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Executive Summary

Diazinon and chlorpyrifos are insecticides that are currently widely used in agriculture in
the Central Valley. Though these insecticides were also once widely used in urban
settings, the United States Environmental Protection Agency has recently cancelled
almost all of their nonagricultural uses.

Since the early 1990s, these insecticides have impaired surface water bodies in the
Central Valley. A surface water body is considered impaired by diazinon and
chlorpyrifos when data indicate that these insecticides are found at concentrations that
exceed applicable narrative water quality objectives established in the Water Quality
Control Plan for the Sacramento and San Joaquin River Basins (Basin Plan). In order
to address diazinon and chlorpyrifos impairments throughout a large portion of the
Central Valley Region, staff of the Central Valley Regional Water Quality Control Board
(Central Valley Water Board or Board) have developed the proposal that is discussed in
this Staff Report.

The proposal involves the adoption of a proposed Basin Plan Amendment (the
Proposed Amendment) that would establish numeric water quality objectives for
diazinon and chlorpyrifos in many water bodies in the Central Valley. The Proposed
Amendment would also establish a control program that will ensure that the numeric
water quality objectives will be achieved. The Proposed Amendment is provided in
Appendix C.

Generally speaking, the federal Clean Water Act requires that the Board establish Total
Maximum Daily Loads (TMDLs) to address pollutant exceedances that result in water
quality impairments (i.e., federal Clean Water Act section 303(d) listings). However, if
the Board can demonstrate that other pollution control requirements will successfully
address an impairment, then a TMDL is not necessary. The Proposed Amendment will
establish pollution control requirements for 31 water bodies that are currently on the
303(d) list due to diazinon and/or chlorpyrifos impairments. These include 5
constructed water bodies and 1 natural water body where the Basin Plan has not
designated an aquatic life beneficial use, but where the evidence in the Board’s files
indicates that such uses currently exist.

The geographic scope for the Proposed Amendment, or the Project Area, is the
Sacramento and San Joaquin River Basins below the major dams. This is where the
Board has found diazinon and chlorpyrifos concentrations at levels that exceed
applicable narrative water quality objectives. All of the diazinon and chlorpyrifos water
quality impairments are found in these lower elevations, because these are the areas
where there is the most pesticide use and where there is the most runoff from
agricultural and urban sources. In addition to the water bodies in the Project Area that
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are currently on the 303(d) list due to diazinon and/or chlorpyrifos impairments, the
Proposed Amendment would establish the numeric water quality objectives in all water
bodies in the Project Area where the Basin Plan has designated an aquatic life
beneficial use or where such a use is existing, as that term is defined in the federal
regulations. (40 C.F.R. §131.3(e).)

In addition to establishing pollution control requirements for the 31 water bodies that are
currently on the 303(d) list due to diazinon and/or chlorpyrifos impairments, the
Proposed Amendment also establishes provisions to prevent or quickly address future
impairments in water bodies that are not currently on the 303(d) list. The Proposed
Amendment is fully consistent with previous amendments addressing that diazinon and
chlorpyrifos in the Sacramento and Feather Rivers, the San Joaquin River, and the
Sacramento-San Joaquin Delta. The Proposed Amendment contains monitoring
requirements for municipal storm water, domestic wastewater, and agricultural
dischargers, allows for representative monitoring, and contains provisions that address
potential replacement pesticides. The Board’s implementation of the control program
and the Board'’s coordination with the California Department of Pesticide Regulations,
the United States Environmental Protection Agency’s Office of Pesticide Programs, and
the county agricultural commissioners, is expected to fully address all diazinon and
chlorpyrifos impairments in the Project Area.

The Proposed Amendment represents the first phase of the Board’s effort to establish a
comprehensive program to control discharges of pesticides that pose a significant risk
to surface water quality in the Sacramento and San Joaquin River Basins. The Board is
currently developing amendments to address additional pesticides of concern, such as
pyrethroid insecticides and the herbicide diuron.
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1.Background

1.1 Introduction

Diazinon and chlorpyrifos are organophosphate insecticides that are widely used in
agriculture and, until recently, urban settings. Monitoring conducted since the early
1990s by the Central Valley Water Board, US Geological Survey, the California
Department of Pesticide Regulation and others, has identified diazinon and chlorpyrifos
at levels of concern in numerous Sacramento and San Joaquin Valley water bodies.
Concentrations of diazinon and chlorpyrifos in ambient water samples from rivers,
streams, and the Delta exceed narrative water quality objectives designed to ensure the
protection of aquatic life.

As a result of this widespread diazinon and chlorpyrifos pollution, the Central Valley
Water Board has placed numerous water bodies in the Sacramento and San Joaquin
River Basins on the State Water Board’s Clean Water Act Section 303(d) list due to
diazinon and chlorpyrifos impacts (CRWQCB, CVR, 2011). Generally speaking, the
federal Clean Water Act requires that the Board establish Total Maximum Daily Loads
(TMDLs) to address pollutant exceedances that result in water quality impairments,
unless other pollution control requirements will successfully address the impairments.

Previous Basin Plan amendments (Karkoski et al., 2003; Beaulaurier et al., 2005;
McClure et al., 2006; Hann et al., 2007) have addressed diazinon and chlorpyrifos in the
Sacramento, Feather, and San Joaquin Rivers, and in the Sacramento-San Joaquin
Delta through the adoption of numeric water quality objectives, implementation
provisions, and TMDLs. The Board also adopted a TMDL for diazinon and chlorpyrifos
in Sacramento County Urban Creeks (Spector et al., 2004), but adopted this TMDL as a
resolution, since this TMDL is implemented solely through the municipal storm water
permit for Sacramento County.

These previously-adopted Basin Plan amendments and TMDLs impose requirements
on the sources of these pesticides: agricultural discharges and municipal storm water
and wastewater discharges. These include monitoring requirements, limits on
pesticides concentrations in discharges and in receiving waters, and requirements for
follow-up on exceedances. The Board imposed these requirements to ensure that the
water bodies will ultimately achieve applicable water quality objectives.

Concentrations of diazinon and chlorpyrifos have decreased in many water bodies in
the Central Valley (discussed in Section 1.5) as a result of the implementation of
existing Basin Plan provisions, the implementation of the Board’s Irrigated Lands
Regulatory Program (which has been in place since the early 2000s), the phase-out of
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almost all non-agricultural uses of diazinon and chlorpyrifos in the early 2000s
(discussed in Section 1.4.1), and the changes in registrations and regulations affecting
pesticide use (described in Section 1.6). A description of the progress in implementing
existing Basin Plan requirements is in Section 5.2.

However, there are still numerous water bodies listed on the 303(d) list where diazinon
and chlorpyrifos concentrations that exceed applicable water quality standards, and
where the Board has not established TMDLs or numeric water quality objectives
(SWRCB, 2010). Additionally, there are numerous water bodies in the Sacramento and
San Joaquin River Basins where there are no monitoring data, but where there is
potential for elevated levels of diazinon and chlorpyrifos due to land uses in the
watershed.

Subsequent to the development of the previous Basin Plan amendments addressing
diazinon and chlorpyrifos, the Board determined that a comprehensive Basin Plan
amendment addressing multiple water bodies would be more cost-effective and efficient
than developing Basin Plan amendments and TMDLs for individual water bodies. The
Board also envisioned that it would be beneficial to simultaneously address multiple
pesticides in one Basin Plan amendment. Therefore, the Board initiated a
comprehensive basin planning effort, the Central Valley Pesticide TMDL and Basin Plan
Amendment project, to address multiple pesticides of concern throughout the
Sacramento and San Joaquin River Basins.

Since diazinon and chlorpyrifos impairments can be more quickly addressed (due to the
availability of information from the development of previous amendments), and since
these pesticides account for the largest number of current-use pesticide impairments in
the Central Valley Region, the Basin Plan Amendment being proposed in this Staff
Report focuses on diazinon and chlorpyrifos. Provisions are also included in the
Proposed Amendment to address replacement products and additive toxicity. In the
near future, the Board will propose additional Basin Plan amendments to address other
high priority pesticides. The primary goal of these pesticide Basin Plan amendments is
to provide a clear regulatory framework for the protection of water quality from
pesticides in surface waters in the Sacramento and San Joaquin River Basins, including
the Sacramento-San Joaquin Delta.

Previous drafts of the Proposed Amendment contained TMDLs for the water bodies that
are on the 303(d) list due to diazinon and/or chlorpyrifos impairments. However, the
Irrigated Lands Regulatory Program (ILRP) and other regulatory programs are currently
effectively addressing diazinon and chlorpyrifos impairments, and so the Proposed
Amendment was changed. The Board has shifted the Proposed Amendment’s focus
from the establishment of TMDL wasteload and load allocations to the establishment of
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water quality objectives, compliance timeframes, and monitoring and implementation
requirements.

The Board proposes to rely on existing regulatory programs (such as the ILRP) that
have proved effective at rectifying water quality impairments once the Board establishes
compliance parameters in the Basin Plan. Because diazinon and chlorpyrifos water
quality impairments will be resolved by existing regulatory programs within a set
compliance timeframe, this will obviate the need for the Board to establish TMDLs for
these constituents. (40 C.F.R. §130.7(b)(1)(iii).)

1.2 Watershed Areas to Be Considered

The Sacramento and San Joaquin River Basins are bound by the crests of the Sierra
Nevada on the east and the Coast Range and Klamath Mountains on the west. They
extend some 400 miles from the California - Oregon border southward to the
headwaters of the San Joaquin River. The geographic scope or “Project Area” for the
Proposed Amendment is shown, along with the Central Valley Region’s boundaries, in
Figure 1-1. All documented pesticide impairments in the Sacramento and San Joaquin
River Basins are down in the valleys, where there is more potential for pesticide runoff
from urban and/or agricultural areas. In order to broadly cover the water bodies in the
Sacramento and San Joaquin River Basins with the greatest potential for pesticide
pollution, the Project Area for this Amendment was broadly defined to include all areas
downstream of major reservoirs. The Tulare Lake Basin was not included, as it is
covered by a separate Basin Plan.

The Project Area can be described as having a Mediterranean climate, with most of the
precipitation occurring between the months of November and March and hot, dry
summers. Overall, annual precipitation in the Project Area generally increases from
south to north. In addition to the natural hydrologic processes of rainfall runoff,
snowmelt, and base flow from groundwater discharge, flows in many water bodies in the
Project Area, including the Delta and all of the rivers except the Cosumnes are highly
managed and are affected by reservoir releases, water diversions, irrigation return
flows, and sometimes diversions through bypasses. All of the rivers and many of the
streams in the Project Area receive runoff from agricultural and/or urban land. The
runoff from the agricultural land is often conveyed in a series of ditches before finally
discharging to a river or stream. In some cases, the discharge may collect in a common
conveyance maintained by a water or drainage district. In other instances, the
conveyances to a river or stream may be operated by a single discharger.
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Since the geographic scope under consideration is large and varied in terms of
topography, hydrology, and water sources, it is divided into three large subareas for the
purpose of analysis and discussion of sources. The three watersheds, described below,
are the Lower Sacramento River watershed, the Lower San Joaquin River watershed,
and the Lower Sacramento-San Joaquin Delta watershed (Figure 1-2).

