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INTRODUCTION

The Biomonitoring and Environmental Status and Trends Program (BEST) monitors,
identifies, and assesses contaminants and their effects on biological resources, inciuding biota and
the habitats that support them. BEST is applying a suite of biomonitoring methods in large rivers
as one approach for monitoring contaminants and their effects. This monitoring approach alone is
not sufficient to address the wide array of issues concerning contaminant effects in the
environment. Consequently, BEST is pursuing the development of additional monitoring options
through collaborations with other national monitoring efforts to maximize its limited resources,
avoid duplication, and capitalize on results (such as ecological condition) provided by other
national monitoring efforts.

The Estuary Resource Group of the Environmental Monitoring and Assessment Program
(EMAP) finalized plans this year to sample habitats along the Pacific coast. EMAP is a national
program of the U.S. Environmental Protection Agency (EPA) that uses a probability-based
sampling frame to periodically characterize ecological conditions at regional and national spatial
scales. The core indicators of estuarine environments include measures of physiochemical
attributes, water quality, sediment quality and habitat attributes as well as attributes of the fish and
benthic communities. Many of these indicators are also BEST indicators. The addition of
porewater toxicity testing as an additional indicator of sediment quality provides a more
comprehensive picture of contaminant effects in estuarine habitats.

This study was undertaken to assess sediments from large estuaries from the states of
Washington, Oregon and California using the sea urchin (Arbacia punctulata) fertilization and
embryological development tests. Sediment samples were collected by various local field
personnel and shipped to the United States Geological Survey (IUSGS) Marine Ecotoxicology
Research Station (MERS) in Corpus Christi, Texas where the tests were performed. A cooperative
sampling effort was made in San Francisco Bay, California with the National Oceanic and
Atmospheric Administrations (NOAA) Status and Trends project which allowed the number of
samples to be expanded greatly in the estuary. In addition, testing was completed on archived
samples of pore water stored at the MERS lab from previous NOAA samplings in the Puget Sound
estuary. Sediment pore water was extracted with a pneumatic apparatus similar to the one used in
previous studies (Carr and Chapman, 1992; 1995; Carr et al., 1996a; 1996b; NBS, 1993; 1994,
1995a; 1995b, USGS, 1997a; 1997b; 1998; 1999a; 1999b; 2000a; 2000b; 2000c). Porewater
samples were stored frozen until just prior to testing when water quality parameters were measured
and adjusted, if necessary. A dilution series (100, 50 and 25%) test design was used to determine
the toxicity of sediment porewater samples. Additional subsamples of frozen pore water were
analyzed for dissolved organic carbon.

The specific objectives of this study were to:

® Extract sediment pore water from all sediment samples as soon as possible after receipt of
the samples using a pneumatic extraction device.



® Mecasure water quality parameters (salinity, dissolved oxygen, pH, sulfide, temperature, and
ammonia) of thawed porewater samples prior to testing and adjust salinity, temperature,
and dissolved oxygen, if necessary.

® Conduct the fertilization and embryological development toxicity test with pore water using
gametes of the sea urchin Arbacia punctulata. A control reference pore water and a
dilution series with sodium dodecyl sulfate (SDS) as a quality assurance control was run in
conjunction with each test.

® Retest archived NOAA samples with the sea urchin A. puntulara and compare results to
previous test results performed with Strongylocentrotus purpuratus.

® Make statistical comparisons between test and reference stations for the pore water and
calculate EC,; values where possible.

® Measure Dissolved Organic Carbon (DOC) in pore water from all stations.

MATERIALS AND METHODS

Sediment Sample Receipt and Tracking

Washington

Surficial sediment samples were collected from 19 stations from the Puget Sound estuary and
sent to the USGS MERS in Corpus Christi, Texas between 6/15 and 8/16/2000 (Figure 1).
Samples were collected by personnel of the Washington Department of Ecology. Table 1 lists the
locations of sample stations as well as sample arrival temperatures and holding times for each
sample prior to porewater extraction. Homogenized samples were placed in precleaned one-gallon
high density polyethylene contaimers, chilled, and shipped in insulated coolers with blue ice.
Samples were received by the USGS MERS in Corpus Christi, Texas, the day following shipment
in good condition with incoming temperatures ranging from 3 to 6 °C. Shipments were
accompanied by sample tracking sheets, and samples were logged into a laboratory sample tracking
system. Samples were processed for porewater extraction upon receipt. All porewater samples
were extracted within 6 days of the time of field collection of sediment, and within 24 hours of
arrival at the Corpus Christi laboratory and frozen at - 20°C. Sediment samples were held
refrigerated at 4°C or were placed on blue ice and chilled while awaiting processing,.

