























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































able 8. Summary of frequency of toxicity to Ceriodaphnia in samples collected from the Cache and
Putah Creek watersheds from November 1998 to October 1999.

No. of No. of Samples Exhibiting Toxicity | Frequency
Site /| Samples Acute Chronic = |Reproductive of
_ Tested | Mortality | Mortality { Impairment | Toxicity
Cache Creek d/s Clear Lake 12 0 0 1 8
North Fork Cache Creek at HWY 20 12 . 0 0 2 17
Bear Creek w/s Cache Creek 12 0 0 1 8
Confluence
Cache Creek at Rumsey Bridge 12 0 1 3 33
Cache Creek at Capay 12 0 0 3 25
Cache Creek at Yolo 12 0 0 3 25
Cache Creek w/s Yolo Bypass 12 0 0 2 17
Willow Slough at HWY 113 12 0 .2 2 33
Putah Creek u/s Lake Berryessa 12 0 0 4 33
Putah Creek d/s Lake Solano 12 0 0 1 8
Putah Creek u/s UCD 12 0 0 2 17
Putah Creek w/s UCD WWTP 12 0 0 1 8
.Putah Creek d/s UCD WWTP 12 0 0 2 17
Putah Creek u/s of Yolo Bypass at 12 0 0 1 8
Mace Blvd.

1. Frequency of toxicity represents the total number of times any type of toxicity occurred divided by the total
number of times the site was sampled. When significant mortality was detected, reproduction was not calculated

so when chronic mortality was observed, reproductive

d/s = downstream
u/s = upstream

impairment was not considered.
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Table 9. Summary of Pimephales toxicity testing mortality endpoint from November 1998 to July 1999.
ICIY g Y | Yy
Site o Toxicity testing endpoint': % Mortality ,
Sample Date:| 11/2-3/98]12/1,7/98] 1/11799] 2/8-9/99] 3/3,23/99] 4/5-6/99] 5/10-11/99] 6/7-8/99| 7/12-13/99] 8/9-10/99] 9/13-14/99] 10/4-5/99)|
Laboratory Control oF [ 5 [ o Jons] o [ 38 2" [ 258 | 38 [ o 13"
((Cache Creek d/s Clear Lake 0.0 N\ 7.5 17.5 0 20.0 13.8 5.0 0.0 12.5 5.0 10.0
North Fork Cache Creck at Hwy 20 | 5.0 |\ 0.0 | 225 || 25 10.0 2.5 100|325 10.0 25
Bear Creek u/s Cache Creek 25 RNy 2.5 7.5 0 5.0 5.0 2.5 5.0 5.0 2.5 7.5
Confluence N\\N :
l[Cache Creck at Rumsey Bridge 325 NS 25 [ 50 [Ny 100 15.0 2.5 10.0 97 NN
[[Cache Creek at Capay 5.0 7.5 100 | 25 0° 25 | 50 75 | 50 5.0 12.5 15.0
Cache Creek at Yolo 0.0 17.5° 5.0 22.7 12.5° 0.0 10.0 0.0 0.0 17.5 2.5 5.0
Cache Creek u/s Yolo Bypass 0.0 158 0.0 15.0 0" 0.0 25 0.0 1.5 10.0 5.0 0.0
Willow Slough at Hwy 113 2.5 10° 7.5 10.0 0° 0.0 7.5 5.0 00 75 2.5 2.5
Putah Creek u/s Lake Berryessa 0.0 5.0° 0.0 7.5 2.5° 0.0 7.5 7.5 0.0 25 0.0 2.5
Putah Creek d/s Lake Solano 25 2.5% 7.5 12.5 5.0° 0.0 20.0 5.0 15.0 17.5 10.0 10.0
Putah Creek u/s UCD 5.0 2.5 2.5 150 | 200 0.0 25 5.0 5.0 10.0 0.0 0.0
Putah Creek u/s UCD WWTP 0.0 10° 25 | 233 100 | 250 5.0 2.5 25 7.5 10.0 1.5
Putah Creek d/s UCD WWTP 0.0 2.5b 5.0 10.0 5.0° 5.0 5.0 2.5 25 5.0 5.0 2.5
Putah Creek u/s of Yolo Bypass at 0.0 5.0° 5.0 10.0 27.5° 2.5 10.0 5.0 0.0 75 5.0 w\\ﬁ\
Mace Blvd. &\\\\\

P. The laboratory control met all EPA criteria for test acceptability.

1. Highlighted cells indicate a significant increase in mortality compared to the laboratory control. Thebmor'tality endpoint was analyzed with Dunnett's fest.
2. In December 1998 and March 1999, the Cache and Putah Creek watersheds were sampled on separate days and set up as two separate tests. Endpoints
designated with an "a" were compared to the first laboratory control listed and endpoints designated with a "b" were compared to the second laboratory control

listed.
d/s = downstream
w's = upstream

Lo
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Table 10. Summary of Pimephales toxicity testing growth endpoint from November 1998 to October 1999.

Site Toxicity testing endpoint': Growth (mg/surviving fish)
Sample Date:| 11/2-3/98] 12/1,7/98 | 1/11/99]2/8-9/99] 3/9,23/99 ]4/5-6/99]5/10-11/99] 6/7-8799] 7/12-13/99] 8/9-10/99] 9/13-14/99] 10/4-5/99

Laboratory Control 0.564" [0.410"0.446"] 0.515" [ 0.413" [0.423"0.396"] 0.340" [ 0.250" [ 0.313" [ 0349" | 0311" [ 0357° | 0.380°
Cache Creek d/s Clear Lake 0.590 0.549° ¢ /(;ET 0.444 0.423° 0.348 0.146 0.306 0.344 0.385 0.335 0.382
North Fork Cache Creek at Hwy 20 0.611 0.531° [ 0.482 | 0.505 0.461° 0.344 0.327 0.330 0.377 0.408 0.366 0.347
Bear Creek w/s Cache Creek 0.601 0.474% 0.556 | 0.500 0.454" 0.343 0.262 0.324 0.339 0.418 0.388 0.422
Confluence ' ' _
Cache Creek at Rumsey Bridge - 0.752 0.482" 0.490 | 0.470 0.468%° 0.349 0.266 0.323 0.342 0.455 0.359 0.421
Cache Creek at Capay 0.579 0.437° 0.523 | 0.457 0413" 0307 | 0.244 0293 | 0.359 0.363 0.326 0.385
Cache Creek at Yolo 0.602 0.481° 0.498 | 0.473 0.456 0355 | 0.243 0352 | 0323 0.352 0317 0.378
Cache Creek u/s Yolo Bypass : 0.643 0.469° 0.403 | 0.499 0.424° 0.339 0.244 0.305 0.373 0.402 0.357 0.355
Willow Slough at Hwy 113 0.580 - 0.504" 0.532 | 0.470 0.460° 0.360 0.267 0.303 0.338 | 0333 0.351 0.399
Putah Creek u/s Lake Berryessa 0.534 0.461° 0.428 | 0.458 0.379" 0.333 0.246 0.293 0.344 0.346 0.370 0.337.
Putah Creek d/s Lake Solano 0.554 0.336° 0.475 |1 0.456 0.426° 0.320 0.255 0.295 0.389 0.314 0.344 0.371
Putah Creek w/s UCD 0.585 0.588" 0.457 | 0.480 0.450° 0.304 0.229 0.288 0.378 0.389 0.310 0.377
Putah Creek u/s UCD WWTP 0.584 0.356° 0.437 | 0.467 0.404° 0.309 0.245 0.312 0.348 0.330 0.364 0.375
Putah Creek d/s UCD WWTP 0.581 0.403° 0.477 | 0.418 0.433° 0342 | 0234 0342 | 0336 0.368 0327 0.334
Putah Creek u/s of Yolo Bypass at 0.596 0.308" 0.496 | 0.472 0.424° 0312 0.274 0.306 0.292 0.340 0.322 0.388
Mace Blvd. :

P. The laboratory control met all EPA criteria for test acceptability.

1. Highlighted cells indicate a significant decrease in growth compared to the laboratory control. The growth endpoint was analyzed with Dunneit's test.

2. In December 1998 and March 1999, the Cache and Putah Creek watersheds were sampled on separate days and set up as two separate tests. Endpoints

designated with an "a" were compared to the first laboratory control listed and endpoints designated with a "b" were compared to the second laboratory control
- listed. ’

d/s = downstream

s = upstream
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Table 11. Summary of frequency of toxicity to Pimephales in samples collected from the Cache and
Putah Creek watersheds from November 1998 to October 1999.

1. Frequency of toxicity represents the total number of times any type of toxicity occurred divided by the total
number of times the site was sampled. Chronic mortality and growth inhibitio

at the same time.
d/s = downstream
Ws = upstream

No. of No. of Samples Exhibiting Toxicity |Frequency
Site Samples | Acute Chronic Growth of

Tested | Mortality | Mortality | Impairment | Toxicity
Cache Creek d/s Clear Lake 12 0 1 1 17 -
North Fork Cache Creek at HWY 20 12 0 3 0 25
Bear Creek w/s Cache Creek 12 -0 1 0 8
Confluence .
Cache Creek at Rumsey Bridge 12 0 5 0 42
Cache Creek at Capay 12 0 0 0 0
Cache Creek at Yolo 12 0 0 0 0
Cache Creek w/s Yolo Bypass 12 0 0 0" 0
Willow Slough at HWY 113 12 0 0 0 0
Putah Creek u/s Lake Berryessa 12 0 0 0 0
Putah Creek d/s Lake Solano 12 0 0 0 0
Putah Creek u/s UCD 12 0 0 0 0
Putah Creek u/s UCD WWTP 12 0 0 0 0
Putah Creek d/s UCD WWTP 12 0 0 0 0
Putah Creek u/s of Yolo Bypass at 12 0 1 0 8
Mace Blvd.

n never occurred in the same sample
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Table 12. Summary of Selenastrum toxicity testing endpoints from November 1998 to October 1999.

Site Toxicity testing endpoint': Number of Cells (x 10%)
Sample Date:{11/2-3/98] 12/1,7/98 [1/11/99]2/8-9/99] 3/9,23/99 [4/5-6/99]5/10-11/99]6/7-8/99]7/12-13/99] 8/9-10/99 [9/13-14/99] 10/4-5/99
Laboratory Control 1317 [243.7°006.47] 204.7° | 207.6° [237.37223.57] 89.5° [ 12257 [ 747" | 603" [ 483™ [ 189.9° | 2303™
jiCache Creek d/s Clear Lake 236.4 308.6° 262.5 | 279.7 298.7* 274.6 210.6 188.0 159.6 156.0 2254 2231
North Fork Cache Creek at HWY | 264.1 289 6* 294.6 | 2439 295.3 303.5 | 2434 | 2099 | 20738 158.5 240.7 4133
20 . :
Bear Creek u/s Cache Creek 184.9 319.3° 236.2 | 269.1 306.5° 222.6 2283 232.6 122.1 161.0 180.2 221.6
Confluence . .
Cache Creek at Rumsey Bridge 283.1 316.0° 3163 | 261.2 354.7° 280.2 243.1 1135 1593 213.2 220.5 219.6
Cache Creek at Capay 300.5 340.4° 272.9 | 2569 305.3° 2919 | 2485 | 1783 | 1408 213.1 220.2 272.3
Cache Creek at Yolo 246.3 328.2° 2222 | 307.7 288.4° 2554 | 1938 | 2049 | 164.8 179.3 276.6 356.5
Cache Creek u/s Yolo Bypass 1341 247.0° 175.4 ] 2752 208.1° 248.2 2359 174.0 47.2 48.7 173.1 299.6
Willow Slough at HWY 113 241.7 219.8° 143.6 {\Y’%\Y’Q‘\{QW@\\\Q 1558 | 1827 | 2484 | 206.2 139.9 207.8 2383
Putah Creek u/s Lake Berryessa 262.3 239 0 282.9 | 2344 185.0° 2775 | 2238 | 2366 %\\ﬁm 100.3 259.6 344.4
Putah Creek d/s Lake Solano 280.1 295.1 282.1 | 3195 193.0° 2485 | 2303 | 2702 | 2212 216.6 223.8 272.4
Putah Creek u/s UCD 268.7 114.9° 3219 | 2317 231.5° 279.2 248.6 287.9 90.3 182.0 276.1 247.8
Putah Creek u/'s UCD WWTP 279.9 293 5P 299.6 | 1983 209.0° 2770 | 2610 | 2493 | 2431 2243 259.5 3394
Putah Creek d/s UCD WWTP 310.1 3122 266.3 | 2139 197.0° 191.7 | 2764 | 2741 1989 | 1919 276.5 240.7
Putah Creek w/s of Yolo Bypassat | 276.0 330.9" 3104 | 1839 232.1% 275.1 265.6 252.5 250.1 2213 261.2 317.0
Mace Blvd.

P. The laboratory control met all EPA criteria for test acceptability.
NP. The laboratory control did not meet all EPA criteria for test acceptability. The coefficient of variation was higher than 20%.
1. Highlighted cells indicate a significant decrease in number of cells compared to the laboratory control. The cell number endpoint was analyzed using

Dunnett's Test (p<0.05).

2. In December 1998 and March 1999, the Cache and Putah Creek watersheds were sampled on separate days and set up as two separate tests. Endpoints
designated with an "a" were compared to the first laboratory control listed and endpoints designated with a "b" were compared to the second laboratory control

listed.
d/s = downistream
Ws = upsiream
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Table 13. Summary of frequency of toxicity to Selenastrum in samples collected from the
Cache and Putah Creek watersheds from November 1998 to October 1999.

No. of No. of Samples Frequency of
Site Samples |Exhibiting Algal Growth| Toxicity (%)
' Tested Impairment
Cache Creek d/s Clear Lake 9 0 0
North Fork Cache Creek at HW'Y 20 9 0 0
Bear Creek w/s Cache Creek Confluence 9 0 0
Cache Creek at Rumsey Bridge 9 0 0
Cache Creek at Capay 9 0 0
Cache Creek at Yolo 9 0 0
Cache Creek w/s Yolo Bypass 9 0 0
Willow Slough at HWY 113 . 9 2 22
Putah Creek w/s Lake Berryessa 9 1 11
Putah Creek d/s Lake Solano 9 0 0
Putah Creek u/s UCD 9 0 0
Putah Creek w/'s UCD WWTP 9 0 0
Putah Creek d/s UCD WWTP 9 0 0
Putah Creek u/s of Yolo Bypass at Mace Blvd. 9 0 0

1. Frequency of toxicity represents the total number of times any type of toxicity occurred divided by the total
number of times the site was sampled. Tests that did not pass the EPA criteria for test acceptability were not

included in the calculation of the frequency of toxxcxty
d/s = downstream

w's = upstream
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B.1.43 Lower San Joaquin River, Mercury

Summary of Proposed Action

The California Regional Water Quality Control Board, Central Valley Region, (Regional Board)
recommends the addition of the lower San Joaquin River to California’s Clean Water Act Section 303(d)
list due to impairment by mercury. Information available to the Regional Board on mercury levels in fish
tissue samples indicates that water quality objectives are not being attained in the lower San Joaquin River.
The description for the basis for this determination is given below.

Table B-1. 303(d) Listing/TMDL Information

‘Waterbody Name Lower San Joaquin River | Pollutants/Stressor -] Mercury
‘Hydrologic Unit - - 544.00 ‘Sources - ° - . | Resource extraction
ST e S .| (abandoned mines)
Total Waterbody Size 330 miles TMDL Priority

“Size Affected 60 miles TMDL Start Date

' {(Mo/Yr) .~ "

Extent of Impairment | From the confluence with | {IM:DL:EM?D@& L
© oo el - Bear Creek to Vernalis Mo/¥r). -

 Upstream Extent = | 37°16' 44" Upstream Extent 120° 49' 39"

Latitude : : Longitude - -~ .
Downstream Extent . | 37°40'32.6" ‘DownstreamExtent | 121° 15' 54"
“Latitude.. S : Longitude - -~ - ,

Watershed Characteristics

The San Joaquin River flows for approximately 330 miles from the headwaters to the Delta boundary near
Vernalis in central California. The hydrology in the lower San Joaquin River is highly managed, with
numerous tributary impoundments and extensive diversion of river flows. The lower San Joaquin River is
intermittently dry between Gravelly Ford and the Bear Creek confluence, except when Friant Dam releases
water for flood control. '

Water Quality Objectives Not Attained

The narrative objective for toxicity is not being attained for mercury in the lower San Joaquin River. The
narrative toxicity objective in the Basin Plan states, in part, “All waters shall be maintained free of toxic
substances in concentrations that produce detrimental physiological responses in human, plant, animal, or
aquatic life.” The narrative toxicity objective further states that “The Regional Water Board will also
consider ... numerical criteria and guidelines for toxic substances developed by the State Water Board, the
California Office of Environmental Health Hazard Assessment, the California Department of Health
Services, the U.S. Food and Drug Administration, the National Academy of Sciences, the U.S.
Environmental Protection Agency, and other appropriate organizations to evaluate compliance with this
objective” (CRWQCB-CVR, 1998; http://www.swrch.ca.gov/~rwgcb5/bsnplnab.pdf).

Numeric criteria for mercury in fish tissue have been developed for both human health and wildlife
protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million, [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine
attainment of the narrative toxicity objective.

Evidence of Impairment

The Toxic Substances Monitoring Program (TSMP) and San Francisco Estuary Institute (SFEI) collected
numerous trophic level 3 and 4 fish samples from the San Joaquin River between 1979 and 1999 (SWRCB,
1995; Davis and May, 2000). Trophic level 3 fish (e.g., carp and green sunfish) feed on zooplankton,
phytoplankton, and benthic invertebrates. Trophic level 4 fish (e.g., channel catfish and largemouth bass)
consume trophic level 3 fish as part of their diet. Methylmercury and total mercury bioaccumulates in
aquatic organisms and tends to increase with increasing trophic levels (USEPA, 1997a). The twrophic level
4 fish had an average mercury concentration of 0.45 ppm, which exceeds the USEPA criterion of 0.3 ppm.
Table B-2 summarizes the available mercury concentration data for trophic level 4 fish.



Table B-2. Summary of Mercury Concentration Data for Lower San Joaquin River Fish

, "‘Mean:iMen‘c'uyry' ’
R : , .- oo oo iConcentration .. | . . .
Sampling Location. . - Fish Species " /(ppm) # of Fish Sampled
Channel Catfish 0.51 3
Largemouth Bass 0.68 22
Landers Ave /RT 165 Sacramento Pike Minnow |0.10 24
Striped Bass 0.49 1
White Catfish 0.42 22
Largemouth Bass 0.66 25
Between Crow’s Landing -
and Las Palmas roads Striped Bass 0.46 1
White Catfish 0.45 20
Channel Catfish 0.32 64
Near Vernalis Lar.gemouth Bass 0.65 27
Striped Bass 0.73 7
White Catfish 0.42 48
Summary Trophic Level 4 Fish - 0.45 064

Extent of Impairment

Evidence suggests the lower San Joaquin River is impaired by mercury from the confluence with Bear

Creek to Vernalis. Bear Creek was chosen as the upstream extent because it is both a major source of water

to the San Joaquin River and is located just upstream of the Landers Avenue/Route 165 sampling site
sampled by the SFEI study (Davis and May, 2000).

Potential Sources

The principal sources of mercury to aquatic ecosystems in northern California are historic mercury and
gold mining sites (CRWQCB-SFB et al, 1995).




B.1.49 Lower Stanislaus River, Mercury

Summary of Proposed Action

The California Regional Water Quality Control Board, Central Valley Region (Regional Board)
recommends the addition of the lower Stanisiaus River to California’s Clean Water Act Section 303(d) list
due to impairment by mercury. Information available to the Regional Board on mercury levels in fish
tissue samples indicates that water quality objectives are not being attained in the lower Stanislaus River.
The description for the basis for this determination is given below.

Table B-1. 303(d) Listing/TMDL Information

Waterbody'Name | Lower Stanislaus River wPollutants/Stressors | Mercury
*.1 53530 ;’Sources s Resource extraction
: y L RRLRT -] (abandoned mines)
:Total Waterbody | 58 miles TMD!

“Size L P LELT A

Slze Affected 58 miles ‘TMDL Start Date

> ) : A(Mo/Yr) -
“Extent of - . -| Entire Lower Stanislaus | TMDL End Date

ﬁ‘Impalrment " | River (Mo/Yr): i

Upstream: Extent | 37°52' 25" ‘Up‘strean‘TEktént S 120036' 17"
Latitude < < . Longitude . e

:,Downstream Extent 13739 53" ,:Downstream Extent S| 121014 28"
“Latitide "5 0 Longitude e

Watershed Characteristics

The lower Stanislaus River flows 58 miles from the Goodwin Diversion Dam through the towns of
QOakdale, Riverbank and Ripon to its confluence with the San Joaquin River. The upstream segment forms
the Calaveras-Tuolumne County line, the middle segment flows through Stanislaus County, and the
downstream segment forms the Stanislaus-San Joaquin County line. The Goodwin Diversion Dam serves
as an after bay for hydropower and spillway releases from Tulloch Dam, which is immediately upstream.
The Tulloch Dam serves as an after bay for hydropower releases from the upstream New Melones Dam.
The New Melones Dam regulates the flows of the Stanislaus River. Neither the Tulloch nor Goodwin
reservoirs have flood control space; large releases are passed through both reservoirs. The Oakdale and
South San Joaquin Irrigation Districts operate Goodwin Diversion Dam and Tulloch Reservoir; the U.S.
Bureau of Reclamation operates the New Melones Dam (USBR, 2001).

Water Quality Objectives Not Attained
The narrative objective for toxicity is not being attained for mercury in the lower Stanislaus River. The
narrative toxicity objective in the Basin Plan states, in part, “All waters shall be maintained free of toxic

substances in concentrations that produce detrimental physiological responses in human, plant, animal, or
aquatic life.” The narrative toxicity objective further states that “The Regional Water Board will also
consider ... numerical criteria and guidelines for toxic substances developed by the State Water Board, the
California Office of Environmental Health Hazard Assessment, the California Department of Health
Services, the U.S. Food and Drug Administration, the National Academy of Sciences, the

U.S. Environmental Protection Agency, and other appropriate organizations to evaluate compliance with
this objective (CRWQCB-CVR, 1998; http://www.swrcb.ca.gov/~rwqcbS/bsnplnab.pdf).”

Numeric criteria for mercury in fish tissue have been developed for both human health and wildlife
protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine
attainment with of the narrative toxicity objective.

Evidence of Impairment
The Toxic Substances Monitoring Program (TSMP) and San Francisco Estuary Institute (SFEI) collected
composite samples of trophic level 3 and 4 fish from the Stanislaus River between 1978 and 1998



(SWRCB, 1995; Davis and May, 2000). Trophic level 3 fish feed on zooplankton, phytoplankton, and
benthic invertebrates. Trophic level 4 fish consume trophic level 3 fish as part of their diet.
Methylmercury and total mercury bioaccumulate in aquatic organisms and tend to increase with increasing
trophic levels (USEPA, 1997b). The TSMP and SFEI sampled 45 trophic level 4 fish (largemouth bass,
channel catfish, and white catfish). These trophic level 4 fish had an average mercury concentration of
0.53 ppm, which exceeds the USEPA criterion of 0.3 ppm.

Extent of Impairment
The lower Stanislaus River flows 58 miles from Goodwin Diversion Dam to its confluence with the San

Joaquin River. Data are available only for the downstream segment of the river. However, the entire
58-mile reach is probably impaired because there is no substantial input downstream of Goodwin Dam.

Potential Sources
The principal source of mercury to Stanislaus River is historic gold mining sites in the upper portion of the

watershed (OMR, 2000).
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-Of interest to Managers

OF INTEREST TO MANAGERS

Chuck Armor, DFG
carmor@delta.dfg.ca.gov

¢ Mitten Crabs. p 4. May and Brown describe Chi-
nese mitten crab distribution in the San Joaquin River drain-
age and found no crabs at any of the sites sampled. This
suggests there are fewer mitten crabs in the San Joaquin
drainage this year than in past years, and associated prob-
lems with large mitten crab numbers at the CVP and SWP
facilities may be less this year.

* Striped Bass and Delta Smelt Fish Abundance
Indices. p 8-10. Gartz reports on the status of various fish
species of special interest, which is a mixture of good and
bad news. The striped bass 38-mm index was set at 5.5, twice
the 1999 index of 2.2, and the highest index since 1996. The
townet survey index for delta smelt decreased from 11.9 in
1999 to 8.0 in 2000. Catch indices for longfin smelt and
starry flounder are both significantly lower this year than in
previous years. '

»  Sherman Island Agricultural Diversion
Evaluation. p 11. Nobriga and Matica observed a large
increase in the fish diverted by an unscreened diversion dur-
ing the incoming tide at night. This suggests management of
diversion periods may be an effective tool to reduce fish
entrainment into Delta agricultural diversions. Additional
work is planned when delta smelt and young salmon are
present next year.

¢ Fish Diet Analysis from Suisun Marsh Points
to Implications for the San Francisco Estuary. p 21-27.
Feyrer and Matern compare the diets of five important gpecies of
fish and found in Suisun Marsh between 1987 and 1999 found a sig-
nificant change in their diets, mostly due to the large decrease of the
mysid shrimp, Neomysis mercedis in the Suisun Marsh. Potential
implications of this change are discussed.

o Pesticides in Delta Smelt Habitat. p 27-33. In
1999 numerous pesticides were detected in areas inhabited
by larval and small juvenile delta smelt. Moon and others
compare 1998 and 1999 pesticide data from the Delta to
demonstrate that the mixture, concentrations, and distribu-
tions of pesticides found in delta smelt habitat is strongly
influenced by a number of factors, including river discharge
and CVP and SWP diversions.

Potential Mercury Problems with Delta
Restoration Sites. p 34—44. Slotton and others report spa-
tial differences in Delta mercury levels are most closely
related to proximity to upstream sources, such as the Yolo
Bypass and Cosumnes River, as well as residual sediments
from California’s Gold Rush era. Areas with organic-rich
vegetated wetland tracts had a higher potential to convert
mercury into a form accumulated by the biota; however, this
did not necessarily result in higher accumulation in organ-
isms tested. This information along with other findings will
be critical to the selection and restoration of sites within the
Delta. One additional finding was the identification of an
area of high mercury bioaccumulation between the conflu-

ence of the Sacramento and-San Joaquin rivers and Car-
quinez Strait.

»  Effects of Potamocorbula on the Estuarine
Food Web. p 45-54. Since the decline in zooplankton abun-
dance and the concurrent rise in the exotic clam Potamocor-
bula was detected in the estuary in 1986, the nature of the
interactions between the exotic clam and the zooplankton
community has been poorly understood. Kimmerer and
Pefialva discusses the results of a number of laboratory and
field experiments that provide some insight to the direct and
indirect effects of Potamocorbula on the zooplankton com-
munity.

¢ Mortality Rates of Largemouth Bass. p 54-60.
Largemouth bass mortality rates have traditionally been cal-
culated using tag return data. Schaffter presents tag return
data from 1980-1984 and compares natural and angler mor-

tality rates in the Delta to other waters in the State. Delta .

largemouth bass mortality rates were lower than those esti-
mated for several major reservoirs in the State. Although his
analysis was complicated by a shift in the Delta largemouth
bass recreational fishery to a “catch and release™ fishery,
such a shift gives insights into Delta recreation priorities.
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DELTA WETLANDS RESTORATION AND THE

MERCURY QUESTION: YEAR 2 FINDINGS OF
THE CALFED UC DAVIS DELTA
MERCURY STUDY.