For the purposes of this report, the terms Lower Sacramento River watershed, Lower
San Joaquin River watershed, and Lower Delta watershed refer to the areas shown in
Figure 1-2. These areas include all the areas below major reservoirs which drain to the
Sacramento River, San Joaquin River or the Delta. These areas generally correspond
to the areas addressed as tributary source areas in previous Basin Plan amendments
addressing diazinon and chlorpyrifos in the Sacramento River, San Joaquin River and
the Delta.
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Figure 1-3 summarizes land use in the Project Area for the three watersheds based on
data from the United State Department of Agriculture (USDA), National Agricultural
Statistics Service (NASS, 2009). The Project Area is approximately 12.5 million acres
(roughly 19,500 square miles) and contains over 4.8 million acres (roughly 7,500 square
miles) of agricultural land. There are also over 1.1 million acres (roughly 1,700 square
miles) of urban land in the Project Area. Over 60 municipal wastewater treatment plants
discharge to surface waters within the Project Area, and a similar number of municipal
storm water systems.
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Figure 1-3 Land Uses in the Project Area.
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1.2.1. Lower Sacramento River Watershed

The Lower Sacramento River watershed, as it is defined for the purposes of this Staff
Report and shown in Figure 1-2, is approximately 9,200 square miles (5.9 million acres)
and extends from below Keswick Reservoir in the north to the Sacramento-San Joaquin
Delta in the south, and from the crest of the Coast Range in the west to the dams in the
foothills of the Sierra Nevada in the east. The Lower Sacramento River watershed
includes the cities of Redding, Red Bluff, Chico, Willows, Colusa, Knights Landing,
Yuba City, Marysville, Roseville, and about half of the greater Sacramento Area.
Hydrologically, the Lower Sacramento River watershed is a highly managed area, with
reservoirs that are used for water supply and flood control on all the major tributaries of
the Lower Sacramento River, as well as diversions for municipal and agricultural uses
and levees and bypasses for additional flood control. Both the Sutter and Yolo
Bypasses can convey excess flow from the main channel of the Sacramento River and
have the capacity to carry larger volumes of water than the Sacramento River channel
when they are utilized to prevent flooding. Areas reclaimed by these hydrologic
manipulations are now highly productive agricultural lands and urban areas that are
located in the historic flood plains of the Sacramento and Feather Rivers.

1.2.2. Lower San Joaquin River Watershed

The Lower San Joaquin River watershed, as it is defined for the purposes of this report
and shown in Figure 1-2, is approximately 5,000 square miles (3.2 million acres).

Briefly described, the Lower San Joaquin River watershed is bounded by the reservoirs
in the foothills of the Sierra Nevada Mountains on the east, the crest of the Coast Range
on the west, the Delta to the north, the Tulare Lake Basin to the south, and Friant Dam
to the Southeast. The Lower San Joaquin River watershed includes the cities of
Modesto, Merced, Turlock, and part of the City of Fresno. Below Friant Dam, the San
Joaquin River (SJR) flows westerly to the center of the SJR Valley near Mendota, where
it turns northwesterly to eventually join the Sacramento River within the Delta. The San
Joaquin River feeds into the Delta at the southern border of the Delta subarea. The
principal streams in the Lower San Joaquin River watershed are the San Joaquin River
and its larger tributaries: the Stanislaus, Tuolumne, Merced, Chowchilla, and Fresno
Rivers.

Several smaller, ephemeral streams flow into the SJR from the west side of the SJR
basin. These streams include Hospital, Ingram, Del Puerto, Orestimba, Panoche, and
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Los Banos Creeks. All have drainage basins in the Coast Range, flow intermittently,
and contribute sparsely to water supplies. Mud Slough (north) and Salt Slough drain
the Grassland watershed on the west side of the SJR basin. During the irrigation
season, surface and subsurface agricultural return flows contribute greatly to these
creeks and sloughs.

1.2.3. Lower Delta Watershed

The Lower Delta watershed, as it is defined for the purposes of this report and shown in
Figure 1-2, refers to the area that includes the Legal Sacramento-San Joaquin Delta, as
defined in Water Code section 12220, as well as the areas downstream of reservoirs
that drain directly to the Legal Delta, excluding the Lower Sacramento and San Joaquin
watersheds described above. The Lower Delta watershed is approximately 5,200
square miles (3.3 million acres). Briefly described, the Lower Delta watershed extends
from the crest of the Coast Range and the boundary of the Central Valley Region with
the San Francisco Bay Region in the Delta near the city of Antioch in the West to the
foothills of the Sierra Nevada in the East. To the north, the boundary is the Sacramento
River watershed, where the Sacramento River enters the Legal Delta near downtown
Sacramento. To the south, the boundary is the San Joaquin watershed, where the San
Joaquin River enters the Legal Delta near the city of Vernalis. The Lower Delta
watershed includes part of the Sacramento area, and the cities of Antioch, Vacauville,
Woodland, Rio Vista, Davis, West Sacramento, Elk Grove, Lodi, Galt, Stockton, Tracy
and Manteca.

The Delta, along with the San Francisco Bay, forms the largest estuary on the North
American western coast. The Delta encompasses a maze of river channels and diked
islands encompassing roughly 738,000 acres (1,153 square miles) in Alameda, Contra
Costa, Sacramento, San Joaquin, Solano, and Yolo counties. The Delta forms the
lowest part of the Central Valley, lying between the Sacramento and San Joaquin
Rivers and extending from the confluence of the two rivers inland as far as Sacramento
and Stockton. Many of the waterways in the Delta follow natural courses while others
have been constructed to provide deep-water navigation channels, to improve water
circulation, or to obtain material for levee construction (DWR, 1995). The Delta
supports communities, agriculture, and recreation, and provides essential habitat for fish
and wildlife (DWR, 1995). Over five hundred species of wildlife inhabit the Delta,
making it one of the state’s most important wildlife habitats (DWR, 1995).

The Delta is the major source of freshwater to the San Francisco Bay and supplies over
half of the drinking water for the state. The Sacramento, San Joaquin, Mokelumne,
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Cosumnes, and Calaveras rivers all flow into the Delta, carrying approximately 47% of
the state’s total runoff (DWR, 1995). The average annual inflows and outflows of the
Delta are shown in Tables 1-1 and 1-2. The average annual inflow to the Delta during
the 1980 to 1991 period was 27,840 thousand acre-feet (TAF). The Sacramento River
contributed approximately 62% of the total Delta inflow, and the San Joaquin River
contributed approximately 15% (DWR, 1995). The Yolo Bypass, which drains water
from the Sacramento River during flood events, as well as water from the areas
northwest of the Delta, including, occasionally, the Colusa Basin Drain, contributed
approximately 15%. The East Side Sierra streams that drain directly to the Delta,
including the Cosumnes, Mokelumne, and Calaveras Rivers, contribute approximately
5% of the Delta’s inflows.

The Delta is at sea level. Water levels vary greatly during each tidal cycle, and during
the tidal cycle, flows can vary in direction and amount. The tidal flows into and out of
the Delta are much greater than the “net” Delta outflow. The average tidal flow (ebb or
flood) at Chipps Island is 170,000 cfs, while the average winter outflow is 32,000 cfs.,
and the average summer outflow is 6,000 cfs. (DWR, 1995). Flows in Delta Waterways
are also greatly affected by the export of water from the Delta by the two major pumping
facilities located in the south Delta: the Harvey O. Banks Pumping Plant of the State
Water Project and the Tracy Pumping Plant of the Central Valley Project. Much of the
land in and around the Delta is below sea level, and is dependent on hundreds of miles
of levees to prevent flooding. Because most agricultural areas in the Delta are at or
below sea level, agricultural drainage water from these low-lying areas must be pumped
over levees into nearby channels (DWR, 1995).

Table 1-1 Average Annual Delta Inflows 1980-1991 (DWR, 1995).

Source Avg. Inflow (TAF)
Sacramento River 17,220
East Side Sierra Streams 1,360
San Joaquin River 4,300
Delta Precipitation 990
Yolo Bypass 3,970
Total Inflows 27,840
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Table 1-2 Average Annual Delta Outflows and Diversions 1980-1991 (DWR, 1995).

Avg. Outflow

Outflow or Diversion (TAF)

Delta Outflow to Bay 21,020
Consumptive Use and Channel Depletion 1,690

Tracy Pumping Plant 2,530

Banks Pumping Plant 2,490

Contra Costa Pumping Plant 110

Total Outflows 27,840

1.3 Sources, Transport and Effects of Diazinon and Chlorpyrifos in
Surface Water

Diazinon and chlorpyrifos are synthetic pesticides. The sources of the diazinon and
chlorpyrifos found in Sacramento River and San Joaquin River Basins are urban and
agricultural applications. In the Central Valley, diazinon and chlorpyrifos are used to
exterminate destructive pests and insects such as aphids, spider mites, fleas, ants,
roaches, and boring insects. A fraction of urban and agricultural diazinon and
chlorpyrifos applications can reach surface water during rainfall or irrigation events,
when residual diazinon and chlorpyrifos can migrate with storm water runoff, irrigation
return water, or rainwater, and enter streams, rivers, creeks and sloughs in the three
watersheds.

1.3.1. Environmental Transport of Diazinon

Diazinon is moderately mobile and persistent in the environment and has been detected
in air, rain, fog, soil, surface water, and groundwater (USEPA, 2000a). Diazinon has a
moderately low vapor pressure (ranging from 6.4 to 18.7 milliPascals (mPa) at 20
degrees C (USDA, 1995a)) and Henry’s law constant (estimated at 0.072 Pa-m*/mol
(USDA, 1995a)), indicating that a small fraction of applied diazinon is expected to
volatilize from soil, crops, surface water, or other surfaces into the atmosphere.
Atmospheric diazinon can exist in particulate and vapor forms, as well as a solute
dissolved in fog (Seiber et al., 1993). Atmospheric vapor-phase diazinon is degraded
by reacting with photochemically-produced hydroxyl radicals, and the estimated half-life
for this reaction is four hours (NLM, 2002). Particulate-phase diazinon may be removed
from the air by wet and dry deposition (NLM, 2002). Diazinon also absorbs light in the
environmental spectrum and has the potential for direct photolysis in the atmosphere
(NLM, 2002). Once in the atmosphere, diazinon can be transported by bulk movement
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of air and is subject to deposition processes (Larkin and Tjeerdema, 2000).
Atmospheric transport of diazinon from the Central Valley to the Sierra Nevada
Mountains has been observed, although diazinon levels decreased significantly with
distance and elevation (Zabik and Seiber, 1993). Both dry and wet deposition
processes can transport atmospheric diazinon onto the ground surface, vegetation, or
directly into surface waters.

Diazinon has a low to moderate tendency to adsorb to soil, with reported organic carbon
adsorption coefficient (Koc) values of 1,007 to 1,842 (USDA, 1995a). In soils, diazinon
can be degraded by hydrolysis, microbial degradation and photolysis, lost to surface
and/or groundwater via runoff and/or leaching, and lost to the atmosphere via
volatilization. Diazinon degrades more rapidly in acidic soils than neutral or alkaline
soils (Larkin and Tjeerdema, 2000). Field dissipation half-life is a measure of the overall
rate of disappearance of a pesticide from soil by leaching, runoff, hydrolysis, photolysis,
and microbial degradation. Reported diazinon field dissipation half-lives range from
three to 54 days, with the range of 3 to 13 days considered to be the most
representative of actual field conditions (USDA, 1995a). As a rule of thumb, the time
needed for about 90 percent of the pesticide residue to dissipate is four times the field
dissipation half-life (USDA, 1995a). Reported values for diazinon’s half-life on
vegetation range between two and 14 days (Sheipline, 1993).

Diazinon is moderately soluble in water with reported solubility values ranging from 40
to 60 parts per million (ppm) at 20 to 30°C (USDA, 1995a). The solubility of diazinon is
relatively high for a pesticide (Larkin and Tjeerdema, 2000), indicating that solubility is
probably not limiting the movement of diazinon into solution for transport in moving
water. Due to diazinon’s moderate solubility and low to moderate tendency to adsorb to
soil, it can move off of crops, soil, and other surfaces and into surface water in runoff
from rainfall and irrigation. Atmospheric deposition has the potential to directly
contribute to surface water concentrations. Sediment-associated diazinon can also be
mobilized by sediment runoff and transport of sediments in surface waters, but this
transport mechanism may be less important, since approximately 98% of the diazinon in
San Francisco Bay is reported to occur in the dissolved phase (Domagalski and Kuivila,
1993). In water, diazinon can be degraded by hydrolysis, photolysis, and microbial
degradation, and lost via volatilization. All of these processes are strongly influenced by
the pH, temperature, salinity, and purity of water. The rate of hydrolysis of aqueous
diazinon increases with high or low pH. Hydrolysis half-lives in water have been
reported at 12 days (pH 5), 138 days (pH 7), and 77 days (pH 9) (Giddings et al., 2000).
Reported values for diazinon’s photolysis half-life in water range from 15 to 25 days
(Giddings et al., 2000). Estimates of diazinon’s half-life in water in incubated bottles
range from 14 to 99 days, and from five to 25 days in larger, open, outdoor experimental
systems (Giddings et al., 2000).
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Diazinon has a low to moderate potential to bioconcentrate in aquatic organisms with
reported bioconcentration factors ranging from 4.9 to 152 (NLM, 2002). Depuration of
accumulated diazinon is rapid, with experimental results showing 96 to 97 percent of
accumulated diazinon residues eliminated from fish tissues within seven days (USEPA,
2000a).

