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Appendix D

Sediment Grain Size and Total Organic Carbon Analyses
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Appendix E

Toxicity Test Data






Section 1

Eohaustorius estuarius Survival in Sediment
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Section 2

Strongylocentrotus purpuratus Development in Porewater
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Section 4

Ceriodaphnia dubia Survival in Intact Sediment Cores
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Section 5

Hyalella azteca Survival in Sediment
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Appendix F

Benthic Community Data
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Appendix G

Effects of Extraction Methods on Porewater Toxicity



METHODS VALIDATION:
EFFECTS OF EXTRACTION METHOD
ON POREWATER TOXICITY

Introduction

As part of the development and validation of analytical methods for the BPTCP. a study
was conducted in 1993 to assess the effects of three extraction methods on the toxicity of
the sediment porewater. Sediment was collected at four sites in the San Francisco Bay
Region. and porewater was extracted by centrifugation, piston squeezing, and passive

eparation through sediment settlement. These porewater samples were then tested for
toxicity using the sea urchin embryo/larval development test and the amphipod survival
test.

Methods

Sediment was collected from four sites using the techniques described in the Methods
section of the main report. One site, Bolinas Lagoon, is remote from industrial pollution
sources. but has shown sediment toxicity in past surveys. Castro Cove has elevated
concentrations of numerous chemicals, primarily high molecular weight PAH
compounds. The Hunter's Point and Oakland Harbor sites have received chemical inputs
from shipbuilding and industrial activities, and likely receive storm water runoff as well.

Sediment samples were homogenized in the field in polycarbonate tubs, and were
brought to Moss Landing Marine Laboratories for porewater extraction. All storage and
handling techniques were as described in the Methods section of the main report.

Porewater was extracted using three methods. The squeezing technique used a pneumatic
air cvlinder to apply pressure to pistons within a core tube. Sediment placed in the core
tube was compressed by the piston. and the force displaced porewater from the interstitial
spaces of the sediment. The rate of porewater displacement was controlled by increasing
or decreasing the air pressure to the cylinder. Glas fiber filters (0.45 pm) were used to
retain sediment and allow porewater to flow from the cylinder port. There was concern
with this technique that somewhere in the working pressure range of 0 to 200 psi the
potential for pressure-related artifacts would arise. Such artifacts might include the
lvsing of biological cells, with release of natural toxins, or the stripping of chemicals
from solid-phase sediment beyond that which would occur under conditions of porewater
equilibrium in the environment.

The second technique was centrifugation. Sediment samples were centrifuged in one-
liter polycarbonate bottles at 2500 g for 30 minutes at 4° C. Centrifugation also exerts
force on sediment samples. perhaps affecting chemical equilibria or the integrity of
biological cells. and may also result in toxicity artifacts. The third method was passive
settling. in which sediment samples were simply allowed to stand for 48 hours, and pore



water supernatant was siphoned off the top. Neither of these techniques incorporated any
sample filtration.

These three porewater treatmenis were then tested for toxicity to sea urchin embryos at
the Marine Pollution Studies Laboratory at Granite Canyon, and for toxicity to
amphipods (Eohaustorius) at H.R. Hansen and Associates, using the protocols described
in the Methods section of the main report. Sea urchin tests were 96 hours in duration;
amphipod tests. both porewater and solid-phase, were 10 days in duration. Porewater
was renewed every 48 hours for the amphipod tests, and was not renewed for the sea
urchin tests. Six porewater concentrations and a control were tested for each treatment.
For all treatments. porewater concentrations were 0% (control), 1%. 5%. 10%, 25%,
50%, and 100% porewater.

Resuits and Discussion

While six porewater concentrations were tested. ail concentration lower than 100% were
non-toxic to sea urchin larvae. and there was sufficient resolution among samples in the
100% porewater amphipod tests that subsequent dilutions provided little additional
information.

In the sea urchin tests. the passive technique was assumed to be the least disruptive of the
three technigues. and this treatment was compared to the other two for resolution of
extraction artifacts. Porewater produced by squeezing was more toxic than either the
centrifugation or passive treatments in samples from all four sites ( Table G-1).
Centrifugation and passive samples produced identical results in one sample. but there
were significant differences between the two in the other three samples. Passive was less
toxic than centrifugation in one sample, but more toxic in two others.

Table G-1. Sea urchin toxicity in porewater samples extracted using
different techniques. Values are mean percent normal sea urchin
larval development. with standard deviations in parentheses.

Extraction Technique

Test Site Squeezing Centrifugation  Passive
Bolinas Lagoon 40 (13) 92 (3) 77 (6)
Castro Cove 4 (4 87 (4) 49 (10)
Oakland Harbor 11 (18) 32 (19) 91 (2)
Hunter's Point 84 (3) 94 (1) 94 (4)
Control 89 (1) 89 (1) 89 (1)

)
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In the amphipod tests, the solid phase exposure was assumed to be the ground-truth
against which to compare porewater results. However. the solid-phase exposures
produced significantly greater toxicity than did any porewater treatment in all four
samples (Table G-2). Two samples (Bolinas Lagoon and Hunter's Point) were essentially
non-toxic in all porewater extraction treatments, though both were toxic in solid-phase
tests. In the Castro Cove sample, the squeezing treatment was much less toxic than either
passive or centrifugation. In the Oakland Harbor sample, the squeezing treatment was
more toxic than either passive or centrifugation. Only in this Oakland Harbor sample
was any porewater treatment similar to solid-phase. with the squeezing treatment having
55% survival compared to 60% in solid-phase. Thers were no obvious explanations for
the greater toxicity in the solid-phase tests. No chemical analyses were conducted on
either solid-phase or porewater samples. Sediment grain size was relatively high, ranging
from 89% to 96% fines, but this percentage of fine-grained sediments would not
generally be responsible for the magnitude of effects observed.

Table G-2. Amphipod toxicity in porewater samples extracted using different
techniques. Values are mean percent amphipod survival. The last column gives
the results of amphipod survival in solid-phase sediment from which porewater
was extracted for comparison.

Extraction Technique Sold-Phase
Test Site Squeezing Centrifugation  Passive Sediment
Bolinas Lagoon &0 85 85 44
Castro Cove 75 15 10 5
Oakland Harbor 55 80 90 60
Hunter's Point 90 100 100 31
Control >80 >75 > 85 98

There were a number of conflicting trends in the data. perhaps indicating the site-specific
nature of porewater equilibrium conditions. The only consistent trend was that porewater
produced by squeezing was consistently the most toxic to sea urchin larvae. In order to
produce data as free from technical artifacts as possible, the squeezing method was
discontinued in favor of centrifugation after this study was completed. By using
centrifugation. the program was attempting to minimize the occurrence of false positive
results. in order to have greater confidence that determinations of sample toxicity were
most likely to be accurate.
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