Darell G Slotton’, Thomas H. Suchanek?,

and Shaun M. Ayers!

IDept. of Environmental Science and Policy
zDept. of Wildlife, Fish and Conservation Biology
University of California, Davis

" dgslotton@ucdavis.edu

ABSTRACT

Field and laboratory measures were developed for the
determination of relative sediment mercury methylation
potential and biotic mercury accumulation in the Sacra-
mento-San Joaquin Delta. Mercury bioaccumulation was
investigated at over 60 varied sites. Methylation potential
experiments found flooded wetland sediments to exhibit
between 200% and 3,000% greater potential to convert inor-
ganic mercury to methyl mercury than sediments of adjacent
channels and flats. However, biological findings to date sug-
gest wetlands restoration projects may result in localized
mercury bioaccumulation at levels similar to, but not neces-
sarily greater than, general levels within their surrounding
Delta region. Delta regions with elevated biotic mercury
concentrations included areas fed by inflows from the
Cosumnes River, Yolo Bypass and, to a lesser extent, Sacra-
mento River. The Central and South Delta were markedly
lower, despite high signals in some southern tributaries and
the presence of numerous flooded tracts in the Central Delta.
One of the most important new findings was the identifica-
tion of an extensive additional zone of elevated mercury bio-
accumulation in the West Delta between the Sacramento-San

Joaquin confluence and Carquinez Strait. Possible mecha-
nisms are discussed.

BACKGROUND

Mercury contamination is one of the primary water qual-
ity issues in the San Francisco Bay-Delta watershed. This is
the result, in large part, of the Gold Rush era legacy of exten-
sive mercury use in Sierra Nevada gold mining, as well as
the now abandoned mercury mines in the California coast
ranges that supplied this mercury. It is clear that both regions
remain major sources of ongoing mercury contamination,

both locally and downstream (Slotton and others 1995, 1997,
1998, 1999; Suchanek and others 1997; Foe and Croyle
1998; Domagalski 1998; Roth and others 2000). The relative
effect of that mercury loading is dependent on how much is
converted to methyl mercury, the form which bioconcen-
trates through food webs and can lead to neurological dam-
age in top consumers. International mercury research during
the past decade has found that wetland habitats can be sites
of significantly elevated mercury methylation (Rudd 1995).
This is not surprising, as methyl mercury production is
known to be stimulated by sulfate-reducing and other bacte-
ria, which typically occupy the zone just below the oxic-
anoxic interface in aguatic systems. Organic-rich and poten-
tially sulfate-rich wetlands can provide optimal habitat for
these microbes.

Our UC Davis study is investigating mercury methyla-
tion and bioaccumulation patterns throughout the Sacra-
mento-San Joaquin Delta system. This research focuses on
habitat-gpecific and site-specific measures of these phenom-
ena. Thus, while mercury concentrations in edible fish spe-
cies is perhaps the primary ultimate concern, our project
targets more sedentary and short-lived lower trophic level
biota, as well as surficial sediment chemistry, as localized
indicators of relative mercury exposure. A primary goal is to
provide management recommendations that address the
mercury question with regard to wetland restoration projects.
In the first year of this ongoing research, initial results sug-
gested flooded Delta tracts—in a variety of configurations—
may not, in fact, lead to locally elevated levels of mercury
bioaccumulation (Suchanek and others 1999). Instead, first
year results indicated that spatial differences in Delta mer-
cury bioaccumulation may be linked most closely to proxim-
ity to upstream sources such as the Yolo Bypass and the
Cosumnes River. Within Delta subregions, preliminary
results suggested biotic mercury might be quite uniform,
irrespective of habitat. »

In the second year of the project, reported here, we used

surficial sediments and carefully chosen bioindicator organ-
isms to comprehensively sample the entire Delta, with com-
parable protocols and collections at over 60 sampling sites.

- We also conducted laboratory experiments to investigate the

mercury methylating potential of sediments from key loca-

- tions and micro-habitats. The results of this ongoing work

provide a new picture of mercury dynamics in the Delta,

METHODS

Sampling sites were chosen to be representative of
important Delta subregions and habitat types, with a particu-
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lar focus on flooded tracts across a range of ages. Sampling
was conducted throughout the fall of 1999. Fish were col-
lected with a variety of seines. Crayfish were collected with
baited traps. Clams were generally taken by hand during low
tides. Sediment samples were taken from the top centimeter
of undisturbed grab samples, primarily collected using an
Ekman grab sampler. Biota and sediment samples were
placed immediately on ice in the field, within secure clean
containers, for transport to the UC Davis laboratories. Fish

were cleaned, identified, and sorted within 24 hours of col-
lection, then frozen with water in Ziploc bags to avoid
freezer desiccation. Fish were weighed and measured prior
to processing. Clams were maintained live in clean water,
which was changed twice daily for four days to purge them
of all major gut contents and associated sediment, and were
then frozen for storage. Crayfish were also stored frozen.

Crayfish tail muscle and clam soft tissues were excised
with a clean scalpel prior to analysis. Crayfish digestive
tracts were removed. Biota samples were dried at 60 °C,
ground, and powdered. Both individual and composite sam-
ples were used. Small fish were prepared whole body, as
were the clams (minus shells). Crayfish mercury was ana-
lyzed in tail muscle. Percentage moisture was determined for

all sample types to allow conversion of wet or dry weight
analytical results. UC Davis analysis of total mercury used
dry biota samples and fresh, wet sediment. Clam composi?e
samples typically used 10 to 25 purged individuals within the
optimal size range. Inland silverside composites contained a
minimum of six and typically 30 to 40 individuals in the key
size range.

Samples were digested in 2:1 sulfuric:nitric acid under
pressure (capped vessels) at approximately 90 °C for one
hour, and then for two additional hours, uncapped, with the
addition of potassium permanganate and potassium persul-
fate. Mercury was analyzed using a FIMS cold vapor atomic
absorption system. Sediment and biota moisture percentage
was determined with oven drying and sequential weighings.
Sediment loss on ignition was determined with sequential
weighings and 475 °C muffle furnace ashing. Laboratory
experiments using sediment slurries to estimate maximal
potential methyl mercury production rates were conducted
with 2:1 mixtures of site water:site sediment (top 1 cm). Mix-
tures were spiked with mercury chloride to 1.00 pg Hg gl
After placing identical aliquots into multiple incubation
chambers and sparging to uniform anoxia with nitrogen, sam-
ples were incubated at 22 °C for varying lengths of time. Indi-
vidual methylation experiments were stopped by freezing at
defined endpoints. Methyl mercury concentrations were ana-
lyzed by Battelle Marine Science Laboratories in Sequim,
Washington.

SECOND YEAR RESULTS

Mercury in Sediment

Surficial sediments (top 1 cm) were collected at most of
the fall 1999 biota stations. Dry weight, whole-sediment
Delta mercury concentrations all occurred within a range of
0.01 to 0.33 pg Hg g™\, Particle size varied dramatically in

these samples, from fine clay and silt in depositional areas to
coarse sand in some of the more erosional locations. Metals,
including mercury, tend to be most concentrated in fine
grained particles (Theis and others 1988; Roth and others
2000). Future sampling rounds will normalize to grain size
and a variety of other sediment parameters. The whole-sedi-
ment mercury values are useful, however, as they represent
the environment the organisms are exposed to. Greatest con-
centrations occurred at North Delta and East Delta inflow
regions and in depositional regions where finest particle
sizes dominated. This particularly included West Delta sites
(0.18 t0 0.33 ug Hg gy, with moderate levels interspersed
within the Central Delta (0.08 to 0.26 ug Hg g'!). South
Delta sites were uniformly low in total mercury (0.02 to

0.15ugHgg™).

Potential Methyl Mercury Production from
Sediments: Experimental Results

Initially, we attempted to quantify methyl mercury
efflux from Delta sediments into overlying water. In labora-
tory core-tube experiments, we found that the changes in
aqueous methyl mercury levels were too low for accurate
measurement within our project constraints. Subsequently,
we chose an alternate technique which provided excellent
detection levels and results. Laboratory slurry experiments
introduced spike additions of reactive inorganic mercury
(mercury chloride) to Delta sediment samples and measured
the methyl mercury production that resulted over a 16-day
period. These measurements of “methylation potential”
determine not what is naturally produced from a given sedi-
ment, but that sediment’s propensity to methylate inorganic
mercury if it is presented in a bioavailable form. Results
from the Delta have been enlightening.

Figure 2 represents time series methylation data from a
representative experimental set. Following identical spike
additions to 1.00 pg Hg g’!, sediments from three different
representative habitat types at the Cosumnes River all
reached a maximum methyl mercury balance within two
days. Peak concentrations differed in the three representative
sediments, though all rose well above initial levels. Methyl
mercury subsequently declined in the coarsest, mid-channel
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sample after day two. In the most organic-rich sediment,
taken from a depositional, well-vegetated, off-channel
marsh, methyl mercury persisted at maximal levels for six
additional days beyond the initial rise. In the intermediate
sediment, taken from a depositional (but not marsh) environ-
ment, peak levels persisted for through day four, an interme-
diate length of time. In all three sediments, following
maximal initial methyl mercury concentrations, levels main-
tained at approximately 50% of peak levels (well above
baseline) for at least 8 to 16 days. The experimental declines
from peak levels may be indicative of a demethylating phase.

The magnitude of the methyl mercury production peak was
lowest in the coarse, mid-channel sediment (90 ng Hg g™,
baseline = 10), intermediate in the off-channel depositional
zone sediment (130 ng Hg g*!, baseline = 20), and notably
greatest in the lower marsh sediment (390 ng Hg g'l, baseline
=30). Figure 3 displays reduced data from this and other repre-
sentative Delta marsh habitats and their respective non-marsh
controls in units of peak methyl mercury concentrations during
identical methylation potential experiments. Sediments from
the Cosumnes River, Liberty Island in the North Delta, and
. Venice CutIsland in the Central Delta all demonstrated dramat-
ically elevated levels of mercury methylation potential in the
more organic-rich, heavily vegetated, flooded wetland sedi-
ments, relative to adjacent non-marsh controls. In the North
Delta, while absolute levels were much lower, the difference in
peak methyl mercury response to spike additions of inorganic
mercury was 39 ng Hg g*! (marsh) and 2 ng Hg g”! (submerged
island flats). Much of the North Delta is characterized by sandy
sediments and turbid water that does not readily promote mac-
rophyte development. Cosumnes region concentrations, as
noted above, were ten times greater at 399 ng Hg g'' (marsh)
and 93 ng g! (channel). At Venice Cut Island, representative of
peat-based Central Delta flooded tracts, the maximum methyl
mercury concentration in spiked flooded peat material was an
astounding 1,077 ng Hg g*', with 34 ng Hg g} in the adjacent
control (submerged island flats). In all paired tests, flooded
wetland sediments exhibited between 200% and 3,000%
greater mercury methylation potential than adjacent channels

and flats.

Choosing Appropriate Bioindicator Species

In the first year collections, we found that many locally
abundant small fish and macro-invertebrate species had rel-
atively limited ranges throughout the Delta. While these will
be useful bioindicators of local food web dynamics, we
needed organisms which exhibited strong site fidelity and
could be taken from a wide variety of Delta locations and
habitats. Our prime candidates were Asiatic clams (Corbic-
ula fluminea), signal crayfish (Pacifasticus leniusculus), and

inland silversides (Menidia beryllina). One major focus dur-
ing the past year was the study of individual variation in mer-
cury levels, within each of the primary sample types, from
identical locales. To be most useful in describing potential
spatial and inter-habitat variation in Delta mercury bioavail-
ability, low levels of within-site variation were needed in the
monitoring organisms. In Figures 4, 5, and 6, typical within-
site mercury variability in individuals of each of the three
types of biota is displayed in size versus mercury plots.

Crayfish (Pacifasticus leniusculus, Figure 4) were found
to have unacceptably high levels of within-site variability in
tail muscle mercury concentration. This was likely a func-
tion of a highly variable, opportunistic diet and the co-occur-
rence of widely varying age classes. Individual variability
was frequently equal to or greater than the spatial and habitat
related mercury variability. There was no apparent size range
that was free of this high variability. This was unfortunate as,
otherwise, crayfish could be ideal candidates as bioindicator
species. They accumulate mercury to high concentrations,
similar to predatory fish, but maintain highly localized home
ranges.

The variability of mercury concentration in Asiatic
clams (Corbicula fluminea, Figure 5) was very low in the
smaller size classes from most locations investigated.
Among the fall 1999 samples, whole body mercury concen-
tration in individuals <28 mm (maximum shell diameter)
were quite consistent. Above this size at a number of sites
tested, individual variability increased significantly. We
attributed this to age structure and sexual maturity. Larger
fall clams demonstrated a significant variation in body
mass, likely a function of reproductive energy needs and
spawning. Individuals which metabolized much of their
body mass were left with similar mercury body burdens but
elevated concentrations. Based on these findings, we chose
15- to 27-mm Corbicula as one of our two primary Delta-
wide mercury bioindicators.

Inland silversides (Menidia beryllina, Figure 6) were
found to behave primarily as annuals in the Delta, as is the
case in other parts of California. Fall silversides were typi-
cally very consistent in same-site, individual, whole body
mercury concentration at sizes of about 45 to 75 mm. Above
this size, individual mercury concentrations were often sig-
nificantly more variable. Qur interpretation, supported by

field observation of Delta silverside life history, is that fall

individuals less than about 75 mm are the young of the year.
Larger individuals consist primarily of over-wintering fish
from the previous year. We chose 45 to 75 mm silversides as
our second Delta-wide mercury bioindicator.
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Figure 1 Surficial whole-sediment mercury spatial distribution. Fall 1999 collections; top 1 cm.
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Mercury in Clams (Corbicula fluminea)

Figure 7 shows mercury concentrations in 15- to 27-mm
Corbicula from multi-individual, whole body composites taken
consistently throughout the Delta. Corbicula mercury concen-
trations were relatively elevated in the Cosumnes and Moke-
lumne rivers (0.34 to 0.38 pg Hg g'') and moderately elevated
in downstream channels carrying their water (0.18 to 0.26 pg
Hg g'!). Sacramento River inflows (0.15t00.22 pg Hg g™) and
North Delta sites exposed to Yolo Bypass flows had similar lev-
els (0.14t0 0.29 pg Hg g™). Clams from the Stanislaus (0.34 pg
H g'l), Tuolumne (0.20 pg Hg g'l), and Merced (0.17 ug Hg
g™ rivers were also elevated to varying degrees. Clams from
the entire South Delta region were consistently low (0.0 to 0.16
pgHgg'h), except for one outlier from Old River south of Clif-
ton Court Forebay (0.35 pg Hg g'!). The Central Delta region,
with its many flooded tracts, demonstrated clam mercury con-
centrations similar to those in the inflows at sites north of
Mildred Island (0.16 to 0.35 pg Hg g'}).

Throughout the Delta, there was no indication of local-
ized increases in mercury concentrations of Corbicula as a
function of habitat. Flooded wetland tracts consistently
exhibited mercury levels that were similar to those from con-
trol sites within the same subregion. In paired collections
(inside and outside flooded tracts) from Venice Cut and
Rhode islands, concentrations were not statistically differ-
ent.

Notably, the highest overall values in the Corbicula
mercury data set were recorded at West Delta and Suisun
Bay sites between Ryer Island to the west and Big Break,
Gallagher Slough, and Sand Mound Slough to the east.
Throughout this region, Corbicula mercury concentrations
_were between 0.32 and 1.08 pg Hg gl Composites of
another bivalve, Potamocorbula amurensis, taken at the
upstream side of Carquinez Strait, were also relatively high
(0.37 to 0.42 pug Hg g'). Suisun Slough and Grizzly Bay
(0.15 t0 0.26 pg Hg g™!) did not appear to be the source of
elevated West Delta and Suisun Bay mercury bioaccumula-
tion. '

Mercury in Inland Silversides (Menidia beryllina)

Figure 8 displays inland silverside mercury from 45 to
75 mm, multi-individual, whole body composites taken at 64
sites throughout the Delta. These small, schooling fish accu-~
mulate mercury over a larger region than the clams, likely
integrating mercury across each flooded tract or slough, thus,
being more representative of average mercury conditions at
each site. As a result, the silverside data set grades very
evenly from site to adjacent site and provides perhaps the

best broad spatial measure to date of relative mercury bio-
availability to fishes throughout the Delta. Additionally,
mercury bioaccumulation in small fishes is dominated by
methyl mercury (similar to large fishes), whereas bivalve
mercury bioaccumulation may include substantial amounts
of inorganic mercury (Brenda Lasorsa, personal communi-
cation, see “Notes™). Thus, the silverside data set may be the
better indicator of relative methy! mercury exposure. Ongo-
ing work will directly determine the methyl mercury compo-
nent in our primary indicator organisms.

Mercury concentrations in silversides were consistently
elevated in the Cosumnes and Mokelumne rivers (0.30 to
0.55 pg Hg g’!) and the North Delta sites exposed to Yolo
Bypass flows (0.18 to 0.46 ug Hg g1), with highest regional
levels closest to the undiluted inflows. Elevated to a lesser
extent were the channels carrying Sacramento River water
(Sacramento River, Steamboat and Georgiana sloughs, Delta
Cross Canal), which had very similar mercury levels in sil-
versides at 0.21 to 0.28 pg Hg g*!. Collections in the target
size class were not possible in the Stanislaus, Tuolumne, or
Merced rivers, but composites from the San Joaquin River
upstream of the Merced (0.79 pg Hg g'l) and from Mud
Slough at Kesterson Reserve (0.69 pg Hg g™) contained the
highest mercury levels in silversides of the survey. However,
as in the clams, this did not translate into elevated levels
downstream in the South Delta. Silversides from the entire
south and central portions of the Delta were uniformly low
in mercury (0.08 to 019 pg Hg g™!) relative to the inflow val-
ues.

As with clams, silversides demonstrated little or no
localized elevation in mercury concentrations in relation to

‘flooded wetland habitats. Fish from large, relatively isolated

flooded tracts in the North Delta such as Liberty Island
(0.29 pg Hg g") and Little Holland Tract (0.18 pg Hg g™!)

were not elevated over control samples from adjacent and
regional channel and slough sites (0.21 to 0.46 pg Hg g'l).
The Central Delta, with its prevalence of flooded tracts, also
showed no relative increase in silverside mercury concentra-
tion in flooded tracts compared to control sites, with all con-
centrations throughout the region being uniformly low
relative to inflow sites and the West Delta. In fact, the Cen-
tral Delta demonstrated the lowest levels of silverside mer-
cury bioaccumulation in the entire system.
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Inland silversides in the West Delta and Suisun Bay
again showed a distinct signal of increased mercury bioaccu-
mulation relative to the Central Delta, While increases were
not as apparent as those seen in the clams (Sand Mound
Slough, Gallagher Slough, Big Break, Sherman Lake:
0.12t0 0.17 pg Hg g™, silversides from west of the Sacra-
mento-San Joaquin confluence to the Carquinez Strait exhib-
ited elevated levels similar to those of the northern and
eastern inflow regions at 0.21 t0 0.38 pg Hg g!

. CONCLUSIONS AND IMPLICATIONS FOR DELTA
WETLANDS RESTORATION

For problem levels of methyl mercury to accumulate in

fish, several factors must interact. There must be a source of
inorganic mercury that is bioavailable to mercury methylat-
ing bacteria. There must be conditions that promote the
methylation of this mercury. And, finally, the methyl mer-
cury that is produced must move efficiently into and up
through aquatic food webs. It is clear, from this study and

42

JEP Newsletter



upstream studies preceding it, that the Bay-Delta system
contains a significant watershed source of mercury, largely
linked to historic mining. Results to date suggest the
Cosumnes River, Yolo Bypass, and Sacramento River are
primary ongoing sources, with additional elevated inflows in
some of the San Joaquin tributaries. This is in addition to the
depositional mercury within the system that has presumably
accumulated since the Gold Rush period. The methylation
experiments indicate that flooded Delta wetland sediments
have the strong potential to methylate bioavailable inorganic
mercury. Preliminary results suggest methylation potential is
proportional to the level of wetland ecological development.
The bioindicator data show marked differences in localized
mercury bioaccumulation across the Delta, with several
regions of elevated mercury uptake that may be of particular
concern. However, these elevated mercury bioaccumulation
zones do not appear to directly correspond with tract flood-
ing and wetland restoration. Within each Delta region, mer-
cury bioaccumulation was typically similar in marsh, sand
and mud flat, and channel and slough habitats. One possibil-
ity is that regional mercury bioavailability may be largely a
function of methylation in flooded marsh zones, with this
methyl mercury being subsequently distributed throughout
all adjacent aquatic habitats as a result of vigorous tidal mix-
ing. However, we found the Central Delta, with a preponder-
ance of flooded tracts and a demonstrated high mercury
methylating potential, was the lowest fish mercury bioaccu-
mulation region of all, indicating several potentially compet-
ing processes may be involved in the dynamics of mercury
bioaccumulation associated with flooded tracts.

Consistent with preliminary findings from 1998-1999,
the 1999-2000 results reported here suggest relative mer-
cury bioaccumulation may be more closely linked to location
within the Delta than habitat type. This may be a function of
proximity to inflowing sources, methylation efficiency,
methyl mercury bioaccumulation efficiency, or food web
complexity. Ongoing research is examining these and other
factors. Delta regions with elevated mercury accumulation in
localized bioindicators included areas fed by inflows from
the Cosumnes River, Yolo Bypass and, to a lesser extent,
Sacramento River. The Central and South Delta were mark-

edly lower, despite high signalsin some southern tributaries.
One of the most important new findings of this year’s
research was the identification of an extensive additional
zone of elevated mercury bioaccumulation in the West Delta
between the Sacramento-San Joaquin confluence and Car-
quinez Strait.

The West Delta region encompasses the estuary entrap-
ment zone, where fresh and salt water meet and inorganic
and organic particulates typically accumulate. Several inter-

related mechanisms may play a role in the apparent West.
Delta elevated biotic mercury phenomenon, including (1) the
localized accumulation of organic and fine-grained inor-
ganic material, promoting general bacterial activity and
increased food web complexity, (2) sulfate increases associ-
ated with the transition to salinity, supporting sulfate-reduc-
ing bacteria, and (3) chemistry of the neutral form of
mercury in this transition zone, which has been hypothesized
to be optimal for cross-membrane transport into methylating
bacteria (Mark Marvin Di Pasquale and Cynthia Gilmour,
personal communications, see “Notes”).

The configuration and magnitude of water diversion

'operations within the Delta can be expected to play an

important, ongoing role in the mercury dynamics of the dif-

‘ferent regions, influencing the location of the entrapment

zone, the re-distribution of elevated mercury inflows, and the
re-distribution of within-Delta methyl mercury production.

Findings to date suggest organic-rich, vegetated wetland
tracts have dramatically greater potential to methylate mer-
cury than adjacent channel or flats habitat. However, this
does not appear to result in localized increases in mercury
accumulation in organisms. Mercury levels in bioindicator
organisms showed regional trends, apparently related to
inflow sources and differences in mercury cycling dynamics.
Results to date suggest that wetlands restoration projects
may result in localized mercury bioaccumulation at levels
similar to, but not necessarily greater than, general levels
within their surrounding Delta sub-region. Nevertheless,
high methylation potential, flooded wetland habitat may be
the primary source of methyl mercury production in the
overall system: further work is being done to look at the spe-
cific contribution of flooded tracts. Careful monitoring will
be essential to assess the actual effects of new wetlands res-
toration projects.

FUTURE WORK

Ongoing UC Davis CALFED research on Delta mercury
dynamics includes:

* Determination of the methyl mercury component
of total mercury in the bioindicator organisms and
the spatial pattern of biotic methyl mercury and
methyl:total mercury ratio.

+ Investigation of possible seasonal and inter-annual
variation in Delta mercury methylation and bioac-
cumulation at 12 representative index locations
(May, August, November).
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‘Contributed Papers

+ Paired flooded tract and adjacent channel or
slough sediment sampling at primary existing
flooded tracts. Methyl mercury absolute concen-
tration and methyl/total ratio are key variables,
with additional comparisons of potentially driving
variables including particle size, percentage mois-
ture, percentage organic matter, sulfide, sulfate,
pH, and dissolved organic carbon.

» Methylation pdtential experiments across the
salinity gradient, including Franks Tract, Sherman
Island, Grizzly Bay, and San Pablo Bay.

» Mercury bioaccumulation in additional species.

« Stable isotope investigations of food web struc-
ture. ’
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Cal EPA’s Office of Environmental Health Hazard Assessment recently released the
results of a fish study in Black Butte Lake. The study included chemical sampling of 57
fish taken from the lake in November and December of 1997. Analysis of the fish
showed that the levels of organic chemicals (including PCBs, dioxin and some
pesticides) are not a concern. However, the analysis also showed that fish from Black
Butte Lake have somewhat elevated levels of mercury in their flesh. Even low levels of
mercury in the diet are a concern because mercury can have an adverse affect on the
neurological development of children. Higher levels of mercury are toxic to the nervous
system of adults.

Almost all fish whether purchased commercially or caught as sport fish contain
mercury. Mercury is a widespread contaminant in California lakes and reservoirs,
especially in the coast range where there are naturally high levels of mercury in the rock
formations. The average level of mercury encountered in Black Butte lake fish was
lower then the federal action level for commercially marketed fish (one part per
million), but similar to levels of mercury in sport fish from other Northern California
lakes where fish consumption advisories were published by the state. The levels of

mercury in Black Butte Lake fish are close to levels found in fish from Clear Lake. The
state does not anticipate completing a risk analysis and consumption advisory until next
May. Since eating fish from Black Butte Lake could represent a hazard to the public,
the Glenn County Health Department has adopted the Clear Lake Consumption
Advisory as an interim fish consumption guidance document.
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B.1.46 Smith Canal, Organophosphorus Pesticides

Summary of Proposed Action

The California Regional Water Quality Control Board-Central Valley Region, Regional Board,
recommends the addition of Smith Canal to California’s Clean Water Act Section 303(d) list due to
impairment by Organophosphorus (OP) pesticides. Information available to the Regional Board on OP
pesticide levels in Smith Canal indicates that water quality objectives are not being attained. A description
for the basis for this determination is given below.

Table B-1. 303(d) Listing/TMDL Information

fWaterbody Name Smith Canal ;POIlutants/St'ressofs‘ | Organophosphorus
R L Co o Ao nAle ] pesticides
Hydrologlc Umt .1 544.00 .Sources” ... : i) Urban runoff
“Total Waterbody Size | 2 miles "TMDL Prmrlty U
. Size Affected " | 2 miles ‘TMDL. Start Date -

D (Mo/YE) - '
‘Extent.of Impairment .| From Yosemite | TMDL: End Date

IR .. .| Lake to the ;,(Mo/Yr) )

| confluence with
" .| the San Joaquin

oo e River
- Upstream Extent, .| 37° 58' 03"

mvExtent Longltude 121°18' 24"

Latitude « - - . ; X
Pownstream Exteént " | 37° 57'25" ?\Downstream Extent 121°20' 54"
JLatitude i Longltude :

Watershed Characteristics

The Smith Canal is located within and receives all of its water from the City of Stockton, in San Joaquin
County. It flows for approximately 2 miles, from Yosemite Lake, in Yosemite Lake Park, to the San
Joaquin River-Stockton Deep Water Ship Canal, just east of Louis Park. Land use around the area is
primarily urban.