1.3.2. Environmental Transport of Chlorpyrifos

Chlorpyrifos can pollute surface water via spray drift at the time of application or as
runoff up to several months after application (USEPA, 2000b). Degradation of
chlorpyrifos in soil, water and air may occur by hydrolysis, photolysis, and microbial
degradation. Chlorpyrifos has a moderately low volatility, with reported vapor pressures
ranging from 2.3 to 12 mPa at 20 to 35°C (USDA, 1995b), and a moderately low Henry’s
law constant of 0.743 Pa-m>/mol at 25°C (USDA, 1995b), indicating that a small fraction
of applied chlorpyrifos is expected to volatilize from soil, crops, surface water or other
surfaces into the atmosphere. When released into the atmosphere, the half-life of the
vapor phase of chlorpyrifos is 6.43 hours when reacting with photochemically produced
hydroxyls (Linde, 1994).

Reported field dissipation half-lives of chlorpyrifos in soil range from 4 to 139 days
(USDA, 1995b), with an average half-life in soil of 30 days (USEPA, 2000b).
Chlorpyrifos has a greater tendency than diazinon to adsorb to soil and sediment, with
reported Ky values of 6,070 to 14,000 (USDA, 1995b). Chlorpyrifos is moderately
soluble in water for a pesticide, with reported solubility values ranging from 0.45 to 1.18
parts per million at temperatures between 10 and 30°C (USDA, 1995b). Available data
indicate that most chlorpyrifos runoff is generally via adsorption to eroding soil rather
than by dissolution in runoff water. However, under some conditions, dissolution in
runoff water may be significant (USEPA, 2000b).

The relatively low to moderate susceptibility of chlorpyrifos to hydrolysis (half-life of 72
days at pHs 5 and 7, and 16 days at pH 9), direct aqueous photolysis (half-life of 30
days in sunlight), degradation under aerobic conditions, and low volatilization indicate
that it will be somewhat persistent in the water columns of some aqueous systems that
have relatively long hydrological residence times (USEPA, 2000b). However,
volatilization and/or adsorption to sediment may substantially reduce the persistence of
dissolved chlorpyrifos in shallow waters and in waters receiving influxes of
uncontaminated sediment, respectively (USEPA, 2000b). The relatively low-to-
moderate susceptibility of chlorpyrifos to degradation under anaerobic conditions
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indicates that it will also be somewhat persistent in anaerobic bottom sediment (USEPA,
2000b). Chlorpyrifos half-lives in pond sediment typically range from 14 to 64 days, with
some longer times observed (Poletika and Robb, 1998).

Atmospheric transport and deposition of diazinon and chlorpyrifos can significantly
affect surface water concentrations in the Central Valley (Majewski et al., 2005).
Atmospheric deposition tends to be correlated to proximity to application areas as well
as the timing and amount of pesticide used (Majewski et al., 2005). In the Central
Valley, wet deposition appears to be the more important mechanism of diazinon
deposition, while dry deposition appears to be the more important mechanism of
chlorpyrifos deposition (Majewski et al., 2005).

1.3.3. Toxic Effects in Surface Water

Diazinon and chlorpyrifos can be acutely toxic to aquatic life, wildlife, and humans.
Aquatic invertebrates appear to be the aquatic organisms most sensitive to chlorpyrifos
and diazinon exposure (Giddings et al., 2000). When ingested by an organism,
diazinon and chlorpyrifos cause toxicity through inactivation of the enzyme
acetylcholinesterase (AChE) that is involved in nerve impulse transmission. Inactivation
of the AChE enzyme results in a variety of lethal and sub-lethal toxic effects (Larkin and
Tjeerdema, 2000).

When present in a mixture, diazinon and chlorpyrifos display additive toxicity (Bailey et
al., 1997). After uptake, aquatic organisms remove diazinon and chlorpyrifos from the
body relatively rapidly (Giddings et al., 2000). Partly due to these rapid depuration
rates, diazinon and chlorpyrifos have only a moderate tendency to bioconcentrate in
aquatic organisms (Giddings et al., 2000), and are not expected to significantly
biomagnify in aquatic food webs. As discussed in Section 4 below, aquatic life appears
to be the beneficial use of water most sensitive to diazinon and chlorpyrifos, and
thresholds for protection of aquatic organisms are orders of magnitude lower than those
for protection of drinking water.

There are, however, concerns about potential human health effects of chlorpyrifos in
drinking water. Chlorpyrifos can transform to chlorpyrifos-oxon during the chlorination
step of drinking water treatment. Chlorpyrifos-oxon is more toxic than the parent
compound and is therefore the focus of the USEPA'’s continuing drinking water
assessment (USEPA, 2011a; USEPA, 2011b), which is being performed as part of the
registration review for chlorpyrifos discussed in Section 1.6.5. There is also a growing
body of literature, currently being reviewed by USEPA, indicating that gestational and/or
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early postnatal exposure of laboratory animals (rats and mice) to chlorpyrifos may
cause persistent behavioral effects into adulthood. The results of both in vivo and in
vitro studies on chlorpyrifos have led some research groups to propose that changes in
brain neurochemistry may underlie behavioral changes into adulthood (USEPA 2011a).

1.4 Diazinon and Chlorpyrifos Use in the Sacramento and San
Joaquin River Basins

Pesticide use data compiled and analyzed in this report were from December 2000
through November 2009. The more recent pesticide use data (December 2005 through
November 2009 (Dec05-Nov09)) are generally relied upon in the analysis to describe
current sources, but earlier use data (December 2000 through November 2005) are also
discussed to describe trends in use. Chlorpyrifos and diazinon use data were obtained
from the Pesticide Use Report (PUR) database maintained by the California Department
of Pesticide Regulation (DPR, 2010). Geographic Information Systems (GIS) and
database software were used to select, filter, and total reported pesticide use data for
the Project Area to analyze the timing and locations of application, sites of application
(crops, etc.), and trends in uses. Agricultural uses are reported to DPR and are
included in the PUR database with detailed information on application location (in terms
of MTRS, Median/Township/Range/Section).

Non-agricultural professional pesticide applications by pest control companies, etc. are
reported to DPR and are included in the PUR database by county without detailed
location information. The reported non-agricultural uses data for Sacramento, San
Joaquin, and Stanislaus counties are used to examine relative importance of these non-
agricultural uses. Individual non-professional pesticide applications by homeowners
and local businesses, etc. are not reported to DPR, and therefore are not included in the
PUR database, but these uses are generally not considered important due to the recent
use cancellations, as discussed below.

1.4.1. Chlorpyrifos and Diazinon Use in the Project Area

Chlorpyrifos and diazinon are applied in agricultural areas to control insects such as
aphids, spider mites, and boring insects. These pesticides were also formerly used
heavily in urban areas for control of common pests such as ants and roaches, but sales
of these pesticides for nearly all non-agricultural uses have been phased out so that
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non-agricultural uses of these pesticides have dropped to what may now be close to
negligible amounts, as discussed below.

The annual average agricultural chlorpyrifos use’ in the study area for recent years
(December 2005 through November 2009) was approximately 424,000 pounds per
year, with an average of about 7,000 applications per year and with the highest uses, in
terms of pounds applied, being walnuts, almonds, and alfalfa. The annual average
agricultural diazinon use in the study area for this time period was approximately 55,000
pounds per year, with an average of about 1,200 applications per year and with the
highest uses, in terms of pounds applied, being stone fruit and nuts trees (e.g., plums
and prunes, peaches, almonds, walnuts) and tomatoes.

The United States Environmental Protection Agency (USEPA) cancelled the sales of
diazinon for all non-agricultural uses in 2004, and cancelled the sales of chlorpyrifos for
almost all non-agricultural uses in 2000. Since that time, non-agricultural uses have
declined drastically. Reported non-agricultural uses in Sacramento, San Joaquin, and
Stanislaus counties from December 2005 through November 2009 were about 0.5%
and 0.1% of all reported uses for chlorpyrifos and diazinon, respectively. There are still
a few unreported uses for which chlorpyrifos can be sold, but they are expected to be
relatively minor. Some unreported uses of existing stocks of diazinon and chlorpyrifos
products that are no longer sold, such as products for homeowner uses, may still occur,
but these uses will continue to decline as these supplies are used up.

Since sales of diazinon and chlorpyrifos for nearly all non-agricultural uses have been
cancelled for several years, these non-agricultural uses are generally far less important
than agricultural uses and are not likely significant sources for most water bodies in the
Sacramento and San Joaquin River Basins. For this reason, unless otherwise
specified, the subsequent quantitative use summaries in this report refer to the reported
agricultural diazinon and chlorpyrifos uses. Non-agricultural uses could still be relevant
sources in smaller water bodies that are highly influenced by local non-agricultural
sources.

1.4.2. Trends in Chlorpyrifos and Diazinon Use

In recent years, agricultural uses of diazinon have declined significantly while
agricultural uses of chlorpyrifos have increased slightly. These pesticides remain
among the more highly used pesticides in California, with chlorpyrifos the 17" highest

' Annual average use was determined by totaling the reported use in the study area for each year, and
then calculating the mean of these annual totals
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use and diazinon the 85" highest use, by pounds of active ingredient in 2009, out of the
approximately 1,000 pesticide active ingredients registered for use in California (DPR,
2010).

Before the phase-outs of residential uses in the early 2000s, diazinon and chlorpyrifos
were two of the most commonly used residential insecticides. Statewide sales data and
local population data were used to estimate the unreported diazinon and chlorpyrifos
uses for Sacramento County before these uses were phased out. These unreported
uses were estimated to be approximately 12,000 pounds of diazinon per year and 900
pounds of chlorpyrifos per year, or approximately 46% and 4% for diazinon and
chlorpyrifos, respectively, of total uses in Sacramento County in 2000 through 2002
(Spector et al., 2004). These unreported uses have very likely declined severely as
existing stocks are used up. Reported non-agricultural uses, such as industrial and
landscaping applications, have also declined severely following the USEPA
cancellations and use restrictions in the early 2000s.

Table 1-3 shows the reported non-agricultural diazinon and chlorpyrifos annual uses
from December 2000 through November 2009 for Sacramento, San Joaquin, and
Stanislaus Counties. Overall, non-agricultural uses have declined severely in the last
ten years, but some minor uses still exist, which could be relevant sources to some
smaller water bodies. This decline in non-agricultural use is reflected in the
concentration data for urban areas, discussed below, which shows an extreme
decrease in diazinon and chlorpyrifos concentrations.

Table 1-3 Reported Annual Non-Agricultural Diazinon and Chlorpyrifos Uses in
Sacramento, San Joaquin and Stanislaus Counties by Year, Dec 2000-Nov 2009.

Sacramento County San Joaquin County Stanislaus County

Year Chlorpyrifos | Diazinon | Chlorpyrifos | Diazinon | Chlorpyrifos | Diazinon
Dec2000-Nov2001 27,663 10,632 15,277 5,150 9,466 55,988
Dec2001-Nov2002 5,157 5,418 8,696 995 5,810 19,568
Dec2002-Nov2003 4,030 5,684 269 144 495 264
Dec2003-Nov2004 568 594 540 24 886 80
Dec2004-Nov2005 585 11 223 0 169 30
Dec2005-Nov2006 198 2 18 0 177 0
Dec2006-Nov2007 40 11 4 1 4 0
Dec2007-Nov2008 25 0 221 0 44 9
Dec2008-Nov2009 13 0 104 5 146 9

To analyze trends in agricultural chlorpyrifos and diazinon use, the pesticide use data in
the Project Area from December 2000 through November 2009 were assembled and
then grouped into two time periods; the first time period is December 2000 through
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November 2005 (Dec00-Nov05) and the second time period is December 2005 through
November 2009 (Dec05-Nov09). In this analysis, time periods running December
through November are used to keep the pesticide applications in each dormant season
(December through February) and irrigation season (February through November)
grouped together.

Table 1-4 shows reported agricultural diazinon and chlorpyrifos use for Dec0O0-Nov05
and Dec05-Nov09. Between Dec00-Nov05 and Dec05-Nov09, the average annual
diazinon use decreased about 54% in the Project Area, with reductions of 50%, 52%,
and 64% for the Lower Sacramento River, Delta, and SJR watersheds, respectively.

