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Introduction

Section 303(d) of the federal Clean Water Act requires each state to list water bodies where water quality standards are not expected to be met after technology-based effluent limitations are implemented.  The 1998 California 303(d) List designates 35 San Francisco Bay Area urban creeks as impaired as a result of diazinon levels and aquatic toxicity observed in representative creeks (CSWRCB 1999).  Having listed these urban creeks, the State of California is required to undertake a Total Maximum Daily Load (TMDL) process.  The TMDL is to be the maximum diazinon load the impaired creeks can assimilate without exceeding water quality standards.  The TMDL process involves allocating this maximum load among the sources of the diazinon in the urban creeks, and developing and implementing a plan to reduce diazinon discharges to levels below the TMDL allocations.

Diazinon is an organophosphate pesticide widely used throughout the Bay Area.  The reasons diazinon has been placed on the 303(d) List are (1) water in some urban creeks has been shown to be toxic to certain zooplankton (i.e., Ceriodaphnia dubia) through standard toxicity tests; (2) follow-up tests have identified organophosphate pesticides, including diazinon in particular, as the primary factor responsible for the observed toxicity; and (3) monitoring data for some urban creeks in the Bay Area show diazinon levels in excess of levels believed to be toxic.  This report reviews the rationale for placing the 35 urban creeks on the 303(d) List and identifies problem definition issues that may require resolution prior to completing the TMDL process.  

Environmental Properties

Diazinon is a broad-spectrum pesticide used to control a variety of pests, as listed in Table 1.  According to California Department of Pesticide Regulation reports, in 1999, over 85,000 pounds of diazinon were applied in the Bay Area (CDPR 2000).  Unreported over-the-counter purchases in urban areas are believed to be about as high as reported applications (Scanlin and Cooper 1997).  

Many organisms metabolize diazinon to form diazoxon, which mimics acetylcholine, the chemical many organisms use to transmit impulses between their nerve cells (Sheipline 1993).  Normally, the enzyme acetylcholinesterase breaks down the acetylcholine to end neural stimulation and allow new impulses to be transmitted.  By strongly binding to acetylcholinesterase, however, diazoxon inhibits acetylcholinesterase’s ability to control acetylcholine levels.  The result is continuously excited nerve cells followed by death (Baird 1995).

TABLE 1

Examples of Targeted Pests

	Ants
	Chiggers
	Grasshoppers
	Moths
	Sow Bugs

	Aphids
	Cockroaches
	Grubs
	Pill Bugs
	Thrips

	Bees
	Crickets
	Hornets
	Psyllids
	Ticks

	Beetles
	Earwigs
	Midges
	Sawflies
	Weevils

	Borers
	Fleas
	Millipedes
	Silverfish
	Whiteflies

	Butterflies
	Flies
	Mites
	Skippers
	Wireworms

	Centipedes
	Gnats
	Mosquitoes
	Spiders
	Wasps


Source:  Cooper 1996

Organophosphate pesticides like diazinon were introduced in the 1950’s as alternatives to organochlorine pesticides, which were discovered to often persist in the environment for long periods, accumulate in living tissues, concentrate at increasing levels in organisms high in the food web, and pose substantial hazards to human health and the environment.  Organophosphate pesticides do not tend to accumulate for long periods in the environment or concentrate to an appreciable extent in living tissues.  Diazinon’s bioaccumulation factor in fish is typically about 100 or less.  Diazinon decomposes through photolysis, hydrolysis, and biological metabolism, and the extent to which these processes affect the decomposition rate depends on environmental conditions (e.g., lower pH tends to accelerate hydrolysis) (Novartis Crop Protection 1997).  In soil, diazinon tends to decompose with a half-life of 2 to 4 weeks (Sheipline 1993; Glotfelty et al. 1990).  In water, diazinon decomposes with a half-life as short as 12 hours or as long as 6 months (Sheipline 1993).  A typical range for diazinon’s half-life in surface water is between 7 and 20 days.  In sediments, diazinon decomposes with a half-life of about 8 to 20 days (Giddings 1992; Giddings 1993; Giddings et al. 1996).  

