name Dursban) on children’s hedth
is currently in question, and chlorpyrifos is now being phased out for most resdential and commercia
indoor and outdoor uses, including in homes, schools, parks, hospitals, retail stores, daycare centers,
and other public buildings. The phase-out will occur over this year.

! Published in Stormwater, Forester Publications, www.stormh2o.com, January/February 2001
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In December 2000 the US EPA announced that the resdentid indoor and outdoor use of diazinon will
be phased out by 2004. This phase-out, like that for chlorpyrifos, is not based on consideration of
aqudtic life toxicity in ssormwater runoff, but on an assessment that these OP pesticides represent a
potentia threat to children’s hedth. The phase-out of these commonly used OP pesticides means that,
in some aress, there will be widespread subgtitution of dternative pest control approaches and
pesticides from the traditional gpproaches for pest control that have been used over the last decade or
0.

As chlorpyrifos and other OP pesticides are phased out, the need to control termites and other pests
will not disappear, and the important question iswhat we will use as replacements. Many pesticides that
are dready registered can be used as subgtitutes. Already thereis a substantid shift away from the use
of both diazinon and chlorpyrifos toward pyrethroid pesticides (permethrin, cypermethrin, bifenthrin and
others) by commercia pest control operators and the public. As| discuss later in this article, however,
the US EPA Office of Pesticide Programs (OPP) regidtration of pesticides does not adequately
evauate the potentid for pesticides to cause aguatic life toxicity in urban and agricultural stormwater
runoff, and a number of the pyrethroid pesticides are as toxic to certain zooplankton as the OP

pesticides.
How Toxic IsToxic?

Regulating OP pesticide-caused aguatic life toxicity in urban stormwater runoff is complicated by
severd factors. One of the mogt Significant is that the toxicity of the OP pedticides in urban stormwater
runoff is largdly restricted to certain types of zooplankton such as Ceriodaphnia and Mysidopsis and
the amphipod Gammarus. The concentrations of OP pesticides found in urban ssormwater runoff are
typicaly on the order of a few hundred nanograms per liter (ng/L). For comparison, the LCsy, for
diazinon to Ceriodaphniaisabout 450 ng/L. The LCs, for chlorpyrifos to Ceriodaphnia is about 80

nglL.

Toxicity Terms. Ceriodgphnia and Mysdopsis are standard US EPA test organisms used for
evauating the potentid toxicity of NPDES-permitted wastewater discharges and stormwater runoff.
Both organisms are zooplankton that are representative of aguatic organisms that serve as larva fish
food in fresh and marine waters.

L C50 indicates the degree of acute toxicity of a substance to aquatic organisms. Most toxicity tests
measure the lethd concentration, or LC, of a substance in water that will kill 50% of the organisms in
the sample in a angle dose or exposure. The lower the LC50, the more toxic the substance is to that
organism.

Although OP pesticides are highly toxic to Ceriodaphnia and Mysidopsis, they are not toxic to many

other types of zooplankton. At the concentrations in which they are found in urban sormwater runoff,
they are adso nontoxic to fish and dgae. Thus the question arises, Is killing Ceriodaphnia-type
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zooplankton in the short-term toxic pulses associated with sormwater runoff events significantly
detrimenta to the beneficid uses of the receiving waters? Some advocates for the continued use of OP
pesticides on residentia property assert that OP pesticide toxicity is highly selective to certain types of
organisms, and these organisms are not essentid components of the agquetic food web that lead to
desrable forms of aguatic life such as edible fish and shdlfish. For the toxicity to be adverse to these
higher trophic level forms of aguetic life, the OP pedticide-sensitive zooplankton would have to be key
components of the larva fish food at a critica period of the year. |If the zooplankton that are killed by
the OP pedticide stormwater-associated pulses are in fact not key components of the food chain, then
in terms of beneficid use of the waterbody, current TMDL development goads may be considered too
gringent and overprotective. However, the actud ecological role of the Ceriodaphnia-like organisms
that are killed by OP pesticidesis not known.

Another complicating factor is the difficulty in determining the cause of toxicity in some areas. In many
areas where OP pedticide-caused aquatic life toxicity is found, the tota toxicity can largely be
accounted for by the concentrations of diazinon and chlorpyrifos. However, in other areas such as
Orange County, CA, stormwater runoff contains large amounts of toxicity of unknown cause to
Ceriodaphnia and Mysidopsis. A four-year study of San Diego Creek as it enters Upper Newport
Bay in Orange County shows that stormwater runoff contains from 8 t030 24-hr. acute toxic units of
Ceriodaphnia and Mysidopsis toxicity (Lee and Taylor, 1999). Only about half the toxicity can be
accounted for based on the concentrations of diazinon and chlorpyrifos. The remainder is due to
unidentified causes. This toxicity is not caused by metals and does not appear to be caused by other
commonly measured OP and carbamate pesticides.  Stormwater runoff entering Upper Newport Bay
from Orange County derives from urban, agriculturd, and commercid nursery discharges, and it
gppearsthat al three sources are responsible for some of the toxicity of unknown cause.

