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Sherry Poucher, Iris Winstanley

cc:  Nancy Winters
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January 22, 2003

Re:
Review of Interim Report, Whole Effluent Toxicity Tests, Unocal Edmonds Terminal 

SAIC has reviewed the Interim Report, Whole Effluent Toxicity Tests, Unocal Edmonds Terminal, prepared by MEC Analytical Systems, Inc. and dated December 13, 2002, as well as chemical characterization data forwarded you in your e-mail of 1/10/03.  Our review includes the following:  

· evaluation of preliminary results of the Tier 1 freshwater whole effluent toxicity (WET) test data 

· implications of chemistry data from the test solutions and Unocal monitoring wells MW-133 and SB-112

· discussion of what can be concluded from the tests performed to date, and recommendations for further action.

Preliminary Tier 1 Freshwater WET Test Results

Tier 1 freshwater WET tests were conducted in accordance with the Whole Effluent Toxicity Testing Work Plan, Unocal Edmonds Terminal, dated June 19, 2002 (as amended January 3, 2003).  Product from wells MW-133 and MW-112R was received by the laboratory (MEC Analytical Systems, Inc.) on October 10, 2002.  Although not explicitly stated in the Interim Report, SAIC assumes that samples from the two wells were combined for purposes of the WET tests.  Seven-day chronic WET tests were conducted using fathead minnow (Pimephales promelas) and a daphnid (Ceriodaphnia dubia), consistent with Ecology’s WET test guidance (Ecology 1997).

Raw data from the WET tests were analyzed using output from the ToxCalc( statistical package from Tidepool Software.  Following EPA recommended methods (U.S. EPA 1994), Dunnett’s Test for significant differences was applied for both survival and growth of Pimephales, while Steel’s Many-One Rank Test was used for Ceriodaphnia survival and reproduction. All statistical analyses were conducted with α = 0.05. 

Results of the tests indicate that the Water Accommodated Fraction (WAF) formulations were toxic to Pimephales. The Lowest Observed Effect Concentration (LOEC) was 1,420 ug/L for survival (80% in the LOEC vs. 100% in the control). The No Observed Effect Concentration (NOEC) was 835 ug/L.  A preliminary site-specific chronic value for total 

petroleum hydrocarbons (TPH) may be estimated as the geometric mean between the NOEC and the LOEC, or 1,089 ug/L.  

The Ceriodaphnia results indicate that at the highest concentration tested, survival was not reduced relative to controls (90% vs. 100%).  Mean survival in the next highest treatment was 70%; this effect could be due to a higher exposure to bioavailable WAF than at the highest concentration (potentially due to miscelle formations that were measured but less bioavailable in the highest concentration).  However, the Ceriodaphnia test design is not sufficiently robust to statistically detect a 20% difference in control survival.  Reproductive responses in Ceriodaphnia were characterized by high variability amongst individual test organisms, also precluding detection of statistical differences.  

Therefore, the Pimephales results provide the best data for deriving a site-specific chronic value.  Summaries of statistical evaluations for both species are attached.

Chemical Characterization Data

Recent studies suggest that the toxicity of weathered petroleum hydrocarbons from oil spills is largely related to the concentrations of high molecular weight polynuclear aromatic hydrocarbons (PAHs; Rice et al. 2001).  Seepage of weathered TPH products into groundwater wells could be expected to have a similar high proportion of high molecular weight PAHs.  Toxicity is reported to have occurred at summed PAH concentrations of approximately 1 ppb for the early life stages of pink salmon and Pacific herring (Rice et al. 2001; Heintz et al. 1999; Carls et al. 1999). Rice and his co-authors suggest that total PAHs, rather than WAFs, should be used in assessments of risk, but this seems to be based largely on studies where WAFs were prepared from non-weathered product.  It seems reasonable to use a WAF for testing samples from the Unocal Edmonds Terminal site.  This is because the samples are weathered, and because the greatest route of uptake for sensitive early life stages is expected to be in the water phase, whether it is partitioned from sediment or results from direct seepage.  However, future toxicity studies should emphasize chemical analysis of PAH constituents as well as carbon-numbered TPH fractions in order to capture the relevant sources of toxicity.