Diazinon’s chemical formula is C12H21N2O3PS.  Its technical name is O,O‑diethyl O‑2‑isopropyl-4-methyl-6-pyrimidyl thiophosphate, and its chemical abstract number is 333‑41-5.  Figure 1 illustrates its chemical structure.  At room temperature, diazinon is somewhat soluble in water; its solubility is about 0.04 grams per liter or 0.004%.  Its octanol-water partition coefficient, Kow, is about 2,000, and its organic carbon-water partition coefficient, Koc, is about 1,000.  Diazinon has a relatively low vapor pressure of 0.0001 torr (Novartis Crop Protection 1997).  It binds moderately to soil, and it seldom migrates below the top 0.5 inches (EXTOXNET 1996).  

Aquatic Toxicity

Diazinon is effective at low concentrations.  Although it is only moderately soluble in water, the diazinon that dissolves can be sufficiently concentrated to be toxic to some aquatic organisms, as indicated in Table 2.  In the case of Ceriodaphnia dubia (a type of water flea), the concentration of diazinon lethal to 50% of organisms within 48 hours of exposure (the 48-hour LC50) is about 500 nanograms per liter (ng/l) (equivalent to parts per trillion) (Menconi and Cox 1994).  Diazinon can kill Ceriodaphnia dubia at lower 
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TABLE 2

Examples of Lethal Concentrations for Various Species

	Species
	Common Name
	LC50 (ng/l)
	Exposure (hours)

	Bufo bufo japonicus
	Frog (tadpole)
	14,000,000
	48

	Pimephales promelas
	Fathead minnow
	7,700,000
	96

	Oncorhynchus clarkii
	Cutthroat trout
	2,200,000
	96

	Poecilia reticulata
	Guppy
	800,000
	96

	Orthretrum albistylum speciosum
	Dragonfly (larvae)
	140,000
	48

	Culex pipiens quinquefasciata
	Mosquito
	61,000
	24

	Pteronarcys californica
	Stonefly
	25,000
	96

	Cloeon dipterum
	Mayfly (larvae)
	7,800
	48

	Physa sp.
	Snail
	4,400
	96

	Daphnia magna
	Water flea
	800
	48

	Ceriodaphnia dubia
	Water flea
	500
	48

	Gammarus fasciatus
	Amphipod
	200
	96


Sources:  Menconi and Cox 1994; Sheipline 1993; Siepmann and Finlayson 2000.
concentrations if provided longer exposure durations.  The 96‑hour LC50 is about 340 ng/l (Bailey et al. 1997).  The 7-day LC50 is between 80 ng/l and 156 ng/l (S.R. Hansen & Associates 1995).  On the basis of available toxicity data, the California Department of Fish and Game has developed water quality criteria for diazinon.  The one-hour acute toxicity criterion is 80 ng/l.  The four-day chronic toxicity criterion is 50 ng/l (Siepmann and Finlayson 2000).

Bay Area storm water agencies have tested urban creek and storm water samples for toxicity using a protocol developed by the U.S. Environmental Protection Agency (EPA).  The U.S. EPA’s Whole Effluent Toxicity test for freshwater determines whether samples are toxic to laboratory test species.  It requires the use of three representative freshwater species:  Ceriodaphnia dubia (water flea), Selenastrum capricornutum (single-celled green algae), and Pimephales promelas (fathead minnow) (U.S. EPA 1993; U.S. EPA 1994).  In accordance with the protocol, these laboratory test organisms are placed in small containers filled with test water samples, and their responses are monitored and compared to those of control organisms placed in control water.  

