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he suitability of using sea
urchin embryo and gam-
ete test methods to assess the
toxicity of sediment was evalu-

ated during January-May of 1987.

This project was funded by the
National Oceanic and Atmos-
pheric Administration (NOAA)
as part of a nationwide compari-
son of several promising sedi-
ment bioassays. All participants
in the project tested the same
sediments, which were collected
from sites in and around San
Francisco Bay (Figure 1). The
sites were selected based on pre-
vious studies to form a gradient

70

of contamination, ranging from
the control site at Tomales Bay
to the most contaminated site at
Oakland Inner Harbor. The
general order of contamination
was Qakland > Vallejo > Yerba
Buena > San Pablo > Tomales
Bay. The sites had various types
of contamination, but high mo-
lecular weight polynuclear aro-
matic hydrocarbons (PAHs) were
the dominant chemical group at
the most contaminated sites
(Table 1).

Steven M. Bay, Darrin J.
Greenstein, Karen D. Englehart,
and Valerie E. Raco performed
SCCWRP’s part of the project.
Their goals were threefold:

(1) to compare the biological re-
sponses between the stations, (2)
to compare the results of several
endpoints of the urchin bioassay,
and (3) to compare the responses
of three different species of
urchins for one of the endpoints.
Each of these goals was met with
varying degrees of success.

Sea urchin embryo and
gamete tests have been used at
SCCWRP for many years for the
testing of aqueous solutions, such
as wastewater effluent and dis-
solved metal and organic con-
taminant solutions (Oshida et al.

1981). To provide an aqueous
solution from the sediments, the
scientists added clean laboratory
seawater to the sediments and
then allowed this to be stirred
overnight. The sediment slurry
was then centrifuged, and the
overlying water (sediment elutri-
ate) was removed for the assays.

Bay et al. used three species
of urchins in this test: the purple
urchin (Strongylocentrotus purpu-
ratus), the white urchin (Lytech-
inus pictus), and the green urchin
(Strongylocentrotus drobachien-
sis). These species were chosen
to represent differences in geo-
graphic distribution and spawn-
ing season.

Four possible endpoints to
the urchin assay were investi-
gated. The first endpoint was
fertilization success of sperm
exposed to the elutriates. For
this test, Bay and co-workers em-
ployed the methods of Dinnel et
al. (1987). The second endpoint
was normal embryo development
after 48 h of exposure. This
involved examining the embryos
microscopically and rating their
development. Subsamples of
these embryos were also vsed for
the third and fourth endpoints,
the third being the production of
the pigment echinochrome by the
embryos. This test used the
methods of Bay et al. (1983).
The fourth endpoint was a micro-
scopic examination of the em-
bryos for cytologic/cytogenetic
abnormalities. This part of the
project was completed by Dr. Jo
Ellen Hose of Occidental Col-
lege using methods which she



developed (Hose 1985). Only
the 48-h development test was
performed on the white and
green urchins.

The sperm test showed
results different from what was
expected based on the relative
degree of contamination at each
station (Table 2). The elutriate
samples from the Vallejo and
Yerba Buena sites had signifi-
cantly greater fertilization per-
centages than the other stations
and the laboratory seawater
control samples. The 48-h urchin
development test showed few
differences between stations;
however, embryos from the
Tomales Bay station had a sig-
nificantly greater number of
abnormalities than the other
sites. The echinochrome pig-
ment assay showed that exposure
to elutriates from the Oakland,
Vallejo, and San Pablo Bay sites
resulted in significantly lower
pigment production than that for
Tomales Bay (Table 2).

The cytogenetic analysis
produced the most responsive
results and also had patterns
which closely followed the con-
tamination gradient. For most of
the parameters examined, em-
bryos exposed to Tomales Bay
and San Pablo Bay elutriates
usually were significantly less af-
fected than those at the other
sites (Table 3). The toxicity at
Tomales Bay for the 48-h devel- -
opment test was not encountered
in cytogenetic analysis, which
suggests that the mechanism for
the abnormal development was
due to something other than
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Figure 1. Locations of sediment sampling sites for this study.

genetic damage. The results of
the white urchin test were similar
to those for the purple urchins,
with the Tomales Bay station
having the greatest percentage of
abnormally developed embryos.
The green urchin test was com-
pletely unsuccessful as none of
the fertilized eggs developed
beyond the early cleavage stage.
This was probably caused by

stress resulting from their ship-
ment from the East Coast.

One factor dffecting the
usefulness of an endpoint is the
variability of the data between
replicates, This variability was
expressed as the coefficient of
variation (CV, which is the
standard deviation divided by the
mean). For this project, the
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