Water Quality Objectives Not Attained

The narrative objectives for pesticides and toxicity are not being attained for OP pesticides in the Smith
Canal. The narrative objective for pesticides states, “No individual pesticide or combination of pesticides
shall be present in concentrations that adversely affect beneficial uses.” The narrative toxicity objective in
the Basin Plan states “All waters shall be maintained free of toxic substances in concentrations that produce
detrimental physiological responses in human, plant, animal, or aquatic life.” It further states that “The
Regional Water Board will also consider ... numerical criteria and guidelines for toxic substances
developed by the State Water Board, the California Office of Environmental Health Hazard Assessment,
the California Department of Health Services, the U.S. Food and Drug Administration, the National
Academy of Sciences, the U.S. Environmental Protection Agency, and other appropriate organizations to
evaluate compliance with this objective...As a minimum, compliance with this objective...shall be

evaluated with a 96-hour bioassay (CRWQCB-CVR, 1998;
http://www.swrch.ca.gov/~rwqcbS/bsnplnab.pdf).”

The toxicity objective was evaluated for Smith Canal by comparing toxicity test results of ambient water
grab samples collected from Smith Canal with laboratory control results. These toxicity test procedures
estimate the acute and chronic responses of aquatic test species from three phyla (representing three trophic
levels) as an assessment of the toxicity of the ambient water samples. The tests include fathead minnow (a
fish, Pimephales promelas) larval survival (mortality) and growth tests, zooplankton (a cladoceran,
Ceriodaphnia dubia) survival and reproduction (offspring counts) tests, and algal (Selenastrum
capricornutum) growth (chlorophyll a production) tests. The test results produced by the ambient canal
water samples were compared to test results of the laboratory control water samples, to identify ambient
creek water samples that caused statistically significant test species impairment.




Additionally, the pesticide and toxicity objectives were evaluated for Smith Canal by comparing OP
concentrations measured in Smith Canal to chlorpyrifos and diazinon criteria developed by the California
Department of Fish and Game to protect freshwater aquatic life (Siepmann and Finlayson, 2000).

Evidence of Impairment

Between 1994 and 1998 toxicity tests, toxicity identification evaluation (TIE) tests, chemical analysis, and
the toxic units (TUs) of OP pesticides (the weighted toxicity caused by the OP pesticides) calculated by GF
Lee (Lee and Jones-Lee, 2001a and 2001b) were conducted on water samples from Smith Canal. Four of
eight ambient water samples collected from Smith Canal showed survival impairments to Ceriodaphnia.
On all four occasions, the impairments caused complete (100%) mortality within 7 days {Lee and Jones-
Lee, 2001a and 2001b). The toxicity events occurred in October, November, and March (Lee and Jones-
Lee, 2001a and 2001b). On each occasion, TIEs were conducted, and on three of the occasions water
quality tests were conducted and TUs were calculated.

On three of the four dates that TIE tests were conducted, the addition Piperonyl Butoxide (PBO), a
substance that inhibits OP pesticides (Larsen ef al, 2000), completely eliminated the previously observed
toxicity. This indicates that OP pesticides caused the toxicity. On two of the three days, water quality was
measured. The ambient water sample was analyzed for pesticides and found to contain detectable levels of
diazinon, ranging in concentration from 0.129 to 0.166 ug/L. These levels exceed the chronic and acute
CDFG levels for diazinon, indicating that the concentrations of diazinon are acutely and chronically toxic

" to freshwater aquatic life. Toxicity units (TUs) for the additive effects of diazinon and chlorpyrifos were
also calculated. The TUs for both days was approximately 0.25 (25%), indicating that diazinon (and
chlorpyrifos) could not account for the complete mortality of the samples. Since diazinon could not
account for all of the toxicity observed, but the toxicity could be completely eliminated by adding PBO,

other OP pesticides, in addition to diazinon and chlorpyrifos, may cause the toxicity in Smith Canal.

On the fourth date, the addition of PBO to the water sample reduced the mortality and caused a delay in the
onset of mortality, but did not completely eliminate the mortality. This indicates that OP pesticides played
a role in the toxicity. The ambient water sample was analyzed for pesticides and found to contain
detectable levels of diazinon (or 0.186 ug/L) and chlorpyrifos (or 0.122 ug/L). These concentrations are
above the chronic and acute CDFG criteria. Since the additive concentration of diazinon and chlorpyrifos
can cause high levels of mortality and the addition of PBO could reduce the mortality and delay its onset, it
is likely that OP pesticides, including diazinon and chlorpyrifos, cause at least some of the toxicity in Smith
Canal. :

Extent of Impairment
Samples appear to be collected from only one location within Smith Canal. However, because the sole
source of the water is the City of Stockton, it is likely that the entire waterbody is impaired.

Potential Sources

Chlorpyrifos is an OP pesticide that has been commonly used by homeowners, pest control operators for
structural and garden pest control, and on agriculture, including orchards. Diazinon is one of the most
commonly used home and garden pesticides. Because the sole source of the water is from Stockton, it is
likely that the source of the OP pesticides is urban run-off from the Stockton area.
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Begmmng in 1994 the Central Valley Regmnal Water Quahty Control Board (CVRWQGB) uncier

Dr. Val Connor’s leadership with support of a US EPA grant and with the assistance of the UniVersity of

California, Davis, Aquatic Toxicology Laboratory (UCD-ATL), initiated a study of aquatic life toxicity in

the City of Stockton’s urban stormwater runoff to the city’s sloughs. Samples of stormwater runoff were

obtained from Mosher Slough, Five Mile Slough, Calaveras River, Walker Slough and the Smith Canal.

STtk Canal and Five Mile Slough receive. stormwater runoffﬁonl,yhfr.om“thq_ ity of Stockton. Mosher

Slough, Calaveras River and Walker Slough also at times receive stormwater runoff from agricultural

areas and agricultural return (drain waters) upstream of the City of Stocktorn. All of these waterbodies are

~ tidal freshwater within the City of Stockton with a one- to three-foot tide. The City of Stockton pumps
dry weather flow from the City’s ‘storm sewer system and stormwater runoff into these waterbodies

An extensive set of samples and detailed analyses were conducted in 1994. Addmonal samphng
was done in 1995. Begmmng in 1996 through 1999, the DeltaKeeper continued the sample collection and
supported the toxicity testing and chemical analysis of the samples. A total of about 160 toxicity tests
have been conducted on these samples over this time. Figure 1 shows the location of the sampling
stations. In general, the samples of each waterbody were taken at the location where it crosses I-5.

All samples were analyzed for aquatic life toxicity by the University of California, Davis, Aquatic
Toxicology Laboratory using the US EPA standard three species toxicity test (Lewis, et al.,.1994) with
Ceriodaphnia dubia (freshwater zooplankton), Pimephales promelas (fathead minnow larvae) and
Selenastrum capricornutum (freshwater alga) as the test organisms. Some of the samples were processed
through a toxicity testing dilution series in order to estimate the total amount of toxicity present in the

" sample. Some of the original and dilutions were treated Wwith piperonyl butoxide (PBO). PBO interacts
with organophosphate pesticides such as diazinon and chlorpyrifos to ehmmate and/or reduce their

toxicity (Bailey, et al., 1996).

Some of the sarhples were analyzed for the OP pesticides diazinon and chlorpyrifos using the
enzyme linked immuno sorbent assay (ELISA) procedure. Details of the sampling and analytical

procedures are provided by the UCD-ATL QAPP. :
' - Figure 1



While not involved in the original studies, the authors, Drs. G. Fred Lee and Anne Jones-Lee,
were asked to assist the DeltaKeeper in developing a report summarizing the data obtained in these
studies. In addition to the CVRWQCB/DeltaKeeper/UCD ATL data, the City of Stockton holds an
NPDES stormwater permit that requires monitoring of stormwater runoff. Stormwater monitoring data
was available for 19971998 (Stockton 1998, San Joaquin County 1997). Additional aquatic life toxicity - . ‘
and/or OP pesticide data has been collected by Stockton that is not available. Summaries of that data
indicate that the results are similar to the 1997-1998 data. This report presents an overview assessment of
the information available from the 1994-1999 City of Stockton urban stormwater runoff aquatic life
toxicity studies. Some of the data used in this report have previously been reported on by Connor (1994,
1995) and Fong, er al. (2000). 4 :

REGULATORY REQUIREMENTS
In accord with the US EPA Clean Water Act requlrements the CVRWQCB has adopted a Basin

Plan objective of no toxicity in ambient waters. The CVRWQCB (1998) states,

“Toxicity
All waters shall be maintained free of toxic subsz‘ances in concentrations that produce detrimental
physiological responses in human, plant, animal, or aquaric life. This objective applies regardless
of whether the toxicity is caused by a single substance or the interactive effect of multiple
substances. Compliance with this objective will be determined by analyses of indicator organisms,
species diversity, population density, growth anomalies, and biotoxicity tests of appropriate
duration or other methods as specified by the Regional Water Board. The Regional Water Board
will also consider all material and relevant information submitted by the discharger and other
interested parties and numerical criteria and guidelines for toxic substances developed by the
State Water Board, the California Office of Environmental Health Hazard. Assessment, the
California Department of Health Services, the U.S. Food and Drug Administration, the National
Academy of Sciences, the U.S. Environmental Protection Agency, and other appropriate
organizations to evaluate compliance with this.objective. The survival of aquatic life in surface
waters subjected to a waste discharge or other controllable water quality factors shall not be less
than that for the same water body in areas unaffected by the waste discharge, or, when necessary,
for other control water that is consistent with the requirements for "experimental water" as
 described in Standard Methods for the Examination of Water and Wastewater, latest edition. As a
minimum, compliance with this objective as stated in the previous sentence shall be evaluated with
a 96-hour bioassay. In addition, effluent limits based upon acute biotoxicity tests of effluents will
be prescribed where appropriate; additional numerical receiving water quality objectives for
specific toxicants will be established as sufficient data become avazlable and source control of

toxic substances will be encouraged ”

The tox101ty reported herein is a violation of the CVRWQCB Basin Plan obJecnve for protection
of aquatic life from aquatic life toxicity. This toxicity has caused Five Mile Slough and Mosher Slough to
be listed on the Clean Water Act 303(d) list of “impaired” waterbodies. This listing requires that a total

maximum daily load (TMDL) be established to control the constituents responsible for the toxicity.

Water Quality Criteria/Standards as TMDL Geoals. The current US EPA approach for establishing
TMDL goals is to control the constituent that causes the 303(d) listing of the waterbody as being an
“impaired” waterbody. Typically, the 303(d) listing arises out of an exceedance of a worst-case-based
- water quality standard. While the US EPA (1987) published a water quality criterion for chlorpyrifos, the
Agency did not require that this criterion be adopted by the states as a standard since chlorpyrifos is not
considered a “toxic” pollutant : '




The US EPA has not developed a water quality criterion for diazinon. An Agency contractor has

- developed a proposed acute criterion; however, there are problems in developing the chronic criterion.

The California Department of Fish and Game, however, using US EPA criteria development approaches,

has developed recommended water quality criteria for diazinon and chlorpyrifos. Siepmann and

q indlayson (2000) have recently completed an updated evaluation of the recommended water quality

riteria for diazinon and chlorpyrifos. They recommend a freshwater diazinon acute criterion (CMC) of

80 ng/L and a chronic criterion (CCC) of 50 ng/L. No saltwater criteria were recommended for diazinon.

They recommend a freshwater chlorpyrifos CMC of 20 ng/L and a CCC of 14 ng/L. The corresponding

recommended chlorpyrifos saltwater CMC was 20 ng/L. and CCC was 9 ng/L They also indicate that the
diazinon and chlorpyrifos toxicities are additive.

Implementation of these criteria as  worst case water quality standards which are not to be.
exceeded by any amount more than once in three years would likely mean that neither diazinon nor
chlorpyrifos could be used on residential properties where there is any possibility of runoff from the
property that has either of these OP pesticides in the runoff waters.

Strauss (2000) has indicated that the Fish and Game criteria-would be acceptable TMDL goals to
the US EPA Reg10n IX -

SUMMARY OF RESULTS :
A summary of the data obtained in these stud1es is presented in Tables 1-8. The orrgma.l data

tables with some minor modifications from that developed by the UCD-ATL are included in the
Appendix to this report. Also included in the Appendix is a bnef discussion of the data pertinent to a

particular samphnq event

The rainfall data reported in Table 9 was collected from the C1ty of Stockton Metro as retrieved
from www.ncdc.noaa.gov/onlineprod/gsod/temp/gsod_28393.txt. At times, precipitation can be highly -
localized, where the amount of precipitation collected at a parhcular gage may not be representative of the

ount of precipitation that occurred at other locations within the City of Stockton. The rainfall record of
data for Stockton indicates that there was no recording of rainfall data during weekends. :

Tables 1-8 provide information on the toxicity test results and chemical analyses obtained in these
studies for each of the dates for which samples were collected. The Ceriodaphnia data set “% Sample”
column indicates whether there was any dilution of the sample or any additions such as PBO or EDTA.
The “Toxic Response” column provides the percent kill information on the day indicated in parentheses.
The “Comments” column provides a brief summary of the most outstanding feature of that particular data
set. The “Diazinon” and “Chlorpyrifos” concentrations are based on the ELISA testing where the < value
was the indicated detection limit of the test. The “Calculated TUa” column represents a value obtained by

- dividing the concentration of diazinon or chlorpyrifos by the LCso value and summing the two quotients.

__For diazinon a Ceriodaphnia LCso value of 450 ng/L. was used. For chlorpyrifos, the LCsq value that was
"~ used was 80 ng/L. _ . :

For the fathead minnow larvae tests, the “% Mortality” is provided with a comment as to whether
it was statistically significant. The Selenastrum tests were summarized in terms of whether there was a
toxic response based on a decrease in the number of Selenastrum cells in the test samples compared to the
control. The “Comment” section indicates whether the algae in the test samples grew to a greater degree
than the reference, mdlcatmg a “stimulation” of growth by nutnents in the samples.

CONCLUSIONS :
The overall conclusions from the City of Stockton urban stormwater runoff aquatic life toxicity

tudies of Mosher Slough, Five Mile Slough, Calaveras River, Walker Slough, and Smith Canal
waterbodies) are presented below.



e Stormwater runoff'to the investigated waterbodies causes the waterbody to be toxic to Ceriodaphnia.
Typically, one to two acute toxic units (TUa) were present in the waterbodies dunng a stormwater
runoff event.

o The concentrations of diazinon and chlorpynfos found in Stockton slough and other Waterbodles
investigated in this study following stormwater runoff events frequently exceeded the California
Department of Fish and Game recommended criteria for these pesticides. This exceedance would
cause these waterbodies to be in violation of a TMDL goal for the control of aquatic life toxicity
caused by these pesticides that was numerically equal to the California Department of Fish and Game
criterion.

s Samples taken the day after a stormwater runoff event were nontoxic and had low levels of OP
pesticides.

o Stormwater runoff to these waterbodies did not cause tox1c1ty to fathead minnow larvae or the alga
Selenastrum. Typically, samples of the waterbodies during stormwater runoff stimulated the growth

of the test alga.
.o Based on toxicity investigation evaluations (TIES), PBO and ELISA testing, d1azmon is the chemical
primarily  responsible for the observed toxici Some_samples-had—sufficient—chlorpyrifes

AT T
concentrations to contribute o the toxicity found.
e DBased cﬁﬁirted‘—TI‘E”‘fﬁ'ales utilizing EDTA to complex the heavy metals, heavy metals do not

appear to be a contributor to the aquat1c life toxicity found.

o Samples of precipitation taken in Stockton in 1996 showed concentrations of diazinon and
chlorpynfos well below toxic levels for Ceriodaphnia.

o There is some indication of p0531b1e pyrethro1d pesticide toxicity as mchcated by PBO enhanced

toxicity.
e Urban stormwater runoff momtormg conducted by the City of Stockton dunng 1995-1998 shows

Ceriodaphnia toxicity -
e Studies conducted by the DeltaKeeper and UCD-ATL during'the fall and winter of 1998-1999 of the ‘.
various Stockton Sloughs and rivers show that stormwater Tunoff was foxic 1o Ceriodaphnig due to
Qf_p_@.s:maes
e The Stockton stormwater runoff assoc1ated toxicity to zooplankton may be havmg an adverse impact
on the dissolved oxygen concentrations in the Stockton sloughs, as well as in the San Joaquin River
Deep Water Ship Channel, as a result of killing zooplankton in the sloughs, Ship Channel and San
- Joaquin River that normally graze phytoplankton. The lack of grazing due to toxicity to zooplankton
could be responsible for phytoplankton blooms that lead to DO depletxon in. the sloughs and Deep
Water Ship Channel below water quality objectives.
e The aquatic life toxicity found in City of Stockton stormwater runoff is similar to what has been found
in urban stormwater runoff in the San Francisco Bay region, Sacramento area, Orange County, Los
- Angeles.and-San-Diego-(Lee-and Taylor-1999,-2001).-
e There is need for the CVRWQCB to consider adding the other Stockton sloughs and waterbodies
investigated in this study to the 303(d) hst of 1mpa.1red waterbodies because of the aquatic life toxicity

found.

RECOMMENDATIONS FOR FUTURE WORK
Presented below are recommendations for future studies and programs that need to be evaluated

and, if appropriate, implemented.

o There is need to evaluate the contribution of agncultural stormwater runoff to the aquatic life toxicity
present in the City of Stockton waterbodies that receive agricultural runoff/drainage from upstream

sources. : .




o There is need to evaluate the potential for enhanced toxicity due to OP pesticides associated with low
dissolved oxygen concentrations in the waterbodies and downstream.

o There is need to understand the dry weather flow toxicity to young fathead minnows (not larvae) that

. the DeltaKeeper is finding in caged fathead minnows placed in the waterbodies near City of Stockton
stormwater sewer discharges.

o There is need to evaluate the water quahty/ecologwal significance of periodic toxic pulses associated
with stormwater runoff events within the City of Stockton on the sloughs’ aquatic resources and the
nearby Delta aquatic resources. The slough backwater areas could be important nursery grounds for
Delta fish that are being adversely impacted by current OP pesticide-caused aquatic life toxicity. ?

o There is need to determine whether the toxicity of fall stormwater runoff events kills zooplankton in
the San Joaquin River and/or Deep Water Ship Channel and thereby enables a greater algal bloom to
occur than would occur if the zooplankton were able to graze the phytoplankton. If the zooplankton
populations are depressed following a fall precipitation runoff event, then there is need to see if 2
phytoplankton bloom occurs which causes a greater DO depleuon in the Deep Water Ship Channel
than normally occurs during the fall. o

o During the fall and winter of 1999, US EPA an.nounced agreements Wh.lCh effectively phase out the
use of the OP pesticides diazinon and chlorpyrifos in residential areas during 2001 for chlorpyrifos
and by 2005 for diazinon. This situation means that the aquatic life toxicity due to the use of these
pesticides in residential areas within Stockton will be significantly decreased, and possibly eliminated,
within a few years. Since some uses of these pesticides will still be-allowed, such as on golf courses
and in agricultural pest control, it will be important to continue to monitor diazinon, chlorpyrifos and
aquatic life toxicity in stormwater runoff within the City of Stockton and upstream of the City’s
sources that receive agricultural stormwater runoff and irrigation tailwater.

e Since the phase-out of residential use of diazinon and chlorpyrifos will result in the use of other
pesticides that have the potential to be present in stormwater Tunoff, it will be important to determine

. what pesticides are being used on residential propertles, the amounts used, how and where they are
being applied and the concentrations present in stormwater runoff. Also, the aquatic life toxicity of
stormwater runoff to Stockton sloughs should be monitored on a regular basis, using the US EPA
standard three species tests to evaluate how the toxicity of the runoff changes as diazinon and
chlorpyrifos are phased out of urban residential use and new pesticides are used in their place. It is
possible that this substitution of pesticides could cause significantly greater adverse impacts to the
aquatic life-related beneficial uses of Stockton sloughs and the nearby associated Delta waters than
were caused by the OP pesticides diazinon and chlorpyrifos.. :

o There is need to evaluate the possible control of OP pesticide-and other/substitute pesnclde-caused
aquatic life toxicity in Stockton stormwater runoff. Consideration should be given to public education
as a means of controlling both re51dent1a1 and agncultm'ally derived pesticide-caused aquatic life
toxicity.

—-—e__There is need to.understand how. the use.of. pesﬁcxdes_m_reﬂdentml.areasforiermlte-and ant_control—..—
- and lawn and garden pest control leads to stormwater runoff that is toxic to Ceriodaphnia.

o There is need to evaluate the effectiveness of education programs in reducing the amounts of
pesticides and aquatic life toxicity in City of Stockton waterbodies. Also, consideration should be
given to assessing the improvements in the aquatic life-related beneficial uses that could result from
controlling the use of pesticides within the City of Stockton that causes aquatic life toxicity in the
City’s waterbodies and nearshore regions of the Delta.
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Table 1, Summary of Aquatic Toxicity Test Data

Mosher Slough, Stockton, CA (1994-1999)

Ceriodaphnia _
Toxicity Chlor-
Remore | Conmens | Dt | pylos | Crlesd
(days)
2/6/94 100 100 (1) 900 - 2
2/6/94 100 100 (1) - -
2/6/94 100+200pg/L PBO 20 (2) PBO reduced toxicity - -
217/94 100 . ' 100 (1) 630 -- 1.2
2/7/94 100 100 () -- -
2/7/94 100+200ug/L PBO 0(7) PBO reduced toxicity - --
10/5/94 100 100 (2) 459 <80 1
10/5/94 100 100 (3) -- -~
10/5/94 100 50 (2) -= - 1to2
10/5/94 50 0(4) -= --
10/5/94 100+200pg/L PBO 10 (4) PBO reduced toxicity - —
11/6/94 100 100 (2) - -
11/6/94 100 100 (3) 499 <30 1
11/6/94 100+200p.g/L PBO 0 (4) PBO reduced toxicity - " :
5/3/95 100 100 (2) At Don Ave. 417 120 2
5/3195 100+200ug/L PBO 0(4) PBO reduced toxicity - -
10/29/96 100 100 (7) No information on 486 103 2
) kill rate ‘ '
10/29/96 100+200pg/L PBO 100 (7) -- -
10/29/96 100 100 (1) (H36) -- --
10/29/96 50 80 (4) , - -
10/29/96 50+100ug/L PBO 0 (4) PBO reduced toxicity -- --
10/29/96 50+200pg/L PBO 13 (4) PBO activated - -
: toxicity
10/29/96 25 0(4) - - 2t04
10/29/96 25+10011g/L PBO 0 (4) - -
10/29/96 25+200ug/L PBO. 77 (3) PBO activated - -
toxicity
10/29/96 12.5 74 - -
10/29/96 100+15mg/L EDTA 93 (4) Not metal toxicity - -
10/29/96 100+30mg/L EDTA 100 (1) -- --
11/16/96* 100 At Kelley Drive . 640 80 2
' 830 120 2.5
11/16/96* 100 At Thornton Road 760 70 2
11/10/97* At Thornton Road 1,500 100 3
11/10/97* 100 6.0 TUa | At Kelley Drive 2,300 150 6
(continues)



Table 1. Summary of Aquatic Toxicity Test Data

Mosher Slough, Stockton, CA (1994-1999) (continued)

Toxicity Chlor- Caleulated
iazi . alculate
Date % Sample 5:'3}? ?:e Comments Dl(i%n pyn/i)s TUa
(days) (ng/L)
11/10/97* 100+125ug/L PBO 1.6 TUa At Thomnton Road - -
PBO reduced toxicity
11/13/97 100 100 (3) 461 59 2
11/13/97 100+ 100 pg/L PBO 90 (3) - --
1/14/98* at Kelley Drive 830 <500 -
1/14/98* at Thornton Road 3607 <500 -
2/19/98* at Kelley Drive 430 <500 --
2/19/98* at Thornton Road 3207 <500 -
9/9/98 100 [0(D) | = - |
10/24/98 100 100 (3) At Mariner 310 -
10/24/98 100+ 100 ng/L PBO 20(7) - -
12/7/98 100 60 (7) - - -
12/7/98 100 90 (7) - -
12/7/198 100+ 100 pug/L PBO 0(7) PBO reduced toxicity - --
1/20/99 100 100 (1) - -
1/20/99 “100+100 ng/L PBO 100 (6) PBO slowed kill rate - --
1/20/99 100 100 (1) At I-5 1,200 50 3
1/20/99 100 | 100 (1) At Don Ave - -
2/8/99 100 100 (1) At I-5 820 40
2/8/99 100+ 100 pg/L PBO 0 (4) At -5 - -
2/8/99 50 100 (2) At I-5 - -
2/8/99 25 0 (4) At I-5 - -
2/8/99 25+ 100 ug/L PBO - 0(@4) AtI-5 - -
2/8/99 12.5 04 At I-5 -- -
2/8/9%9 100 100 (1) At Don Ave 860 30
2/8/99 100+ 100 pg/L PBO 503 At Don Ave; - -
. PBO reduced toxicity
2/8/99 50 100 (1) - -
2/8/%9 25 0(4) - -
| 2/8/99 . | 25+100 ug/L PBO 0@ - -
9/22/99 100 100 (3)
9/22/99 100+100 png/L PBO 20 PBO reduced toxicity

* — City of Stockton data
J — Estimated < detection limit
-- — Not measured

(table continues)



Table 1. Summary of Aquatic Toxicity Test Data
Mosher Slough, Stockton, CA (1994-1999) (continued)

Fathead Minnow Larvae : ‘.
Date % Mortality Comment
10/5/96 0 :
10/29/96 5 . | Not statistically significant
11/13/97 22 Not statistically significant
9/9/98 0
10/24/98 2.5 Not statistically significant
12/7/98 0
2/8/99 5 at I-5; Not statistically significant
2/8/99 10 at Don Ave; Not statistically significant

Selenastrum capricornutum

Date  ~ Toxic Response Comment
10/5/94 No Stimulation
11/6/94 No

10/29/96 No Stimulation
11/13/97 No

9/9/98 - No Stimulation
10/24/98 No Stimulation
12/7/98 No

1/20/99 . No

2/8/99 Yes Atl-5
2/8/99 Yes At Don Ave
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Table 2. Summary of Aquatic Toxicity Test Data