In the Bay Area, test results for storm water samples revealed Ceriodaphnia dubia to be the most sensitive of the three test species.  Of 125 samples collected from primarily Alameda County and Santa Clara County urban creeks, 72% of the samples were lethal to Ceriodaphnia dubia within 7 days.  About 10% were lethal within 24 hours.  Samples from residential and commercial storm drains were also lethal to Ceriodaphnia dubia.  Of 14 samples, 85% were lethal within 4 days (WCC 1996a).  Data collected elsewhere in Northern California have also demonstrated the toxicity of urban creek water to Ceriodaphnia dubia.  Of 47 samples tested from Sacramento and Stockton urban creeks, 77% resulted in Ceriodaphnia dubia mortality within 72 hours (Bailey et al. 2000).  

These results are meaningful because Ceriodaphnia dubia can be considered a surrogate for important creek organisms at the bottom of the food web.  Ceriodaphnia dubia toxicity is believed to reliably predict or underestimate biological community responses.  The U.S. EPA has concluded that, when toxicity is present in surface water as determined through its standard test methods, ecological impact is also likely (deVlaming and Norberg-King 1997).  

To ascertain the cause of the toxicity in urban creeks, Toxicity Identification Evaluations have been undertaken in accordance with U.S. EPA protocols.  A Toxicity Identification Evaluation is a three-phase process used to identify the chemical cause of toxicity.  The first phase is to identify the type of chemical causing the toxicity.  A toxic sample is subjected to a variety of chemical and physical procedures designed to remove certain classes of chemicals from the sample and thereby determine which is responsible for the toxicity.  Having narrowed the cause of the toxicity to a class of chemicals, the second phase is to determine which chemical within the class is actually present in the sample at levels that could be toxic.  The third phase is to confirm that the chemical actually causes the toxicity.  One method is to selectively remove the chemical from the sample and retest it.  If toxicity returns to the sample when the chemical is returned, the cause of the toxicity is confirmed.  

Toxic samples collected in Alameda County have been subjected to Toxicity Identification Evaluations using Ceriodaphnia dubia.  One study involved sampling San Lorenzo Creek and, to a lesser extent, Alameda Creek.  Toxicity Identification Evaluations were completed on four samples from a 1993 storm, four samples from a 1994 storm, and two samples collected following another small storm in 1994.  The chemical cause of the toxicity was determined to be a neutral non-polar organic compound.  Piperonyl butoxide, which blocks the metabolism of organophosphate pesticides and thereby blocks their toxicity, was added to the test samples.  Because the piperonyl butoxide decreased the toxicity of the samples, the cause of the toxicity was concluded to be an organophosphate pesticide.  Diazinon was detected in the samples at concentrations ranging from about 820 ng/l to 2,900 ng/l.  These diazinon levels exceed the 48-hour LC50 for Ceriodaphnia dubia.  Since diazinon was the primary pesticide in the samples and was present at potentially toxic levels, diazinon was concluded to be the organophosphate pesticide responsible for the toxicity in San Lorenzo Creek and Alameda Creek (S.R. Hansen & Associates 1995).

A similar study was conducted on water collected from Crandall Creek following a 1994 storm.  That Toxicity Identification Evaluation identified diazinon as the source of the observed toxicity.  The diazinon concentration in the sample was about 250 ng/l, a level slightly below the 96-hour LC50 of 300 ng/l estimated for Ceriodaphnia dubia during the same study (WCC 1995).

Toxicity Identification Evaluations completed elsewhere in California have also found that organophosphate pesticides cause toxicity in urban creeks.  In Sacramento and Stockton, organophosphate pesticides were determined to cause toxicity in 4 of 5 samples tested.  When piperonyl butoxide was added to 14 other samples from Sacramento and Stockton urban creeks, toxicity was eliminated in 12 of them.  In each case, diazinon concentrations were between 260 and 1,000 ng/l, levels high enough to account for the toxicity (Bailey et al. 2000).

Concentrations in Urban Creeks

In light of the evidence that diazinon causes toxicity in some Bay Area urban creeks, diazinon levels were measured in a larger number of Bay Area creeks.  During 1994 and 1995, diazinon was found at concentrations ranging from 38 to 590 ng/l in creeks throughout the Bay Area, as shown in Table 3 (Katznelson and Mumley 1997).  These preliminary measurements spawned more extensive studies.

