Materials and Methods

Sample Collection and Storage

Samples were collected as single, sub-surface grabs from mid-channel either off a bridge or from the shore in pre-cleaned, one-gallon, amber glass bottles.  Each container was rinsed three times with site water prior to final filling.  Samples were placed in a cooler on ice during transport to the UCD ATL where they were stored in the dark at 4 ºC.  Toxicity tests were initiated within 24 hours of sample receipt.  In all toxicity tests described below, renewals of test waters were from the initial grab sample.  {Shakoora, will you help us out here?}

Toxicity Testing

Toxicity testing followed the 4-day static renewal procedures described in Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms (US EPA, 1994).  Aspects of these procedures that differ from the US EPA methods, and the rationale for using them, are outlined below.

The Ceriodaphnia chronic (6-8 day) tests consisted of ten replicate glass vials.  The US EPA recommends using plastic cups for the Ceriodaphnia toxicity test, but plastic adsorbs organic compounds so plastic cups are inappropriate for determining the role of organic compounds in Ceriodaphnia toxicity.  Each vial contained 15 ml of sample and one organism.  Less than 24-hour-old Ceriodaphnia, all born within a 16-hour period, were employed at test initiation.  Ceriodaphnia were obtained from in-house cultures.  Selenastrum and YCT (a mixture of yeast, CEROPHYLL(, and trout chow) were added to daily renewal waters as nourishment for Ceriodaphnia.  Ceriodaphnia were transferred into a vial containing 15 ml of fresh sample water each day.  Tests were conducted at 25 ± 1°C in a temperature-controlled room with a 16:8 hour light:dark photoperiod.  Mortality and reproduction (neonates per female) were measured daily and upon test termination.

The Ceriodaphnia acute (96-hour) tests consisted of four replicate glass vials containing 18 ml of sample and five Ceriodaphnia.  Ceriodaphnia were fed a mixture of Selenastrum and YCT (a mixture of yeast, CEROPHYLL(, and trout chow) four hours prior to test renewal.  No food was added to the daily renewal sample waters to minimize chemical sorption to food particles.  Ceriodaphnia were transferred into a new vial of fresh test solution daily.  Mortality was measured daily and at test termination.

The Pimephales chronic (7 day) tests consisted of four replicate 500-ml beakers, each containing 250ml of sample and 10 minnows.  Less than 48-hour-old minnows were employed upon test initiation.  The minnows were obtained from Aquatox, Hot Springs, Arkansas.  Minnows were fed three times daily with the brine shrimp Artemia nauplii.  Approximately 80 % of the test solution was renewed daily.  Dead fish, Artemia, and debris were removed from the test beakers daily.  The test solution was incubated in a water bath at 25 ± 1°C under ambient laboratory light with a 16:8 hour light:dark photoperiod for seven days.  Mortality was measured daily upon test solution renewal.  At test termination the surviving minnows were dosed with MS-222, dried to constant weight at 103-105 °C (approximately 16 hours), and weighed with a Mettler H54 AR balance.  Mortality was measured daily and growth was measured upon test termination.

The Selenastrum tests consisted of four replicate flasks, each containing 100 ml of sample.  C8 solid phase extraction (SPE) columns remove non-polar organic chemicals from liquid as it is passed through.  Prior to test initiation, samples were treated with Varian® Bond Elut C8 columns and these waters were tested along with unmanipulated samples and the appropriate method blanks. Samples were filtered using a Gelman™ type A/E glass fiber filter to remove any algae that may have already been present in the test sample.  Each treatment was inoculated with the standard US EPA amounts of algal nutrients (without EDTA) and 10,000 cells/ml of Selenastrum.  The Selenastrum was obtained from the University of Texas Starr collection (#1648) and placed in US EPA algae nutrient media (with EDTA) for four to seven days prior to test initiation to ensure the cells were in exponential growth.  The flasks were then randomly placed on shaker tables and constantly shaken at 100 rpm.  The samples were incubated at 25 ± 1°C under a continuous light source at an intensity of 400 ± 40 ft-candles for 96 hours.  The flasks were randomized twice daily.  Upon test termination, cell number was measured using a Coulter Counter® model ZM.