Between Dec00-Nov05 and Dec05-Nov09, the average annual agricultural chlorpyrifos
use increased about 2% in the Project Area, with a 16% increase in use in the Lower
Sacramento River watershed, but decreases of 5% and 2% in the Delta and SJR
watersheds, respectively. The average number of applications per year generally
follows the same patterns as the pounds applied, with the number of diazinon
applications being reduced by about half in the latter period and the number of
chlorpyrifos applications being about the same between the two time periods (Table 1-
4). Ten crops account for the majority (over 95%) of annual average diazinon and
chlorpyrifos use in each of these three watersheds. Therefore, changes in use on the
top ten crops for each watershed are detailed below in Sections 1.4.4-1.4.6.

Table 1-4 Average Annual Agricultural Chlorpyrifos and Diazinon Use in the Three
Project Area Watersheds in Dec00-Nov05 and Dec05-Nov09.

Watershed December 2000- December 2005-
November 2005 November 2009
Chlorpyrifos | Diazinon Chlorpyrifos | Chlorpyrifos | Diazinon | Diazinon
(Ibs./yr.) (Ibs./yr.) (Ibs.lyr.) % Change (Ibs.lyr.) % Change
Lower
Sacramento
River 113,203 55,808 131,447 16% 28,101 - 50%
Delta 95,964 29,330 90,955 - 5% 13,959 - 52%
Lower San
Joaquin
River 204,500 36,068 201,246 - 2% 13,107 - 64%
Total
) 413,667 121,206 423,648 2% 55,167 - 54%
(Project
Area)
7,396 2,267 7,005 1,171
applications applications applications - 5% | applications - 48%
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1.4.3. Seasonal Patterns of Diazinon and Chlorpyrifos Use

Figures 1-4 and 1-5 show the reported recent (Dec05 - Nov09) average agricultural
chlorpyrifos and diazinon use in the Project Area for each month. Chlorpyrifos and
diazinon applications have strong seasonal use patterns in the Project Area. Two
pesticide-use seasons were defined for this analysis: the dormant season (December
through February) and the irrigation season (March through November). In this period,
about 96% of the total reported chlorpyrifos uses were during the irrigation season,
mostly in March and May through September. The highest chlorpyrifos use was in July.
In this same period, about 56% of the reported diazinon uses were during the dormant
season, mostly in January and February, with the remaining diazinon uses spread fairly
evenly throughout the rest of the year, except for very low diazinon use in September
and November.
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Figure 1-4 Average Monthly Chlorpyrifos Use by Watershed (Dec05-Nov09).

The seasonal average chlorpyrifos and diazinon uses on the top ten crops for each
watershed are shown in Tables 1-5 and 1-6. Diazinon use in the dormant seasons for
the Sacramento River, Delta, and SJR watersheds were 66%, 33%, and 67%, of total
annual reported diazinon use, respectively. Chlorpyrifos uses in the irrigation season
accounted for 99%, 96%, and 95% of total annual reported chlorpyrifos use in the
Sacramento River, Delta, and SJR watersheds, respectively.

Regional Water Quality Control Board 33 Diazinon and Chlorpyrifos Basin Plan Amendment
Central Valley Region Final Staff Report



16,000
14,000 @ Delta | |
’g 12,000 - m SAC |
5 10,000 | OSJR ||
[%2])
)
= 8,000 -
£ 6,000 -
3
a5 4,000 -
2,000 -
o LM I]_I ‘Elﬂ‘cm‘ti—l‘m‘nﬁﬂﬁ‘ i
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Month

Figure 1-5 Average Monthly Diazinon Use by Watershed (Dec05-Nov09)

Table 1-5 shows chlorpyrifos use on the top ten crops in the dormant and irrigation
seasons. Except for peaches and plums, almost all chlorpyrifos applications occurred
during irrigation season. The highest amounts of chlorpyrifos were applied to walnuts,
alfalfa, and almonds. Most chlorpyrifos applications to walnuts were between May and
September, applications to alfalfa were in March, and to almonds were between June
and August.

Table 1-6 shows the comparison of diazinon use on the top ten crops between the
dormant and irrigation seasons. Plums, peaches, and almonds had the highest
amounts of diazinon used in the Sacramento River and SJR watersheds, while
almonds, tomatoes, and pears had the highest diazinon use in the Delta watershed.
Plums had 76% of annual diazinon use in the dormant season in the Sacramento River
watershed, and 52% in the dormant season in the Delta, and 57% in the SJR
watershed. Peaches and almonds had almost 100% of diazinon applied during the
dormant season in all three watersheds. In the Delta watershed, tomatoes had high
diazinon use and 98% of applications were during the irrigation season, particularly
between March and May.
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Table 1-5 Chlorpyrifos Average Annual Use (Dec05-Nov09) on the Top Ten Crops
in the Three Watersheds by Season.

Dormant| Irrigation [Dormant| Irrigation
Watershed| Crops (Chlorpyrifos Applied) (Ibs) (Ibs) (%) (%)
SAC WALNUTS 44 87742 0% 100%
ALMONDS 95 36425 0% 100%
ALFALFA 9 3922 0% 100%
PLUMS 825 161 84% 16%
PEACHES 642 1 100% 0%
SUNFLOWERS 0 397 0% 100%
CITRUS 0 267 0% 100%
CORN 0 258 0% 100%
PECANS 0 222 0% 100%
COTTON 0 218 0% 100%
Delta WALNUTS 0 39396 0% 100%
ALFALFA 5 19260 0% 100%
GRAPES 276 11674 2% 98%
ALMONDS 2065 6885 23% 7%
CORN 0 6426 0% 100%
APPLES 579 1485 28% 72%
ASPARAGUS 15 1282 1% 99%
PLUMS 361 0 100% 0%
NURSERY_OUTDOOR GROWN 2 310 1% 99%
PEARS 0 240 0% 100%
SJR ALMONDS 6469 83859 7% 93%
WALNUTS 36 35152 0% 100%
ALFALFA 58 31004 0% 100%
CORN 0 14579 0% 100%
GRAPES 1998 8749 19% 81%
CITRUS 0 6278 0% 100%
COTTON 0 4647 0% 100%
SUGARBEETS 160 2784 5% 95%
SWEET POTATOES 0 2137 0% 100%
PEACHES 936 23 98% 2%
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Table 1-6. Diazinon Average Annual Use (Dec05-Nov09) on the Top Ten Crops in
the Three Watersheds by Season.

Dormant [ Irrigation | Dormant | Irrigation] Total use
Watershed Crops (Diazinon Applied) (Ibs) (Ibs) (%) (%) (Ibs)
SAC PLUMS 8301 2651 76% 24% 10952
PEACHES 7409 26 100% 0% 7434
ALMONDS 1564 10 99% 1% 1574
TOMATOES 585 3754 13% 87% 4339
WALNUTS 53 2857 2% 98% 2909
CHERRIES 684 0 100% 0% 684
PEARS 12 9 57% 43% 21
APPLES 2 5 29% 71% 8
ONION 0 55 0% 100% 55
MELONS 0 44 0% 100% 44
Delta ALMONDS 2522 4 100% 0% 2526
TOMATOES 64 3458 2% 98% 3522
PEARS 37 1549 2% 98% 1586
CHERRIES 1303 1231 51% 49% 2534
APPLES 169 1033 14% 86% 1202
WALNUTS 13 568 2% 98% 581
PLUMS 259 234 52% 48% 493
CORN 0 923 0% 100% 923
NURSERY OUTDOOR GROWN 38 103 27% 73% 141
WATERMELONS 0 16 0% 100% 16
SJR ALMONDS 4120 212 95% 5% 4331
PEACHES 1989 29 99% 1% 2017
PLUMS 729 550 57% 43% 1279
CANTALOUPES 0 1319 0% 100% 1319
MELONS 0 1555 0% 100% 1555
TOMATOES 0 843 0% 100% 843
NECTARINES 318 6 98% 2% 324
GRAPES 37 62 38% 62% 99
APPLES 5 150 3% 97% 155
WALNUTS 0 26 0% 100% 26

1.4.4. Chlorpyrifos and Diazinon Use in the Lower Sacramento River Watershed

Figure 1-6 shows the annual average agricultural chlorpyrifos uses in the Lower
Sacramento River watershed for the ten highest use crops during the two time periods
examined. The top ten crops accounted for 99.5% of total reported chlorpyrifos use in
the Lower Sacramento River watershed, with walnuts and almonds accounting for most
of the reported use. Annual average chlorpyrifos use increased 16%, from 113,203 to
131,447 pounds, between Dec00-Nov05 and Dec05-Nov09 in this watershed. Walnuts
had an 18% increase and almonds had a 59% increase in annual average chlorpyrifos
use between Dec00-Nov05 and Dec05-Nov09. For the other crops with significant
chlorpyrifos use in the Lower Sacramento River watershed (alfalfa, peaches, plums, and
cotton), chlorpyrifos use in Dec05-Nov09 was significantly less than in Dec00-Nov05.
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Figure 1-6 Annual Average Chlorpyrifos Use on the Top Ten Crops in Dec00-
NovO05 and Dec05-Nov09 in the Lower Sacramento River Watershed.

Figure 1-7 shows the annual average agricultural diazinon uses in the Lower
Sacramento River watershed for the ten highest use crops during the two time periods
examined. The highest amounts of diazinon were applied, in decreasing order, to
plums, peaches, and almonds. In the Lower Sacramento River watershed, the annual
average total use of diazinon was reduced about 50% from 55,808 to 28,101 pounds
per year between the two time periods. Annual average diazinon use on plums and
peaches in Dec05-Nov09 was about half of the use in Dec00-Nov 05. Almonds had a
notable 83% reduction in diazinon use between the two time periods. Diazinon use was
lower for all crops except cherries, on which use increased about 50% but was still a
minor portion of the overall use.
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Figure 1-7 Average Annual Diazinon Use for the Top Ten Crops in Dec00-Nov05
and Dec05-Nov09 in the Lower Sacramento River Watershed.

1.4.5. Chlorpyrifos and Diazinon Use in the Lower Delta Watershed

Figure 1-8 shows the annual average agricultural chlorpyrifos uses in the Lower Delta
watershed for the two time periods examined. In the Delta watershed, the top ten crops
account for about 99% of total reported chlorpyrifos use. The highest uses were, in
descending order, walnuts, alfalfa, grapes, almonds, and corn. In the Lower Delta
watershed, annual average chlorpyrifos use decreased 5% from 95,964 to 90,955
pounds per year between Dec00-Nov05 and Dec05-Nov09. Walnuts had a slight
decline in chlorpyrifos use between Dec00-Nov05 and Dec05-Nov09. Alfalfa
chlorpyrifos use declined about 18% between the two time periods. Grapes had a
notable increase in chlorpyrifos use (about 262%) between Dec00-Nov05 and Dec05-
Nov09, making it the third highest use of chlorpyrifos in the Delta watershed in Dec05-
Nov09. The increase in chlorpyrifos use on grapes was likely due to the presence of a
newer pest in the Central Valley, the grapevine mealybug.
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Figure 1-8 Average Annual Chlorpyrifos Use for the Top Ten Crops in Dec00-
NovO05 and Dec05-Nov09 in the Lower Delta Watershed.

Figure 1-9 shows the annual average agricultural diazinon use on the ten highest use
crops in the Lower Delta watershed for the two time periods examined. In the Lower
Delta watershed, the top ten crops account for about 96% of total reported diazinon use,
with tomatoes, almonds, and cherries being the main uses. In the Lower Delta
watershed, annual average diazinon use decreased 52% from 29,330 to 13,959 pounds
per year between Dec00-Nov05 and Dec05-Nov09. Among the top ten crops, all crops
except for corn had lower diazinon use in Dec00-Nov05 than in Dec05-Nov09. Almonds
had the highest overall use, but this use declined about 69% between Dec00-Nov05
and Dec05-Nov09. Pears, walnuts, plums, and nurseries had similar significant
declines in use. The remainder of the top ten crops had minor reductions, except for

corn, on which diazinon use increased about 283%.
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Figure 1-9 Average Annual Diazinon Use for the Top Ten Crops in Dec00-Nov05
and Dec05-Nov09 in the Lower Delta Watershed.

