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Numeric concentration and toxicity targets have been proposed to quantifiably evaluate attainment of the Water Quality Control Plan, San Francisco Bay Basin (Region 2)’s narrative toxicity objectives.  Because these numeric targets were developed specifically to translate the narrative objectives, they are directly linked to the objectives.  The purpose of this linkage analysis is to describe the links between the sources of diazinon and pesticide-related toxicity in urban creeks and the proposed numeric targets.

CONCEPTUAL MODEL

This report presents a conceptual model that represents the current understanding of the physical, chemical, and biological processes underlying pesticide behavior in the environment.  The model frames a discussion of diazinon’s transport mechanisms to urban creeks and its environmental fate and effects.  

Figure 5.1 illustrates the general path that pesticides follow from application sites to urban creeks.  The initial release occurs during structural pest control, landscape maintenance, and other outdoor applications to soils, plants, and paved areas (e.g., sidewalks, driveways, and patios).  The pesticide is then transported in surface runoff to storm drains during rain or irrigation events.  Storm water containing pesticides is discharged into urban creeks at storm drain outfalls.  Although a relatively small fraction (about 0.25%) of the diazinon applied outdoors reaches urban creeks (ACCWP and Alameda County 1997), this small fraction is sufficient to exceed the proposed diazinon concentration and toxicity targets.  

As pesticides move from application sites to creek habitats, several processes affect pesticide concentrations in urban creeks.  For diazinon, the most important of these are degradation, evaporation and deposition, and sediment transport, as illustrated in Figure 5.2.

Degradation

Most diazinon applied in the Bay Area breaks down in the environment before it reaches urban creeks.  As illustrated in Figure 5.3, one of diazinon’s degradation products is diazoxon, which is believed to be largely responsible for the toxic effects associated with diazinon.  Diazoxon degrades relatively quickly into less toxic chemicals, including oxypyrimidine (Larkin and Tjeerdema 2000).

Diazinon decomposes through photolysis, hydrolysis, and biological degradation.  Photolysis is not typically an important degradation pathway for diazinon (U.S. EPA 2000f).  Hydrolysis is rapid under acidic conditions (pH 5), where the diazinon half-life is about 2 weeks.  However, under neutral and alkaline conditions, diazinon hydrolizes more slowly, with half-lives of about 20 weeks at pH 7 and about 11 weeks at pH 9 (U.S. EPA 2000f).  Although hydrolysis may account for substantial diazinon 
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FIGURE 5.1*
Primary Path of Pesticide Discharges to Urban Creeks
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FIGURE 5.2*

Important Fate and Transport Processes, Particularly for Diazinon 

*Figures are based on drawings prepared by University of California Statewide Integrated Pest Management Project.
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FIGURE 5.3

Diazinon and Diazoxon

degradation on land, within a creek it is a relatively unimportant degradation mechanism because of the relatively short residence time of storm water in urban creeks.  Microbial activity is often the major route of diazinon degradation.  Diazinon half-lives in soil range from 2 to 6 weeks.  Under conditions of low temperature, low moisture, or high alkalinity, or conditions where microbial action is limited, however, the half-life may extend to 26 weeks or longer (Central Valley RWQCB 1993).  Because microbial activity is more limited on paved surfaces than soil or plant surfaces, diazinon may degrade more slowly there (U.S. EPA 2000f).  This may also be true for other pesticides.

Evaporation and Deposition

Diazinon’s vapor pressure of 0.0001 torr (Novartis Crop Protection 1997) is relatively low.  Because diazinon is not especially volatile, it tends to stay in soil or water rather than evaporate into the atmosphere.  Diazinon can evaporate from surfaces (Glotfelty et al. 1990), however, particularly if these surfaces are impervious (Alameda County 2001).  Spray applications result in losses to the atmosphere.  When diazinon solutions are sprayed, part of the solution remains airborne and is deposited on nearby objects, such as buildings and roofs.  In this way, diazinon can move through the air from surface to surface.  During a rain event, diazinon on objects above the ground is washed back to the ground onto plants, soils, or paved surfaces subject to runoff.  

Diazinon concentrations have been measured in over 50 samples of rain collected within the immediate vicinity of a diazinon application (Alameda County 2001).  Most concentrations ranged from 100 to 1,000 nanograms per liter (ng/l, parts per trillion), but some of the samples contained as much as 15,000 ng/l diazinon.  When rain samples were collected in 1995 without regard to the proximity of recent diazinon application sites, more than half did not contain detectable diazinon concentrations.  Diazinon was detected in rain at eight locations, with concentrations ranging from 33 to 88 ng/l (SWRCB et al. 1997).

Diazinon evaporation and deposition may occur in urban areas, but much of the airborne diazinon probably deposits locally, typically within the same watershed where it was applied (Alameda County 2001).  Since adjacent Bay Area urban watersheds are all considered impaired, in most cases, diazinon transported to nearby watersheds simply trades places with diazinon from these impaired watersheds.  The potential for urban runoff to carry diazinon to an impaired water body remains the same.  Wind may carry some airborne diazinon beyond the Bay Area to the Central Valley.  