A subset of 40 porewater samples from sediments collected by NOAA in Puget Sound in
1697, 1998, and 1999 (Figure 1) were also thawed and tested with the sea urchin A, punctulata.
Table 2 lists the locations of the sample stations as well as the sampling dates. Sediment samples
were received at MERS from NOAA personell in 1997, 1998 and 1999 in similar precleaned one-
gallon high denisty polyethylene containers and processed for porewater in the same manner as
described below.



Initial testing of these samples for NOAA was with the pacific purple urchin S. pupuratus.
Data collected by this lab in 1997 indicated that there was a similar toxicity response between the
two urchin species (USGS 1997b). However, previous testing of the porewater sample was
performed only with the sea urchin fertilization assay. It is not known how long samples can be
stored frozen without changing the toxicolgical characteristics of the sample. As a result, both sea
urchin assays were performed on the archived samples and the results compared back to previous
test results with S. purpuratus to determine if any changes in sample toxicity during storage had
occurred.

Oregon

Sediment samples were collected from 20 intertidal stations from the Columbia River estuary
between 8/23 and 9/27/2000 by personnel of the Oregon Department of Environmental Quality
(Figure 2). Table 3 lists the locations, arrival temperatures and holding times prior to extraction
for each of the samples collected and shipped to MERS. All samples were processed and stored as
described below.

California

A total of 99 sediment samples were collected from San Francisco Bay and shipped to MERS
between 7/11 and 8/17/2000 (Figures 3 and 4). The majority of the samples were collected by
NOAA personnel with the remainder being collected by personnel from the Moss Landing Marine
Laboratory. Tables 4 and 5 lists geographical locations, sample arrival temperatures and holding
times prior to extraction of all the samples. Eighteen NOAA samples arrived at temperatures
exceeding 10°C. It 1s not known what effect elevated temperatures may have had on the toxicity of
the pore water and this should be taken into considerattion when interpreting the results for these
samples. Once the samples arrived at the Corpus Christi laboratory, all samples were either
refrigerated at 4°C or were placed on blue ice and chilled while awaiting processing.

Porewater Toxicity Testing
Sediment Porewater Extraction Procedure

Pore water was extracted from the sediments using a pressurized pneumatic extraction device.
This extractor is made of polyvinyl chloride (PVC) and uses a 5 um polyester filter. It is the same
device used in previous sediment quality assessment surveys (USFWS, 1992; Carr, 1993; NBS,
1993; 1994; 1995a, 1995b; USGS 1997a; 1997b, 1998; 1999a; 1999b; 2000a; 2000b; 2000¢). The
apparatus and extraction procedures are detailed in SOP F10.9 (Attachment 1).

Sediment samples were held refrigerated (4°C) until the pore water was extracted. Pore water
was extracted as soon as possible after receipt of the samples but in no event were the sediments
held longer than 24 hours from the time of receipt hefore they were processed. After extraction,
the porewater samples were centrifuged in polycarbonate bottles at 1200 x g for 20 min to remove
any suspended particulate material; the supernatant was collected and frozen.



Two days before conducting a toxicity test, porewater samples were moved from the freezer to
a refrigerator at 4°C. One day prior to testing, samples were completely thawed (if necessary) in a
tepid water bath. Temperature of the samples was maintained at 20 + 2°C. Sample salinity was
measured and adjusted to 30 + 1%, if necessary, using purified deionized water or concentrated
brnine (see SOP F10.12, Attachment 2). Other water quality measurements (dissolved oxygen, pH,
sulfide and ammonia concentrations) were made. Temperature and dissolved oxygen (DO) were
measured with YSI® meters: salinity was measured with a Reichert® refractometer; and pH, sulfide
(as %), and total ammonia ( TAN) were measured with Orion® meters and their respective probes.
Unionized ammonia concentrations (UAN) were calculated for each sample using the respective
salinity, temperature, pH, and TAN values. Any samples containing less than 80% DO saturation
were gently aerated by stirring the sample on a magnetic stir plate. Following water quality
measurements and adjustments, the samples were stored overnight at 4°C but returned to 20 + 1°C
before the start of the toxicity tests.