Five Mile Slough, Stockton, CA (1994-1998)

a Ceriodaphnia
q Toxicity Chlor-
€ Diazinon . Cailcuiated
Date % Sample 5:13;)?: Cqmments (ng/L) [z[}:;l/i(l))s TUa
(days)
2/6/94 100 100 (2) 1,000 - 2
2/6/94 100 100 (1) ‘ - -
2/6/94 100+200Lg/L PBO 80 (4) PBO reduced toxicity - - . :
2/7/94 100 100 (1) >1,000 - >2
2/7/94 100 100 (1) 1,200 - 2.5
2/7/94 100+200ug/L PBO 20 (4) PBO reduced toxicity - -
10/5/94 100 100 (2) 278 <80 0.5
10/5/94 100 100 (3) : - -
10/5/94 50 0 (4) Between ] and 2 TUa - -
10/5/94 100+200ug/L PBO 60 (7) PBO reduced toxicity - -~
11/6/94 100 [ 0(4) 80 <80 | 1
10/29/96 100 100 (7) No information on 304 84 1.5
rate of kill
10/29/96 100+100ug/L PBO 0(7) PBO reduced toxicity -- --
11/13/97 100 100 (5) 359 52 2
11/13/97 100+100ug/L. PBO 0(7) PBO reduced toxicity - -
'10/24/98 100 0(7) - -
10/24/98 100+100ug/L PBO 10 (7) - -
ﬁzm 100 100 (7)
9/22/99 100+100ug/L. PBO 0
-- — Not measured
Fathead Minnow Larvae
Date % Mortality Comment
1 10/5/94 7 Not statistically significant
10/29/96 42 Not statistically significant
11/13/97 75 Statistically significant
10/24/98 0
Selenastrum capricornutum
[ Date 1 Towit Reoponse — | Commenr = e S
10/5/94 No Stimulation
11/6/94 No
10/29/96 No Stimulation
11/13/97 No Stimulation
10/24/98 No . Stimulation
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Table 3. Suminary of Aquatic Toxicity Test Data
Calaveras River, Stockton, CA (1994-1998)

\

Ceriodaphnia
Toxicity
Date % Sample Response Comments Diazinon Ct:};;;; Calculated
o Samp %kill in | (ng/L) ‘g 0 TUa

| (days) ' &
2/6/94 100 100 (2) , 380 -- 0.8
2/6/94 100 100 (2) . -- -
2/6/94 100+200ng/L PBO 0 (7) PBO reduced toxicity - -
2/7/94 100 100 (2) 450 -~ 1
2/7/94- 100 100 (2) -- -~
2/7/94 100+200ug/L PBO 0(7) PBO reduced toxicity - -
10/5/94 100 : 100 (4) 299 <80 0.5
10/5/94 100 100 (4) -- -
10/5/94 100+100pg/L PBO 5(6) PBO reduced toxicity - -
11/6/94 | 100 ' | 0(4) l | 199 | 88 | 1.5
10/29/96 100 : 0@ TUacould notbe = - 36 <50

calculated -
10/29/96 100+100ug/L PBO 0(7) -
11/16/96* At Sutter Street 640 <50
11/16/96* : : At West Lane 170 <50
1/22/97* , .| At Sutter Street 130 70
1/22/97* ’ ' At West Lane © 210 100
. 200 90

11/10/97* o At Sutter Street 480 <50
11/10/97* 100 <1.0TUa At West Lane 380 | <50
11/10/97* 100+125ug/L PBO - At West Lane - -
1/14/98* At Sutter Street 320J <500
1/14/98* ' At West Lane 3107 - <500
2/19/98* v At Sutter Street <500 <500
2/19/98* At West Lane <500 <500
10/24/98 100 10 (7) At Pershing - -
10/24/98 100+100pg/L PBO 0(7) - -~

... X-City of Stockton data
J < 'Estimated < detection limit
-- —Not measured

(continues)




Fathead Minnow Larvae

Table 3. Summary of Aquatic Toxicity Test Data
Calaveras River, Stockton, CA (1994-1998) (continued)

Date - % Mortality | Comment

10/5/94 0

10/29/96 2 Not statistically significant

10/24/98 2 Not statistically significant
" Selenastrum capricornutum

Date Toxic Response Comment

10/5/94 No

11/6/94 No Stimulation

10/29/96 No Stimulation

10/24/98 No Stimulation




Table 4. Summary of Aquatic Toxicity Test Data

Walker Slough, Stockton, CA (1994-1998)

Ceriodaphnia
: Toxicity
, Chlor-
Response Diazinon . Calculated
)
Date % Sample o4 kill in Comments mgL) | IZZH/E)S TUa
(days) &
10/5/94 100 100 (7) No information on rate 273 <80 0.5
' of kill
11/6/94 100 04 TUa could not be <30 <80
calculated
12/11/95 100 100 (2) White light - --
12/11/95 100 . 100 (2) UV light -- -
12/11/95 80 100 (3) - -
12/11/95 60 100 (4) -- --
12/11/95 40 64 (7 - --
12/11/95 20 0(7) - -- 4105
10/29/96 100 07 96 65 1
10/29/96 100+100ug/L PBO 07 - --
11/16/96* At Western Pacific 470 - <50
Industrial Park
1/22/97* At Western Pacific 150 90
Industrial Park
11/10/97* 100 <1.0 TUa At Western Pacific <50 . <50
; ' Industrial Park
11/10/97* 100+125pg/I. PBO <1.0 TUa At Western Pacific - -
: Industrial Park :
1/4/98* At Western Pacific <3207 <500
' Industrial Park
2/19/98* At Western Pacific <500 <500
: Industrial Park
9/9/98 [ 100 NG 1 -
10/24/98 100 100 (2) 170 -
10/24/98 100+100pg/L PBO 0(7) -~ -~
O T T I o e I A Y . AU o _

* — City of Stockton data

J - Estimated < detection limit

-- — Not measured

3 KX
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Table 4. Summary of Aquatic Toxicity Test Data
Walker Slough, Stockton, CA (1994-1998) (continued)

Fathead Minnow Larvae

Date % Mortality | Comment
10/5/94 0 Impaired growth
10/29/96 0
9/9/98 5 Not statistically significant
10/24/98 10 Not statistically significant
12/7/98 0 i
Selenastrum capricornutum
Date Toxic Response Comment
10/5/94 No
11/6/94 No Stimulation
10/29/96 No Stimulation
9/9/98 No Stimulation
10/24/98 No Stimulation
12/7/98. No )
12/7/98 Yes
12/7/98 ' No
12/14/98 No
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Table 5. Summary of Aquatic Toxicity Test Data

Smith Canal, Stockton, CA (1994-1998)

Ceriodaphnia
Toxicity Chior-
Date % Sampie };)el;;;]o ?:e Comrpents Dl(izgl;;f)n Pyrifos Cal;t{x}:ted
(days) (ng/L)
11/6/94 100 100 (7) No information on rate 186 122 TS T
of kill . o
11/8/96 100 0 TUa could not be <30 <80
calculated
11/6/94 100 100 (6) - -
11/6/94 100+100pg/L PBO 87.(7) PBO caused delayed - -
. mortality
11/9/94 100 100 (7) 166 <80
11/9/94 100 77 - -
11/9/94 100+200g/L. PBO 0(7) - - _
11/25/94 100 20 (7) 106 <80 -0:25-
12/4/94 . 100 0(7 TUa could not be - <30 <80 —
calculated
3/11/95 100 100 (7) - -
3/11/95 100+200ug/L PBO 20 (3) PBO reduced toxicity - -
10/29/96 = | 100 100 (7) 129 <30 0.25
10/29/96 100+100ug/L PBO 0(7) PBO reduced toxicity | -- -~
10/24/98 100 0 (7)-? At Pershing - -
10/24/98 100+100ug/L PBO 0D - -~
-- — Not measured
Fathead Minnow Larvae
Date % Mortality | Comment
11/6/94 7 Not statically significant
1/25/94 7 Not statically significant
12/4/94 0 .
10/29/96 2 Not statistically significant
10/24/98 0

Selenastrum capricornutum

Date Toxic Response Comment

11/6/94 No

1894~ |— = —No- - ~~—-| Stimulation —
11/19/94 No Stimulation

11/25/94 No Stimulation

12/4/94 . No Stimulation

10/24/98 No Stimulation

—_—

16

———
—_—




Table' 6 Summary of Aquatic Toxicity Test Data
Mormon Slough, Stockton, CA (1994)

‘Jeriodaplmia

Toxicity : Chior-
Date % Sample Response Comments Diazinon rifos Calculated
o Samp %kill in (ng/L) lzyg/L) TUn
(days) o
2/6/94 100 100 (6) | 320 - 0.8
2/6/94 100 100 (7) - -
2/6/94 100+200pg/L PBO 0(7) PBO reduced toxicity - -
2/7/94 100 100 (1) - 900 - 2
2/7/94 - 100 - 100 (1) - -
2/7/94 100+200ug/L PBO 100 (2) | PBO reduced toxicity - -
-- — Not measured '
Table 7. Summary of Aquatic Toxicity Test Data
Lake McLeod, Stockton, CA (1994) ‘
Ceriodaphnia -
. Toxicity _ ;
Date % Samol E Response Comments Diazinon Ch:i(:,gs Calculated
o Sampre © | %killin | (ng/L) F(?: P TUa
. (days) . . g
2/6/94 100 100 (6) 200 -- . <0.5
.| 2/6/94 100 100 (6) -~ -
2/6/94 100+200g/L PBO 0@ PBO reduced toxicity - -
/7/94 100 : 100 (2) : . 500 - 1
2/7/94 100 100 (2) ] -- -
2/7/94 100+200ug/L PBO 0(7) PBO reduced toxicity - -
-~ — Not measured ’ :
‘Table 8. Summary of Aquatic Toxicity Test Data
Turning Basin, Stockton, CA (1994)
Ceriodaphnia '
‘ Toxicity
' : . Chlor-
' Response Diazinon . Calculated
0
Date % Sample %kl in Comments (ng/L) pyrg(js TUa
: . (days) (ng/L) 4
216194 100 0(7) 0 | - <0.5
2/6/94 100 ~ 107 ' ~ —
2/6/94 100+2001.g/L PBO 0 - -
2/7/94 100 100 (1) - 600 - 1
2/7/9% 100 [ 100(D) - =
2/7/94 100+200pg/L PBO 0(7) PBO reduced toxicity -- -

-- — Not measured
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. Table 9
City of Stockton Precipitation Data for Sampling Events

Date Precipitation
2/7/94 0.08
10/5/94 0.42
10/6/94 0.00
11/8/94 _ 0.00
11/9/94 - 0.00
11/25/94 : 0.33
3/2/95 0.08
4/27/95 0.04
4/28/95 0.00
4/29/95 0.00.
5/1/95 0.33
5/3/95 - 0.00
12/11/95 . 0.00
10/29/96 1.28
11/16/96 0.60
11/17/96 1.06
11/18/96 0.71
1/22/97 0.28
11/10/97 0.20
11/13/97 0.12
.1/4/98 0.24
1/14/98 , 0.04
2/19/98 0.08
9/9/98 0.00
10/24/98 0.67
12/7/98 0.00
12/12/98 0.00
1/19/99 0.56
1/20/99 0.00
2/8/99 0.16
3/8/99 0.20
6/7/99 - 0.00
8/18/99 0.00
9/22/99 0.24

Source: Stockton Metro precipitation gage, as reported at
www.ncde.noaa.gov/onlineprod/gsod/temp/gsod_28393.txt

18




Appendix
Background Data for City of Stockton Slough Aquatic Toxicity T esting

‘ Beginning in February 1994, the Central Valley Regional Water Quality Control Board
(CVRWQCB), under the leadership of Dr. Val Connor, initiated studies on the aquatic life toxicity of
Stockton urban stormwater runoff. Samples were taken of various Stockton sloughs, typically during
runoff events. These samples were transported to the University of California, Davis, Aquatic Toxicology
Laboratory, where toxicity testing was conducted using the test organisms Ceriodaphnia dubia,
Pimephales promelas (fathead minnow larvae) and Selenastrum capricornutum. The CVRWQCB
collected stormwater runoff during 1995. Beginning in 1996 the DeltaKeeper collected stormwater runoff
samples through 1999. The results of the toxicity tests are presented in this Appendix. A brief summary
of the key features of each of the toxicity test results is presented below. A list of acronyms and
abbreviations used in the tables is presented at the end of this Appendix. ' -

February 1994
On February 7, 1994, 0.08 inch of precipitation was recorded i in Stockton Table 94-1 presents the

results of the toxicity testing and chemical analyses that were conducted on the Stockton area stormwater
runoff samples collected on February 6 and 7, 1994. Seven-day toxicity tests were conducted on these
samples, where 100 pg/L PBO were added to one of the tests and no PBO was added to the other. The
Mosher Slough samples collected on February 6 and 7, 1994, contained 900 and 630 ng/L diazinon,
respectively. As expected, these samples killed 100 percent of the Ceriodaphnia organisms within one
day. The addition of 100 ug/L PBO eliminated the toxicity over the 7-day period for the February 7
sample, and reduced it to only 20 percent kill on the February 6 sample.

The Five Mile Slough samples collected on February 6 and 7 had 1,000 ng/L diazinon on February

and greater than 1,000 ng/L on February 7. Both samples were highly toxic to Ceriodaphnia, with 100
ercent kill in 2 days on the February 6 sample and 100 percent kill in 1 day on the February 7 sample.
The addition of 100 pug/L PBO reduced the rate of kill, so that 100 percent kill was not achieved until 5

days for both the February 6 and 7 samples.

The samples collected of the Calaveras River on February 6 and 7 had 380 ng/L diazinon on
February 6 and 450 ng/L diazinon on February 7. Both samples killed all Ceriodaphnia in the test system
within 2 days. The addition of 100 pg/L PBO eliminated the toxicity from the February 7 sample and
reduced the toxicity to 20 percent kill on the February 6 sample.

The Mormon Slough sample collected on February 6 had 320 ng/LL diazinon. This sample did not
show 100 percent kill until the seventh day of testing. The February 7 sample from Mormon Slough had

" 900 ng/L diazinon, and, as expected, there was 100 percent kill of Ceriodaphnia wittun 1 day.

The Lake McLeod sample located in downtown Stockton, had 200 ng/L diazinon, which killed
100 percent of the Ceriodaphnia in 6 days. The F ebruary 7 sample had 500 ng/L diazinon and killed all

Ceriodaphnia within 2 days.

The Port of Stockton Turning Basin sample collected February 6 had 190 ng/L diazinon, and this
sample was nontoxic to Ceriodaphnia over the 7-day test period. On February 7, the Turning Basin
sample was found to contain 600 ng/L diazinon, and killed 100 percent of the Ceriodaphnia within 1 day.
The addition of 100 pg/L PBO essentially eliminated this toxicity, where on days 4 through 7 there was

‘nly 20 percent kill of Ceriodaphnia in the test system.
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The results of the February 6-7 sampling show that high concentrations of diazinon were present
in stormwater runoff in City of Stockton sloughs and associated waters, including the Calaveras River.
The diazinon concentrations found produced the toxicity expected, with rapid kill of Ceriodaphnia within
1 to 2 days when the concentrations were greater than about 450 ng/L (i.e., the LCso value for diazinon’s
toxicity to Ceriodaphnia). The addition of 100 ug/L of PBO to the samples showed that, in general, the
toxicity to Ceriodaphnia was essentially eliminated. It is of interest to find that the February 6-7, 1994,
samples had among the highest concentrations of diazinon found in the 5-year study reported herein.

Table 94-1

Stockton Stormwater Runoff Toxicity to Ceriodaphnia
Collected on February 6 and 7, 1994

Percent Organism Mortality

Days of Incubation

Treatment/ PBO add | Diazinon 1 2 , 3 4 5 6 7
Location/Date ng/L % kill pH
SSEPAMH 0 0 0 0 - 0 15 15
_ +PBO 0 0 0 0 0 0 0
Dilute EI 0 0 0 0 0 0 0
+PBO 0 0 0 0 0 0 -0
Mosher Slough 2/6 900 100 _
2/6 +PBO 0 20 20 20 80 80 80
Mosher Slough 2/7 630 . | 100 7.8 |
2/7 +PBO 0 0 0 0 0 0 0
5-Mile Slough 2/6 1000 80 | 100
2/6 +PBO 0 0 | 20 20 100
5-Mile Slough - 2/7 >1000 100 7.9
2/7. +PBO 0 0 ' 0 80 100
Calaveras River 2/6° 380 0 [ 100 ‘
2/6 +PBO 0 0 20 20 20 20 20
Calaveras River 2/7 450 0 100 8.3
2/7 +PBO 0 | 0 0 0 0 0 0.
Mormon Slough 2/6 320 0 0 15 15 20 95 100
2/6 +PBO 0 0 0 0 0 0 0
Mormon Slough 27 900 100 §.3 ‘ |
- 27 +PBO 60 | 100
Lake McLeod - 2/6 200 0 0 0 0 0 100
e e T e e e B e e 0 0 0=+
Lake McLeod 2/7 500 .0 100 8.4 : '
2/7 +PBO 0 0 0 0 0 0 0
Turning Basin 2/6 190 0 0 0 0 0 0 0
2/6 +PBO 0 0 0 0 0 0 0
Turning Basin 2/7 600 100 0 8.4
2/7 +PBO 0 0 0 20 20 20 | 20

PBO added at 100 pg/L

QOctober 1994

~ On October 5, 1994, 0.42 inch of precipitation was recorded in Stockton.
precipitation recorded in Stockton on October 6, 1994. Samples of Five-Mile Slough, Calaveras River,
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Mosher Slough and Walker Slough were collected on October 5 and 6, 1994. Table 94-2 presents the
results of an 8-day toxicity test using Ceriodaphnia as the test organism. The results of these tests show
that both Five-Mile Slough and Mosher Slough samples killed all Ceriodaphnia in two days, while the

alaveras River sample killed all Cerzodaphma in the test system in four days, and Walker Slough, in
seven days. :

Set up on 10/6/94

Table 94-2

Stockton Urban Run-off 10/5/94 and 10/6/94
8-day Ceriodaphnia Test'?

Reproduction® )
Treatment (neonates/adult) Mor;ahty Final pH @ 24 hrs
: mean . standard error (%)
Dilute EI . 3868 1.5 0.0P 8.5
SSEPAME e v =
Five Mile Slough 7.7
Calaveras River 7.9
Mosher Slough 7.9
Walker Slough 409, ; 8.3
P. The dilute EI control met all US EPA criteria for test acceptablhty 100% of the daphmds had a third brood.
1. Ten replicates with 15 ml of sample and one Ceriodaphnia each.
2. Standard US EPA feeding procedures were used during this test. :
3. Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the dilute EI control

water, The reproductive endpoint was analyzed using Dunnett's Test (p<0.05) and the morrahty endpoint was analyzed

using Fisher's Exact Test.

(# Number in parenthe51s denotes days to 100% mortahty

,Table' 94-3 presents the results of a 4-day Ceriodaphnia dilution series for the Five-Mile Slough

d Mosher Slough waters obtained on October 5, 1994. The Five-Mile Slough and Mosher Slough

undiluted samples showed 40 to 50 percent kill Wlthm two days and 100 percent kill within three days.

No toxicity, however, was observed on the 50 percent sample, 25 percent sample or 12.5 percent sample.

These results indicate that there was between 1 to 2 TUa of acute Ceriodaphnia toxicity in the Five-Mile
Slough and Mosher Slough samples obtained on October 5, 1994.

 Table94-3
Five Mile Slough and Mosher Slough 10/5/94

Set up on 10/17/94

4-day Ceriodaphnia Dilution Series™”

Treatment % Mortality for each day of the tost Final pH
(%Sample Water) 1 : 2. 3 4 . @ 48hrs
[ Dilute EI - oP 8.4 o
Five Mile Slough (12.5%) 0 8.3
Five Mile Slough (25%) 0 8.2
Five Mile Slough (50%) 0 8.1
Five Mile Slough (100%) 40 100 [ZEnians 8.0
Mosher Slough (12.5%) 8.3
Mosher Slough (25%) 8.2
Mosher Slough (50%) 8.1
Mosher Slough (100%) 50 100 o 8.1

P. The dilute EI control met all US EPA criteria for test acceptability.
Two replicates with 18 ml of sample and five Ceriodaphnia each.

Daphnids.were fed the standard US EPA amount of food for only four hours a day.

3. Highlighted cells.indicate areas of significant interest. No statistical analyses were done.
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Table 94-4 presents the data of a 7-day Ceriodaphnia Phase I TIE testing, in which Five-Mile
Slough and the Calaveras River samples were subjected to various modified testing procedures. One of
these involved the addition of 200 Eg/L of piperonyl butoxide (PBO). Table 94-4 shows that the addition
of the PBO to the Five-Mile Slough unfiltered sample decreased the toxicity over seven days from 100
percent kill without PBO to 65 percent with PBO. The filtered Five-Mile Slough sample with 200 Eg/L
PBO also showed a reduced toxicity — in this case, of about 74 percent over seven days. These results are
indicative of OP pesticides being potentially responsible for at least part of this toxicity. The filtered .
Calaveras River samples with 200 Bg/L PBO added showed a significant reduction in toxicity compared
to the samples without PBO. There was a small difference — probably not statistically significant -
depending on whether or not the sample was filtered. Mosher Slough samples also showed a significant

decrease in toxicity in the presence of 200 Eg/L PBO.

Set up on 10/9/94

Table 94-4

Stockton. Urban Run-off 10/5/94 and 10/6/94
7-day Ceriodaphnia Phase I TIEY

LI B —

Three replicates with 18 mi of sample and five Ceriodaphnia each
Daphnids were fed the standard US EPA amount of food for only four hours a day.
Highlighted cells indicate areas of significant interest. No statistical analyses were done.
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T reatment % Mortality for each day of the test3 Conclusions Final pH
1 | 2] 3 1451677 @48 hrs
Dilute EI unfiitered ' 5 53| 554 55 Control met US EPA crltena for 8.6
test acceptability.

Dilute EI filtered 0 -

?oll)uf;/? ;gfgtered ¥ ) R No artifactual toxicity in control 8.3

Dilute EI filtered + 200 55 [ 10 ] 10| 15 | ks ‘ 8.6

ug/L PBO

Five Mile Slough 20 100 | 100 | 100 | 100 | 100 | 100 8.2

unfiltered .. '

Five Mile Slough T00 | 100 | 100 | 100 | 100 | 100 | Loxicity detected. 31

filtered - . :

Five Mile Slough 5 10 | 20 | 50| 50 |5 ki The delay in mortality suggests 7.9

unfiltered + 200 it | that an OP pesticide may be

ng/LPBO 27| responsible, in part, for toxicity.

Five Mile filtered + 200 5 5 |15.8 | 42.1 | 73.7 |87 However, high mortality 8.0

ng/L PBO @il suggests a second. toxicant may

e also exist.

Calaveras River 5 95 | 100 { 100 | 100 | 100 8.4

unfiltered .| Toxicity detected.

Calaveras River filtered 100 | 100 { 100 { 100 | 100 { 8.3

Calaveras River 5 s . . . 8.2
' unﬁlteged + 20_0J.Lg/L L ; : DGC-I:‘eaSE mn mortallty relative to

PRBO ! e - o 'amblent.'vs.'ate'r'suggests?:haran

Calaveras River filtered - 515 | 5 | 5 [ | OF pesticide is responsible for 8.2

+200 pg/L PBO , i the toxicity.

Mosher Slough 5 100 | 100 | 100 | 100 | 100 | 100 8.3

unfiltered v Toxicity detected. ‘

Mosher Slough filtered 100 | 100 | 100 { 100 | 100 | 100 ' 8.4

Mosher Slough 5 10 | 10 | 10 liow ) . ) 3.2

unfiltered + 200 pg/L o Decr.ease in mortality relative to

PRO W amblent.V\'rateT suggests‘that an

Mosher Slough filtered o ;:})11; E)ejit:,?tl;_e is responsible for %)

+200 ug/L PBO B




The Five-Mile Slough sampie taken on October 5, 1994, was subjected to a 6-day Ceriodaphnia

Phase II TIE, in which the sample was passed through a C8 column, and the toxicity of the eluate was

Qletenmned The results of this testing are shown in Table 94-5. The fractions obtained from various

ethanol (MeOH) eluates of the column show that the toxicity was eluded in certain fractions from 70 to

80 percent. This experiment shows that the toxicant elutes in fractions 70, 75, and 80% (percent methanol
by volume). This suggests possible diazinon and/or chlorpyrifos as the toxicant(s). Diazinon elutes in

fractions 70, 75, and 80% and chlorpyrifos elutes in fractions 75, 80, and 85%. :

Table 94-5
Five Mile Slough 10/5/94
6-day Ceriodaphnia Phase II TIE'?
Set up on 11/2/94 : : '

4 % Mortglity for each day of the tests . Final pH
Treatment 1 " ) 7 : ; 7 Conclusions @ 48 hrs
Dilute EI 0 | Control met US EPA criteria 7.5
: for test acceptability.
Dilute EI + 1% MeOH ' 0 o ‘ ' 8.0
Dilute EI C8 Blank for 5- 0 o L . 7.8
Mile Slough Column 14 ' i\gzjrxzif;f;zlstoany .
Dilute EI C8 Blank for 5- 0 o 8.0
Mile Slough Column 24 ' '
Dilute EI + 5-Mile 50% .| 0 | Toxicant(s) absent in this . 8.0
Fraction @ 4.67x fraction. '
Dilute EI + 5-Mile 70% 8.1
| Fraction @ 4.67x

ilute EI + 5-Mile 75% 30 [ 100 o Toxicant(s) present in these 8.1
Fraction @ 4.67x . B | fractions.
Dilute EI + 5-Mile 80% ' 20 { 60 | 60 | S0 8.1
Fraction @ 4.67x : . B
Dilute EI + 5-Mile 85% 8.2 -
Fraction @ 4.67x : ‘
Dilute EI + 5-Mile 90% 10 10 10 8.2
Fraction @ 4.67x Toxicant(s) absent in these
Dilute EI + 5-Mile 95% : 0 | fractions. 8.2
Fraction @ 4.67x ' .
Dilute EI + 5-Mile 100% | N 0 8.2
Fraction @ 4.67x ’

Two replicates with 18 m! of sample and five Ceriodaphnia each. »
_..Daphnids were fed the standard US EPA amount of food for only four hours a day. - o

Highlighted cells indicate areas of significant interest. No statistical analyses were done.

600 ml and 800 ml of sample water were run through C8 SPEcolumns at a rate of 10 ml/min on
10/28/94 and 10/29/94, respectively. The two columns were extracted in series using 3.0 ml of MeOH
to produce each fraction 467-times as concentrated as the ambient water.

)

Similar tests were conducted with Walker 'Slough samples. These data are presented in Table 94-

6. This experiment implicates diazinon and chlorpyrifos as possible causes of toxicity (see explanation of

Table 94-8 for fractions that diazinon and chlorpyrifos elute in). The Five Mile Slough part of the

experiment was to determine if the column becomes overloaded with toxicant, becoming unable to

" capture any more after a certain amount of sample has been extracted. This experiment showed that at

. e least for this Five-Mile Slough sample, the column did not become overloaded, as the latest extracted
‘)ortion was still nontoxic. .