1.4.6. Chlorpyrifos and Diazinon Use in the Lower San Joaquin River Watershed

In the Lower San Joaquin River watershed, annual average chlorpyrifos use decreased
2% from approximately 204,500 to 201,246 pounds per year between Dec00-Nov05
and Dec05-Nov09 (Figure 1-10). In the Lower SJR watershed the top ten crops
account for about 98% of total reported chlorpyrifos use. Almonds had the highest
chlorpyrifos use, and chlorpyrifos use on almonds declined slightly between the two
time periods. Chlorpyrifos use on walnuts, alfalfa, corn, and grapes increased between
the two time periods. Use on cotton and peaches decreased significantly, while use on
sugarbeets and sweet potatoes had relatively minor decreases in use between the two
time periods.

Annual average diazinon use decreased 64% from 36,068 to 13,107 pounds per year
between Dec00-Nov05 and Dec05-Nov09 (Figure 1-11). In the San Joaquin River
watershed, the top ten crops account for about 95% of total reported diazinon use.
Annual average diazinon use declined on all of the top ten crops between Dec00-Nov05
and Dec05-Nov09. Almonds had the highest diazinon use and also the highest
reduction (about 71%) between the two time periods.
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Figure 1-10 Average Annual Chlorpyrifos Use on the Top Ten Crops in the Lower

SJR Watershed in Dec00-Nov05 and Dec05-Nov09.
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Figure 1-11 Average Annual Diazinon Use on the Top Ten Crops in the Lower SJR

Watershed in Dec00-Nov05 and Dec05-Nov09.
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1.5 Diazinon and Chlorpyrifos Concentrations in Surface Water in
the Sacramento and San Joaquin River Basins

Chlorpyrifos and diazinon are present in several water bodies within the Project Area at
concentrations that exceed water quality standards, meaning that they exceed the
applicable numeric and/or narrative water quality objectives, discussed below,
established in the Basin Plan for the protection of aquatic life. Table 1-7 lists the water
bodies in the Project Area that are on the current (2010) Clean Water Act section 303(d)
list of water bodies not meeting water quality standards due to diazinon or chlorpyrifos
(SWRCB, 2010). There are 105 listings (each listing is a unique water body segment-
pollutant combination) in the Project Area. Except for four listings for chlorpyrifos in the
Tulare Lake basin?, all of the 303(d) listings for diazinon and chlorpyrifos in the Central
Valley Region were for water bodies within the Project Area. Forty-seven of these
listings are addressed by the previously adopted Basin Plan Amendments discussed
above. Under section 303(d) of the Clean Water Act, TMDLs are required for the
remaining 58 303(d) listings in the Project Area unless data indicate that diazinon and
chlorpyrifos concentrations are no longer exceeding standards, or unless other pollution
control requirements will successfully address the impairments.

In order to describe current diazinon and chlorpyrifos concentrations, available surface
water concentration data from throughout the Project Area from 2000 to 2011 were
compiled from multiple sources. Appendix A lists the references for the data source.
Only data where detection limits were low enough to assess compliance with criteria
shown in Table 1-9 were included in the compilation. Storm water discharge
concentrations were compiled for the Sacramento region, the City of Stockton, and the
City of Modesto. Wastewater treatment plant (WWTP) discharge concentrations were
compiled for WWTPs throughout the Project Area, and included data from the following
WWTPs: Sacramento County Regional, Stockton, Oroville, Modesto, Rio Vista, Turlock,
Yuba City, and UC Davis. When available, data from more recent years are
emphasized to describe current conditions.

While the current 303(d) listings are informative, it should be noted that the most recent
update to the 303(d) list was based on data from before March 2007. In addition to the
overall data summaries, a more detailed examination of data from the 303(d)-listed
water bodies (not addressed by existing TMDLSs) is included below to assess the current
status of the diazinon and chlorpyrifos in these water bodies.

% Addressing listings in the Tulare Lake Basin was outside the scope of this proposed Basin Plan
Amendment. The Tulare Lake Basin is covered by a different Basin Plan.
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Table 1-7 Project Area Water Bodies on California’s 303(d) List Due to Diazinon
and Chlorpyrifos Concentrations (SWRCB, 2010).

Water Body Segment

Chlorpyrifos
303(d) listing

Diazinon
303(d)
listing

Listing(s)
Addressed
by Existing

TMDL

Delta Watershed

Bear Creek (San Joaquin and Calaveras Counties; partly
in Delta Waterways, eastern portion)

Calaveras River, Lower (from Stockton Diverting Canal
to the San Joaquin River; partly in Delta Waterways,
eastern portion)

x

x

x

Delta Waterways (central portion)

Delta Waterways (eastern portion)

Delta Waterways (export area)

Delta Waterways (northern portion)

Delta Waterways (northwestern portion)

Delta Waterways (southern portion)

Delta Waterways (Stockton Ship Channel)

Delta Waterways (western portion)

XIX|X[X]X| X[ X | X

Duck Creek (San Joaquin County)

Duck Slough (in Delta Waterways, northern portion)

Elder Creek

Elk Grove Creek

XX

Five Mile Slough (Alexandria Place to Fourteen Mile
Slough; in Delta Waterways, eastern portion)

XXX X XXX XXX [X] X | X

XXX XXX XXX X[X] X | X

French Camp Slough (confluence of Littlejohns and Lone
Tree Creeks to San Joaquin River)

Lone Tree Creek

Marsh Creek (Marsh Creek Reservoir to San Joaquin
River; partly in Delta Waterways)

Mokelumne River, Lower (in Delta Waterways, eastern
portion)

Mormon Slough (from Stockton Diverting Canal to
Bellota Weir--Calaveras River)

Morrison Creek

Mosher Slough (downstream of I-5; in Delta Waterways,
eastern portion)

Old River (San Joaquin River to Delta-Mendota Canal; in
Delta Waterways, southern portion)

Pixley Slough (San Joaquin County; partly in Delta
Waterways, eastern portion)

Sand Creek (tributary to Marsh Creek, Contra Costa
County; partly in Delta Waterways, western portion)

Ulatis Creek (Solano County)

Winters Canal (Yolo County)
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Water Body Segment

Chlorpyrifos
303(d) listing

Diazinon
303(d)
listing

Listing(s)
Addressed
by Existing

TMDL

Delta Watershed Total

23

20

31

Sacramento River Watershed

Arcade Creek

X

Bear River, Lower (below Camp Far West Reservoir)

X

Butte Slough

Chicken Ranch Slough

Colusa Basin Drain

X([X[X[ X |X

Coon Creek, Lower (from Pacific Avenue to Main Canal,
Sutter County)

Feather River, Lower (Lake Oroville Dam to Confluence
with Sacramento River)

Gilsizer Slough (from Yuba City to downstream of
Township Road, Sutter County)

Jack Slough

Live Oak Slough

Main Drainage Canal

Morrison Slough

Natomas East Main Drainage Canal (aka Steelhead
Creek, downstream of Arcade Creek)

X IX|X|X|X]| X

Sacramento Slough

Spring Creek (Colusa County)

Stony Creek

Strong Ranch Slough

Wadsworth Canal

Yankee Slough (Placer and Sutter Counties)

XIX|X[ X [X]X

Sacramento River Watershed Total

11

14

San Joaquin River Watershed

Ash Slough (Madera County)

Berenda Creek (Madera County)

Berenda Slough (Madera County)

Deadman Creek (Merced County)

Del Puerto Creek

Dry Creek (tributary to Tuolumne River at Modesto, E
Stanislaus County)

Duck Slough (Merced County)

Harding Drain

Highline Canal (from Mustang Creek to Lateral No 8,
Merced and Stanislaus Counties)

XX [X] X [X]X|X[X]|X

Ingram Creek (from confluence with San Joaquin River
to confluence with Hospital Creek)

x
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Water Body Segment Chlorpyrifos Diazinon Listing(s)
303(d) listing 303(d) Addressed
listing by Existing
TMDL
Merced River, Lower (McSwain Reservoir to San X
Joaquin River)
Mustang Creek (Merced County) X
Newman Wasteway X
Orestimba Creek (above Kilburn Road) X X
Orestimba Creek (below Kilburn Road) X X
Salt Slough (upstream from confluence with San Joaquin X
River)
San Joaquin River (Mendota Pool to Bear Creek) X X X
San Joaquin River (Bear Creek to Mud Slough) X X
San Joaquin River (Mud Slough to Merced River) X X X
I . . X X
San Joaquin River (Merced River to Tuolumne River)
- : . . X X
San Joaquin River (Tuolumne River to Stanislaus River)
San Joaquin River (Stanislaus River to Delta Boundary) X X
Stanislaus River, Lower X X
Tuolumne River, Lower (Don Pedro Reservoir to San X X
Joaquin River)
Westley Wasteway (Stanislaus County) X
San Joaquin River Watershed Total 25 12 9
Total 303 (d)
listings:
Grand Total 59 46 105
Total
Addressed
by Existing
TMDLs:
Addressed by Existing TMDLs 26 21 47
Total
Listings
Yet to be
Listings Requiring TMDLs or other pollution control Addressed:
requirements 33 25 58

It is important to note that the increase in the number of 303(d) listings for diazinon and
chlorpyrifos in recent years is the result of increased monitoring data, especially data
from the Irrigated Lands Regulatory Program (ILRP), and is not an indication of
increasing concentration trends. Diazinon and chlorpyrifos concentrations actually
appear to be declining in water bodies throughout the Sacramento and San Joaquin
River Basins, including those which are still 303(d) listed. In the 303(d) list updates
which occurred in 2006 and 2010, a number of diazinon listings and one chlorpyrifos
listing were removed because the concentrations in these water bodies were found to
meet water quality objectives. These “de-listings” are shown in Table 1-8. More recent
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data also indicate there may be additional “de-listings” during the next update of the
303(d) list, as discussed below.
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Table 1-8 Project Area Diazinon and Chlorpyrifos Listings Removed from the
303(d) List Due to Attainment of Water Quality Objectives.

Water Body Segment Year Year
Chlorpyrifos Diazinon 303(d)
303(d) listing listing
removed removed
Delta Watershed
Morrison Creek 2010 Still Listed
Sacramento River Watershed
Sacramento River (Knights Landing to the Delta) Never Listed 2010
Feather Rlver,_Lower (Lake Oroville Dam to Confluence with Still listed 2010
Sacramento River)
Sacramento Slough Still Listed 2008
Sutter Bypass Never Listed 2008
San Joaquin River Watershed
Harding Drain Still Listed 2006
Newman Wasteway Still Listed 2010
Sglt Slough (upstream from confluence with San Joaquin Still Listed 2010
River)
San Joaquin River ( Merced River to Tuolumne River) Still Listed 2010
San Joaquin River (Bear Creek to Mud Slough) Still Listed 2010
San Joaquin River (Stanislaus River to Delta Boundary) Still Listed 2010
Total Water Body Segments Delisted 1 chlorpyrifos 9 diazinon
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As discussed in Section 4, out of all of the beneficial uses delineated in the Basin Plan,
it is the aquatic life beneficial uses of water that are the most sensitive to diazinon and
chlorpyrifos. In this section, concentration data are compared to aquatic life water
quality criteria. The water quality criteria currently used by the Central Valley Water
Board to interpret narrative water quality objectives (in the ILRP, for example) are those
developed by the California Department of Fish and Game, shown in Table 1-9 (CDFG;
Siepmann and Finlayson, 2000, Finlayson 2004). In addition to being used to interpret
narrative water quality objectives, these criteria are also formally established in the
Basin Plan as the numeric water quality objectives for the Lower Sacramento, Feather,
and San Joaquin Rivers and the Delta. Other water quality criteria for the protection of
aquatic life, discussed in Section 4, are also available and are generally similar in
magnitude to the CDFG criteria.

Table 1-9 CDFG Water Quality Criteria for the Protection of Aquatic Life.

Pesticide Maximum Concentration and
Averaging Period
Chlorpyrifos 0.025 pg/L ; 1-hour average (acute)

0.015 ug/L ; 4-day average (chronic)

Not to be exceeded more than once in a three
year period.
Diazinon 0.16 pg/L ; 1-hour average (acute)

0.10 ug/L ; 4-day average (chronic)

Not to be exceeded more than once in a three
year period.