A study of Castro Valley Creek during the 1995-1996 rainy season measured diazinon concentrations following 12 storms.  Diazinon was detected in all samples, and the mean concentration for each storm event ranged from 180 to 820 ng/l.  In some cases, values over 150 ng/l persisted for up to one week.  The same study reported diazinon concentrations during periods of non-storm flows (during spring, when flows were less than 5 cubic feet per second) ranging from 110 to 760 ng/l.  Samples collected during longer dry weather periods ranged from 35 to 220 ng/l (Scanlin and Feng 1997).  

During the 1995 and 1996 dry seasons, diazinon was detected in 11 of 11 water samples collected from Castro Valley Creek.  Concentrations ranged from 40 to 340 ng/l.  Diazinon was detected in 16 of 18 water samples collected from Crandall Creek.  The detection limit was 30 ng/l, and detected concentrations ranged from 58 to 442 ng/l.  Diazinon was detected in 8 of 9 samples collected at three inlets to Tule Pond in Fremont.  The detection limit was 25 ng/l, and detected concentrations ranged from 80 to 3,000 ng/l (Katznelson and Mumley 1997).  

TABLE 3

Diazinon in Bay Area Creeks, 1994 and 1995

	Creek
	Concentration (ng/l)

	Crandall Creek
	400

	Rheem Creek
	590

	Walnut Creek
	570

	Codornices Creek
	248

	Dimond Creek
	38

	Castro Valley Creek
	533

	Strawberry Creek
	162

	Bockman Creek
	397

	San Pedro Creek
	*

	Adobe Creek
	391

	Barron Creek
	165

	Matadero Creek
	130

	San Francisquito Creek
	74

	Corte Madera Creek
	*

	Ignacio Creek
	44

	Belmont Creek
	580

	Calabazas Creek
	343

	Guadalupe Creek
	143

	Coyote Creek (Santa Clara County)
	97

	Napa River
	*


* The concentration was below the detection limit of 30 ng/l.

Source:  Katznelson and Mumley 1997.
A study of 15 urban creeks throughout Alameda County involved collecting samples during the 1998 dry season.  The samples were collected on Sunday afternoons, when gardening activity and pesticide applications were expected to be high.  As shown in Table 4, diazinon was detected in 26 (44%) of 59 samples.  The detection limit was 30 ng/l (URSGWC 1999a).  

The presence of diazinon in urban creeks is not unique to the Bay Area.  A study involving 231 samples collected from Sacramento and Stockton urban creeks during the 1994-1995 rainy season found that diazinon concentrations ranged from below the detection limit of 30 ng/l to as high as 1,500 ng/l.  The median concentration was 210 ng/l (Bailey et al. 2000).

Diazinon concentrations in Bay Area urban creeks appear to vary seasonally, declining during winter and increasing in spring.  The Castro Valley Creek study found that changes in diazinon concentrations follow the seasonal diazinon use pattern.  Diazinon applications drop during winter and rise in March, with the heaviest applications during 

TABLE 4

Diazinon in Alameda County Creeks, 1998 Dry Season

	
Urban Creek
	Number of Samples
	Number of Detections*
	Range of Detected Concentrations (ng/l)

	Cerrito Creek
	8
	2
	57 - 241

	Codornices
	2
	0
	

	Strawberry Creek
	2
	0
	

	Glen Echo Creek
	5
	3
	32 - 92

	Sausal Creek
	2
	0
	

	Arroyo Viejo
	2
	0
	

	San Leandro Creek
	5
	0
	

	Castro Valley Creek
	5
	5
	32 - 149

	San Lorenzo Creek
	1
	1
	37

	Ward Creek
	2
	1
	29

	Alameda Creek
	5
	1
	137

	Arroyo de la Laguna
	10
	7
	57 - 617

	Agua Caliente
	2
	1
	33

	Agua Frio
	2
	1
	82

	Scott Creek
	5
	3
	55 - 251


* Detection limit = 30 ng/l

Source:  URSGWC 1999a.
summer and early fall.  Diazinon concentrations in storm water were greater when no substantial precipitation preceded a storm; therefore, diazinon levels were highest in storm water associated with the first winter storms.  Variations in diazinon concentrations appeared to follow one of two patterns during storm events.  A peak concentration occurred early, followed by a substantial decline, or elevated concentrations remained relatively consistent throughout a storm.  The early peak concentrations appeared to correspond to storms following periods without substantial precipitation.  After storms ended, diazinon concentrations remained elevated, dropping by about one half within two days (Scanlin and Feng 1997).  