Porewater Toxicity Testing with Sea Urchins

Toxicity of the sediment pore water was determined using the fertilization test and the
embryological development test with the sea urchin Arbacia punctulata following the procedures
outlined in SOP F10.6 and F10.7 (Attachment 3 and 4). The sea urchins used in this study were
obtained from Gulf Specimen Company, Inc. (Panacea, Florida). Each of the 178 porewater
samples was tested in a dilution series design at 100, 50, and 25% of the water quality adjusted
sample with 5 replicates per treatment. Dilutions were made with 0.45 pm filtered seawater. A
reference porewater sample collected from Redfish Bay, Texas, which had been handled identically
to the test samples, was included with each toxicity test as a negative control. This site is far
removed from any known sources of contamination and has been used previously as a reference
site (Carr and Chapman, 1992; Carr, 1993; NBS, 1993; 1994; 1995a; 1995b; USGS, 1997a; 1997b;
1998; 1999a; 1999b; 2000a; 2000b; 2000c), as noted previously, In addition, dilution blanks of
filtered seawater and a reconstituted brine (brine with purified deionized water) were also included.
A dilution series test with sodium dodecyl sulfate (SDS) was included as a positive control.

Statistical comparisons among treatments were made using ANOV A and Dunnett's one-tailed
t-test (which controls the experimentwise error rate) on the arcsine square root transformed data
with the aid of SAS (SAS, 1989). Further transformations was required with some data sets to
adjust for response scaling inequalities. The trimmed Spearman-Karber method (Hamilton et al.,
1977) with Abbott's correction (Morgan, 1992) was used to calculate EC,, (50% effective
concentration) values for dilution series tests when possible. Prior to statistical analysis, the
transformed data sets were screened for outliers (SAS, 1992). Outliers were detected by comparing
the studentized residuals to a critical value from a #-distribution chosen using a Bonferroni-type
adjustment. The adjustment is based on the number of observations, n, so that the overall
probability of a type I error is at most 5%. The critical value, cv, is given by the following
equation: cv = #{df;_, .05/(2 x n)). After omitting outliers but prior to further analysis, the
transformed data sets were tested for normality and for homogeneity of variance using SAS/LAB®
Software (SAS, 1992).



results may indicate some difference in sensitivity of the two species not seen previously or may
indicate a problem with storing porewater in a frozen state for longer than 19 months. This
descrepancy must be considered when interpreting the results of the embryological development
test.

Toxicity test results of the embryological development test revealed that 17 of the 40 samples
were toxic in the 100% adjusted porewater sample (Table 14). Furthermore, three samples were
still toxic at the 50% dilution and one (243) was still very toxic at the 25% concentration. Table 15

summarizes the results of both tests with A. punctulata and Figures S and 6 illustrate the results on
maps.

Oregon

Twenty samples were extracted and toxicity tested from the Columbia River estuary in
Oregon. Salinity ranged from O to 28 ppt (Tables 16 and 17 ). Eight samples had salinities below
2 ppt. As with the Washington samples, the embryological development assay was repeated when
the first assay failed to meet the acceptability criteria for the reference toxicant. As a result, two
separate samples were used and water quality measurements are reported for both sea urchin assays
(Tables 16 and 17). Dissolved oxygen was above the 80% saturation level in all samples except
for sample OR2000-0049 in the embryological development assay which was inadvertantly not
aerated. However, the low dissolved oxygen level was not found to add an effect in this sample in
the embryological development assay. Sulfide was not detected in any of the samples for either
test. Measurements of pH ranged from 7.82 to 8.33 in the samples used in the fertilization assay
and ranged from 7.89 to 8.44 in the samples used in the embryological development assay. Total
ammonia was near or below detection limits for most samples with the exception of OR2000-0034.
Unionized ammonia did not exceed 22 pg/l. which is well below the NOEC determined by our lab
for both the sea urchin assasys.