When diazinon and chlorpyrifos appear in water at the same time, they exhibit additive
toxicity to aquatic organisms (Bailey et al., 1997). When both diazinon and chlorpyrifos
concentration data were available for the same time and sampling site, Equation 1 was
used to calculate the additive toxic potential of the combination of diazinon and
chlorpyrifos.

Co + Ce _
WQ0, WQOc

S, S <1 (Equation 1)

Where:

Co = Diazinon concentration in the receiving water.
Cc = Chlorpyrifos concentration in the receiving water.
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WQOp = Acute or chronic diazinon water quality objective or criterion.

WQOc¢ = Acute or chronic chlorpyrifos water quality objective or criterion

S = The sum. A sum (S) exceeding one (1.0) indicates a potential exceedance of
water quality objectives.

Equation 1 is currently established in the Basin Plan as the loading capacity for the
Sacramento, Feather, and San Joaquin Rivers and the Delta. Equation 1 is used in this
report to assess attainment of narrative water quality objectives for co-occurring
concentrations of diazinon and chlorpyrifos.

When evaluating the available concentration data, it is important to keep in mind the
following key factors:

1) Monitoring in this large Project Area has been highly variable and the available
data are a result of the monitoring studies and programs implemented. The
concentrations observed in a particular water body or site are highly dependent
on the timing and frequency of sampling, and the data for a particular watershed
or geographic area are highly dependent on which water bodies and sites are
sampled.

2) Monitoring tends to occur in sites downstream of potential sources. Therefore,
monitoring tends to be more representative of water bodies in areas with higher
pesticide use.

3) Many of the data have analytical detection limits that are above levels of concern,
particularly for chlorpyrifos. Data in which diazinon or chlorpyrifos was not
detected and the detection limit was greater than the criterion were excluded
from the data summaries.

4) The sites and time periods with more frequent and well-timed data collection
(especially during key runoff events) and lower analytical detection limits are
better characterized than the sites and time periods with few data and/or higher
detection limits.

5) The dynamics of pesticide use patterns, management practice implementation,
and changes in the registered uses of these pesticides have affected and will
continue to affect the presence of these pesticides in surface waters.

With these factors in mind, the available data can be used to make informed
observations about the concentrations in surface waters, since there is a large amount
of high quality concentration data and much of that data was collected under programs
and studies that included in their design the characterization of diazinon and
chlorpyrifos sources and concentrations.

Table 1-10 shows concentrations in the different types of water bodies and in municipal
wastewater treatment plant effluent in recent years, 2006 through 2010. In Table 1-10,
there are distinctions between “agricultural drains,” “urban storm drains,” and
“Sacramento and San Joaquin Valley water bodies.” This distinction, which is further
described in Section 2 below, was made to separate minor constructed drainages and
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conveyances from the surface water bodies where the diazinon and chlorpyrifos water
quality objectives will be established. It should be noted that data were not available for
many agricultural drains and drains closer to the application sites would likely show
higher concentrations. Concentrations in Sacramento and San Joaquin Valley water
bodies are further described below for the three major watersheds in the Project Area.

Chlorpyrifos was detected in 24% of the samples from agricultural drains and 15% of
samples from Sacramento and San Joaquin Valley water bodies. Criteria exceedances
in agricultural drains were fairly frequent; chlorpyrifos concentrations exceeded acute or
chronic criteria in 10% or 14% of samples, respectively. Chlorpyrifos criteria
exceedances in Sacramento and San Joaquin Valley water bodies were also somewhat
frequent, with chlorpyrifos concentrations exceeding acute or chronic criteria in 6% or
8% of samples, respectively.

Chlorpyrifos was detected in WWTP effluent or urban storm drains in 16% or 21% of the
samples, respectively. Chlorpyrifos concentrations exceeded acute and chronic criteria
rarely in municipal storm water (exceedances in 2% or 4% of samples, respectively) and
somewhat more frequently in WWTP effluent (5% or 8% of samples, respectively).
Exceedances in WWTP effluent were all from the Sacramento Regional County
Sanitation District, which discharges secondary treated effluent and receives influent
from both domestic wastewater and storm water. Since almost all non-agricultural uses
were phased out over a decade ago, the source of chlorpyrifos in municipal storm water
and wastewater is not known. The source could include runoff from sites of the
remaining few registered non-agricultural uses or residential uses of remaining stocks
that were purchased before the phase out. Sources could also include agricultural uses
within urban areas, or atmospheric transport from agricultural uses in the region. In the
city of Stockton, chlorpyrifos concentrations above the CDFG criteria have been
measured in recent rainwater samples (0.040 and 0.120 ug/L in samples collected in
March 2009; City of Stockton (LWA, 2009).

The readily available data for 2006 through 2010 show only one diazinon detection and
no exceedances of diazinon criteria in WWTP effluent. Diazinon was sometimes
detected in municipal storm water, but did not exceed the acute criterion and only
exceeded the chronic criterion in one of 66 4-day average concentrations. Diazinon
was detected in 5% of samples from agricultural drains, with only two measured
exceedances in 488 samples. Diazinon was detected in 16% of samples from the
Valley water bodies and 1% of those samples exceeded criteria.
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Table 1-10 Concentrations in Valley Water Bodies and Sources (2006-2011).

Type of Water Chlorpyrifos Diazinon

Body
Number of Samples 556 488
Detections 136 | 24% 22 5%
Exceedances of CDFG acute

Agricultural criterion 55| 10% 2| 0.4%

Drains Number of 4-day Averages 556 488
Exceedances of CDFG chronic
criterion 76 14% 2| 0.4%
Maximum Concentration (ug/L) 1.7 0.28

Sacramento

and San Number of Samples 3219 3269

Joaquin Valley [ petections 478 | 15% 513 | 16%

Water Bodies  ["E; ceedances of CDFG acute

(excludes criterion 178 | 6% 26| 1%

cr;:;:gru cted Number of 4-day Averages 2853 2903

Agricultural E>_<ce_edances of CDFG chronic

and Urban criterion 224 8% 37 1%

Drains) Maximum Concentration (ug/L) 3.7 4.3
Number of Samples 121 72
Detections 26| 21% 111 15%
Exceedances of CDFG acute

Urban Storm criterion 3 2% 0 0%

Drains Number of 4-day Averages 114 66
Exceedances of CDFG chronic
criterion 4 4% 1 2%
Maximum Concentration (ug/L) 0.065 0.13
Number of Samples 120 174

o Detections 19 | 16% 1 1%

Municipal Exceedances of CDFG acute

ﬁ:;}?n"éitter criterion 6 5% 0 0%
Number of 4-day Averages 73 127

Plant Effluent Exceedances ogCDFG g<J:hronic
criterion 6 8% 0 0%
Maximum Concentration (ug/L) 0.039 0.088
Number of Samples 4016 4003
Detections 659 16% 547 | 14%
Exceedances of CDFG acute

All Data criterion 242 6% 28 1%
Number of 4-day Averages 3596 3584
Exceedances of CDFG chronic
criterion 310 9% 40 1%
Maximum Concentration (ug/L) 3.7 4.3
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Comparing recent concentrations with historical concentrations, it is apparent that
reductions in pesticide uses and the implementation of practices that control pesticide
discharges have been effective at reducing diazinon and chlorpyrifos concentrations in
surface water. Recent concentrations of diazinon and chlorpyrifos are significantly
reduced from the early 1990s, when concentrations were frequently above water quality
criteria and toxic to test organisms in samples from major rivers and the Delta ((Foe et
al., 1995; Kuivila and Foe, 1995; Deanovic, et al., 1998), and in urban streams (Spector
et al., 2005).

Water quality objectives for diazinon and chlorpyrifos are routinely met in the
Sacramento River and in the lowermost reach of the San Joaquin River upstream of the
Delta. As these rivers are the major tributaries of the Delta, concentrations and loads to
the Delta have also been reduced significantly since peak measured concentrations in
the 1990s (McClure et al., 2006). Declines in concentrations of diazinon in Valley water
bodies in urban, agricultural, and mixed watersheds, and declines of chlorpyrifos in
Valley water bodies in all urban and some agricultural and mixed watersheds were also
reported in a recent data review by the US Geological Survey (Johnson et al., 2010).

In response to reductions in concentrations, a number of water body segments were
removed from the 303(d) list in the most recent (2010) update, as shown in Table 1-8.
Despite these reductions, concentrations of chlorpyrifos, and to a much lesser extent,
diazinon, are still frequently at levels of concern, particularly in some smaller tributaries
in agricultural areas, which are represented in the current 303(d) listings. As discussed
below, some reaches of the San Joaquin River still occasionally exceed the water
quality objectives for chlorpyrifos, as do some Delta Waterways, indicating that more
effort will be needed to achieve the existing Basin Plan requirements for the San
Joaquin River and the Delta.

Tables 1-11 and 1-12 summarize, by month, recent (2006-2011) chlorpyrifos and
diazinon concentration data for Sacramento and San Joaquin Valley water bodies. For
both diazinon and chlorpyrifos, detections and exceedances of criteria correspond with
the periods of high use shown in Figures 1-4 and 1-5, with the most chlorpyrifos
detections and exceedances occurring in July and August, and the most diazinon
exceedances occurring in January and February. There were multiple chlorpyrifos
exceedances in every month except December. There were diazinon exceedances in
every month except May, August, September, and November, but only January,
February, and July had multiple exceedances. While chlorpyrifos use and exceedances
are generally concentrated in the summer and diazinon use and exceedances are
generally concentrated in the winter, there are months when concentrations of both
pesticides can co-occur at levels of concern.
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Table 1-11 Chlorpyrifos Data for Valley Water Bodies (2006-2011), Summarized by

Month.

Exceedances
of CDFG 1- Exceedances
Samples hour Criterion  4-day average of CDFG 4-day
month Analyzed Detections (0.025 ug/L) Concentrations® Criterion
1 277 56 12 207 13
2 445 51 10 318 13
3 339 30 5 274 9
4 270 24 5 255 7
5 312 44 21 289 25
6 315 36 13 306 12
7 336 119 50 329 68
8 309 67 36 301 45
9 197 35 19 193 24
10 150 12 4 144 5
11 96 3 3 93 3
12 173 1 0 144 0
Total 3219 478 178 2853 224

Table 1-12 Diazinon Data for Valley Water Bodies (2006-2011), Summarized by

Month.

Exceedances
of CDFG 1- Exceedances
Samples hour Criterion ~ 4-day average of CDFG 4-
month Analyzed Detections (0.025 ug/L) Concentrations  day Criterion
1 293 108 9 222 11
2 462 146 10 334 14
3 349 71 2 283 3
4 291 49 1 276 1
5 312 18 0 289 0
6 322 27 0 313 1
7 324 25 4 318 5
8 301 21 0 294 0
9 192 8 0 190 0
10 156 12 0 149 1
11 95 9 0 92 0
12 172 19 0 143 1
Total 3269 513 26 2903 37

To examine potential toxicity of combinations of diazinon and chlorpyrifos, the additive
toxicity formula (Equation 1) was applied to recent (2006-2011) samples where both
diazinon and chlorpyrifos were measured. The results in Table 1-13 are classified into

3 4-day average concentrations were calculated by taking the average (mean) of all concentrations
measured within a 4-day period.
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columns indicating whether one, both, or neither of the pesticides was detected. The
samples in which both pesticides were detected are of most interest because the
additive toxicity formula would be more protective than the individual criteria in these
samples. For the samples in which only one pesticide was detected, the individual
criteria yield the same result as the additive toxicity formula. Table 1-13 summarizes
the results of applying the additive toxicity formula for samples from the different
classifications of water bodies and in municipal wastewater treatment plant effluent.

While the data sources for Table 1-13 are the same as those used to summarize
individual concentrations in Table 1-10, not all of the samples were analyzed for both
pesticides. There were 3,108 samples from Valley water bodies that were analyzed for
both diazinon and chlorpyrifos and only these data are included in Table 1-13. Diazinon
and chlorpyrifos were both detected in 147 (4.7%) of the 3,108 samples and 37 of those
exceeded the 1-hour additive toxicity formula. There were an additional 153 acute
exceedances that were due to the concentration of one pesticide. For the Valley water
bodies, there were 2,744 4-day periods with data for both pesticides and diazinon and
chlorpyrifos co-occurred in 134 (4.8%) of those 4-day periods. There were a total of
244 chronic exceedances and 43 of these samples contained both pesticides.
Chlorpyrifos and diazinon did not frequently co-occur in the Valley water bodies, but
both pesticides were detected in18% of chronic and 25% of acute exceedances of the
additivity formula.