Diazinon appears to enter urban creeks from multiple sources.  During dry weather, discharges are sporadic; pulses from different sources occur at different times.  Water samples collected at the bottom of a watershed tend to average the effects of different pulses and their concentrations tend to be lower than the peaks observed upstream (URSGWC 1999b; Scanlin and Feng 1997).  

Water Quality Standards and Listed Creeks

The San Francisco Bay Basin Plan does not contain a numerical standard for diazinon; however, it does contain the following narrative water quality standards applicable to diazinon levels in urban creeks (CRWQCB 1995):

All waters shall be maintained free of toxic substances in concentrations that are lethal to or that produce significant alterations in population or community ecology or receiving water biota.  In addition, the health and life history characteristics of aquatic organisms in waters affected by controllable water quality factors shall not differ significantly from those for the same waters in areas unaffected by controllable water quality factors….

All waters shall be maintained free of toxic substances in concentrations that are lethal to or that produce other detrimental responses in aquatic organisms.  Detrimental responses include, but are not limited to, decreased growth rate and decreased reproductive success of resident or indicator species.  There shall be no acute toxicity in ambient waters….

There shall be no chronic toxicity in ambient waters.  Chronic toxicity is a detrimental biological effect on growth rate, reproduction, fertilization success, larval development, population abundance, community composition, or any other relevant measure of the health of an organism, population, or community….  

The diazinon data for Bay Area urban creeks suggest that these narrative water quality standards are often not met.  While samples collected from Bay Area creeks draining open space have not been toxic to Ceriodaphnia dubia (WCC 1996a), many samples collected from urban areas have been lethal to Ceriodaphnia dubia.  Toxicity Identification Evaluations have mostly attributed the observed toxicity to diazinon.  Diazinon concentrations observed in urban creeks throughout the Bay Area have often been within the range of those found to be lethal to Ceriodaphnia dubia.  These diazinon levels also frequently exceed the California Department of Fish and Game’s water quality criteria for diazinon.  For these reasons, the diazinon in urban creeks could adversely affect freshwater aquatic organisms at the lower levels of the food web.  Therefore, diazinon is considered to potentially impair the habitat-related beneficial uses of all Bay Area urban creeks.  

The 35 creeks specifically named on the 303(d) List include those that (1) drain to San Francisco Bay, (2) have been designated in the San Francisco Bay Basin Plan as having beneficial uses related to aquatic life, and (3) are within the jurisdiction of the Bay Area Stormwater Management Agencies Association (Barsamian 1998).  Creeks within the Bay Area Stormwater Management Agencies Association’s jurisdiction drain primarily urban and suburban areas.  As shown in Table 5, the beneficial uses common to these creeks are primarily cold and warm freshwater habitat.  Aquatic toxicity that adversely affects zooplankton populations in urban creeks may disturb the entire freshwater ecosystem, including aquatic vegetation, fish, wildlife, and related habitats.  Many of the listed creeks also support fish migration and spawning, which may be adversely affected directly or indirectly by the presence of diazinon. 