Table 94-6

Five Mile Slough and Walker Slough 10/5/94 7-day Ceriodaphnia Phase 11 TIE!?
Set up on 10/23/94 : . .
| % Mortality for each day of the
Treatment No.* test Conclusions
1|2 3 4 5 6 7
Dilute EL 4 0 | Control met US EPA criteria for 8.1.
: test acceptability.
Dilute EI+ 1% MeOH | 4 - 0+ ' ' 8.1
D11u-te ELC8 Blank for 4 0 No artifactual toxicity in' 8.1
3-Mile Slough : control blanks. ,
Dilute EIC8 Blank for 4 0 8.1
Walker Slough :
5-Mile Slough settled 4 5 165710 |10 |100(10 |10 |Toxicity detected. 7.9
0] O 0 0 ‘
1st 530 ml 5-Mile 4 0 7.8
Slough PCCAJ .| Significant decrease in R
2nd 530 mil 5-Mile 4 5 B @i mortality relative to ambient 7.7
Slough PCCA {0l water suggests that an organic
3rd 530 ml S-Mile - 4 9@l is responsible for toxicity.. 7.7
Sloagh PCAA L
Walker Slough 4 5 {40 85 {10 10 |Toxicity detected. 7.0
unfiltered 0 0
Walker Slough 4 5 20 | 95 [iioiE | Delay in mortality relative to 7.4
filtered : : | unfiltered sample suggests that '
/90 a toxicant may be sediment-
& bound. '
Walker Slough 4 /109 Significant decrease in . 7.5
filtered + 200pg/L @ || mortality relative to ambient
PBO : 10 el water suggests that an OP is
“oieiel responsible for toxicity.
Walker Slough PCCA 4 § o Significant decrease in 8.1
=l mortality relative to ambient
| water suggests that an organic
: 74 is responsible for toxicity.
Dilute EI+ Walker 2 0+ ' 7.6
50% fraction @35x Toxicant(s) absent in these
-t Dilute--EI-+—Walker Do e 0+ fractions. y
70% fraction @ 5x
Dilute EI + Walker 2 401110 7.8
75% fraction @ 5x 0 .
- Toxicant(s) present in these
Dilute EI_'" Walker 2 1030 fractions. Accelerated mortality 7.9
80% fraction @35x in the 75% fraction is
Dilute EI + Walker 2 10110 consistent with diazinon . 7.9
85% fraction @ 5x toxicity. :
Dilute EI + Walker 1 20140 40 ’ 8.0
90% fraction @ 5x '
Dilute EI + Walker 2 8.0
95% fraction @ 5x Toxicant(s) absent in these
fractions.




Dilute EI+ Walker 2 20 | 20° NEER
100% fraction @S5x
Each replicate had 18 mi of sample and five Ceriodaphnia each. Daphnids were fed the standard US EPA amt of food for only four hrs ad
Highlighted cells indicate areas of significant interest. No statistical analyses were done.

‘ 1800 ml of sample water were run through a C8 SPE column at a rate of 10 ml/min. The column was extracted using 3.0 ml

31D —

MeOH to produce each fraction 600 times more concentrated than the ambient water,
g Number of replicates per given treatment. :
5. PCCA - Sample water Post C8 SPE Column Application
+ These treatments were taken down at 5 days.

Calaveras River samples tested through Phase II TIEs are shown in Table 94-7. Again, similar
results to the other Phase II TIEs were found. This experiment implicates diazinon as the primary
toxicant in both the Calaveras and Mosher Slough samples (see above for fractions in which diazinon
elutes); however, a significant amount of “bleeding” to other fractions occurred as evidenced by the
mortality observed in several fractions besides those that diazinon elutes in. Diazinon may be the primary
toxicant; however, this experiment does not rule out other possible toxicants.

Table 94-7
Calaveras River and Mosher Slough 10/5/94
_ : 4-day Ceriodaphnia Phase Il TIE"?
Set up on 10/18/94

Treatment %IMortalit}; for each gay of the t:st-’ " Conclusions . Fm4aé t?r?@
Dilute EI ' 0 Control met US EPA criteria for test 8.2
» acceptability. ‘

Dilute EI + 1% MeCH 10 10 ‘No artifactual toxicity in control blank. 8.3
Dilute EI + Calaveras 50% : 0 Toxicant(s) absent in this fraction. - - 8.1
fraction @ 5x.

ilute EI + Calaveras 70% 50 50 ' o 8.3

action @ 5x

i + 9 A 8.4
g:;fizf%@ Sialaveras 5% %0 | 100 100 e § Toxicant(s) present in these fractions.
Dilute EI " Cal 30% 20 o0 | e Accelerated mortality in the 75% fraction is 33
fr;;izn @ 5xa averas o076 e consistent with diazinon toxicity ’
Dilute EI + Calaveras 85% 30 50 o 84
fraction @ 5x T '
Dilute EI + Calaveras 90% : 0 Toxicant(s) absent in these fractions. 8.4
fraction @ 5x :
Dilute EI+ Calaveras 95% 10 - 10 , ’ _ 84
fraction @ 5x ' :
Dilute EI + Calaveras | 20 30 40 | Toxicant(s) absent in this fraction. 8.4

~ I To0vs FrastisE @SR | | | e [ —

Dilute EI + Mosher 50% - -0 Toxicant(s) absent in this fraction. 8.2
fraction @ 5x . ' , '
Dilute EI + Mosher 70% 80 100 |00 - 8.3
fraction @ S5x Ll . . .

- — = remmene Toxicant(s) present in these fractions.

0, Shpad AT NG . . -

g;l:ézfgsl\fosher 7% 100 100 100 jelt s« | Accelerated mortality in the 75% fraction is .
Dilute EI + Mosher 80% 10| 100 | 100 consistent with diazinon toxicity 84
fraction @ 5x
Dilute EI + Mosher 85% 8.3
fraction @ 5x ‘ . . .
Dilute EI + Mosher 90% 5 Toxicant(s) absent in these fractions. ————8 2

iaction @ 5%
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Dilute EI + Mosher 95%
fraction @ 5x

20 40

Toxicant(s) absent in this fraction.

8.4

Dilute EI + Mosher 100%
fraction @ 5x

10

20 30

Toxicant(s) absent in this fraction.

3.4

LUy

Two replicates with 18 ml of sample and five Ceriodaphnia each.

Daphnids were fed the standard US EPA amount of food for only four hours a day.
Highlighted cells indicate areas of significant interest. No statistical analyses were done.
-1800 ml of sample water were run through a C8 SPE column at a rate of 10 mi/min. The column was e*ctracted using

3.0 ml of MeOH to produce each fraction 600 times more concentrated than the ambient water.
- Dash indicates not measured.

Table 94-8 presents the Calaveras River and Mosher Slough test results for a Phase II TIE using

- Ceriodaphnia, in which various percent fractions were examined with and without PBO. It was found
that the PBO did alter the toxicity pattern. This experiment is consistent with the previous one in that it
shows evidence of a toxicant present other than an OP pesticide (diazinon). :

Table 94-8
Calaveras River and Mosher Slough 10/5/94, 4-day Ceriodaphnia Phase Il TIE" 2
Set up on 10/26/94
‘ % Mortality for each , Chlor- Diazi Ei
Treatment*’ No.b day of the test® Conclusions pyrifos (Iral.zzc)m @l;nié 1315
1 | 2 | 3 . ' (mgl) | % "
Dilute EI 4 5 | Control met US EPA criteria for test 8.0
acceptability.
- T ,

Dflute E1v 1% MeOH 4 0 No artifactua! toxicity in control 8.1
Dilute EI + 1% MeOH + 4 5 5 1 bianks 8.1
200ug/L PBO )
Dilute EI + Calaveras 70% 2 40 100 ] 100 ND 241 8.0
fraction @ 5x * A . ' : .
Dilute BI + Calaveras 759 7] 100 1100 I 100 Toxicant(s) present in these fractions. D 391 21
fraction (@ 5x *
Dilute EI + Calaveras 75% - 2 20 |40 The delay in mortality suggests an OP 8.1
fraction @ 5x +200pg/L 0! pesticide may, in part, be responsible
PBO wied for the toxicity, High mortality

) L9 suggests a second toxicant may exist.
Dilute EI + Calaveras 80% 2 30 70 100 | Toxicant(s) present in this fraction. ND 191 8.1
fraction @ 5x *
Dilute EI + Calaveras 80% 2 50 |ZAEHL The delay in mortality suggests an OP 8.1
fraction @ 5x + 200ug/L 4o pesticide may, in part, be responsible
PBO . Seseiotl for the toxicity. High mortality

. i suggests a second toxicant may exist.

Dilute EI + Calaveras 85% 2 10 10 40 ND ND 8.1
fraction @ 5% % e e e e N LR e
Dilote E1+ Mosher 10% > 100 1 100 Toxicant(3) prescnt ift thiése fractions. 295 20
fraction @ 5x *
Dilute EI + Mosher 70% 2 Significant decrease in mortahty 8.0
fraction @ 5x + 200pg/L *?j suggests that an OP pesticide is
PBO ‘»2z| responsible for toxicity.
Dilute EI + Mosher 75% 2 100 | 100 | 100 Toxicant(s) present in this fraction. 538 8.3+
fraction @ 5x * : ’
Dilute EI + Mosher 75% 2 100 | 100 4 The delay in mortality suggests an OP 8.0
fraction @ 5x + 200pg/L pesticide may, in part, be responsible
PBO o for toxicity. High mortality suggests .

: 72| asecond toxicant may exist. .
Dilute EI + Maosher 80% . 2 60 | 100 | 100 | Toxicant(s) present in this fraction 317 8.1
fraction @ 5x *
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Dilute EI + Mosher 80% 2 10 "I The delay in mortality suggests an OP 8.1
fraction @ 5x +2001g/L pesticide may, in part, be responsible
PBO for the toxicity. High mortality

suggests a second toxicant may exist.

Each replicate contained 18 ml of sample and five Ceriodaphnia each.

Daphnids were fed the standard US EPA amount of food for only four hours a day.

Highlighted cells indicate areas of significant interest. No statistical analyses were done.

1800 mi of sample water were run through a C8 SPE column at a rate of 10 ml/min. The column was e*ctracted using
3 ml of MeOH to produce each fraction 600 times more concentrated than the ambient water.

All treatments were renewed only up to 48 hours due to shortage in eluates. The test was then allowed to continue to
96 hours without any water renewal. :

Number of replicates per given treatment.

+ Final pH measured at 24 hours.

ND Not detected. Detection limits for ELISA k1ts were 80 ng/L for chlorpynfos and 40 ng/L for diazinon..

LUER
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Table 94-9 shows that the stormwater runoff collected in the various sloughs and the river were

not acutely toxic to fathead minnow larvae; however, the sample of Walker Slough water did show a
statistically significant reduced rate of growth. The other samples obtained on October 5 did not exhibit
any statistically significant mlnbmon of fathead minnow larval growth during the test penod '

- Table 94-10 presents the toxicity testing that was done with Selenastrum. None of the sIough or
river samples tested were toxic to Selenastrum :

Table 94-9 .
Stockton Urban Run-off 10/5/94 and 10/6/94
‘ szeplzales Test
Set up on 10/5/94
| " Treatment : Growth (mg)3 , Mortality (%) Final pH @ 24

‘ mean standard error mean standard error hrs
Dilute EI : 0.43P 0.01 0.0P 0.00 8.1
Dilute EI aerated4 0.46 0.01 3.3 ‘ 333 . . 8.0
SSEPAMH 0.47 . 0.02 0.0 0.00 8.0
5-Mile Slough aerated4 0.38 0.01 6.7 6.67 7.5
Calaveras River 0.39 0.03 0.0 - 0.00 7.8
Mosher Slough 0.44 __0.03 0.0 0.00. . 7.6
Walker Slough o0 g 0.0 - 0.00 7.9

P. The dilute EI control met US EPA criteria for test acceptabxhty

1. Three replicate beakers with 250 ml of sample and 10 minnows in each replicate.

2. Minnows were fed three times daily. '

3. Highlighted areas indicate a significant increase in mortalxty or decrease in growth when compared to the dllute EI control.

- The-growth and-mortality-endpoints were-analyzed.-with Dunnett's Test (p<0.05),—-— —
4. 5-Mile Slough exhibited a notable DO sag within half an hour after normal aeration. This treatment and a control were

aerated throughout the test to prevent toxicity to the fish resulting from low DO. -

Table 94-10
Stockton Urban Run-off 10/5/94 and 10/6/94
: " 96-hour Scelenastrum Test!
Setup on 10/6/94 '

42
Treatment Cell Count (x 107) % CV Final pH @ 96 hrs
mean standard error _
lass Distilled 40NP 9.6 474 8.4
| Dilute EI 79 14.1 35.9 . 8.6
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SSEPAMH 87 4.9 11.3 8.2
5-mile Slough 104 22.1 42.5 3.2
Calaveras River 25 1.2 9.9 9.0
Mosher Slough 86 2.4 5.6 8.2
Walker Slough ' 26 . 0.4. 3.2 9.5

NP. The giass distilled control did not meet all US EPA criteria for test acceptability. The coefficient of variation (CV) was

47.5% in this treatment.
Four replicate flasks with 100 ml of sample in each flask.

1. '
2. Highlighted areas show a significant reduction in growth compared to the glass dlStlHed control. Cell counts were

analyzed using Dunnett's Test (p<0.05).

Table 94-11 represents a modification of the standard Selenastrum testing, in which the Calaveras
River and Walker Slough waters were passed through a C8 column.. It is of interest to find that the waters
passed through the column inhibited Selenastrum growth. A similar result was obtained with the
Calaveras River sample, which had passed through a post-C8 SPE (PCCA) column.

Table 94-12 presents the results of the chemical characterization of the samples that were tested.
The data show that the Five-Mile Slough, Calaveras River and Walker Slough samples contained from
about 273 to 300 ng/L diazinon, while Mosher Slough had about 460 ng/L. diazinon. The chlorpyrifos
concentrations in these samples were below the detection limit of 80 ng/L. Using an LCsy for
Ceriodaphnia of 450 ng/L over a 4-day period, it is concluded that an appreciable part of the toxicity
found in the October 5 sample could have been due to diazinon, although part of this toxicity may have
been due to other constituents that were not measured in the chemical analyses.

Table 94-11

Calaveras River and Walker Slough 10/5/94
- 96- hour Selenastrum Test

Setup on 10/13/94

4) .(2) ' . Finai pH
3 Cell Count (x 10 . Conclusio
Treatment mean standard error clnsions @ 96 hrs
Glass Distilled 45P 1 Control met US EPA criteria for test 9.0
Dilute EI 122 E acceptability. 23
Calaveras River C8 Blank s 35@ Inhibition in growth relative to dilute 8.7
Walker Slough C8 Blank "9 | Elsuggests that application to C8 8.4
S o ','f;*;',\_;' %/ columns may be causing toxicity.
Calaveras River 250 10 Sample lost toxicity due to storage 9.1
_ » | time. '
Calaveras River PCCA4 e s ias ] Slight improvement in growth relative 9.2
s i i to the ambient water may suggest that
walev o e e el some foxicity was due fo an organic.
Walker Slough 377 10 Sample lost toxicity due to storage 9.6
time.
Walker Slough PCCA 371 6 No artifactual toxicity resulting from 9.7
manipulation

5.2% in this treatment.
Four replicate flasks with 100 ml of sample in each ﬂask

B W N -

PCCA - Sample water Post C8 SPE Column Application.

Table 94-12
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P. The glass distilléd control met all US EPA criteria for test acceptability.

Highlighted cells indicate areas of significant interest. Cell counts were analyzed using Dunnett's Test (p<0.05).
1200.m! of each water was run through a C8 SPE column at a rate of 10.2 mi/min.

The coefficient of variation was




Chemical Characteristics in Runoff and Test Set-Ups -
Stockton Urban Run-off Sites 10/5/94 and 10/6/94

Set up on 10/5/94 and 10/6/94

Total | Calcium | N
‘ DO EC Hardness | Hardness Alkalinity NH3 Chl.or- Diazinon
Treatment : (mg/L as pyrifos
pH | (mg/L) | (umhos/cm) | (mg/L as | (mg/L as CaC03) (mgNH3/L) (ng/L) (ng/L)
: CaCO3) | CaCO3)
Glass Distilled - - 0 2 0 2 0 - -
Dilute EI 8.2 8.3 215 96 32 - 102 - - -

A Dilute EI aerated | - - - - - - - - -
SSEPAMH 8.2 8.3 240 78 44 76 - - -
5-mile Slough 74 7.0 185 80 40.8 30 1.2 ND 278

{| Calaveras River | 8.0 7.5 260 80 50.8 71 0 ND 299
Mosher Slough 8.0 8.0 185 68 432 63 0.5 ND 459
Walker Slough 8.2 8.4 220 78 45.2 73 0 ND 273

ND - Not Detected. Detection limits for ELISA kits are 30 ng/L for diazinon and-80 ng/L for chlorpyrlfos

November 6 and 8, 1994 Samples _

‘On November 6, 1994, and again on November 8, 1994, samples were taken of several of the
Stockton sloughs during a stormwater runoff event. No record of precipitation was available for
November 6. The rain gage showed 0.15 inch of precipitation on November.7 and no precipitation on
November §. Table 94-13 presents the results for the Smith Canal sample taken on November 6, which
showed 100 percent toxicity over a seven-day period. The Smith Canal sample taken on November 8

‘howed no toxicity over this period. - - - - - . -

A 4- -day Ceriodaphnia test of the November 6 sample was conducted which showed (Table 94-
14) that there was no tox101ty

L Table 94-13 _
Smith Canal 11/6/94 and 11/8/94
o 7-day Ceriodaphnia Test'?
Set up on 11/9/94 .

Rey ion3 . . ’
Treatment (neop::lfeusc/:;lrllt) Mo(x;a)hty . © Conclusions Fmal ﬁi @24
mean standard error ’ R S
TN DHUtE ELT T 1908 I Y S I e “Control met all'US EP A criterid-for 34
. S Lo test acceptability.
SSEPAMH o 1.3 10 Toxicity detected in laboratory water. 8.6
Smith Canal 11/6 [0 080 iieniie gl io SI00 8 Toxicity detected. 8.0
Smith Cana] 11/8 40.5 1.5 0 Sample non-toxic. : 8.2

Ten replicates with 15 mi of sample and one Ceriodaphnia each.

Standard US EPA feeding procedures were used during this test.

Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the
Dilute Elcontrol water. The reproductive . endpoint was analyzed using Dunnett's Test (p<0.05) and the
mortality endpoint was analyzed using Fisher's Exact Test.

@ | Table 94-14
Stockton Urban Run-off 11/6/94
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4;-Day Ceriodaphnia Test'*
Set up on 11/9/94

Treatment™ % Mortality for each day of the test’ | Conclusions Final pH @
1 ]2 13 | 4 48hrs
Dilute E1 0 Control met US EPA criteria for test ' 8.18
acceptability.
Mosher Slough 0 100 1100 100 Toxicity detected. 8.02
5-Mile Slough 0 ) 8.00
Calaveras River 0 No toxicity detected. 8.22
Walker Slough 0 . 8.39

P. The Dilute EI control met all US EPA criteria for test acceptability.

1.  Each replicate contained 18 mis of sample and five Ceriodaphnia each.

2. Daphnids were fed the standard US EPA amount of food for only four hours a day.

3. Highlighted cells indicate areas of significant interest. No statistical analyses were done.
4, Number of replicates per given treatment

Table 94-15 presents the Mosher Slough and Smith Canal 7-day C'erzoa’aphnza Phase I TIE results,
which show that Mosher Slough killed all Ceriodaphnia within 4 days; however, the addition of 200
Eg/L PBO eliminated this toxicity. Somewhat similar results were obtained for Smith Canal for the
November 6 sample over the 7-day period. There was a smaller réduction in toxicity. The Smith Canal
sample taken on November 9 killed 100 percent of the Ceriodaphnia within 5 days.

Table 94-16 presents the results of the Selenastrum toxicity test conducted on November 6 and
November 8 1994. Again, as with the October samples, there was no toxicity to Selenastrum.

: Table 94-15
Mosher Slough 11/6/94 and Smith Canal 11/6/94 11/9/94
. : 7-day Ceriodaphnia Phase I TIE? ' _ (’
Set up on 11/12/94 : ' '
0, 3 .
Treatment 1 ) ,f Mor;a lity for :ach da)f 5c.>lfjl'.1e tes(;c 7 Cor_lclusions gn:; 1;2
Dilute EI - 6.0 | Control met US EPA criteria for 8.6
test acceptability.
Dilute EI +200ug/L : : . 0.0 | No artifactual toxicity in control 8.5
PBO - | blank.
Mosher Slough 30 100 Toxicity detected. 8.3.
Mosher Slough + b Significant decrease in mortality 8.3
200ng/L PBO relative to ambient water suggests
that an OP pesticide is responsible
e e = e e e for-toxieity- — —
Smlth Canal (1 1/6) Toxicity detected. 8.1
Smith Canal (11/6) + The delay in mortality suggests that 8.0
200pg/L PBO an OP pesticide may, in part, be '
responsible for toxicity. However,
high mortality suggests a second .
toxicant may also exist.
Smith Canal (11/9) 2| Toxicity detected. 8.2

Three replicates with 18 ml of sample and five Cerwdaphma each
Daphnids were fed the standard US EPA amount of food for only four hours a day.
Highlighted cells indicate areas of significant interest. No statistical analyses were done.

These treatments were taken down at 96 hours.
Table 94-16 - ‘
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Set up on 11/9/94

Stockton Urban Run-off 11/6/94 and 11/8/94
96-hour Selenastrum Test’

‘ Treatment Cell Count (x 104) (2) Final pH

‘Mean standard error @ 96 hrs
Glass Distilled 66.7F 1.7 9.0
Dilute EI 90.3 2.3 8.7
5-Mile Slough 11/6 75.8 7.8 9.0
Calaveras River 11/6 108 9.6 9.1
Mosher Slough 11/6 96.6 8.5 9.0
Smith Canal 11/6 79.6 0.5 8.9
Smith Canal 11/8 139 10.2 9.3
Walker Slough 11/6 102 8.9 9.2

P. The glass distilled control met all US EPA criteria for test acceptability.
4.5% in this treatment. '

‘1. Three replicate flasks with 100 ml of sample in each flask.

The coefficient of variation was

2. Highlighted cells indicate areas of significant interest. Cell counts were analyzed using Dunnett's Test (p<0.05).

The chemical characteristics. of the November 6 and 8, 1994, samples are presented in Table 94-

17. The concentrations of diazinon found.in samples from Five-Mile Slough, Calaveras River, Smith
Canal and Walker Slough would be less than that expected to be acutely toxic within 4 days; however, the
Mosher Slough sample had 499 ng/L diazinon, which would be expected to be acutely toxic to
Ceriodaphnia within 4 days. These results are in accord with the results presented in 94-15. It is possible
that, at least for Smith Canal samples, which had about 186 ng/L diazinon, as expected, chlorpyrifos, in
this case, is a significant contributor to the toxicity found. The LCsq for Ceriodaphnia for chlorpyrifos is
0 ng/L.. Based on the concentrations of chlorpyrifos and diazinon found in the November 6 samples,
ere would be expected to be about 1 TUa of Ceriodaphnia toxicity. It is of interest to find the Smith
Canal sample taken on November 8 had non-detectable chlorpyrifos and diazinon, and this is in accord
with the lack of toxicity found in that sample.
rainfall event is'a short-term phenomenon and does not carry over to the followmg day after the runoff has

occurred.

Set up on 11/9/94-

. Table 94-17 » _
Chemical Characteristics of Water
Stockton Urban Run-Off Sites 11/6/94 and 11/8/94

This demonstrates that the toxicity associated with a

_ Total Calcium | Alkalinity . o
Treatment pH DO EC Hardness Hardness (mg/L as Chlorpyrifos | Diazinon
(mg/L) | (pmhos/cm) | (mg/L as (mg/L as CaC0s) (ng/L) (ng/L)
_ CaCO;) CaCOQs) ’
Glass Distilled 8.8 - 0 - - - - -
Dilute EI 8.3 8.5 200 92 - - - -
SSEPAMH 8.4 8.5 205 80 - - - -
S-mile Slough 11/6 7.5 8.5 373 116 72 90 ND 80
Calaveras River 11/6 7.7 8.6 384 132 72 116 88 199
Mosher Slough 11/6 7.7 8.5 201 84 48 84 ND 499
Smith Canal 11/6 7.4 8.4 349 128 76 838 123 186
Smith Canal 11/6 8.0 7.1 360 128 76 88 123 186
Smith Canal 11/8 8.1 8.5 650 192 - - ND ND
7.6 8.6 498 172 96 148 ND ND

Walker Slough 11/6
Not detected. Detection limits for ELISA kits are 80 ng/L for chlorpyrifos and 30 ng/L for diazinon.



November 9 and 25, and December 4, 1994

Table 94-18 presents the results of 7-day Ceriodaphnia toxicity tests for Smith Canal obtained on
November 9 and 25 and December 4. These results show that the November 9 sample killed 100 percent
of the Ceriodaphnia within 7 days, and there was little toxicity on November 25 or December 4. The
available rainfall data indicate that there was no precipitation on November 9, and 0.33 inch on November
25. No rainfall data are available for December 4.

Table 94-19 presents the results of the 7-day Ceriodaphnia Phase I TIE test for the Smith Canal
samples obtained on November 9, 1994.

Table 94-20'preseﬁts the Smith Canal toxicity test results for the fathead'minnow larvae. These
- results show that there was no toxicity to fathead minnow larvae over the 7-day test period.

Table 94-21. presents the toxicity test results for the Smith Canal samples obtained on November 9
and 25 and December 4, 1994, using Selenastrum as the test organism. The Smith Canal samples were
not toxic to Selenastrum; in fact, it appears from the data that they stm_aulated Selenastrum growth.

Table 94-18 _
Smith Canal 11/9/94, 11/25/94 and 12/4/94.
7-day Ceriodaphnia Test'”
Set up on 12/7/94

Treatment _ Reproduction3 Mortality Final pH @ 24 hrs
' ' (neonates/adult) - (%) . :
X S.8. '

Dilute EI 26 5P 13 0.0P ' 8.6
SSEPAMH R 8.5

Smith Canal 11/9 8.3

Smith Canal 11/25 8.1

Smith Canal 12/4 8.2
P. The Dilute EI control met ail US EPA criteria for test acceptability. 90.0% of the daphmds had a third brood.
L. Ten replicates with 15 mls of sample and one Ceriodaphnia each.

2. Standard US EPA feeding procedures were used during this test.
*# Number in parenthesis denotes days to 100% mortality.

.-~ Highlighted.areas.indicate-a. mgmﬁcant reduction in reproduction or.increase.in.mortality.relative.to.the. Dilute El.control.water_The ... —.._...

" reproductive endpomt was analyzed using Dunnett's Test (p<.05) and the mortality endpomt was analyzed using Fisher's Exact Test.

Table 94-19
Smith Canal 11/9/94 7-day Ceriodaphnia Phase 1 TIE!?
Set up on 12/6/94

Treatment % Mortality for each day of the test’ Conclusions Final pH
1 2 3 4 5 6 7 @
48 hrs
: Control water met all US
Dilute EI : 0 EPA criteria for test 8.4
] acceptability.
Dilute EI + PBO 20 53 53 53 | 53 53 Toxicity detected in . 8.2

method blank.
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Smith Canal

Smith Canal + PBO [ 0 No toxicity detected. 7.9

1. Three replicates with 18 mls of sample and five Ceriodaphnia each.
2. Daphnids were fed the standard US EPA amount of food for only four hours a day.

. Highlighted cells indicate areas of significant interest. No statistical analyses were done.
| . Table 94-20
Smith Canal 11/9/94, 11/25/94 and 12/4/94
7-day- Pimephales Test*?
Set up on 12/7/94.