In agricultural drains monitored in recent years, there were 478 samples that were
analyzed for both diazinon and chlorpyrifos. These pesticides were both detected in 8
(about 2%) of these samples. Forty-eight of these 478 samples exceeded the 1-hour
additive toxicity formula and six of those exceedances were due to the presence of both
pesticides. Both pesticides were detected in 8 of the 478 available 4-day averages.
Seven of those 4-day averages exceeded the additive toxicity formula due to the
presence of both pesticides, while there were 56 exceedances due to a single pesticide.
For agricultural drains, the pesticides did not co-occur frequently, but when they did it
was highly likely that the additive toxicity formula would be exceeded.

In urban storm drains both diazinon and chlorpyrifos were detected in 2 of 72 samples
from recent years (2006-2011). Three samples exceeded the 1-hour additive toxicity
formula, and both pesticides were present during 2 of those exceedances. There were
66 4-day periods with data available for both pesticides. Both pesticides were detected
during 2 of these 4-day periods. Five samples exceeded the 4-day additive toxicity
formula, and both pesticides were present during two of those exceedances. In
municipal wastewater treatment plant effluent data from recent years, diazinon was not
detected, so all the exceedances were due to chlorpyrifos alone.
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Table 1-13 Additive Toxicity Formula (Equation 1) Results (S values) Based recent (2006-2011) Diazinon and
Chlorpyrifos Monitoring.

Type of Water Body Pesticides Detected Al
both chlorpyrifos diazinon Neither | Samples
Number of Samples 8 83 13 374 478
Agricultural Drains Acute Exceedances (1-hr S >1) 6 41 1 0 48
Number of 4-Day Averages 8 83 13 374 478
Chronic Exceedances (4-d S>1) 7 55 1 0 63
Maximum 1-hr S —value 4.8 68 1.75 0 68
Maximum 4-day S-value 8 113 3 0 113
Sacramento_and San Joaquin Vglley Water Bodies Number of Samples 147 206 359 2306 3108
(excludes minor constructed Agricultural and Urban
Drains) Acute Exceedances (1-hr S >1) 37 135 18 0 190
Number of 4-Day Averages 134 277 257 2076 2744
Chronic Exceedances (4-d S>1) 43 175 26 0 244
Maximum 1-hr S —value 69 148 27 148
Maximum 4-day S-value 115 247 25 247
Urban Storm Drains
Number of Samples 2 3 9 58 72
Acute Exceedances (1-hr S >1) 2 1 0 0 3
Number of 4-Day Averages 2 3 9 52 66
Chronic Exceedances (4-d S>1) 2 2 1 0 5
Maximum 1-hr S —value 2.8 1.7 0.8 0 2.8
Maximum 4-day S-value 4.6 2.9 1.3 0 4.6
Municipal Wastewater Treatment Plant Effluent Number of Samples 13 86 99
Acute Exceedances (1-hr S >1) 6 0 6
Number of 4-Day Averages 5 47 52
Chronic Exceedances (4-d S>1) 5 0 5
Maximum 1-hr S —value 1.6 0 1.6
Maximum 4-day S-value 1.8 0 1.8
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1.5.1. Chlorpyrifos and Diazinon Concentrations in the Sacramento River
Watershed

Table 1-14 describes recent (2006-2011) chlorpyrifos and diazinon concentrations in
Valley water bodies (surface waters excluding minor constructed drains and
conveyances) in the Lower Sacramento River watershed. The data are parsed by
watershed land uses to describe concentrations in water bodies where the land uses
are primarily urban, primarily agricultural, or a mixture of urban and agricultural land
uses.

In the urban streams in the Lower Sacramento River watershed, diazinon was detected
in about 20% of samples from 2006-2011, but the CDFG acute and chronic criteria were
each exceeded in only two of those samples, or about 1%. Chlorpyrifos was
occasionally detected in urban streams and exceeded each criterion in 2 (about 1%) of
the samples. Therefore it appears that most urban streams in the Sacramento River
watershed are no longer impaired by diazinon or chlorpyrifos, and the available data
would likely warrant the removal of some or all of these diazinon and chlorpyrifos
listings from the 303(d) list.

In water bodies with both urban and agricultural sources in the Lower Sacramento River
basin, chlorpyrifos and diazinon were detected in 3 and 30% of samples, respectively,
from 2006-2011. Chlorpyrifos only exceeded the chronic criterion once and did not
exceed the acute criterion. Diazinon exceeded acute and chronic criteria in 3% of
samples.

Chlorpyrifos and diazinon were detected in 6 and 11% of samples, respectively, from
agricultural streams monitored in the Lower Sacramento River basin. The acute criteria
for chlorpyrifos and diazinon were exceeded in 2% and 0.5% of samples, respectively.
It should be noted that there was little recent data from several water bodies in
agricultural areas of the Sacramento River watershed that are currently 303(d)-listed for
diazinon and/or chlorpyrifos, such as Butte Slough, Gilsizer Slough, Live Oak Slough,
Jack Slough, Bear River, Sacramento Slough, Spring Creek, and Wadsworth Canal. In
addition, the attainment of the chlorpyrifos objectives in the Feather River is currently
unknown, as it has not been monitored in the summer since 2007. The most recent
2007 summer data for chlorpyrifos in the Feather River had no exceedances in monthly
sampling, but there was one exceedance of the chronic criterion in 2006. More recent
data for these water bodies would provide a more complete picture of concentrations in
the Lower Sacramento River watershed.
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Table 1-14 Concentrations in Lower Sacramento River Basin Water Bodies (2006-

2011).

Watershed Chlorpyrifos Diazinon

Type
Number of Samples 205 206
Detections 12 6% 22 | 1%
Exceedances of CDFG acute

Agricultural criterion 4 2% 11 0.5%
Number of 4-day Averages 199 200
Exceedances of CDFG chronic
criterion 6 3% 2 1%
Maximum Concentration (ug/L) 0.05 0.222
Number of Samples 449 448
Detections 13 3% 136 | 30%
Exceedances of CDFG acute

Mixed criterion 0 0% 14 3%
Number of 4-day Averages 341 339
Exceedances of CDFG chronic
criterion 1] 0.3% 11 3%
Maximum Concentration (ug/L) 0.0176 4.2863
Number of Samples 186 188
Detections 11 6% 39| 21%
Exceedances of CDFG acute

Urban criterion 2 1% 2 1%
Number of 4-day Averages 185 187
Exceedances of CDFG chronic
criterion® 2 1% 2 1%
Maximum Concentration (ug/L) 0.043 2.50
Number of Samples 840 842
Detections 36 4% 197 | 23%
Exceedances of CDFG acute

All Data criterion 6 1% 17 2%
Number of 4-day Averages 725 726
Exceedances of CDFG chronic
criterion* 9 1% 15 2%
Maximum Concentration (ug/L) 0.05 4.3

The Sacramento River has been sampled extensively, and in recent years no
exceedances of diazinon criteria have been observed, which resulted in the Sacramento
River diazinon listing being recently removed from the 303(d) list. The reduction in
diazinon in the Lower Sacramento River and its largest tributary, the Feather River, and
their tributaries was recently written up as a watershed success story by USEPA
(USEPA, 2010). This document gives an extensive history of the efforts by the
agricultural community, the Sacramento River Watershed Program and other watershed
groups, University of California researchers, and government agencies that contributed
to the efforts to control diazinon runoff in the Lower Sacramento River.
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The reductions of diazinon concentrations in the Sacramento River show that the
diazinon loading from the Sacramento River watershed has declined substantially.
However, there are still exceedances of diazinon criteria in the Sacramento River
watershed, including a notable diazinon concentration of over 4 ug/L in the Colusa
Basin Drain measured in February 2008 (SVWQC, 2008). This concentration,
measured in a significant tributary of the Sacramento River, indicates that there are still
sources in the watershed that could potentially cause the diazinon concentrations in the
Sacramento River to exceed diazinon water quality objectives during the dormant
season.

A more detailed examination of data from the 303(d)-listed water bodies not addressed
by existing TMDLs in the Sacramento River watershed is included below to assess their
current status. The data included in these descriptions is not constrained to the 2006-
2011 time period used above to summarize the more recent data.

1.5.1.1. The Lower Bear River

Bear River flows from Camp Far West Reservoir into the Feather River near Nicolaus,
through mostly agricultural lands. This segment was listed for diazinon in 2002 based
on samples collected in the dormant season in 1994 and 2000, and it remains listed for
diazinon. More recent data contain no diazinon exceedances, but were not sufficient to
justify delisting during the 2006 or the 2010 303(d) list updates. Based on the most
recent data available from 2005, Bear River was also listed for chlorpyrifos in 2010.
While there are sparse data from Bear River in recent years, the available data indicate
that diazinon and chlorpyrifos concentrations exceed water quality standards.
Therefore, this impairment needs to be addressed through the establishment of specific
pollution control requirements.

1.5.1.2. Butte Slough

Butte Slough is located in Butte County west of the Sutter Buttes, and flows between
Butte Creek and the Sutter Bypass. It receives agricultural and urban drainage. Butte
Slough was 303(d)-listed for diazinon in 2002 based on data from January and February
1994 showing multiple exceedances. Subsequent monitoring in 2000 (9 samples),
2001 (12 samples), 2002 (7 samples), 2003 (17 samples, all in the dormant season),
2005 (7 samples, 2 in the dormant season), and 2006 (7 samples, none in the dormant
season) showed no exceedances. Chlorpyrifos concentrations in Butte Slough samples
have never exceeded criteria. Since the available data have shown no exceedances
since 1994, it appears diazinon concentrations in Butte Slough are no longer exceeding
water quality standards. Therefore, a TMDL or other specific pollution control
requirements for diazinon in Butte Slough are not required and it is recommended that

Regional Water Quality Control Board 58 Diazinon and Chlorpyrifos Basin Plan Amendment
Central Valley Region Final Staff Report



the diazinon listing for Butte Slough should be considered for removal from the 303(d)
list the next time it is updated.

1.5.1.3. Coon Creek (Sutter County)

Coon Creek is located in an agricultural area southeast of Nicolaus in Sutter County.
Coon Creek was 303(d)-listed for chlorpyrifos in 2010 based on data from 2005, which
had exceedances in 2 of 15 samples. Subsequent monitoring in 2006, 2007, 2008, and
2009 showed no chlorpyrifos detections or exceedances in 27 samples, and the
management plan was deemed complete for Coon Creek. However, new monitoring in
2011 had two new chlorpyrifos exceedances. These recent data indicate that
chlorpyrifos concentrations in Coon Creek are exceeding water quality standards, and
specific pollution control requirements should be established for Coon Creek.

1.5.1.4. Colusa Basin Drain

Colusa Basin Drain is a major agricultural drain that drains a large agricultural area west
of the Sacramento River. During high flows, the Colusa Basin drain flows into the Yolo
Bypass via the Knight’s Landing Ridge Cut. The Colusa Basin Drain was 303(d)-listed
for diazinon in 2002 and the listing was re-confirmed in the 2006 and 2010 303(d) list
updates based on multiple exceedances in the 1990s and early 2000s. Samples from
2005, 2006, and 2007 contained no diazinon exceedances, but samples from 2008
contained two exceedances with very high diazinon concentrations (762 ng/L and 4,286
ng/L during February 2008). Monitoring data from 2010 contained no exceedances but
only had two dormant season samples. The available data indicate that diazinon
concentrations in the Colusa Basin Drain are exceeding water quality standards.
Therefore, this impairment must be addressed through the establishment of specific
pollution control requirements.