TABLE 5

Urban Creeks on the 1998 California 303(d) List due to Diazinon

	
	
	Relevant Beneficial Uses

	Urban Creek
	Length (miles)*
	Cold
	Warm
	Migr
	Spwn

	Alameda County
	
	
	
	
	

	
Alameda Creek
	51
	E
	E
	E
	E

	
Arroyo de la Laguna
	7
	P
	P
	E
	E

	
Arroyo del Valle
	49
	E
	
	P
	E

	
Arroyo Hondo
	9
	E
	E
	
	E

	
San Leandro Creek
	15
	E
	P
	P
	P

	
San Lorenzo Creek
	12
	E
	E
	E
	E

	Contra Costa County
	
	
	
	
	

	
Mount Diablo Creek
	13
	E
	E
	E
	E

	
Pine Creek
	13
	E
	E
	
	E

	
Pinole Creek
	9
	E
	E
	E
	E

	
Rodeo Creek
	8
	
	E
	
	E

	
San Pablo Creek
	16
	
	E
	E
	E

	
Walnut Creek
	9
	E
	E
	E
	E

	
Wildcat Creek
	12
	
	E
	E
	E

	Marin County
	
	
	
	
	

	
Arroyo Corte Madera del Presidio
	3
	E
	
	
	E

	
Corte Madera Creek
	4
	E
	E
	P
	P

	
Coyote Creek
	3
	E
	E
	
	

	
Gallinas Creek
	2
	E
	E
	
	

	
Miller Creek
	9
	E
	E
	E
	E

	
Novato Creek
	19
	P
	P
	P
	P

	
San Antonio Creek
	18
	E
	E
	P
	P

	
San Rafael Creek
	3
	E
	E
	
	

	San Mateo County
	
	
	
	
	

	
San Mateo Creek
	11
	P
	
	
	E

	Santa Clara County
	
	
	
	
	

	
Calabazas Creek
	5
	E
	E
	
	

	
Coyote Creek
	69
	E
	E
	E
	E

	
Guadalupe River
	18
	
	E
	P
	P

	
Los Gatos Creek
	26
	E
	E
	P
	P

	
Matadero Creek
	7
	E
	E
	E
	E

	
Permanente Creek
	13
	E
	
	
	E

	
San Felipe Creek
	15
	P
	E
	
	P

	
San Francisquito Creek
	12
	E
	E
	E
	E

	
Saratoga Creek
	18
	E
	E
	
	

	
Stevens Creek
	22
	E
	E
	E
	P

	Solano County
	
	
	
	
	

	
Laurel Creek
	3
	E
	E
	E
	E

	
Ledgewood Creek
	12
	E
	E
	E
	E

	
Suisun Slough
	10
	
	E
	
	E


* These values represent the full lengths of the creeks.  In some cases, the impaired sections within urban areas are shorter.

Cold
Cold Freshwater Habitat—Water that supports cold-water ecosystems, including preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife (including invertebrates).

Warm
Warm Freshwater Habitat—Water that supports warm water ecosystems including preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife (including invertebrates).  

Migr
Fish Migration—Water that supports habitats necessary for migration, acclimatization between fresh water and salt water, and protection of aquatic organisms that are temporary inhabitants of waters within the region.

Spwn
Fish Spawning—Water that supports high quality aquatic habitats suitable for reproduction and early development of fish.

E
Existing Beneficial Use

P
Potential Beneficial Use

Source:  CRWQCB 1995.

Factors that could call for delisting urban creeks for diazinon could include revision of water quality objectives, de-designation of relevant beneficial uses, discovery that the listing is based on faulty data (e.g., reporting errors), attainment of water quality objectives (i.e., beneficial uses no longer impaired), U.S. EPA approval of a TMDL, or implementation of control measures to adequately protect beneficial uses.  Given the currently available information concerning diazinon in Bay Area urban creeks, none of these factors exist.  Since the original 35 urban creeks were listed, no new data have been collected that suggest the list should be cut.  

Unresolved Issues

Unresolved issues relate to the limitations of the available data.  Regarding the selection of creeks for the 303(d) List, the evidence suggests that diazinon in urban creeks is a widespread problem.  Unfortunately, available data do not represent all Bay Area urban creeks equally.  In some cases, such as with Castro Valley Creek, San Lorenzo Creek, and some other creeks in Alameda County, a wealth of information is available.  In other cases, only a few diazinon measurements have been made.  In still others, no data are available.  Urban creeks for which little information is available are believed to be as likely to be impaired as those for which more information is available; therefore, the results of available studies have been extrapolated to creeks that have not been studied in detail.  Additional study could demonstrate that diazinon does not impair beneficial uses in some of these creeks, or at least in some creek segments.  Alternatively, additional creeks could qualify for the 303(d) List as more is learned.  