Sediment Transport

Diazinon tends to adhere more to organic matter than water.  Its octanol-water partition coefficient, Kow, is about 2,000, and its organic carbon-water partition coefficient, Koc, is about 1,000 (Novartis Crop Protection 1997).  It binds moderately well to soil, where it seldom migrates much below the top 0.5 inches (ETN 1996).  Because of diazinon’s affinity for particles, it may be deposited in the sediment of urban creeks.  The movement of sediment may serve as a transport mechanism for diazinon within a creek (Chen et al. undated) and may also be an important diazinon sink.  

Despite diazinon’s tendency to adhere to particles, it is relatively soluble in water compared to the levels associated with toxicity.  At room temperature, its solubility is about 40 milligrams per liter or 0.004% (Novartis Crop Protection 1997).  This contributes to diazinon’s mobility in runoff.  A fraction of the diazinon in sediment may return to the water column.  This may be an important process in stagnant pools and ditches that have high concentrations of diazinon in their sediment, or in creeks where water flows slowly over a long stretch of diazinon-laden sediment (ACCWP 1999a).  The movement of pesticides such as diazinon between sediment and surface water is not fully understood.

QUANTITATIVE TRANSPORT MODEL

A quantitative transport model developed for a representative Bay Area watershed supports the conceptual model.  It focuses on a well-defined watershed for which reliable long-term rainfall, flow, and water quality data are available.  

In the context of diazinon in urban surface water, the best characterized watershed in the Bay Area is the Castro Valley Creek watershed.  Alameda County has studied this watershed extensively and has modified a version of the U.S. Environmental Protection Agency Storm Water Management Model (EPA-SWMM) to simulate the fate and transport of diazinon in Castro Valley Creek (Alameda County 1999; Chen et al. undated).  EPA-SWMM is designed to simulate pollutant loads, hydrology, and water quality in creeks.  Alameda County has calibrated and verified the model for Castro Valley Creek using the data available for the watershed.  

The watershed of Castro Valley Creek is representative of urban land use patterns in the Bay Area.  The area is predominantly low-density residential neighborhoods (50%), with some open space (35%) and commercial development (15%) (ACCWP and Alameda County 1997).  The Castro Valley Creek watershed covers an area of 5.5 square miles and is a sub-watershed of the San Lorenzo Creek drainage located in west central Alameda County (Chen et al. undated).  The stream channel is mostly intact in the upper reaches, where it is surrounded primarily by open space.  The central portions of the creek flow through channels and culverts through heavily developed land.  The downstream portion of the channel is in a fairly natural state until it joins San Lorenzo Creek at the base of the watershed.  

Alameda County’s adaptation of EPA-SWMM is designed to simulate watershed processes over a two-year period.  It estimates the application of diazinon on soil and impervious surfaces at monthly intervals and reduces diazinon accumulation through degradation.  It tracks the amount of diazinon that washes off with rain and irrigation.  The runoff rate corresponds to land use and has values distinguishing overland flow for urban (developed) and open space land uses (Chen et al. undated).  

The model accounts for the buildup of pollutants on surfaces from air deposition, traffic, and human activity.  For diazinon, human activity is the primary input and is adjusted to represent a per capita load of about 0.02 pounds per person (Alameda County 1997).  The population of each sub-catchment is estimated on the basis of data compiled by the Alameda County Community Development Agency.  This is combined with the per capita application rate to estimate the amount of diazinon entering the watershed.  The monthly load is adjusted to represent seasonal changes in application rates.  Difficulty in estimating actual diazinon application rates contributes substantially to uncertainty in the model results (Chen et al. undated).

Through a separate operation, the model simulates hydrologic processes, including rainfall, evaporation, surface discharge, and groundwater discharge.  The hydrologic simulation is based on U.S. Geological Service flow data collected in Castro Valley Creek.  The model has been calibrated with field data collected during the 1995-1996 wet season.  It has subsequently been verified using 1996-1997 and 1999-2000 data (Chen et al. undated).  Combined with the diazinon loads estimated from the application rate, degradation, and runoff assumptions, the hydrologic components of the model estimate diazinon concentrations in Castro Valley Creek.

To better match the observed data, a sediment transport module simulates erosion, suspension, transport, and deposition of particles.  Linking diazinon with sediment substantially improves the model’s simulation of diazinon concentrations.  Therefore, the most important factors affecting the model appear to be seasonal loading, hydrologic flow, and sediment transport.  The results of the quantitative model suggest that the conceptual model discussed above includes the processes most relevant to diazinon fate and transport from application sites to urban creeks.

KEY POINTS

The sources of diazinon and pesticide-related toxicity can be linked to the numeric targets proposed to protect the beneficial uses of Bay Area urban creeks.  The initial release occurs during pesticide applications.  Pesticides are then transported in surface runoff to storm drains during rain or irrigation events.  Storm drains discharge runoff into urban creeks, where it causes toxicity.  This conceptual pesticide transport model applies to all Bay Area urban creeks.  A quantitative transport model developed for a representative watershed supports the conceptual model.  
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