Treatment © Mortality (%)* Final pH @ 24 hrs
: X s.€.
Dilute EI 0.0F 0.0 8.2
SSEPAMH ' 0.0 0.0 7.7
Smith Canal 11/9 : 6.7 6.7 7.5
Smith Canal 11/25 6.7 6.7 7.7
Smith Canal 12/4 ‘ 0.0 0.0 5 7.8
P. The Dilute EI control met ail US EPA criteria for test acceptabxhty
1. Three replicate beakers with 250 ml of sample and 10 minnows in each rephcate
2. Minnows were fed three times daily.
3. Highlighted areas indicate a significant increase in mortality or decrease in g:rowth when compared to the Dilute EI control The
mortality endpoint was analyzed with Dunnett's Test (p<.05).
Table 94-21 ‘
Smlth Canal 11/9/94, 11/25/94 and 12/4/94
96-Hour Selenastrum Test* '
Set up on 12/7/94 : , : :
q Treatment _ Cell Count? (x 10%) Final pH @ 96 hrs-
X S.e. . :
Glass Distilled : . 55.0P 4.6 7.7
Dilute EI 94.4 4.1 8.5
SSEPAMH 63.1 ' 9.2 8.5
Smith Canal 11/9 251.6 6.6 9.5
Smith Canal 11/25 214.2 ) 8.1 9.3
Smith Canal 12/4 246.1 15.8 9.5

P. The glass distilled control met all US EPA criteria for test acceptability. The coefficient of variation was 16.8% in this treatment.
1. Four replicate flasks with 100 ml of sample in each flask, except for the Smith Canal treatments which had three rephcates
Highlighted areas show a significant reduction in growth compared to the glass distilled control Cell counts were analyzed using Dunnett's

Test (p<.05).

Table 94-22 presents. the chem1ca1 charactenstlc data for sa.mples taken from Smith Canal on
November 9 and 25 and December 4, 1994. The data presented in Table 94-22 show that there were
readily detectable amounts of diazinon present in Smith Canal on November 9 and November 25;
however, these concentrations were well below the LCsp for Ceriodaphnia. There were no detectable
amounts of chlorpyrifos present in the samples using a detection limit of 80 ng/L.. These results indicate

that no toxicity would be expected to Ceriodaphnia from these samples.

Table 94-22
Water Chemical Characteristics for Smith Canal 11/9/94, 11/25/94 and 12/4/94
Set up on 12/7/94 '
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Treatment pH DO EC Total Caicium Alkalinity | NH3 | Chiorpyrifos | Diazinon
(mg/L) | (Mmhos/ | Hardness | Hardness | (mg/Las | (mg/L) {ng/L) (ng/L)
cm) (mg/Las | (mg/Las | CaCOj3) ’
CaGO3) CaCOy)
Glass Distilled 3.6 - 10 0 - - 0.0 - -
Dilute EI 8.1 8.6 200 92 - - - - -
SSEPAMH 7.8 8.7 220 84 - - - - -
Smith Canal 11/9 7.8 8.3 325 108 68 .132 0.5 ND 166
Smith Canal 8.2 7.8 122 48 28 32 0.2 ND 106"
11/25 i
Smith Canal 12/4 7.8 8.4 450 128 88 88 0.5 | ND ND
oo This sample was stored for almost 2 months before it was analyzed for diazinon.

ND Non Detect Detection limits for ELISA kits are 80 ng/L for chlorpyrifos and 30 ng/L for diazinon.

1994 Summary. In summary, the 1994 testing showed that stormwater runoff events were acutely toxic
to Ceriodaphnia and were nontoxic to fathead minnow larvae and the alga Selenastrum. The level of
toxicity was about 1 TUa. It was primarily due to diazinon, but, in some samples chlorpyrifos was an
important, if not the dommant cause of tox1c1ty

1995 Studies

The CVRWQCB conducted sampling of several of the City of Stockton sloughs as well as several
creeks or stormwater drains in Sacramento on April 28, 1995, and May 1, 1995. Table 95-1 presents the
results of the 7-day Ceriodaphnia test. The Mosher Slough sample taken on May 1, 1995, was nontoxic.
On the other hand, Arcade Creek, Elder Creek and Sump 104, located in the City of Sacramento, wer_e
100 percent toxic to Ceriodaphniain | to 5 days. Precipitation data for the City of Stockton shows 0.3
inch for May 1. The lack of toxicity in Mosher Slough for the May 1 sample is unusual for th15

magnitude of rainfall.

The Mosher Slough sample taken on May 1, 1995, was subjected to a Phase III TTIE. Table 95-2
presents the results of a 3-day Ceriodaphnia Phase III TIE. This test of the May 1 runoff event showed
toxicity to Ceriodaphnia. It is not clear why there was no toxicity found in the 7-day Ceriodaphnia test.
The Phase III TIE confirmed that the diazinon and chlorpyrifos measured in the sampled collected from
Mosher Slough on 5/1/95 were the chemicals causing the observed toxicity. The C8 solid phase extracted
water (indicated as PCCP in this table) was spiked with the same amount of diazinon and chlorpyrifos as
was detected in the ambient sample. Then the spiked and ambient samples were set up in side-by-side
~dilution series to confirm that the orgamsm response was the same in both samples :

Similarly, Table 95-3 presents a Mosher Slough May 1, 1995, sample additivity study This
experiment was conducted to show that diazinon and chlorpyrifos act additively when present in a sample

“together. In the dilution series of chlorpyrifos alone and diazinon alone the Ceriodaphnia mortalily was

less than 100 percent in 3 days (in the 100% dilution), however, when present together 100 percent
Ceriodaphnia mortality occurs in 2 days

Table 95-1
Urban Runoff 4/28/95.to 5/1/95 -
7-day Ceriodaphnia Test'*
Set up on 5/2/95
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Treatment Reproduction? |  Mortality Final pH
' ' (neonates/adult) (%) @ 24 hrs
X S.e.
Dilute EI n=9 2.0 oF 8.2
. 19.97
SSEPAMH 7"f91 1.6 .10 _ 8.4
Arcade Creek 5/1/95
Elder Creek 4/29/95 4.0 0.8.
Sump 104 4/28/95 6.7 1.1 R
Sump 111 4/28/95 10.7 2.2 20 7.8
Mosher Slough 5/1/95 27.3 0.6 0 8.0
pP. The Dilute EI control met all US EPA criteria for test acceptablhty 88.9% of the daphmds had a third brood
L. Ten replicates with 15 mls of sample and one Ceriodaphnia each. ,
2. Standard US EPA feeding procedures were used during this test.
3. . Highlighted areas indicate-a significant reduction in reproduction or increase in mortality relative to the Dilute EI control
water. The reproductive endpoint was analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using -
Fisher's Exact Test.
# Number in parenthesis represents days to 100% mortality.
' Table 95-2
. Mosher Slough 5/1/95
3-Day Ceriodaphnia Phase III TIE'*.
Set up on 5/17/95 - ' '
Treatment*” % Mortality for each day of the test’ | Chlorpyrifos | -Diazinon Final pH
- : 1 2 3 _ (ng/L) (ng/L) @ 48hrs
Dilute EI .~ ST 20 : 8.0
Dilute EI C8 Blank for Mosher Slough 13 8.2
Spiked PCCP @ 200% 100 100 100 7.9%
Mosher 5/1 @ 100% : 20 100 100 ND (78) 420 7.6
Spiked PCCP @ 100% - 33 100 100 89 416 7.6
It Mosher 5/1 @-75% e Bl e B e s 1] |ttt B e B Ittt 52 | Rt
Spiked PCCP @ 75% . 26 100 7.9
Mosher 5/1 @ 50% _ 13 8.1
Spiked PCCP @) 50% 0 : 7.8
Mosher 5/1 @ 25% 6.7 8.1
Spiked PCCP @ 25% ) 0 7.9
Unspiked PCCP 0 ND ND 8.0
Unspiked PCCP + 200 pg/L PBO 0 8.2

1. Three replicates with 18 mis of sample and five Ceriodaphnia each.
2. Daphnids were not fed.
3. Highlighted cells indicate areas of significant interest. No statistical analyses were done.
4. 1800 ml of Sample water was run through a C8 SPE column at a rate of 10 ml/min.
PCCP Sample water Post C8 SPE Column Passage
Non Detect  Detection limits for ELISA kits are 80 ng/L for chlorpyrifos and 30 ng/L for diazinon.
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-+  Final pH taken at 24 hours.

Table 95-3
Mosher Slough 5/1/95 Additivity Study 3-Day Ceriodaphnia Test!'?
Set up on 6/17/95 ‘ '

Treatment*s % Mortality for each day of |[Chlorpyri | Diazinon | Final pH

the test’ fos
1 2 3 (ng/L) (ng/L) @ 48hrs

Dilute EI . 0 , 7.6
Dilute EI C8 Blank for Mosher 0 4 8.0
Slough '
200% spiked Diazinon and 100 100 100 119 896 7.6+
Chlorpyrifos : '

| 100% spiked Diazinon and 60 100 100 41 493 7.1
Chlorpyrifos :
75% spiked Diazinon and ' 87 i 100 | : ' , 7.1
Chlorpyrifos :
50% spiked Diazinon and 6.7 | 100 7.8
Chlorpyrifos , : }
25% spiked Diazinon and , 0 7.7
Chlorpyrifos
200% spiked Chlorpyrifos 40 100 100 148 7.5
100% spiked Chlorpyrifos ' 47 32 7.8 .
75% spiked Chlorpyrifos ' : 0. 7.7
50% spiked Chlorpyrifos : 0 7.7
25% spiked Chlorpyrifos 0 7.7
200%: spiked Diazinon ' 87 100 100 1,132 7.9+
100% spiked- Diazinon ' ' 47 73 255 7.9
75% spiked Diazinon 27 ' 7.7
50% spiked Diazinon ‘ 0 7.7
25% spiked Diazinon 0 ' 7.8
Mosher Slough 5/1/95 PCCP* : -0 . 8.0
1. Three replicates with 18 mis of sample and five Ceriodaphnia each.
2. Daphnids were not fed. _
3. Highlighted cells indicate areas of significant interest. No statistical analyses were done.
4. 1800 ml of Sample water was run through a C8 SPE column at a rate of 10 ml/min.
+ Final pH taken at 24 hours.
*

PCCP sample water. Post C8 SPE Column Passage
ND Non Detect Detection limits for ELISA kits are 50 ng/L for chlorpyrifos and 30 ng/L for diazinon.

T o The AYcadeé "Créek/Micsher S1otligh samplés obtained 6 May1,71995; were subjectéd to a 4-day
Ceriodaphnia toxicity test in which PBO was added to some of the tests. The data presented in Table 95-
4 shows that the addition of PBO significantly reduced the toxicity measured over the 4-day period for
both Arcade Creek and Mosher Slough. This is an indication of an organophosphate pesticide being

~ responsible for the toxicity. The 50 percent dilution of the Arcade Creek sample still showed some
toxicity, indicating that the level of toxicity present in the sample was about 2 TUa.

The chemical characteristic data for the April 27-May 1, 1995, City of Stockton and Sacramento
samples are shown in Table 95-5. These data show that the chlorpyrifos and diazinon concentrations in
the samples were sufficient to cause toxicity to Ceriodaphnia in all samples except the Sump 111 sample
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taken on April 28. That sample was, as expected, nontoxic, based on the low concentrations of diazinon
and chlorpyrifos (see Table 95-1).

Table 95-4

' Arcade Creek, Mosher Slough 5/1/95
4-Day Ceriodaphnia PBO Test!?
Set up on 5/3/95

Treatment* | % Mortality for each day of Conclusions Final

the test3 : pH

: @
: 48hrs

1 2 3 4 .

Dilute EI 0 Control met all US ?.4

' EPA criteria for test
acceptability.
Dilute EI + 200 pg/L PBO 5 95 95 Increase in 8.3

mortality relative to
control water
suggests that the
addition of PBO
may be negatively
affecting the

daphnids.
Arcade Creek 100% 100 100 100 100 7.7*
Arcade Creek 100% + 200 5 5 25 25 Toxicity detected 7.7
ug/l. PBO . up to the 50% .
: " dilution.
rcade Creek 50% : 75 90 Addition of PBO . 8.1

resulted in a
significant decrease’
in mortality”
suggesting toxicity
may be due to

organophosphate
pesticide(s).
Arcade Creek 50% + 200 5 5 10 10 8.0
| pe/l_PBO , - _
Arcade Creek 25% 0 8.3
Arcade Creek 12.5% 0 8.4
HMosher..Slough. ... ool ... | 100 1 100 | 100 .| Toxicity detected. | ..7.9
Mosher Slough + 200 pg/L 0 . | Significant decrease 8.0
PBO in mortality relative

to ambient water
suggests that an
organophosphate
pesticide is
responsible for the
toxicity.

Four replicates with 18 mis of sampie and five Ceriodaphnia each.
Daphnids were fed the standard US EPA amount of food for only four hours a day. .
‘Highlighted cells indicate areas of significant interest. No statistical analyses were done.

1.
2.
3.
. Final pH taken at 24 hours.
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o Table 95-5
Run-Off 4/27-5/1/95

Urban Water Chemical Characteristics
Treatment Initial EC Total Ca Alkalinit TSS |Chlorpyrif | Diazino
y : 0s n
pH (umhos | Hardness | Hardness (mg/Las | (mg/L) (ng/L) (ng/L)
/ cm) | (mg/L as | (mg/L as CaCO0s) '
: CaC0,) CaCo0,)
Glass 9.0 5 0 - - 3.3 - -
Distilled
Dilute EI 8.2 210 88 - - - - -
SSEPAMH 8.2 235 - - - - -
Arcade Creek 8.2 50 22 14 18 355.4 ND{67] 334
5/71 ' : '
Elder Creek 8.1 100 46 26 44 496.7 90 216
4/29
Strong Ranch 22 14 S22 210.4 116 424
4/27
Sump 104 8.0 310 122 78 104 15.5 ND [75] 170
4/28 :
Sump 111 8.0 100 36 26 30 16.5 145 ND
4/28 o
Mosher 7.9 95 32 - - 120 417
Slough 5/1 :
ND Non Detect Detection limits for ELISA kits are 80 ng/L for chlorpyrifos and 30 ng/L for diazinon.
[#] numbers in brackets are calculated ELISA values for chlorpyrifos non detects

December 11, 1995
The sample of Duck Creek, obtained on December 11, 1995, was tested for Ceriodaphnia toxicity

under conditions where some of the tests were exposed to UV light and others were exposed to white
light. Table 95-6 presents the results of this study. There was no rainfall reported at the rain gage in
Stockton for this date. Comparing the results for the 100 percent sample and various dilutions of the
Duck Creek sample with white light or UV light shows that the UV light did not affect toxicity. The

—.dilution. series-on-this-sample-showed.that there-were .about-5..TUa of-Ceriodaphnia toxicity-over.a 7-day -

period. This is one of the more toxic samples obtained in the study of the creeks/sloughs in the Stockton
area. Duck Creek receives drainage from upstream agricultural sources, which could have been the
source responsible for part of this elevated toxicity.

Duck Creek 12/11/95
Set up on 12/29/95

, Table 95-6
-7-Day Ceriodaphnia in & out of UV Light TIE!?

38




Treatment ¥/ Mortahty for each day of the Final pH

test3 @ 24 hrs
1 2 3 4 516 {1 7 '
Dilute EI 0 8.0
. | Dilute ELin UV light | 0 80
100% Duck Cr in white light | 13 (10 |10 |10 (10 |10 | 100 8.0
' 0 0 0 0 0
1 100% Duck Cr in UV light 7 (10 {10 |10 J10 |10 100 7.9
‘ 0 lojololo
80% Duck Cr in white light 8010 |10 (10 |10 | 100 8.0
' : 0 0 0 0
80% Duck Cr in UV light 73 (10 J10 [10 |10 100 8.0
0 0 0 0 '
60% Duck Cr in white: light o 7 127110 {10 |10 } 100 8.1
' 0lolo
60% Duck Crin UV light 10 |10 |10 | 100 8.0
: - 0 0 0
40% Duck Cr in white light 7 7 7 129157 8.1
40% Duck Cr in UV light 20| 33 8.1
20% Duck Cr in white light - ‘ 0 8.0
20% Duck Cr in UV light 0 8.1
1 Three replicates with 18 mls of sample and five Ceriodaphnia each.
2. Standard US EPA feeding procedures were used during this test.
3 Highlighted cells indicate areas of significant interest. No statistical analyses were done.
1996 Studies

Beginning in 1996, the DeltaKeeper assumed the respon51b111ty for sampling of the Stockton
lough stormwater runoff.

A sample of the various Stockton sloughs’. stormwater runoff was collected on October 29, 1996. -
Precipitation on this date in the Stockton area was 1.28 inches. Ceriodaphnia toxicity test results for this
sample, which was the first runoff event of the season, are presented in Table 96-1. The data in this table
show that Mosher Slough, even with the addition of 100 Bg/L PBO, killed 100 percent of the
‘Ceriodaphnia in 7 days. Five-Mile Slough also killed 100 percent of the test organisms in this period;
however, the Five-Mile Slough sample with 100 Eg/L PBO was nontoxic. 'The Calaveras River and
Duck Creek samples were nontoxic on this sampling day, while the Smith Canal sample killed 100

percent of the Cerzodaphma in 7 days. However, with the addltlon of 100 Eg/L PBO, there was no

. toxmlty i o e S e e o o e s e -

' 'Table 96-1 .
7-day Ceriodaphnia Test Conducted on Samples Collected 10/29/961 2

Set up on 10/30/96

Treatment Reproduction’ | Mortality Initial | Final pH EC Hardness TSS
(neonates/adult) (%) pH @24 hrs | (LUmhos/ (mg/L) (mg/L)
cm) '
X 5.E. ,
SSEPAMH 19.47 2.6 11 8.3 8.3 275 92
SSEPAMH + 100 17.2 3.2 0

iE/L PBO
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Mosher Slough 7.6 7.3 105 36 288.0

Mosher + 100 pg/L
PBO

Five Mile Slough 7.9 7.5 200 56 79.0

Five Mile + 100 pg/L
PBO ‘
Calaveras River 33.0 0.8 0 8.2 8.3 280 88 . 23.1

Calaveras + 100 pg/L 33.5 1.8 0
PBO

Smith Canal gy 8.1 78 490 132 35.5

Smith + 100 pg/L 133 | 6‘.‘/ 0
PBO : ~ |
Duck Creek 322 | L4 0 8.0 7.3 200 56 82.7

Duck + 100 pg/L 27.5 1.8 0
- || PBO
~ P. The Dilute EI control met all US EPA criteria for test acceptability. 70% of the daphnids had a third brood.

1. Ten replicates with 15 mis of sample and one Ceriodaphnia each.

2. Standard US EPA feeding procedures were used during this test.

3. Highlighted areas indicate a significant reduction in reproduction or increase in mortahty relative to the Dxlute EI control water. The
reproductive endpoint was analyzed using Dunnett's Test (p<.05) and the mortality endpoint was anafyzed using Fisher's Exact Test.

The Mosher Slough sample obtained on October 29, 1996, was subjected to a 96-hour Phase I
TIE, using Ceriodaphnia as the test organism. The data presented in Table 96-2 show that there were
about 2 TUa of 4-day Ceriodaphnia acute toxicity and that the presence of PBO reduced this toxicity.
However, the addition of EDTA at either 15 or 30 mg/L did not affect the toxicity, indicating that the

toxicity was not likely due to a heavy metal.

Table 96-3 presents the fathead minnow larvae test results for the October 29, 1996, samples. The |

samples of Mosher Slough; Five-Mile Slough, Calaveras Rlver Smith Canal and Duck Creek were all

‘nontoxic to fathead minnow larvae.
Table 96-4 presents the results of the Selenastrum testing for the October 29, 1996, samples,

which also showed no toxicity to this orgamsm

Table 96-5 presents the chemical characteristics of the 10/29/96 samples. From the data presented
in Table 96-5, the Mosher Slough sample taken on October 29, 1996, had 486 ng/L diazinon and 103 ng/L
chlorpyrifos. These concentrations would be expected to contain about 2 TUa of Ceriodaphnia acute

toxicity. This is similar to what was found in the test, indicating that the toxicity could be accounted for
. based on diazinon and chlorpyrifos. The Five-Mile Slough sample would be expected to have some

toxicity, which is estimated to be about 1.5 TUa, based on diazinon and chlorpyrifos concentrations.
Calaveras River, Smith Canal and Duck Creek would not be expected to be toxic based on diazinon and
chlorpyrifos concentrations. This was what was found in the toxicity testing for the Calaveras River and

" Duck Creek; however, the Smith Canal Sample showed 100 Percerit Kill of Cériodaphnia in7 days."1tis™ =

possible, then, that there were other toxicants in the Smith Canal sample, which would cause the sample
to be toxic, but not have sufficient diazinon and chlorpyrifos to account for the magmtude of the tox1c1ty
found.

| o Table 96-2
Mosher Slough 10/29/96 96-Hour Ceriodaphnia Phase I Test!

Setup on 11/9/96

Treatment? ELISA values # of | % Mortality for each Conclusion? Final
: Reps day of test. pH
IDiazino [Chlorpyrif 1 2 3 4 @ 24h
n oS
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ILab Control 4 0 Controls met all US Q.4
(SSEPAMH), EPA criteria for test
Hardness 80 acceptability.
(Lab Control, 4 5 8.1
Hardness 36
(H36)
I.ab Control + 4 3 20 Toxicity in the PBO 8.3
100 ug/lL PBO manipuiation
[Lab Control + 4 53 | 84 (suggests that 200 pg/L{ 8.3
200 pg/l, PBO : may be too high.
ab Control 4 5 5 5 No artifactual toxicity| 8.0
E?:é + 15 mg/L -in these control
DTA blanks.
Lab Control H 4 5 5 5 5 8.0
36 + 30 mg/L
[EDTA
Mosher 3 100]100[100] 100 | The dilution series | 7.6
10/29/96 suggests that
100% (H36) toxicant(s) may be’ v
Maser 317 > B lssls0 ] ey wo L
lMosher 0% + 3 0 toxic units. Significant 7.5
.100 pe/L PBQ reduction in toxicity
osher 50% + 3 7 | 13 | 13 | with the addition of | 7.3
00 pg/L. PBO : PBO suggests toxicity :
osher 25% 3 0 may be due to 76
osher 25% + 3 "0 metab.olically 7 4
100 pg/L PBO : activated
organophosphorous
FAOSher 5% + 3 712727 pesticide(s). 7.5
200 ug/L. PBO :
HMosher 12.5% 3 7 7.6
Eosher + 15 3 93 1100100100 No reduction in 7.5
g/l. EDTA : toxicity with the
r;:losher + 30 3 |100|100]100] 100 | - 2ddition of EDTA /7575
g/L EDTA : suggests toxicity 1S not
due to metals.

Each replicate vial with 15 ml of sample and 5 daphnids. -

1
2, d-brfeeding
3

Highlighted cells show areas of interest. No statistical analyses were conducted.

Set up on 10/31/96

--Table 96-3....
Ptmephales Toncxty Test Conducted on Samples Collected 1(]/29/961 2

Treatment® Growth (mg) Mortality (%)* Initial pH | Final pH EC
X Se X s.e. @24 hrs | (Umhos/cm)
SSEPAMH 0.44F 0.02 0.07 0 8.3 8.0 275 .
Mosher Slough 0.37 0.02 5.0 0.03 7.6 7.0 105
Five Mile Slough 0.46 0.02 42.5 0.19 7.9 7.3 200
Calaveras River 0.46 0.03 2.5 0.03 8.2 7.9 280
Smith-Ganal-————— 048 0:03 =5 003 . ¢ e N 2 T L
Duck Creek 0.41 0.01 0 0 8.0 7.5 200

P. The Dilute EI control met the criteria for test acceptability.
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\. Three replicate beakers with 250 mi of sample and 10 minnows in each replicate,
2. Minnows were three times daily.
4, Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the Dilute EI control.  The growth

and mortality endpoints were analyzed with Dunnett's Test (p<.05).

Table 96-4 o

96-Hour Selenastrum Test Conducted on Samples Collected 10/29/96"

Set up on 10/30/96
Treatment Cell Count? (x 104) | Initial pH | Final pH . EC Hardness TSS
X s.e. ~ | @9 hrs | (umhos/cm) (mg/L) (mg/L)
Glass Distilled 202.7F 19.1 8.0 7.8 70 -0
Duck Creek 370.8 6.8 7.8 10.2 210 56 82.7
‘i Smith Canal 355.2 19.3 3.1 9.5 455 132 55.5
Calaveras River 328.5 38.8 8.0 9.7 275 38 23.1
Five Mile Slough 392.3 9.4 7.9 10.0 225 56 79.0
Mosher Slough 364.2 6.3 8.0 9.9 155 36 288.0

P. The glass distilled control met all US EPA criteria for test acceptability. The coefficient of variation was 18.8% i in this treatment.
1. Four replicate flasks with 100 ml of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the glass distilled control. Cell counts were analyzed using

Dunnett's Test (p<.05).

Table 96-5
: 10/29/96 Water Chemical Characteristics
Treatment ~ Diazinon® Chlorpyrifos’ Diuron EC Hardness TSS
(ng/L) (ng/L) (ng/L) (umhos/cm) (mg/L as (xtse mg/L)
, CaCO05) ‘

Lab Control for - - - ‘ 275 92 ' -
Ceriodaphnia ' '
Lab Control for - - - 275 92 -
Pimephales
Lab Control for . - - - 70 0 -316+.017 -
Selenastrum
Mosher Slough 10/29/96 486" 1037 ND* 155 36 288.0+11.5
Five Mile Slough 304* 84! ND’ 225 56 79.0+4.3
10/29/96
Calaveras River 36° ND* ND’ 275 88 23.1+0.2
10/29/96 ‘ .
Smith Canal 10/29/96 129° ND* ND’ 455, 132 55.5+0.3
Duck Creek 10/29/96 96° 65" ND° 210 56 82.7+3.6

The DeltaKeeper took several rainfall samples during October and November 1996. The data for.
—digzifon and ~chIsFpyTrifos in these samplesare presented in Table~96=6.~The concentrations of
chlorpyrifos found in-the rainfall samples at the various locatlons were less than'the detection limit of 50
ng/L. Diazinon concentrations in the rainfall samples at the various locations in October ‘and November

1996 ranged from about 42 to 97 ng/L.

Table 96-6
DeltaKeeper Backyard Rainwater Sampling ELISA Values
Site or Collector ID Diazinond Chlorpyrifos’
_ {ng/L) (ng/L)
2352 Dry Creek Way 10/29/96 (Emilie Reyes, 421 ND3
UCDATL)
Weston Ranch in South Stockton 10/25/96 46! ND3 '
(Stephen Clark. UCDATL)
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John Newbold 10/29/96 ND! ND!
1924 Meadow 11/16/96 g74 ND#4
2230 Kensington 11/17/96 324 ND*
. Collector WB 11/17/96 ND* ND*
2925 Princeton 11/18/96 ' 94 ND4
1 ELISA conducted on 11/2/96.
2 ELISA conducted on 10/30/96.
3 ELISA conducted on 11/3/96.
4 ELISA conducted on 11/20/96.
5 UCDATL LCsq values for Ceriodaphnia dubia are 400-500 ng/L for diazinon and 80-100 ng/L for chlorpyrifos.

~ Values obtained using ELISA method.
ND  Non Detect-detection limits for diazinon, chlorpynfos and dluron ELISA are 30 ng/L 50 ng/L and 30 ng/L, respectxvely

1997 Studies
The DeltaKeeper collected stormwater runoff from Mosher Slough and Five-Mile Slough on

November 13, 1997. Rainfall in the Stockton area measured for that date was 0.12 inch. Table 97-1
presents the results of the 7-day Ceriodaphnia test for these samples. Mosher Slough was found to be 100
percent toxic, even with PBO, in the 7 days. The Five-Mile Slough sample was 100 percent toxic within
5 days and nontoxic within 7 days with PBO.