Because diazinon management strategies will likely be most effective if implemented on a regional basis, as opposed to creek-by-creek, the San Francisco Bay Regional Water Quality Control Board is applying the TMDL process to all urban creeks.  Urban creeks not on the 303(d) List will benefit from the management efforts implemented through the TMDL process.  For this reason, further perfecting the 303(d) List at this time may not be the best use of TMDL resources, particularly if the diazinon-related impairment can be adequately addressed without this effort.  A more prudent approach may be to consider additional monitoring when the TMDL process demonstrates that such data will help in source identification or linkage analysis, or in the identification and evaluation of management strategies.  Future monitoring may be useful in field testing numeric targets or refining appropriate sampling and analysis protocols.  At this time, the San Francisco Bay Regional Water Quality Control Board does not propose any monitoring for the sole purpose of perfecting the 303(d) List and problem statement.  However, the San Francisco Bay Regional Water Quality Control Board may collect relevant monitoring data when doing so can be coordinated conveniently with other monitoring efforts.

Another unresolved issue is that the standard U.S. EPA aquatic toxicity test for Ceriodaphnia dubia measures mortality and reproduction, and the direct relevance of Ceriodaphnia dubia mortality and reproduction to Bay Area creek ecosystems (i.e., biological composition, diversity, and density) is unclear.  Moreover, the protocol does not evaluate other possible sublethal endpoints for Ceriodaphnia dubia, nor does it address the full range of possible effects for other species.  Recent research has found that diazinon concentrations as low as 100 ng/l can inhibit the ability of some fish to smell; therefore, diazinon exposure could be detrimental to fish that rely on smelling to avoid predation or to perform other critical behavioral functions (Scholz et al. 2000).  These types of effects are not evaluated by the U.S. EPA aquatic toxicity test, but could be important to some organisms in Bay Area urban creeks.

The effects of diazinon on organisms that live in sediments at the bottom of urban creeks have also not been studied in detail.  The amount of diazinon in creek sediments can be substantial.  In 1995, diazinon concentrations in the top 0.2 centimeters of muddy bank sediments from Castro Valley Creek and San Leandro Creek ranged from 4,100 to 33,100 nanograms per kilogram (ng/kg) (equivalent to parts per trillion).  Diazinon concentrations in fine sediments collected from the top 8 centimeters of these streambeds ranged from 2,800 to 55,300 ng/kg (WCC 1996b).  The potential for these diazinon levels to harm bottom-dwelling organisms, and thereby harm potentially important components of the creek habitat, is unknown.  

The extent to which additional data should be collected to better link diazinon levels with site-specific ecological effects is uncertain.  Further investigation could involve collecting new toxicity data for local species and monitoring ecological conditions in individual creeks, but collecting this information could be daunting.  Moreover, separating the effects of various environmental stressors to isolate the effects of diazinon may be impossible in natural creeks.  Again, seeking substantial new information may not be the best use of TMDL resources.  

Although questions remain, the case for placing Bay Area urban creeks on the 303(d) List is strong.  When various approaches to the issue are considered together, the evidence is consistent and compelling:  (1) urban storm water is known to contain contaminants associated with urban activity, (2) substantial quantities of diazinon are applied to urban sites in the Bay Area, (3) diazinon’s physical properties allow it to move through the environment and enter urban creeks, (4) urban creek water has been found to be toxic to some aquatic organisms, (5) this toxicity has been linked directly to the presence of diazinon, and (6) diazinon levels in urban creeks often exceed California Department of Fish and Game water quality criteria.  In light of this evidence, a sufficient case can be made for including urban creeks on the 303(d) List and proceeding with the TMDL process.
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