Toxicity Identification Evaluations

Toxicity identification evaluations (TIEs) consist of physical, chemical, and toxicological manipulations designed to identify the specific chemical or class of chemicals responsible for toxicity observed in a toxic sample (US EPA 1991).  For this study, abbreviated TIEs were conducted that focused on metabolically activated organophosphorus (OP) insecticides.  In the Ceriodaphnia TIE, samples were tested as described above for the acute tests along with additional manipulations to reveal the cause(s) of toxicity.  Piperonyl butoxide (PBO) inhibits or reduces toxicity caused by metabolically activated OP insecticides such as diazinon, chlorpyrifos, and malathion (Bailey et al., 1996).  100 (g/L PBO was added to the test sample.  The ‘original’ ambient test sample and the ambient test sample amended with PBO were tested along with the appropriate controls in a toxicity test.  If the toxicant is a metabolically activated OP insecticide, the ambient test sample will exhibit high Ceriodaphnia mortality while the ambient test sample amended with PBO results in reduced or no Ceriodaphnia mortality.  Samples were also passed through a Varian® Bond Elut C8 column and these waters were tested along with the unmanipulated sample.  The adsorbate was then eluted with methanol and the eluate was added to control water and tested along with the appropriate method blanks.  If the toxicant is a non-polar organic chemical, the ambient sample and control water amended with eluate will exhibit high Ceriodaphnia mortality while the sample passed through the C8 column results in reduced or no Ceriodaphnia mortality.
Quality Assurance

Quality assurance measures were included in this project to ascertain whether the UCD ATL testing could be duplicated (i.e., determine testing precision), to assess test species sensitivity, and possible matrix effects with a known toxicant (diazinon).  Eight field duplicates were included in testing during the project to assess the ATL’s ability to replicate toxicity testing results.  Duplicate water samples were collected using the same procedures as the initial sample, but were labeled with a separate site identification so that laboratory technicians could not recognize duplicates.  Test organisms were expected to perform similarly between the sample and it’s duplicate.  The matrix spike and matrix spike duplicate were prepared in the laboratory from a randomly chosen site sample that was amended with 425nl/L; these duplicates are expected to perform similarly.  The laboratory spike was laboratory control water amended 425nl/L as the matrix spike and matrix spike duplicate.  The LC50 for Ceriodaphnia to diazinon is 0.4µg/l.  The matrix spike’s performance varies with the site sample because there are unknown variables in ambient water samples that may interact with the diazinon.  The matrix spikes are expected to perform similarly to matrix spike duplicates.  The trip blank was laboratory control water that was taken into the field and then “blindly” tested with the other samples.  Trip blanks are expected to perform similarly to the laboratory control.
Water Quality

Water quality parameters of temperature, electrical conductivity (EC), pH, and dissolved oxygen (DO) were measured on all samples upon test initiation and temperature, pH and DO were measured on the 24-hour sample renewal of all samples tested with.  Laboratory pH was measured with a Beckman IS 425 pH meter, DO was measured with a YSI model 58 oxygen meter with a 5700 series probe, and EC was measured with a YSI model 33 EC meter.  All meters were calibrated daily according to the manufacturers’ instructions.  Hardness and alkalinity were measured on all samples utilizing titrimetric methods.  Ammonium was measured on all samples within 24 hours of receipt with an Aquaquant® ammonium kit (EM Science). 

Total Suspended Solids

The total suspended solids (TSS) of each sample were measured within 10 days of sample receipt for the samples collected 30 April 2002 and 21 May 20002.  Gelman™ type A/E glass fiber filters were soaked in glass distilled water to remove any lose particles, dried to constant weight, and weighed.  A given volume of sample was passed through these filters, trapping the sediment.  The filters then were dried to constant weight and weighed.  The weight of the filters was subtracted from the weight of the filters with sediment and the total suspended solids were calculated as grams per liter.