Determining TMDL Goalsfor OP Pesticides

Consderable controversy exists over the TMDL goal that should be used for diazinon and chlorpyrifos.
Some of the controversy sems from the fact that US EPA’s OPP requirement for control of the
adverse impacts of pesticides to non-target organiams alows toxicity to aquatic life, provided that this
toxicity is not sgnificantly adverse to the beneficiad uses of the waterbody. Although the Clean Water
Act requires the control of al aguatic life toxicity, before the registered use of a pedticide can be
restricted it must be shown to be sgnificantly adverse to public hedth or the environment. Because of
the conflict between the Clean Water Act (no toxics in toxic amounts) and the OPP (no toxicity that is
dgnificantly adverse to beneficid uses), it is not clear how aquatic life toxicity in urban and agricultura
sormwater runoff will be regulated.

The current US EPA approach for establishing TMDL gods is to control the constituent that cases a

waterbody to be listed as “impaired’ under section 303(d). Typicdly such a listing arises because
worst-case-based water quaity standards have been exceeded. Although the US EPA published a
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water quality criterion for chlorpyrifos in 1987, the Agency did not require states to adopt the criterion
as a sandard because chlorpyrifos was not considered atoxic pollutant.

A US EPA contractor has developed a proposed acute criterion for diazinon, but there have been
problems in developing a chronic criterion. The Cdifornia Department of Fish and Game, using US
EPA criteriadevelopment approaches, has developed recommended water qudity criteria for both
diazinon and chlorpyrifos (Table 1). The recommended freshwater diazinon acute criterion (CMC) is
80 ng/L, and the chronic criterion (CCC) is 50 ng/L (Siepmann and Finlayson, 2000). The
recommended chlorpyrifos sdtwater CMC is 20 ng/L and the CCC is9 ng/L. No saltwater criteria
were recommended for diazinon. Generdly, diazinon is not expected to cause aguatic life toxicity in
maine waters because of its low toxicity to marine organisms. The same report indicates that both
diazinon and chlorpyrifos toxicities are additive, rasing the posshility that proposed TMDL gods may
actualy be underprotective if they do not take additivity into account.

Table 1. Proposed Water Quality Criteriafor Diazinon and Chlorpyrifos

Acute (1-hr.) CMC Chronic (4-day) Ceriodaphnia
(nglL) CCC (ng/L) LCso
Diazinon 80 50 450
Chlorpyrifos 20 14 80

Source: California Dept. of Fish and Game (2000)

In a recent paper | provided guidance on the characterigtics of a stormwater runoff monitoring program
designed to assess the magnitude of aquatic life toxicity, the cause of the toxicity, and the sources of the
condtituents respongble (Lee, 1999). This program uses Ceriodaphnia dubia, fathead minnow larvae
(Pimephales promelas), and Selenastrum capricornutum (algae) as the fird three test species usng
the US EPA standard testing protocol (Lewis, et al., 1994). For marine waters, the US EPA’s 1994
testing procedures are used with Mysidopsis bahia or other marine organisms as test organisms.

In addition to measuring the toxicity to these organisms, toxicity measurements should be conducted on
a dilution series of those samples of stormwater runoff and dry westher flow that show sgnificant
toxicity to the test organiams within a day or two. The dilution series testing should be designed to
assess the magnitude of the toxicity (TUa) in the sample. For samples that are toxic to Ceriodaphnia,
the dilution series should be tested with and without PBO (piperonyl butoxide). The addition of PBO
to a sample can remove the OP pesticide-caused toxiaty; therefore, if the toxiaty of the sample is
eiminated or sgnificantly reduced when PBO is added, this is an indication that the toxicity was caused
by OP pesticides.

If toxicity is found, chemical messurements on the samples should be conducted to determine the
potential causes. The ELISA (enzyme linked immuno sorbent assay) procedures are highly specific for
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each of the OP pedticides. ELISA testing should be backed up by some dua column GC or GC-MS
procedures. Further information on the use of these proceduresis available (Lee, 1999).

However, when we find toxicity in urban stormwater runoff, we should not assume that the toxicity is
sgnificantly detrimenta to the beneficid uses of the recaiving water for the runoff. The conditions of the
EPA standard toxicity test using Ceriodaphnia, fathead minnow larvae, and Selenastrum can lead to
laboratory-based toxicity that is not manifested in the field. Situations occur in which aguatic life toxicity
caused by OP pesticides in urban streamsisrapidly lost through dilution in the receiving waters for the
stream discharges. It is essentid in developing TMDL gods to determine whether aquatic life in the
receiving waters experience sufficient toxicity for a sufficient period of time to be toxic.