Chemistry data from previous Unocal monitoring events provide only limited data for review, but indicate that the variability between wells is high, both quantitatively and qualitatively.  For instance, the relative concentration of chrysene (Table 1) appears to be much higher in well MW-133 than in well SB-112. Chrysene is a C18 PAH that is expected to have toxicity similar to phenanthrene, fluoranthene and benzo(a)pyrene (predicted chronic values within a factor of 5; U.S. EPA 2002; Schwartz et al. 1995).  No other PAHs were measured in both wells, but chrysene can be reasonably used as an indicator of potential toxicity.  Unfortunately, PAH data were not available for the WAF dilution series.  In 33 sediment samples, Schwartz et al. (1995) found that the mean contribution of chrysene to toxicity in amphipods was 7.9%, with a maximum of 18.2%.  While only a very limited number of PAH values were available for review, there is evidence that the wells were highly stratified with respect to PAH concentrations, but that the pattern observed in the two wells was not consistent. For MW-133, the highest concentration measured is for depth 5 (one and two orders of magnitude higher than decreasing depths of 3 and 1, respectively). The opposite appears to be true for MW-112R, where the shallow depth concentration (1) is two orders of magnitude higher than at the 3.5 depth.  

Table 1.  Chrysene Concentrations Measured in Wells Used in WET Tests

Sample ID
Sample Depth (units unknown)
Conc’n of Chrysene
(mg/L)

MW-133
1
0.0088

MW-133
3
0.3

MW-133
5
4.2

SB-112
1
0.82

SB-112
3.5
0.0073

The well sample data do not directly represent the constitution of a WAF, and the degree of correlation between sample concentration and toxicity is unknown, but the high variability for chrysene in well samples does indicate that it will be important to complete a better characterization of the magnitude and proportional distribution of PAHs in well samples that are used in WET tests.

Current Status and Recommendations

The Whole Effluent Toxicity Testing Work Plan for Unocal Edmonds Terminal calls for Tier 2 WET tests, which involve running definitive tests in a narrower range than the Tier 1 tests.  SAIC believes that the range between the NOEC (835 ug/L) and LOEC (1420 ug/L) from the Tier 1 tests is sufficiently narrow, especially given that the effect at 1,420 ug/L is only 20% reduction in survival, and that Tier 2 tests to further narrow this range are not necessary. 

The Unocal work plan also calls for testing two marine species.  Regarding the potential differences between freshwater and saltwater species in their sensitivity to petroleum hydrocarbon products, EPA has found that overall sensitivity to PAHs does not differ between the two groups (U.S.EPA 2002).  It should be noted, however, that Pimephales sensitivity to PAHs is generally in the least sensitive quartile of the distribution of the 24 freshwater and 30 saltwater species that were ranked, being an order of magnitude less sensitive than the most sensitive species (U.S. EPA 2002).

SAIC believes that the biggest issue to resolve might be the variability between the two wells. If there was enough sample to run tests with two species, it would seem that a test with a single species could be conducted but with samples from individual wells.  If sufficient product is not accumulating to conduct standard tests, then it might be prudent to conduct a test using a modified design, with a species that can tolerate low volume testing (e.g., mysids, which may also be more sensitive than Pimephales [U.S.EPA 2002] and may provide a test with better statistical resolution than Ceriodaphnia [U.S. EPA, 2000]).  

In future testing it will be important to emphasize precision and representativeness in sample collection.  SAIC also recommends complete chemical analysis of the samples, WAFs, and dilutions that bracket effect concentrations.  Only with a complete chemical evaluation will it be possible to correlate observed toxicity with constituent concentrations and, thus, to characterize potential toxicity in other untested well/groundwater samples.  With a complete set of chemistry data, including individual PAHs, it may be possible to determine a TPH fraction (GRO, DRO, or HO) that serves as the best predictor of WAF toxicity.

.  
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