Table 97-1
Stockton Urban Runoff 11/13/97

12
o 7-day Ceriodaphnia Test
Setup on 11/14/97

Treatment Reproduction’ Mortality Final pH
B : (neonates/adult) (%) @24 hrs.
- X s.e. - '
‘aboratgy Control 27.4° : 0.1 0 8.6

Laboratory Control + PBO 16.67 1.1 -0 8.5
Mosher Slough * * i 8.1
Mosher Slough + PBO * * 7.9
5-Mile Slough * * 7.7
5-Mile Slough +PBO ' 29.3 . 0.1 7.6

P.  The laboratory control metall US EPA criteria for test acceptability. 100% of the daphnids had a third brood.
1. Ten replicates with 15 ml of sample and one Ceriodaphnia each.

2. Standard US EPA feeding procedures were used during this test.

3. Highlighted cells indicate areas of significant interest. No statistical analyses were done.

#

) Denotes days to 100% mortality.

samples collected on November 13, 1997. The Mosher Slough sample was nontoxic, while the Five-Mile
Slough sample did show mortalities to the fathead minnow larvae over the 7-day test period.

Table 97-3 presents the results of the toxicity tests for the November 13, 1997, samples taken of
Mosher Slough and Five-Mile Slough for Selenastrum The samples were nontoxic to this alga during the

test period.

Table 97-4 presents the chemical characteristic data for the November 13, 1997, sample. The
ata in Table 97-4 show that Mosher Slough contained 460 ng/L of diazinon, while Five-Mile Slough had
bout 360 ng/L of diazinon. Both samples contained between 50 and 60 ng/L of chlorpyrifos. These

concentrations of diazinon and chlorpyrifos would be expected to be toxic to Ceriodaphnia. This is what
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‘was found, as shown in Table 97-1. The toxicity to fathead minnow larvae shown for Fwe Mile Slough is
due to unlmown causes.

Table 97-2
7-day Pimephales Test™? .
Setup on 11/14/97 '
Treatment Growth (mg) Mortality (%)3 Final pH @
X Se X 5.8, 24 hrs
Laboratory Control 0.274" 0.009 0 0 8.0
Maosher Slough
5-Mile Slough-

The laboratory control met all US EPA criteria for test acceptablhty

Four replicate beakers with 250 ml of sample and 10 minnows in each replicate.
Minnows were fed three times daily.

Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the laboratory control. The growth
and mortality endpoints were analyzed with Dunnett's Test (p<.05).

U - g

Table 97-3
96-Hour Selenastrum Test!
Setup on 11/14/97

Final pH

Treatment Cell Count! {x 104 % CV
X 5.8. @ 96 hrs
Laboratory Control 133.5 15.5 232 7.5
Mosher Slough 161.9 9.9 6.1 9.3
5-Mile Slough 207.0 2.9 1.4 9.7

NP. The glass distilled control dxd not meet all US EPA criteria for test acceptabxhty The coefficient of variation was 23.2% in this

treatment.
1. Four replicate flasks with 100 ml of sample in each ﬂask : :
2. Highlighted areas show a significant reductxon in growth compared to the glass distilled control. Cell counts were analyzed using

Dunnett's Test (p<.05).

Table 97-4 '
Chemical characteristics for Stockton Urban Runoff samples collecfed 13 November 1997 "
Treatment , Diazinon! Chlorpyrifosl Lab | 1ahEC2 |LabDO | Total Ammonia | Alkalinity
ELISA value | ELISA value | PH | (umhosy | (mg/L) | Hardness | (mg/Las | (mg/Las
(ng/L) (ng/L) cm) (mglas | NHg) | CaCOz
CaCO3) :
Lab Control (EPAMH) 8.4 260 8.2 80 58
Lab Control (Glass 7.9 91 0
Distilled) -
Lab Control (SSEPAMH) 8.4 209 8.3 84 66
Lab Control (GDEPAIME) 8.4 267 8.0
Mosher Slough 11/13/97 461 59 7.9 99 8.3 42 0.5 46 -
5-Mile Slough 11/13/97 359 52 7.5 118 7.8 46 1.2 48 _"
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1. Detection limits for ELISA diazinon and chlorpyrifos are 30 ng/L and 50 ng/L, respectively. Diazinon and chlorpyrifos ELISA were
conducted on 11/14/97.
2. AN EC values reported in this column were taken at 25° C.

1998 Studies
DeltaKeeper collected a sample of Walker Slough and Mosher Slough stormwater runoff on
September 9, 1998. According to the rainfall data available, there was no rainfall on that date in Stockton.

Table 98-1 presents the 7-day Ceriodaphnia toxicity test results for that sample, which show that
neither Walker Slough nor Mosher Slough was toxic to Ceriodaphnia. Table 98-2 shows that similar
results for the fathead minnow larvae were found for the sample collected on September 9, 1998, in which
there was no toxicity found. This was also the result for the Selenastrum testing for that sample (see
Table 98-3). There was appreciable stimulation of Selenastrum growth in the Walker Slough and Mosher
Slough samples. The chemical characteristic data for the September 9, 1998, samples are presented in
Table 98-4. No data are available for ELISA tests on these samples

. Table 98-1 : ‘ '
Summary of 7-day Certodaghma toxicity test conducted durlngSeptember 1998 2
Reproduction’
‘ (neonates/adult) Mo rtalityl ‘ Final pH
Treatment ' X se (%) at 24 hours
Laboratory Control 18.9° L1 0P ' 8.4
Walker Sloush = - 18.2 1.9 - 0 8.3
josher Slough at Mariners =~ 29.1 1.2 0 8.4

. The laboratory control met all US EPA criteria for test acceptability. 90% of the daphnids had a third brood.
1. Highlighted cells indicate a significant reduction in reproduction or increase in mortality relative to the
laboratory control water. The mortality endpoint was analyzed using Fisher's Exact Test. The reproductwe
endpoint was analyzed using Dunnett's test (p<0.05).
2. The samples were collected on 9 September 1998. This test was set up on 10 Septernber 1998.

Table 98-2 '

Summary of 7-day Pimephales toxicity test conducted during September 1998.2

: Growth' : )
Treatment (meg/indiv) Mortality (%) . Final pH
S at 24 hours
X se X se

Laboratory Control 0.355° 0.020 5.0°7 3.0 7.8
Walker Slough 0.429 0.035 5.0 5.0 7.7
Mosher Slough at Mariners 0.436 0.016 0.0 0.0 7.8

.. The laboratory control met the criteria for test acceptability.
. Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the
laboratory control. The growth and mortality endpoints were analyzed with Dunnett's Test (p<.03).
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2. The sampies were collected on 9 September 1998. This test was set up on 10 September 1998.

Table 98-3
Summary of 96-hr Selenastrum toxicity test conducted during September 1998>
" Treatment ' Cell Count (x 10“)1 % CV Final pH
X se at 96 hours
Laboratory Control 185.4° 16.7 18.0 8.5
Walker Slough 500.9 | 10.8 4.3 10.2
IMosher Slough at Mariners 429.9 12.5 5.8 10.2

P. The laboratory control met all US EPA criteria for test acceptability. The coefficient of variation was 18.0%

in this treatment.

1. Highlighted areas indicate a significant reduction in growth compared to the laboratory control. Cell
counts were analyzed using Dunnett's Test (p<.05).

2. Samples were collected on 9 September 1998. This toxicity test was set up on 10 September 1998

Table 98-4
Water Chemlcal Characteristic Data for Stockton Urban Runoff Samples
Collected 9 September 1998

Treatment LabpH{ LabEC {LabDO| Total Hardness Alkalinity
: (umhos/cm) | (mg/L) { (mg/L as CaCO) |(mg/L as CaCOs)
|Lab Control (EPAME) 8.0 287 8.3 88 86 )
Lab Control (SSEPAMH) 8.0 233 8.5 96 82
Lab Control (Glass Distilled)
Walker Slough 7.7 137 8.4 60 62
Mosher Slough at Mariners 7.8 166 8.3 72 1 82

October 24, 1998
' A sample of stormwater runoff was obtamed by the DeltaKeeper for October 24, 1998 from
several of the Stockton sloughs. The rainfall data for that date for the City of Stockton show that there

was 0.67 inch of precipitation.

Table 98-5 presents the results of the 7-day Ceriodaphnia toxicity test. Both Mosher Slough and

Walker .Slough showed 100 percent mortality of the Ceriodaphnia in 3 and 2 days, respectively. This
toxicity was essentially eliminated -through the addition of 100 pg/L PBO. Five-Mile Slough, Calaveras

- River and Smith Canal samples taken on October 24, 1998, did not show toxicity to Ceriodaphnia over

the 7-day test.
Tables 98-6 and 98-7 show the fathead minnow larvae and Selenastrum tox1c1ty test data for the

~ October 24, 1998, sample. No toxicity was observed to either of these organisms in Five-Mile Slough,
Calaveras River, Smith Canal, Mosher Slough-and Walker Slough.

The data in Table 98-8 show that Mosher Slough had 310 ng/L diazinon, while Walker Slough had -

170 ng/L diazinon. - There is no indication as to whether chlorpyrifos was measured on these samples.
Since both samples showed high levels of acute toxicity to Ceriodaphnia over 7 days, it appears that there
may be diazinon or other toxicants present to account for the toxicity measured.

Table 98-5
Summary of 7-day Ceriodaphnia toxicity test conducted during October 19982
Treatment Reproduction’ Mortality' Final pH
(neonates/adult) (%) at 24 hours
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ILaboratory Control 8.5
Laboratory Control + PBO 8.5
»-Mile Slough - 8.0
5-Mile Slough + PBO 8.0
Calaveras River 7.9
- |Calaveras River + PBO 7.9
Smiftr-Samat-———ee T R~
T ———— =T
Mosher Slough 7.7
Mosher Slough + PBO 7.6
Walker Slough 7.4
‘Walker Slough + PBO 7.4
P. The laboratory control met all US EPA criteria for test acceptability. 90% of the daphmds had a third brood.
1. Highlighted cells indicate a significant reduction in reproduction or increase in mortality relative to the
laboratory control water. The mortality endpoint was analyzed using Fisher's Exact Test. The reproductwe
endpomt was analyzed using Dunnett's test (p<0.05). :
. The samples were collected on 24 October 1998. This test was set up on 25 October 1998
* Due to significant mortality observed in this sample, reproduction was not calculated.
(#) Number in parentheses represents days to 100% mortality.
Table 98-6
Summary of 7-day Ptmeghales toxicity test conducted durmg October 19982
Treatment Growth' Mortality (%) Final pH
' ' - (mg/indiv) at 24 hours
' : X se X se :
Laboratory Control . _0.476" 0.016 0.0° 0.0 8.1
5 Mile Slough ' 0.473 0.029 0.0 0.0 7.6
alaveras River 0.528 0.028 2.5 3.0 7.4
Srmith Canal 0424———0:010-——-0:0—1~0.0-|.._.. T2 .o
[Mosher Slough . 0.486 0.017 | 25 3.0 7.3
[Walker Slough , 0.435 0.022 10.0 4.0 7.2
P. The laboratory control met the criteria for test acceptability.
1. Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the
laboratory control. The growth and mortality endpoints were analyzed with Dunnett's Test (p<.05).
2. The samples were collected on 24 October 1998. This test was set up on 28 October 1998.
' . Table 98-7
Summary of 96-hr Selenastrum toxicity test conducted durin October 19982
Treament Cell Count (x 10%)’ % CV Final pH
' X 5€ : at 96 hours
Laboratory Contro} 187.3° 9.3 9.9 8.0
5-Mile Slough 364.1 24.6 13.5 9.8
Calaveras River ' 337.0 11.0 - 6.5 10.1
Smith-Canal ™ - R A 1T 37 s A S DS T8 S E e o ————
Mosher Slough 376.9 10.0 5.3 9.8
(Walker Slough 279.6 10.4 7.4 9.6

P. The laboratory control met all US EPA criteria for test acceptablhty The coefficient of variation was 9.9% in

this treatment. .
'1. Highlighted areas indicate a 51gn1ﬁcant reduction in growth compared to the laboratory control. Cell counts
were analyzed using Dunnett's Test (p<.05).
2. The samples were collected on 24 October 1998. This test was set up on 25 October 1998.
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- Table 98-8
Summary of water chemical characteristic measurements on samples collected on 24 October 1998

o

Treatment Field g Total Hardness | Alkalinity
Tgmp - Field pH Field EC LabpH | LabEC [LabDO| (mg/L as (mg/L as
: ) (umhos/cm) (umhos/cm)| (mg/L) | CaCOy) CaCQs)
Lab Control (EPAMH) e 8.3 284 8.3 88 60
Lab Control (SSEPAMH) 8.3 221 8.2 38 66
Lab Control (Glass . . '
Distilled) ' 7.8 - 90 8.7
5 Mile Slough ‘ 7.6 236 7.5 70 63
Calaveras River * * : 89 7.6 103 7.9 42. 40
Smith Canal * * 164 7.2 178 6.1 56 - 44
Mosher Slough * * C 91 7.2 110 6.4 44 : 4]
(Walker Slough- 7.3 140 . 7.1 48 28
* These values are not available due to a lack of available field equipment. - o
Treatment ' Diazinon (ng/L) o

Mosher Slough 310
Walker Slough 170

December 7, 1998

DeltaKeeper collected samples of Walker Slough and Mosher Slough on December 7, 1998.
There was no rainfall on that day. Table 98-9 shows that, while Walker Slough was nontoxic to
Ceriodaphnia during the 7-day period, Mosher Slough showed 60 percent mortality over that period.
Blind duplicates on the Walker Slough samples showed similar results. Table 98-10 shows that the
addition of 100 Bg/L PBO eliminated the toxicity that was found to Ceriodaphnia over the 7-day test.

The December 7 sample was found to be nontoxic to fathead minnow larvae and to Selenastrum.
These data are presented in Tables 98-11 and 98-12. While there was an apparent decrease in the cell
count for the Walker Slough sample collected on December 7, 1998, this decrease was not statistically
significant. A partial TIE was conducted on the Walker Slough sample collected on December 7, 1998,
using Selenastrum as the test organism (Table 98-13). The cell count in this sample for Walker Slough
was statistically significantly depressed. Passmg the sample through a C8 column extracted water
eliminated the toxicity.

"Table 98-9
Summary of 7-day Ceriodaphnia toxicity test (chromc) conducted during December 1998°
Treatment Reproduction’ Mortality' Final pH
e i et < et e i e e = e <o (RONATES/AAUIE) —(%) et 24 hOULS— e ee
. X se : .
Laboratory Control : ' 21.8° | 2.8 0 8.3
'Walker Slough | 244 0.8 0. 3.3
IMosher Slough at Mariners . 8.2
Quality Assurance Samples .
Blind Duplicate , - Reproduction' Mortality " Final pH
neonates/adult) (%) at 24 hours
X se A

Walker Slough : 244 108 0 8.3
Walker Slough duplicate ] 25.0 1.3 0 8.2

P. The taboratory control met all US EPA criteria for test acceptability. 78% of the daphnids had a third brood.
1. Highlighted cells indicate a significant reduction in reproduction or increase in mortality relative to the
laboratory control water. The mortality endpoint was analyzed using Fisher's Exact Test. The reproductive
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endpoint was analyzed using Dunnett's test (p<0.05).
2. The samples were collected on 7 December 1998. This test was set up on § December 1998.
* Due 1o significant mortality observed in these samples, reproduction was not calculated.

. Table 98-10
Summary of 7-day Ceriodaphnia toxicity test (TIE) conducted during December 1998°

Treatment | Reproduction’ Mortality' Final pH
(neonates/adult) (%) at 24 hours
X se '
Laboratory Control 24.8° | 1.1 0° 8.4
!!Laboratorv Cotrol + PBO 17.9 ] 0.9 0 8.4
Mosher Slough 8.3
Mosher Slough + PBO 29.6. 0.5 0 ‘8.3

P. The laboratory control met all EPA criteria for test acceptability. 89% of the daphnids had a third brood.

1.- Highlighted cells indicate a significant reduction in reproduction or increase in mortality relative to the

laboratory control water. The mortality endpoint was analyzed using Fisher's Exact Test. The reproductlve

endpoint was analyzed using Dunnett's test (p<0.05).
2. The samples were collected on 7 December 1998. This test was set up on 16 December 1998.
* Due to significant mortality observed in this sample, reproduction was not calculated.

Table 98-11
Summary of 7-day Pimephales toxicity test conducted during December 1998*
Treatment Growth' (mg/indiv) Mortality (%)’ Final pH
X se X se at 24 hours
Laboratory Control 0.446" 0.063 2.5 | 3.0 8.1
Walker Slough 0.383 0.014 0.0 0.0 3.1
Mosher Slough at Mariners 0.380 0.008 0.0 0.0 8.1
Quality Assurance Samples
' Blind Duplicate Growth' (mg/indiv) Mortality (%)l Final pH
' : X se X se at 24 hours
Walker Slough 0.383 0.014 0.0 0.0 8.1
Walker Slough duplicate’ 0.416 0.020 12.5 8.0 8.0
P. The laboratory control met the criteria for test acceptabxhw
1. Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the
laboratary control. The growth and mortality endpoints were analyzed with Dunnett's Test (p<.05).
2. The samples were collected on 7 December 1998. This test was set up on 8 December 1998.
Table 98-12
Summary of 96-hr Selenastrum toxicity test (chromc) conducted
during December 19982
e evmn oo Tr€AYIEN oo | Cell Count (x 109" .|....% CV.__.| _...__FinalpH S
X se - at 96 hours
Laboratory Control 206.4"° 11.2 10.8 7.5
Walker Slough 65.8 11.3 34.3 8.9
Mosher Slough at Mariners 123.6 3.0 4.8 9.5
Quality Assurance Samples
Blind Duplicates Cell Count (x 104! % CV Final pH
. X se at 96 hours
Walker Slough 65.8 11.3 34.3 8.9
Walker Slough duplicate 59.2 6.0 20.1 8.8

P. The laboratory control met ail US EPA criteria for test acceptability. The coefficient of variation was 10.8%

in this treatment.

Highlighted areas indicate a significant reduction in growth compared to the laboratory control. Cell
counts were anatyzed using Dunnett's Test (p<.05).
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2. Samples were collected on 7 December 1998. This test was set up on 8 December 1998.

_ 4 Table 98-13 .
Summary of 96-hr Selenastrum toxicity test (TIE) conducted during December 1998
Treatment Cell Count (x 10%' - %CV | Final pH
X 'se ' at 96 hours

[Laboratory Control 200.5° - 8.9 8.8 8.8
Laboratory Control C8 method blank 75.8 . 5.1 13.5 8.5
Walker Slough 12/7/98 o 11.8 8.9
Walker Slough 12/7/98 C8 solid phase extracted water 209.5 4.8 10.0
Re-sampled Walker Slough 12/14/98. 188.9 - 6.6 10.0

P. The laboratory control met all US EPA criteria for test acceptabxhty The coefficient of vanatlon was 8 8% in this
treatment.

1. Highlighted areas indicate a significant reduction in growth compared to the laboratory control or increase in
growth (in the solid phase extracted water) compared to the ambient sample. Cell counts were analyzed using-
Dunnett's Test (p<.05).

2. The samples were collected on the dates indicated in the table. - This test was set up on 16 December 1998

Walker Slough was re-sampled on December 14, and was not found to be toxic. While there is no
information on whether there was precipitation on December 14, it appears that the toxicity found on
December 7 was transnory, -associated with a runoff event, and it did not persist for a week unul 1t was re-
sampled. ,

The chemical characteristic data for the December 7 sample are presented in Table 98-14. No .
ELISA results were available, since the samples were nontoxic. This test is only run when t0x1c1ty is
found. :

Table 98-14

Summary of water chemical characteristics of samples collected on 7 December 1998 -
Lo . Total ..
Field . Field EC Lab EC Alkalinity
Treatment | Tgmp Field pH (umhos/c Lab pH (umhos/c IE?: g/)i? I(-I;;%e:ss (mg/L as
. e 1O m o m -CaC03) - JCaCOy) M-
lLab Control (EPAMH) . 3.2 291 3.4 84 36
[Lab Control (SSEPAMED) 8.3 227 8.4 88 70
‘Eab Control (Glass
istilled) 8.4 90 8.4
IWalker Slough ’ 7.9 7.1 105 82 | 161 8.4 56 21
[Mosher Slough at Mariners | 10.4 7.5 8.1 195 8.3 88 18
Quality Assurance Samples ,
: Total .
Blind Duplicate Field Field EC Lab EC Hardness | Alkalinity
Temp | Field pH [(wmhos/c| Lab pH [(Wmhos/c{LabDQ| (mg/Las | (mg/L as
o) m) m) |(mgl)| CaCO;) | CaCOy) |
Walker Slough 8.2 161 8.4 56 21 "
Walker Slough duplicate 8.2 158 8.4 58 13
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1999 Studies

.n the

The DeltaKeeper collected samples from Mosher Slough on January 20, 1999. There was no rain
day of collection. The data from the 7-day Ceriodaphnia toxicity test are presented in Table 99-1.

Mosher Slough water caused 100 percent mortality within 1 day. The addition of 100 Eg/L PBO
extended the time to 6 days for 100 percent mortality.

Table 99-2 presents the toxicity test results with Selenastrum for the January 20 sample. The
Mosher Slough sample was not toxic to Selenastrum.

The data presented in Table 99-3 for the chemical characteristics show that there were 50 ng/L
chlorpyrifos and 1,200 ng/L diazinon. This sample would be expected to be highly toxic.. It is somewhat
surprising that Mosher Slough had that level of toxicity in a non-runoff situation. While the day of
sampling had no rainfall, the day before (1/19/99) had 0.56 inch of rain. Evidently, there was sufficient
carryover from one day to the next in this case to cause Mosher Slough to be toxic the day after a rainfall
event. This situation is somewhat different from what has been found in the past; however, the other
samples did not have such high levels of diazinon as this sample. :

Table 99-1
Summary of 7- day Ceriodaphnia toxicity test conducted durmg January 19992
Treatment Reproduction’ Mortality' Final pH
(neonates/adult) (%) at 24 hours
X Se

Laboratory Control 22.3° 103 0° 8.4
Laboratory Control + PBO 16.2 1.0 0 8.4
osher Slough 8.1
8.0

Mosher Slough + PBO.

P.
L

The laboratory control met all US EPA criteria for test acceptability. 100% of the daphnids had a third brood.
Highlighted cells indicate a significant reduction in reproduction or increase in mortality relative to the
laboratory control water. The mortality endpoint was analyzed using Fisher's Exact Test. The reproductive
endpoint was analyzed using Dunnett's test (p<0.05).

2. The samples were collected on 20 January 1999. This test was set up on 21 January 1999.
Table 99-2 - .
Summary of 96 hr Selenastrum toxnclty test conducted durmg January 19992
Treatment : - | Cell Count (x 109! % CV Final pH
: X se _ at 96 hours
Laboratory Control 221.3° 11.2 6.0 -8.4
lLaboratory Control C8 Blank 73.6 1.7 4.5 8. 2
l.__ A — e e T ~
IMosher Siough . - ] 2870 1 100 | 7.0 | 8.3

P.

1.

The laboratory control met all US EPA criteria for test acceptability. The coefficient of variation was 6.0% in

this treatment.
Highlighted areas indicate a significant reduction in growth compared to the laboratory control. Cell counts

were analyzed using Dunnett's Test (p<.05).

2. Samples were collected on 19-20 January 1999 This test was set up on 21 January 1999.
_ : Table 99-3
Summary of water chemical characteristics of samples collected during January 1999 .
: Total :
Field | Field EC Lab EC Hardness | Alkalinity
Treatment Temp |Field pH (Umhos/c | Lab pH {(tmhos/c| Lab DO | (mg/Las | (mg/L as
(°C) m) m) (mg/L) | CaC0s) CaCOs)
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[.ab Control (SSEPAMH) 8.4 217 8.4 84 70
Lab Control (Glass Distilled) 7.7 95 8.3 0 4
Mosher Slough | I [ [ 82 | 102 | 83 | 24 | 36
Treatment Chemical Concentration (ng/L
' Chlorpyrifos | Diazinon | Simazine Diuron
Mosher Slough 50 1,200 440 2.500

February 8,1999

DeltaKeeper took a sample of Mosher Slough on F ebruary 8, 1999. There was 0.16 inch of rain
on that day in Stockton. Mosher Slough was sampled at both I-5 and Don Avenue. As shown in Table
99-4, both samples showed 100 percent mortahty within 1 day to C'erzodaphnza Duplicates of the I-5
sample showed the same results

. A 96-hour series of toxicity tests using Ceriodaphnia, with or without PBO, were conducted on
the February 8, 1999, samples taken from Mosher Slough. The Mosher Slough sample taken at Don
Avenue showed 100 percent mortality within 1 day. The addition of 100 2 g/L PBO essentially
eliminated this toxicity over 4 days. Based on the data presented in Table 99-5, there were approximately
3 to 4 TUa of Ceriodaphnia toxicity in the February- 8, 1999, sample of Mosher Slough water.

Table 99-6 presents the 7 day fathead minnow larvae test results for the February 8 sample There
was no toxicity to fathead minnow larvae in this runoff event. _

Table 99-7 presents the results of the toxicity tests with Seleﬁastrum for the February 8, 1999,
samples taken from Mosher Slough The Mosher Slough samples were toxic to Selenastrum. The cause
of this toxicity was not determmed

Table 99-4
Summary of 7-day Ceriodaphnia toxicity test conducted during February 1999°
Treatment | Reproduction’ | - Mortality" Final pH
: : : (neonates/adult) | - (%) at 24 hours
X se -
Laboratory Control 20.5" 0.6 0” 8.5
e+ |MoSher-Slough @t-Te§ - cerx cmnee vmrees ccoivve e S ) O SRR
(Mosher Slough at Don Avenue 8.1
Quality Assurance Samples : - R :
Blind Duplicate Reproduction’ Mortality Final pH
(neonates/adult (%) at 24 hours
X se |
Maosher Slough at I-5 8.0
liMosher Slough at I-5 duplicate 8.0
Trip Blank . Reproducﬁorxl Mortality Final pH
. (neonates/aduit) (%) at 24 hours
X 50
Labaratory Control Trip Blank 21.1 1.2 0 8.5

P. The laboratory controi met all US EPA criteria for test acceptability. 100% of the daphnids had a third brood.
1. Highlighted celis indicate a significant reduction in reproduction or increase in mortality relative to the
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laboratory control water. The mortality endpoint was analyzed using Fisher's Exact Test. The reproductive
endpomt was analyzed using Dunnett's test (p<0.05).
. The samples were collected on 8 February 1999. This test was set up on 9 February 1999.

Table 99-5

Summary of Ceriodaphnia 96-hour PBO TIE and dilution serles

conducted during February 1999’

12,4

Treatment Mortality for each day of the test’ Conclusions Final pH
1 2 3 4 at 24 hrs
Control met all US EPA criteria for test |
Laboratory Control 0, acceptability. 8.3
Laboratory Control + PBO 0 No artifactual toxicity present in control 8.4
blanks.