Testing Before Substitution

As other types of pesticides are used to replace OP pegticides, there is general agreement on the need
to effectively screen the substitutes before large-scde subgtitution occurs.  However, no forma
mechanism exigts to require comprehensve evauation of the subgtitutes potential to cause water
qudity problems. Legidative action is urgently needed that will empower and require regulatory
agencies to properly evaduate the water quality impacts of al pesticides that have a potentia to be
present in sormwater runoff, either urban or agriculturd. Without evauation, the public and agricultura
interests will be playing “pesticide roulette,” subgtituting for one pesticide another that may cause even
greater environmenta problems than the fird.

Other OP pedticides such as propetamphos are being used by commercia applicators to treat
resdential properties in Orange County and elsewhere. Propetamphos is not measured in the
conventiond dual column GC scans usng US EPA procedures, and this chemicad could be a
contributor to the toxicity of unknown cause found in Upper Newport Bay ssormwater runoff. Of even
greater concern is the use of pyrethroid pesticides, which are sold over the counter to the public in
substantial amounts and which are as toxic, or more toxic, to aguatic life than are OP pesticides (Table
2).

Table2. Toxicity of Selected Pyrethroid Pesticides to Daphnia magna and Mysidopsis bahia

Pedticide LCx, (ng/L)
Daphnia magna Mysidopsis bahia

Permethrin 320 46
Cypermethrin 1,000 5
Fenvderate 50 8
Bifenthrin 1,600 4

Tau Huvdinate 400 18
Edenvderae 150 Unknown
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Under the current, passive gpproach, pesticides are registered for use without adequate evauation for
potential environmenta impacts. Only when substantial problems are found is the use of a pesticide
restricted. It is clear that we need to change from a passive to a proactive gpproach in which pesticides
that are in use today are evauated by water quaity management agencies. This evauation cannot be
done as part of pesticide regidtration, because of the tremendous pressure on regisiration agencies at
the federa and dtate levels, which effectively precludes requiring pedticide registrants to conduct
adequate evauation of the pesticides potentid to cause aguatic life toxicity in the receiving waters for
urban and agriculturd runoff.

A proactive approach to evauating whether pedticide use in a particular region is adverse to the
beneficid uses of the receiving waters for sormwater runoff, drainage, and discharges from areas
whereit is goplied involves firg determining which pesticides are applied in the region, as well aswhen
and where. Each gpplication area should have an associated monitoring program of the receiving
waters for the area s runoff. Both chemica and biologica monitoring should be conducted immediately
fdlowing and for some time after pegticide application. Monitoring should use an event-based
gpproach, specificaly targeting stormwater runoff and discharge events when the pesticide is most likely
to be present in the discharge. To assess potentid biologicd impacts, a combination of aguatic toxicity
and aguatic organism assemblage information must be collected. The toxicity information should not be
collected only at fixed locations downstream of the runoff location; sampling should also be done in the
runoff plume matching the transport of the water receiving the pesticides from the point of gpplication.

Studies of this type should be conducted for severa years associated with the use of a particular
pesticide on a paticular crop/purpose a a particular location. Eventudly, if the formulation of the
pesticide and its gpplication remain the same, the monitoring program can be sgnificantly curtailled. As
we gan more experience, it should be possble to grealy reduce the amount of monitoring and
evauation needed for pedticides for which we have an adequate information base to determine that their
use poses no environmenta threet.

Immediate Implications

In Orange County, CA, about 25,000 Ib. of diazinon and 75,000 Ib. of chlorpyrifos are used every
year by commercia applicators for controlling termitesin resdential structures (Lee and Taylor, 1999).
Approximately the same amount of OP pesticide is estimated to be purchased by the public for use on
resdential properties. The totad amount of diazinon and chlorpyrifos needed to cause the toxicity found
in stormwater runoff as it enters Upper Newport Bay is only about 2 Ib. per year. Therefore it is
evident that mogt of the diazinon and chlorpyrifos used on residentia properties is not contributing to
the sormwater runoff toxicity problem.

It is important to diginguish between the two types of OP pedticide use. Typica structura use for
termite control involves injecting the pesticide into the underground foundations of structures. This use
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probably does not contribute significantly to the OP pesticide-caused aguatic life toxicity. The more
likely causeis the above-ground application of these pesticides for contralling lawn and garden pedts.

Although studies are needed to determine how OP and other pesticides used for residentia purposes
contribute to stormwater runoff toxicity, | suggest that it may be possible to continue usng OP
pesticides for below-ground structural pest control for termites and ants and greetly reduce or eiminate
the toxicity associated with sormwater runoff from resdentid aress. As a first-phase TMDL god for
urban stormwater runoff, it may be enough to restrict the use of these pesticides for above-ground
goplications, dlowing time for testing potentia replacement pesticides for ther effects on water qudity.
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