Statistical Analyses

Toxicity was defined as a statistically significant difference (p<0.05) in mortality or growth in an ambient sample compared to laboratory control(s).  Specifically, acute toxicity in the Ceriodaphnia and larval Pimephales assays was defined as statistically significant mortality within 96 hours in a test sample compared to the laboratory control.  Chronic toxicity was defined as significant mortality in the test sample compared to the laboratory control at greater than 96 hours or a significant decrease in reproduction or growth compared to the laboratory control.

All Ceriodaphnia reproduction growth and mortality data were analyzed with Bartlett’s Test for homogeneity of variance.  When data had homogeneous variance, they were analyzed using an Analysis of Variance and Dunnett’s mean separation tests.  When the data revealed heterogeneous variance, they were transformed to relative ranks and then analyzed using an Analysis of Variance and Dunnett’s mean separation test.  Ceriodaphnia mortality was analyzed with Fisher’s Exact Test.  

These statistical analyses differ from those outlined in US EPA (1994).  US EPA (1994) statistical procedures were designed for whole effluent toxicity testing in which all samples are tested in a dilution series.  The approach taken during this study was to assess the quality of water at a particular site compared to laboratory control water.  Dilution series testing was not performed on San Joaquin River samples.  As a result, the US EPA (1994) statistical protocols were not appropriate for the data obtained during this study.  ATL staff consulted a UCD statistician (Neil Willits) to determine the most appropriate statistical analyses for these data.  The statistician recommended the analyses summarized above.

Results

Water Quality— The standard water quality parameters measured in all of the samples collected in the San Joaquin River watershed were within ranges acceptable to Ceriodaphnia survival and reproduction (Appendix B, Tables 1B-16B).  Therefore, these parameters were unlikely to have confounded toxicity testing results.  

Toxicity Testing— None of the 12 San Joaquin River watershed samples collected post-rainstorm were acutely toxic to Ceriodaphnia (Table 1; Appendix A, Tables 1A-3A).  Furthermore, none of the four San Joaquin River samples collected at Vernalis were toxic in the seven-day Ceriodaphnia tests (Appendix A, Tables 14A-17A).  Larval fathead minnow seven-day tests were performed on two San Joaquin River samples collected at Vernalis (Appendix A, Tables 18A and 19A).  Low-level mortality (20%) was observed in the sample collected on February 17th.  The significance of this low-level mortality in only in one sample is difficult to judge.  Three San Joaquin River samples collected at Vernalis were subjected to Selenastrum testing (Appendix A, Tables 20A-22A).  These samples were tested without any manipulations and after being passed through a solid phase extraction C8 column.  The C8 treatment is to remove non-polar organic chemicals that could be toxic to the test species.  In all three San Joaquin River samples treated with C8 columns, algal cell counts were significantly higher than in the untreated samples.  These data suggest that the San Joaquin River samples contained a chemical(s) toxic to green algae.

Of the 60 samples collected in the San Joaquin River watershed during the dry season only two were toxic to Ceriodaphnia (Table 2: Appendix A, Tables 4A-13A).  The two toxic samples were collected from Del Puerto Creek on July 25 and August 1; these two samples elicited 100% mortality within 48 and 72 hours, respectively.  TIEs suggested that metabolically activated orgnophosphorus insecticides were the cause of lethality in both samples (Appendix A, Tables 11A/b and 12A/b.  The metabolically activated and highly toxic azinphos methyl (gluthion) was present in the 1 August sample at a concentration sufficient to cause Ceriodaphnia mortality.  While TIE data convincingly implicated a metabolically activated organophosphorus insecticide(s) as the cause of mortality in the 25 July Del Puerto Creek sample, analytical chemistry data failed to detect OP insecticides at concentrations adequate to explain the mortality.  Whether the chemical analyses included all potentially toxic OP insecticides is unclear.