1.5.1.5. Gilsizer Slough

Gilsizer Slough is located in Sutter County and flows from the city of Gridley into the
Sutter Bypass and receives both urban and agricultural drainage. Gilsizer Slough was
303(d)-listed for diazinon in 2010 based on data from 2000, 2004, and 2006 showing
exceedances. More recent data from 2009 from the Sacramento Valley Coalition
contains additional diazinon exceedances during the dormant season. These data
indicate that diazinon concentrations in Gilsizer Slough are exceeding water quality
standards, and specific pollution control requirements must be established to address
the diazinon impairment in Gilsizer Slough. Gilsizer Slough is under a management
plan for diazinon developed by the Sacramento Valley Coalition. The area has also
received significant USDA grant funding to reduce diazinon dischargers.
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1.5.1.6. Jack Slough

Jack Slough is an eastern tributary to the Feather River flowing through mostly
agricultural land near Marysville. Jack Slough was listed for diazinon in 2002 due to
high diazinon concentrations measured in the dormant seasons in 1994 and 2000.
Subsequent monitoring in 2002 contained additional diazinon exceedances. Four
samples were collected during the dormant season in 2006 in which diazinon was
detected at concentrations below criteria. While concentrations of diazinon in Jack
Slough appear to be declining, the available data indicate that diazinon concentrations
in Jack Slough are exceeding water quality standards, and specific pollution control
requirements must be established for Jack Slough.

1.5.1.7. Live Oak Slough

Live Oak Slough flows through mostly agricultural areas near the city of Live Oak in
Sutter County into Wadsworth Canal, which flows into the Sutter Bypass. Live Oak
Slough was 303(d)-listed for diazinon in 2010 based on exceedances during two winter
storms in 2006. No subsequent data have been collected. Therefore the available data
indicate that diazinon concentrations in Live Oak Slough are exceeding water quality
standards, and specific pollution control requirements must be established for Live Oak
Slough.

1.5.1.8. Main Drainage Canal

Main Drainage Canal is a large agricultural drain that flows through agricultural land in
Butte and Sutter Counties and into Cherokee Canal. Main Drainage Canal was listed
for diazinon in 2006 based on data from 1994, 2000, 2001, and 2002 showing multiple
exceedances. Subsequent monitoring in January and February 2006 (four samples)
had one exceedance. Monitoring in 2007 (nine samples, two during the dormant
season) had no exceedances. The available data indicate that diazinon concentrations
in Main Drainage Canal are exceeding water quality standards, and specific pollution
control requirements must be established for the Main Drainage Canal.

1.5.1.9. Natomas East Main Drainage Canal (aka Steelhead Creek)

Natomas East Main Drainage Canal (aka Steelhead Creek) receives flow from several
rural and urban water bodies north of Sacramento and flows into the Sacramento River
north of the American River. It was 303(d)-listed for diazinon in 1996 based on data
from the early 1990s. Data from 2003, 2004, 2005, 2006, 2007, and 2008 contain no
exceedances for diazinon or chlorpyrifos, which is consistent with data from urban
streams in the area. Since the available data have shown no exceedances and would
support delisting, a TMDL or specific pollution control requirements for diazinon are not
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necessary and the diazinon listing for Natomas East Main Drainage Canal should be
considered for removal from the 303(d) list during the next update.

1.5.1.10. Sacramento Slough

Sacramento Slough drains the Butte Basin and Sutter Bypass into the Sacramento
River near Verona. It was listed in 2002 for diazinon, and then delisted for diazinon in
2006. Sacramento Slough was listed for chlorpyrifos in 2010 based data showing two
exceedances of chronic criteria in June and July of 2004. More recent data from
monthly monitoring in 2005, 2006, 2007, and 2008 have no diazinon or chlorpyrifos
exceedances. Therefore a TMDL or specific pollution control requirements for
chlorpyrifos in Sacramento Slough are not necessary and the chlorpyrifos listing for
Sacramento Slough should be considered for removal from the 303(d) list during the
next update.

1.5.1.11. Spring Creek (Colusa County)

Spring Creek is located in Colusa County, flowing east out of the inner coast range near
the city of Williams. Spring Creek was 303(d)-listed for diazinon and chlorpyrifos in
2010. The chlorpyrifos listing was based on two exceedances in July 2004. The
diazinon listing was based on multiple exceedances during the dormant season in
January and February 2005. Subsequent monitoring in the summers of 2005 and 2007
contained no chlorpyrifos or diazinon exceedances. There was no additional diazinon
dormant season monitoring available following the exceedances measured in 2005.
Therefore the available data indicate that diazinon concentrations in Spring Creek are
exceeding water quality standards, and specific pollution control requirements must be
established for Spring Creek.

1.5.1.12. Stony Creek

Stony Creek is located in northern Glenn County and flows east from Black Butte
Reservoir through mostly agricultural lands into the Sacramento River near Hamilton
City. Stony Creek was 303(d)-listed for chlorpyrifos based on two exceedances out of
13 samples in 2004 and 2005. The chlorpyrifos exceedances were detected in July
2004 and July 2005. Subsequent monitoring in 2006 (11 samples) and 2007 (three
samples) and 2012 (two samples) had no chlorpyrifos detections or exceedances, but
did have one diazinon exceedance in March 2006. The most recent three years’
available data have no chlorpyrifos exceedances and only one diazinon exceedance.
Therefore the available evidence indicates that concentrations of diazinon and
chlorpyrifos in stony creek are not exceeding water quality objectives. Therefore, a
TMDL or specific pollution control requirements are not necessary for chlorpyrifos in
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Stony Creek and the chlorpyrifos listing for Stony Creek should be considered for
removal from the 303(d) list during the next update.

1.5.1.13. Wadsworth Canal

Wadsworth Canal is located southeast of the Sutter Buttes in Sutter County and flows
through mostly agricultural areas into the Sutter Bypass. Wadsworth Canal was listed
for diazinon in 2006 based on multiple exceedances in the dormant spray season in the
1990s and early 2000s. Wadsworth Canal was also listed for chlorpyrifos in 2010
based on multiple exceedances in 2003 and 2004. Additional diazinon and chlorpyrifos
monitoring was conducted in 2005 (10 samples), 2006 (seven samples), and 2010 (2
samples) during which no exceedances were measured. These data only included
three samples from the dormant season and therefore would not support delisting. The
available data indicate that diazinon concentrations in Wadsworth Canal are exceeding
water quality standards, and specific pollution control requirements must be established
for Wadsworth Canal.

1.5.1.14. Yankee Slough

Yankee Slough is a tributary of the Bear River which flows through agricultural areas in
Sutter and Placer Counties. Yankee Slough was 303(d)-listed for chlorpyrifos in 2010
based on data from July, August, and September 2004 in which four of five samples
exceeded the acute chlorpyrifos criterion. There was also one diazinon criteria
exceedance in the same samples. No subsequent data was available. The available
data indicate that chlorpyrifos concentrations in Yankee Slough are exceeding water
quality standards. Therefore, it is this impairment must be addressed through the
establishment of specific pollution control requirements.

1.5.2. Chlorpyrifos and Diazinon Concentrations in the Delta Watershed

Table 1-15 describes recent (2006-2011) diazinon and chlorpyrifos concentrations in
Valley water bodies in the Delta watershed. The data are parsed by watershed land
uses to describe concentrations in water bodies where the land uses are primarily
urban, primarily agricultural, or a mixture of urban and agricultural land uses.

In agricultural streams in the Delta watershed, chlorpyrifos was detected in 26% of
samples, and exceeded acute or chronic criteria in 9% or 12% of samples, respectively.
In agricultural streams in the Delta watershed, diazinon was detected in 15% of
samples, but exceeded acute or chronic criteria rarely, in 1% or 2% of samples,
respectively.
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In the urban streams in the Delta watershed, diazinon was detected in 16% of samples,
but concentrations never exceeded the CDFG criteria in all of the sampling from 2006-
2011. Thus it appears that urban streams in the Delta watershed are no longer
impaired by diazinon, and the available data would likely warrant the removal of all
diazinon listings from the 303(d) list. Chlorpyrifos was detected in 5% of samples in
urban streams and exceeded the acute or chronic criteria in 3% or 4% of the samples,
respectively.

In recent years (2006-2011), in water bodies with mixed urban and agricultural sources
in the Delta watershed, chlorpyrifos was detected in 11% of samples and exceeded
acute or chronic criteria in 4% or 7% of samples, respectively. Diazinon was detected
more frequently, in 20% of samples, but exceeded acute or chronic criteria in only 1% or
2% of samples, respectively.
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Table 1-15 Concentrations in Lower Delta Watershed Water Bodies (2006-2011).

Watershed Chlorpyrifos Diazinon

Type
Number of Samples 239 227
Detections 61 26% 34| 15%
Exceedances of CDFG acute

Agricultural criterion 22 9% 2 1%
Number of 4-day Averages 230 219
Exceedances of CDFG chronic
criterion® 27 12% 4 2%
Maximum Concentration (ug/L) 1.7 0.246
Number of Samples 623 591
Detections 70 11% 120 | 20%
Exceedances of CDFG acute

Mixed criterion 27 4% 3 1%
Number of 4-day Averages 477 444
Exceedances of CDFG chronic
criterion® 34| 71% 10 2%
Maximum Concentration (ug/L) 0.42 0.45
Number of Samples 73 76
Detections 4 5% 12 | 16%
Exceedances of CDFG acute

Urban criterion 2 3% 0 0%
Number of 4-day Averages 73 76
Exceedances of CDFG chronic
criterion® 3 4% 0 0%
Maximum Concentration (ug/L) 0.060 0.08
Number of Samples 935 894
Detections 135 14% 166 | 19%
Exceedances of CDFG acute

All Data criterion 51 5% 5 1%
Number of 4-day Averages 780 739
Exceedances of CDFG chronic
criterion® 64 8% 14 2%
Maximum Concentration (ug/L) 1.7 0.5

Compliance with the water quality objectives and allocations for diazinon and
chlorpyrifos in the Delta Waterways, as defined in Appendix 42 of the Basin Plan, was
required by December 2011. The recent (2006-2011) data for Delta Waterways is
somewhat sparse in some areas of the Delta, and most of the recent data from Delta
Waterways is from sites around the periphery of the Delta. Some Delta Waterways
monitored in recent years appear to be consistently attaining diazinon and chlorpyrifos
objectives, including the Sacramento River within the Northern Delta, the Mokelumne
River within the Eastern Delta, Marsh Creek, Smith Canal, and Morrison Creek.
Diazinon and/or chlorpyrifos listings for these specific Delta water bodies should be
considered for removal from the 303(d) list during the next update. However, the recent
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concentration data included exceedances of the chlorpyrifos water quality objectives in
some Delta Waterways, such as Shag Slough, French Camp Slough, Mosher Slough,
the lower Calaveras River, White Slough and Fivemile Slough, and exceedances of
diazinon water quality objectives in Mosher Slough and Sand Creek. There were no
recent (2006-2011) data available for many Delta Waterways, including waterways
where diazinon and or chlorpyrifos had been issues in the past, such as Old River,
Middle River, San Joaquin River within the Delta, and Paradise Cut. Having data for
more of these water bodies would allow a more complete assessment of the overall
attainment of the chlorpyrifos and diazinon water quality objectives for the Delta
Waterways.

A more detailed examination of data from the 303(d)-listed water bodies not addressed
by existing TMDLs in the Delta watershed is given below to assess their current status.
The data included in these descriptions is not constrained to the 2006-2011 time period
used above to summarize the more recent data.

1.5.2.1. Bear Creek (San Joaquin and Calaveras Counties; partly in Delta Waterways,
eastern portion)

Bear Creek flows from the foothills northeast of Stockton through agricultural lands and
into Pixley Slough in the eastern Delta. This segment was 303(d)-listed for diazinon in
2010 based on exceedances in two of 17 samples measured in 2005 (SWRCB, 2010).
Recent monitoring has no diazinon exceedances, but there were few samples from the
dormant season. Recent coalition monitoring has also detected multiple chlorpyrifos
exceedances (SJDWQC, 2012). Therefore the data indicate that this segment should
be addressed by a specific pollution control program. Due to the chlorpyrifos
exceedances in samples collected from Bear Creek, the Coalition has updated its
schedule for focused management plan outreach and management practice evaluation
to include Bear Creek during the years 2013-2015.

1.5.2.2. French Camp Slough

French Camp Slough is located south of Stockton and flows from the confluence of
Littlejohns and Lone Tree Creeks to the San Joaquin River in the Delta. Its watershed
is mostly agricultural land but includes some urban areas on the downstream end near
Stockton. French Camp Slough was listed for diazinon in 2010 based on data from
2002 through 2006. Subsequent diazinon data were collected in 2007, 2008, 2009,
2011 and 2012. There were exceedances in February 2007 and January 2008, but no
diazinon detections or exceedances in 2009, 2011 or 2012. Therefore it appears that
diazinon concentrations are no longer exceeding water q