100% Mosher Slough at I-5 - 100 | 100 |- 100 100 Toxicity detected. 8.0
Toxicity alleviated by the addition of

100% Mosher Slough at I-5 + PBO 0 PBOQ suggests that toxicity was due to a 7:9
: metabolically activated OP pesticide.

50% Mosher Slough at I-5 50 100 100 100 Toxicity detected. 8.2

25% Mosher Slough at [-5 - 0 8.3

25% Mosher Slough at I-5 + PBO 0 No toxicity detected. 3.2

12.5% Mosher Slough at [-5 0 S : 8.3

100% Mosher Slough at Don Ave. 100 100 100 100 Toxicity detected. 8.0

. . ' : Toxicity alleviated by the addition of | :

100% Mosher Slough at Don Ave. + PBO 5 5 PBO suggests that toxicity was due to a 3.2
' metabolically activated OP pesticide.

50% Mosher Slough at Don Ave. - 100- | 100 100 100 Toxicity detected. 8.0

125% Mosher Slough at Don Ave. 0 ’ 8.3

25% Mosher Slough at Don Ave. + PBO 0 No toxicity detected. 8.4 -
2.5% Mosher Slough at Don Ave. 3 5 3 L ' 8.2

Four replicates with 18 mis of sample and 5 Ceriodaphnia each.

2.
3

Daphnids were fed the standard US EPA amount of food for only four hours a day.
. Highlighted cells indicate areas of significant interest. No statistical analyses were done.

4. The site was sampled on 8 February 1999. This test was set up on 12 February 1999. -

Table 99-6 '
Summary of 7-day Pimephales toxicity test conducted during February 19992
Treatment Growth! Mortality. (%)! Final pH
(mg/indiv) at 24 hours
X se X se
Laboratory Control 0.413° 0.022 0" 0.0 8.0
Mosher Slough at I-5 0.466 0.024 5.0 5.0 7.4
" [Mosher Slough at Don Avenue U 0.482 70024 100 T 40T T s
Quality Assurance Samples ' -
Blind Duplicate Growth' Mortality (%)’ Final pH
(mg/indiv) at 24 hours
X se X se
Mosher Slough at I-5 0.466 0.024 50 | 5.0 7.4
Mosher Slough at I-5 duplicate 0.438 0.033 5.0 (3.0 7.5
Trip Blank - Growth' Mortality (%)’ Final pH
(mg/indiv) at 24 hours
X se X se
‘aborarory Control Trip Blank 0.423 0.019 7.5 | 5.0 8.1

P. The laboratory control met the criteria for test acceptability.




1. Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the
laboratory control. The growth and mortality endpoints were anaiyzed with Dunnett's Test (p<.05).
2. The samples were collected on 8 February 1999. This test was set up on 9 February 1999.

Table 99-7

Summary of 96-hr Selenastrum toxicity test conducted during February 1999%.

Treatment Cell Count (x 10| % CV Final pH
: at 96 hours
Laboratory Controi 8.3 8.4
Il
"Mosher Slough at I-5 11.3. 8.2
“Mosher Slough at Don Avenue 2.1 8.2
Quality Assurance Samples '
Blind Duplicate % CV Final pH
at 96 hours
Mosher Slough at I-5 11.3 8.2
"Mosher Slough at ]-5 duplicate 3.9 8.2
Trip blank Cell Count (x 10%'[ % CV Final pH
X se at 96 hours
Laboratory Control Trip Blank 102.6 7.9 15.5 8.4

P. The laboratory control met all US EPA criteria for test acceptability. The coefficient of variation was 8. 3% in

this treatment.

1. Highlighted areas indicate a significant reduction in growth compared to the laboratory control. Cell counts’

were analyzed using Dunnett's Test (p<.05).

2. Samples were collected on 8 February 1999. This test was set up on 9 February 1999

Table 99-8 presents the chemical charactenstlc data for the February 8 1999, sample
sample was found to contain from 30 to 40 ng/L chlorpyrifos and 860 rng/L diazinon.
concentrations of these two pesticides would be expected to be highly toxic to Ceriodaphnia. This is in

accord with the toxicity test results

Table 99-8

This
These

54

Summary of water chemical characteristics of samples collected during February 1999
' o Total | Alkalinity
Treatment Field Field EC Lab pH Lab EC |Lab DO| Hardness | (mg/L as
e Temp [|Field pH| (Wmhos/cm) (umhos/cm) (mg/L)| (mg/L as | CaCOs)
U RO -/ ) SN SR [OOSR F R P N o7 Yolo 3 I W
Lab Control ('EPAIVIH) 7.8 260 86 | 96 60
ILab Control (SSEPAMH) 8.2 234 8.6 38 66
![[Lab Control (Glass Distilled) 9.0 94 8.4
[Mosher Slough at I-5 7.8 91 8.6 36 30
iMasher Slough at Don Avenue 7.9 91 8.7 36 | 34
Quality Assurance Samples ‘
Total
Blind Duplicate Field ‘ Field EC Lab pH Lab EC |Lab DO| Hardness | Alkalinity
Temp [Field pH| (mhos/cm) - (Lmhos/em) | (mg/L) | (mg/L as | (mg/L as
o) CaC0,;) | CaCOs)
Mosher Slough at I-5 7.8 91 8.6 36 30
HMoshe‘r Slough at I-5 duglicate 7.8 87 8.7 36 30 .




Total
Field Field EC Lab EC [Lab DO| Hardness | Alkalinity
Trip Blank Temp |[Field pH| (tmhos/cm) (wmhos/cm) | (mg/L) | (mg/L as | (mg/L as
o) CaCO;) | CaCOy)
(Qratory Control Trip Blank 8.2 224 8.5 88 66
Treatment Chemical Concentration {(ng/L)
Chlorpyrifos | Diazinon | Prowl |Simazine
Mosher Slough at I-5 40 820 100 | 5,500
IMosher Slough at Don Avenue 30 860 60 | 5,300

March 1999

On March 8§, 1999, a set of samples was collected from several of the City of Stockton sloughs as
well as other waterbodies in the Delta. The Stockton rainfall gage reported 0.20 inch of precipitation on
that date. Tables 99-9 through 99-12 present the results of the toxicity testing and chemical characteristic
measurements on this set of samples. Review of the data in these tables shows that Walker Slough and
Mosher Slough were nontoxic to Ceriodaphnia, fathead minnow larvae and Selenastrum. The data
obtained from other waterbodies in the region, such as the San Joaquin River at Vernalis, Mokelumne
River at New Hope, French Camp Slough at EI Dorado, Old River at Tracy, etc., also showed no toxicity
to the test organisms. Table 99-13 presents a - summary of the tox1c1ty test results obtained for the March

8, 1999, sample.

Table 99- 9 :
Summary of 7-day Cerzodaplzma toxicity test conducted on samples collected from the Sacramento- o

~San Joaquin River Delta on 8 March 1999

Set up on 3/9/99
Treatment Reproduction’ Mortality' Final pH
. (neonates/adult) . (%) at 24 hours
X se
Laboratory Control 21.7° 0.6 0° 8.2
San Joaguin River at Vernalis 24.6 1.8 10 8.2
Mokelumne River at New Hope 10.6 1.2 0 7.9
B T e Y o s o S Q- -

\French Camp Slough at El Dorado. 26.9 0.6 0 8.3
[Walker Slough 33.9 0.8 0 8.2
Mosher Slough at Mariners 33.1 1.0 30 8.5
Stockton Treatment Plant 24.5 - 1.1 0 8.2
White Slough 25.0 1.0 0 8.1
Old River at Tracy 29.8 0.7 0 8.2

Quality Assurance Samples :
Mosher Slough 33.1 . 1.0 30 8.5
Mosher Slough duplicate 32.7 1.2 0 8.5
Stockton Treatment Plant 24.5 1.1 0 8.2
ckton Treatment Plant duplicate 26.9 1.3 0 8.2
ockton Treatment Plant duplicate 27.9 0.8 0 8.1

P. The laboratory control met all US EPA criteria for test acceptability. 100% of the daphnids had a third brood.
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1. Highlighted cells indicate a significant reduction in reproduction or increase in mortality relative to the
laboratory control water. The mortality endpoint was analyzed using Fisher's Exact Test. The reproductxve

endpoint was analyzed using Dunnett's test (p<0.05).
Table 99-10

. Summary of 7-day Pimephales toxicity test conducted on samples collected from
the Sacramento-San Joaquin River Deita on 8 March 1999.

Set up on 3/9/99
Treatment Growth' (mg/indiv) Mortality (%)" Final pH
X se X se at 24 hours

Laboratory Control ' 0.407° | 0.009 0" 0.0 7.9
San Joaquin River at Vemalis 0.381 0.002 0.0 0.0 7.8
Mokelumne River at New Hope 0.292 0.079 25.0 - 3.0 7.5 . .
(Paradise Cut 0.426 0.023 5.0 5.0 7.9
[French Camp Slough at El Dorado 0.379 | 0.042 25.0 18.0 7.9
[Walker Slough 0.424 0.015 5.0 3.0 7.7
Mosher Slough at Mariners 0.414 0.005 ~ 0.0 0.0 8.1
Stockton Treatment Plant : L 0.402 0.021 0.0 0.0 7.8

ite Slough 0.395 0.015 5.0 3.0 7.7
Qld River at Tracy 0.396 0.011 0.0 0.0 7.8
Quality Assurance Samples : ‘

. Mosher Slough 0.414 0.005 . 0.0 0.0 8.1
Mosher Slough Duplicate 1 0.438 0.025 " 2.5. 3.0 8.2
Stockton Treatment Plant ~0.402 0.021 0.0 0.0 7.8
Stockton Treatment Plant duplicate 0.395 0.017 2.5 3.0 7.8
Stockton Treatment Plant duplicate 0.411 0.006 7.5 5.0 7.8

P. The laboratory controi met all US EPA criteria for test acceptability.
1. Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the :
laboratory control. The growth and mortality endpoints were analyzed with Dunnett's Test (p<.05).
Table 99-11 @
Summary of 7-day Selenastrum toxicity test conducted on samples collected from

the Sacramento-San Joaquin River Delta on § March 1999

Set up on 3/9/99- ,
Treatment - Cell Count (x 10%' % CV| Final pH
X se at 96 hours
Laboratory Control 218.4° ' 3.2 2.9 8.6
San Joaquin River at Vernalis 232.3 19.2 16.5 9.8
Mokelumne River at New Hope 275.3 10.6 7.7 9.4
[Paradise Cut ~158.9 35.8 45.1 8.6
[Erench Camp Slough at El Dorado 305.6 15.5 10.2 9.8
[Walker Slough 295.6 18.9 12.8 9.9
-—{Mosher-Slough-at Mariners .-~ | s e 306.0 o oo o203 . 13.9. 9.9
Stockton Treatment Plant 284.1 : 8.0 5.6 9.9
White Slough 308.9 20.1 ' 13.0] . 9.8
Old River at Tracy 279.8 19.9 14.3 9.9
Quality Assurance Samples
(Mosher Slough 306.0 21.3 13.9( 9.9
Mosher Slough duplicate 270.1 9.4 6.9 9.7
Stockton Treatment Plant 284.1 8.0 5.6 9.9
Stockton Treatment Plant duplicate 264.1 22.0 16.7 9.9
Stockton Treatment Plant duplicate 289.9 11.6 8.0 9.8

P. The laboratory controi met ail US EPA criteria for test acceptability. The coefficient of variation was 2.9% in

this- treatment. .
1. Highlighted areas indicate a significant reduction in growth compared to the laboratory control. Cell counts o
were analyzed using Dunnett‘s Test (p<.05). '
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Table 99-12
Summary of chemical characteristic measurements on samples collected from the Sacramento-San
Joaquin River Delta on 8 March 1999

‘ Treatment Field |Field pH Lab| LabEC | Lab Alkalinity

Temp FieldEC | pH | (tmhos/cm)| DO | Total Hardness (mg/L as

e (umhos/cm) (mg/L)|(mg/L as CaCOs){  CaCOs)
1b Control (DIEPAMH) 8.1 223 8.6 80 62
1b Control (SSEPAMH) 8.2 222 8.2 36 68
ab Control (Glass Distilled)
in Joaquin River at Vernalis 10.8 6.7 241 8.1 319 8.4 82 56
‘okelumne River at New Hope 9.6 7.6 32 7.9 50 8.3 20 - 44
rradise Cut . 11.6 7.4 965 8.2 865 8.4 272 102
-ench.Camp Slough at El Dorade | 11.5 8.3 207 8.2 202 8.4 80 :
‘alker Slough. _ 11.5 7.4 109 8.2 142 8.3 56 60
:osher Slough at Mariners 12.3 7.5 426 8.4 375 8.3 140 60
.ockton Treatment Plant 11.0 8.2 326 8.1 305 8.3 76 56
"hite Slough 11.2 7.4 152 8.0 136 8.4 50 44
{d River at Tracy 11.00 7.6 258 8.1 333 8.4 86 58
uality Assurance Samples : ' — '
losher Slough ‘ 8.4 375 8.3 140 60
{osher Slough duplicate . 8.5 382 8.3 142
:ockton Treatment Plant 8.1 305 8.3 76 56
:ockton Treatment Plant
Iplicate 8.1 309 8.2 - 76 54
:ockton Treatment Plant ‘ . :
Iplicate 8.1 309 8.2 . 80
Table 99-13 '

‘ummary of toxicity test results for the third quarterly sampling from the Sacramento-San Joaqum
~ ' Delta collected on 8§ March 1999 -

Set up on 3/9/99

: Ceriodaphnia Pimephales Selenastrum

Treatment , Reproduction Mortality Growth |Mortality| Cell Count
Neonate/adult Y mg/indiv| % x10*
Laboratory Control 21.7 0 0.407 0.0 218.4
San Joaquin River at Vernalis 24.6 10 0.381 0.0 232.3

Mokelumne River at New Hope 10.6 0 0.292 25.0 275.3.
(Paradise Cut 36.1 0 0.426 5.0 158.9
[French Camp Slough at El Dorado 26.9 0 0.379 25.0 305.6
[Walker Slough 33.9 0 0.424 5.0 295.6
Mosher Slough at Mariners - 33.1 30 0.414 0.0 306.0
. |Stockton TreatmentPlant = . = . - 245 0 0402 | 00 | 2841 N .

White Slough 25.0 0 0.395 5.0 308.9
Oid River at Tracy ' 29.8 0 0.396 0.0 279.8

1. Highlighted cells indicate a significant reduction in reproduction, growth or ceil count or increase in mortality relative to
the laboratory control water. The Ceriodaphnia mortality endpoint was analyzed using Fisher's Exact Test. The
reproductive endpoint, fish growth and mortality, and cell counts were analyzed using Dunnett's Test (p<.05).

June 7, 1999
A set of dry weather flow samples was collected from Walker Slough, Mosher Slough, as well as

several other waterbodies in the region of the South and Central Delta. The Stockton Slough samples
showed no toxicity to Ceriodaphnia (Tables 99-14 and 99-15); however, there was toxicity of Mosher
Slough water to fathead minnow larvae (Table 99-16), with about 20 percent mortality over the period of
‘ae seven-day test. There was no toxicity to Selenastrum for the June 7 sample (Table 99-17). Paradise
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Cut, located within the South Delta near Tracy, did show toxicity to Ceriodaphnia. It was not toxic to
fathead minnow larvae; however, Mokelumne River was toxic to fathead minnow larvae.

Table 99-18 presents a summary of the toxicity test results for samples collected on June 7, 1999. ‘

. Reproduction’ Mortality'| Final pH
Treatment (neonates/aduit) (%) |at 24 hours
. . X se

Laboratory Control 18.5° , 1.2 0 8.4
San Joaguin River at Vemalis 23.7 2.8 10 8.3
Mokelumne River at New Hope 22.0 10 8.4
[Paradise Cut L i 8.5
IFrench Camp Slough at El Dorado 22.6 0.7 ' 0 8.3
(Walker Slough . 22.4 1.1 0 8.4
Mosher Slough at Mariners 21.5 2.5 10 8.5
Stockton Treatment Plant . . 22.1 1.0 0 8.3
White Slough : -27.0 0.6 10 8.4
Old River at Tracy 27.2 . 3.2 10~ 8.4
Quality Assurance Samples — Blind Duplicate T ,

San Joaquin River at Vemalis - 23.7 2.8 10 8.3
San Joaquin River at Vernalis duplicate 27.7 - 1.0 0 - 8.4

P. The {aboratory control met all US EPA criteria for test acceptability. 90% of the daphnids had a third brood.
1. Highlighted cells indicate a significant reduction in reproduction or increase in mortality relative to the
laboratory control water. The mortality endpoint was analyzed using Fisher's Exact Test. The reproductive
endpoint was analyzed using Dunnett's test (p<0.05).
* Due to significant mortality observed in this sample, reproduction was not calculated. v
The safnple of the San Joaquin River at Vernalis was nontoxic to Ceriodaphnia; fathead minn ow larvae -
and Selenastrum. The sample of the Mokelumne River at New Hope was nontoxic to Ceriodaphnia and
Selenastrum, but caused about 58 percent mortality to fathead minnow larvae. The Paradise Cut sample
showed 70 percent mortality to Ceriodaphnia and was toxic to Selenastrum. It was nofitoxic to fathead ‘.
minnow larvae. The June 7 samples collected from French Camp Slough, Walker Slough, White Slough
and Old River at Tracy were all nontoxic to the three test species. The Stockton Wastewater Treatment
Plant and Mosher Slough samples were nontoxic to Ceriodaphnia and Selenastrum; however, they did

show low levels of toxicity to fathead minnow larvae.

Table 99-19 preseﬁts information on the chemical characteristics of the samples collected on June
7 and 16, 1999. No data were provided on diazinon and chlorpyrifos concentrations in the samples.

Table 99-14
Summary of 7-day Ceriodaphnia toxicity test conducted on samples collected from the Sacramento-
San Joaquin Delta on7 June 1999

]

Set up on 6/8/00
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Table 99-15

Summary of 7-day Ceriodaphnia PBO TIE conducted on samples collected from Paradise Cut and

5-Mile Slough on 7 and 16 June 1999

‘et up on 6/8/99

Reproduction' Mortality’ Final pH
Treatment (neonates/adult) (%) at 24 hours -

X ) se ‘ .

[Laboratory Control 21.7° - 2.1 107 8.4
Laboratory Control + PBO 22.0 1.1 0 8.4
Paradise Cut 6/7/99 8.5
Paradise Cut 6/7/99 + PBO 31.6 1.1 0 8.4
[Paradise Cut 6/16/99 33.6 0.6 0 8.5
5-Mile Slough 6/16/99 18.8 1.2 0 8.6

P. The iaboratory control met all US EPA criteria for test acceptability. 90% of the daphnids had a third brood.

1. Highlighted cells indicate a significant reduction in reproduction or increase in mortality relative to the

laboratory control water. The mortality endpoint was analyzed using Flsher’ s Exact Test. The reproductlve

endpoint was analyzed using Dunnett's test (p<0.05).
* Due to significant mortality observed in this sample reproductlon was not calculated

~ Table 99- 16

'Summary of 7- day szephales tomcxty test conducted on samples collected from the Sacramento-

San Joaquln Delta on 7 June 1999

Setup on 6/8/99
. Growth' ‘ -
Treatment . (mg/indiv) ‘Mortality (%)" Final pH _
' X se X se at24 hours |~ -
Laboratory Control 0.313° 0.011 1.25° 1.3 8.2 |
San Joaguin River at Vernalis 0.333 0.012 | 0.0 0.0 8.2
Mokelumne River at New Hope 0.395 0.040 B 8.0
Paradise Cut 0.374 0.020 8.3
French Camp Slough at El Dorado 0.369 0.012 8.0
'Walker Slough 0.313 0.011
Mosher Slough at Mariners 0.349 0.021
“IStockton Treatment Plant ~ 0.399 77| "0.025 T

White Slough - ~ 0.356 0.030 . .
Old River at Tracy 0.360 0.014 0.0 0.0 8.3
Quality Assurance Samples — Blind Duplicate '
San Joaquin River at Vernalis 0.333 0.012 0.0 0.0 8.2
San Joaquin River at Vernalis duplicate 0.339 0.014 2.5 2.5 8.2

‘P. The laboratory control met the criteria for test acceptability.
1. Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the
laboratory control. The growth and mortality endpoints were analyzed with Dunnett's Test (p<.05).

Table 99-17
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Summary of 96-hr Selenasitrum toxicity test conducted on samples collected from the Sacramento-
San Joaquin Delta on 7 June 1999

Set up on 6/8/99 '
Treatment Cell Count (x 10%)" % CV| Final pH "
at 96 hours
Laboratory Control 10.0 7.8
San Joaquin River at Vernalis 248 |- 8.5
Mokelumne River at New Hope 16.6 9.5
|Paradise Cut T 5900502 ] 86
(French Camp Slough at El Dorado 164.6 5.4 6.6 9.7
[Walker Slough 2182 - |- 10.0 ' 9.2 10.0
Mosher Slough at Mariners 144.3 5.4. 7.5 9.6
Stockton Treatment Plant ‘ 149.0 20.0 26.8 8.6
(White Slough 196.9 10.9 10.7 9.7
Old River at Tracy" : .- 513 : 51 = 19.7 8.5
Quality Assurance Samples : S S
San Joaquin River at Vernalis 139.5 - 173 24.8 8.5
San Joaquin River at Vernalis duplicate 142.7 153 21.5 8.5
P. The laboratory control met ail US EPA criteria for test acceptability. The coefficient of variation was 10% in
this treatment.

1. Highlighted areas indicate a significant reduction in growth compared to the laboratory control. Cell counts
were analyzed using Dunnett's Test (p<.05).

Table 99-18
Summary of toxicity test results for samples from the Sacramento - San Joaquin Delta
collected on 7 June 1999 :

Set up on 6/8/99.
Treatment ' Ceriodaphnia Pimephales Selenastrum
Reproduction Mortality Growth Mortality Cell Count
neonate/adult % mg/indiv % . x10*
Laboratory Control 18.5° 0 0.313" - 1.25" 75.6°
San Joaquin River at Vernalis 23.7 10 0.333 0.0 139.5
Mokelumne River at New Hope 22.0 10 0.395 |[@disnaan
Paradise Cut L 0.374 2.5 W
French Camp Slough at El E : .
Dorado : 22.6 0 0.369 7.5 - 164.6
'Walker Slough ~ 224 0 0313 [ 4.3 218.2
Mosher Slough at Mariners 21.5 -~ 10 0349 Fupiney ‘*% . 144.3
Stockton Treatment Plant 22.1 0 0.399 [l 149.0 :
- White‘Slough“"“'“"“'"""""“"" e e e s | e O [ - =~ 0:35 6 99-5 —196:9-+ ----|f- - = e e
Old River at Tracy . 272 - 10 0.360 0.0 = - 513 ’

1. Highlighted cells indicate a significant reducnon in reproduction, growth or cell count or increase in mortality relative to
the laboratory control water. The Ceriodaphnia mortality endpoint was analyzed using Fisher's Exact Test. The
reproductive endpoint, fish growth and mortality, and cell counts were analyzed gsing Dunnett's Test (p<.05). . - -

Table 99- 19
Summary of chemical characteristic measurements on samples collected from the
' Sacramento-San Joaquin Delta on 7 and 16 June 1999

Total
Field Field FieldEC |Lab| LabEC |LabDO| Hardness | Alkalinity
Treatment Temp pH (umhos/cm) | pH |(umhos/cm) | (mg/L) | (mg/Las | (mg/L as
) CaCO;) | CaCO3)
Lab Control (DIEPAMH) 8.2 318 7.6 84 60
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Lab Control (SSEPAMH) 8.3 260 8.1 92 76
Lab Control (Glass Distilled) 8.1 106 8.1
San Joaquin River at Vernalis 19.0 7.8 502 8.3 490 8.1 112 76
4 fumne River at New Hope 16.4 8.1 78 8.0 100 8.0 44 24
dise Cut : NA ‘NA NA 8.4 945 8.1 256 120
French Camp Slough at El Dorado | 20.5 8.1 135 8.1 179 8.7 64 50
'Walker Slough 22.7 8.0 283 8.1 174 8.1 32 60
Mosher Slough at Mariners 22.6 7.8 177 8.2 189 8.0 24 64
Stockton Treatment Plant 19.9 6.6 437 8.4 486 8.0 124 80
White Slough 20.5 7.4 137 8.8 160 7.8 56 46
Old River at Tracy NA NA NA 8.1 614 8.0 168 90
Paradise Cut 6/16/99 19.8 7.2 1746 8.2 1000 7.9 292 122
0Old River at Tracy 6/16/99 20.6 7.9 1054 8.3 644 7.9 152 87
5-Mile Slough 6/16/99 8.4 349 7.9 96 93
Quality Assurance Samples
San Joaquin River at Vernalis 19.0 7.8 502 8.3 490 8.1 112 76
San Joaquin River at Vernalis 19.0 7.8 502 8.3 471 8.0 108 74
duplicate
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i

September 22, 1999 v : IR :

On September 22, 1999, DeltaKeeper collected samples from Walker Slough, Mosher Slough, and 5 Mile
Slough. Table 99-20¢showed that the Mosher Slough and 5 Mile Slough samples killed 100 % of the
Ceriodaphnia in six and seven days, respectively. The Walker Slough. sample was non-toxic to
Ceriodaphnia. Table 99-21 shows that the addition of 100 pg/L PBO reduced the toxicity for Mosher
Slough to 20 % mortality over seven days. Table 99-22 shows that the addition of 100 ug/L of PBO
caused the 5 Mile Slough sample to be non-toxic to Ceriodaphnia. However,. the re-setup of the 5 Mile
Slough sample collected on September 22, 1999, shown in Table 99-22 was non-toxic over the seven-day
test period. As shown in Table 99-20, the 5 Mile Slough sample killed 100 % of the Ceriodaphnia in
seven days. The Table 99-22 tests were set up on October 1, some nine. days after the sample was
originally collected on September 22. Evidently, during this period, some of the toxicity that was found
for 5 Mile Slough for the tests that were set up the day following collection, was'lost in the sample.

Table 99-23 presents the chemical analysis of the samples collected on gelﬁtember 22, 1999. The
parameters analyzed are in accord with what would be expected No analysis were conducted for the OP

pesticides, diazinon and chlorpyrifos.

Insert Tables 99-20 through 99-23 -
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CVRWQCB
IEPAMH

Dilute EI

DO

EC

EDTA

ELISA

EPAMH

GDEPAMH

LCs '

- NPDES

OP

PBO

PCCP

SSEPAMH

TIE

TUa

UCD ATL

US EPA

ACRONYMS AND ABBREVIATIONS

Central Valley Reglonal Water Quality Control Board

US EPA de1omzed moderately hard control water

UCD Institute" of Ecology Well Water diluted to an EC of approx. 200 umhos/cm
dissolved oxygen

electrical conductwrcy

ethylene diamin€ tetraacetic acid

enzyme linked immuno sorbent assay

US EPA moderately hard control water

glass distilled water amended with salts to EPA moderately hard standards
lethal concentration that kills 50 percent

national pollutant discharge ehmmaﬁon system

organophosphate *

piperonyl butoxide -
Post C8 SPE Column Passage

‘Sierra Spring US EPA moderately hard control water

toxicity investigation evaluation

acute toxic units

University of California, Dav1s Aquatic Toxicology: Laboratory
United States Environmental Protection Agency