Quality Assurance— Eight field duplicates were tested in this project (Appendix A, Tables 1A, 2A, 3A, 4A, 5A, 6A, 7A, 9A, and 10A).  Results in all field duplicates were equivalent (not statistically different) to the primary sample.  These data illustrate the ability of ATL to duplicate test results (i.e., high precision testing).  A known toxicant (diazinon) was spiked into a matrix (Merced River) sample and duplicate, as well as into laboratory control water (Appendix A, Table 12A).  The response in all three samples was equivalent—100% mortality within 72 hours of initiating exposure.  These results also confirm the precision of ATL testing and that the test organisms were responding typically to this toxicant.  In addition, these data reveal that matrix water (Merced River) did not appreciably modify diazinon toxicity.

Conclusions

With Ceriodaphnia dubia as an indicator (of zooplankton primary consumers responses), lethality was very infrequent at the selected San Joaquin River watershed sites.  These data should not be extrapolated to make conclusions regarding sub-lethal toxicity in the San Joaquin River watershed. 

While the magnitude of the organophosphorus insecticide-caused toxicity in the two Del Puerto Creek samples was high, data are insufficient to characterize the duration, frequency, or geographic extent of that toxicity.  Without such information it is difficult to predict risk to resident aquatic species.

Experiments with Selenastrum demonstrated that San Joaquin River samples collected in post-rainstorm events were toxic to unicellular green algae.  This project did not include funding to determine the chemical cause(s), geographic source(s), or geographic extent of observed toxicity.  Previous work with samples collected from central valley watersheds documented that the herbicide diuron was a primary cause of toxicity to green algae (www.sacriver.org, AQUA-Science 2002).

Recommendations

· Characterize more completely the magnitude, duration, frequency, geographic extent, and source(s) of toxicity in the Del Puerto Creek area.

· Coordinate sampling with pesticide applications and/or major irrigation events/periods.

· Sample and test other small tributary creeks in the San Joaquin watershed.

· Include indigenous species and sub-lethal endpoints into the tributary toxicity testing program.

· Expand chemical analyses of toxic samples to pesticides applied (based on the DPR Pesticide Use Reports) in this watershed during the months of sampling.

· Combine water column toxicity testing with some type of biological assessment (artificial substrate recommended) and or in situ and sediment toxicity testing.

· Follow up on San Joaquin River toxicity to green algae – determine cause(s), source(s), and geographic extent of this toxicity.

Table 1.  Summary of Ceriodaphnia tests on San Joaquin River watershed samples (February - March, 2002).

	
	Sampling Date

	Site
	2/17
	2/18
	3/8

	Orestimba Creek
	NT1
	NT
	NT

	Stanislaus River @ Causwell
	NT
	NT
	NT

	Merced River
	NT
	NT
	NT

	SJR @ Patterson
	NT
	NT
	NT


1NT = no significant toxicity

Table 2.  Summary of Ceriodaphnia tests on San Joaquin River watershed samples (May – August, 2002).

	
	Sampling Date

	Site
	5/30,   6/1
	5/21, 5/22
	5/29, 5/30
	6/5,  6/6
	6/19, 6/20
	6/26, 6/27
	7/10, 7/11
	7/24, 7/25
	7/31, 8/1
	8/8

	Ingalsbe Creek @ Turlock Road
	NT1
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	-

	Merced River @ Oakdale Road
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	-

	Dry Creek @ Gallo
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	-

	Orestimba Creek
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	Mort2
	Mort3
	NT

	Del Puerto Creek
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT

	SJR @ Vernalis
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT
	NT


1NT = no significant toxicity

2100% mortality within 48 hours of exposure; organophosphorus insecticide caused.

3100% mortality within 72 hours of exposure; organophosphorus insecticide caused.
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Appendix A

Toxicity Test and Toxicity Identification Evaluation Data Sheets

Appendix B

Sample Water Quality Data Sheets
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