Sea urchin fertilization assay results for the Oregon samples can be found in Tables 18 and 20.
No samples tested were found to be toxic in this assay. Sample OR2000-0049 was determined to
be statistically different than the reference but did not meet the detectable significance criteria
(DSC). Likewise, no samples were found to be toxic in the embryological development assay.
Raw and summarized results can be found in Tables 19 and 20. There were no EC,, values
calculated for these samples as there was no toxic response.

California

BEST/EMAP samples

Thirteen samples were extracted and toxicity tested from San Francisco Bay for the
BEST/EMAP program. Salinity of the samples ranged from 16 to 31 ppt (Table 21). Dissolved
oxygen was in excess of the 80% saturation level required. Sample pH levels ranged from 6.45 to
8.00. Total ammonia ranged from 1.08 to 6.8 mg/L with the unionized fractions ranging from 3.3
to 166.6 pg/L.

Raw data for the sea urchin fertilization test can be found in Table 22. Data is also
summarized with the embryological development data in Table 24 and graphically illustrated in



map format in Figure 7. Only 3 samples were found to be toxic at the 100% concentration.
Sample CA0042 was found to be the most toxic with significant decreases in fertilization being
exhibited in all three dilutions tested.

Sea urchin embryological development raw and summarized data can be found in Tables 23
and 24. Figure 7 also illustrates the results graphically. Nearly all of the samples (12 of 13) were
found to be toxic in the sea urchin embryological development assay at the 100% adjusted
porewater concentration. In addition, 8 samples were also toxic at the 50% concentration and one
was toxic at the 25% concentration. Only three samples exceeded the LOEC for unionized
ammonia (90 pg/L) and none of those samples had ammonia levels high enough to cause toxicity
in the 50% dilution.

EC,, values were not calculable for samples in the fertilization test, but were calculated for 10
samples in the embryological development test (Table 25). ECy, values were greater than 100%
concentration tested in the fertilization test samples with the exception of CA2000-0042 which had
an EC,, value of < 25%. The remaining 3 samples in the embryological development test had
EC,, values above the 100% concentration level. Quality controls used in the test resulted in
acceptable values. EC,, values for the SDS positive controls were 5.19 and 3.90 mg/L for the
fertilization and embryological development tests, respectively. These values fall within the control
charts for the MERS laboratory.

NOAA samples

Eighty-six sediment samples were extracted and tested for toxicity from San Francisco Bay for
the NOAA program. Salinity of the pore water ranged from 2 to 33 ppt (Table 26). Fourteen
samples had salinities below 10 ppt. Initial dissolved oxygen of all samples exceeded 80%
saturation and did not require aeration prior to testing, Sulfide measurements were below detection
limits and pH ranged from 7.04-8.47. Total ammonia measured ranged from 0.1 to 25.1 mg/L. with
the unionized fraction ranging from 2.9 to 217.1 pg/L.

Four tests were required (two fertilization and two embryological development) to complete
the toxicity testing for the NOAA and the BEST/EMAP samples. Toxicity testing of the 86
NOAA samples in the sea urchin fertilization test revealed 40 samples were toxic in the undiluted
adjusted pore water when compared to the reference pore water at & < 0.05. In addition 18
samples were toxic at the 50% dilution and two (38-3 and 40-2) were still toxic at the 25%
porewater concentration. Tables 27, 28 and 31 give the raw and summarized data, respectively, for
the fertilization test while Figures 8 through 12 illustrates the results in a graphical (map) format.

Sea urchin embryological development test results can be found in Tables 29 and 30,
summarized in Table 31 and again graphically illustrated in Figures 8 through 12. The
embryological development assay is often more sensitive than the fertilization assay as was the
case with this set of samples. Seventy-five of the 86 samples (87%) were found to be toxic in the
undiluted adjusted pore water. Fifty-seven samples were still toxic in the 50% dilution and 33
were toxic at the 25% conentration. Stations 38-3, 40-2 and 43-3 were the most toxic areas with
no normal plutei development in each of the three dilutions. The sea urchin embryological
development test is more sensitive to ammonia than the fertilization assay with the LOEC for
unionized ammonia of 90 pg/L. Fourteen samples exceeded this level in the undiluted adjusted
pore water. However, a 50% dilution would have dropped the level below the LOEC in all but 3




samples (33-5, 34-1 and 38-3). Toxicity persisted in many samples suggesting that other
contaminants besides ammonia may be contributing to the toxicity observed in these samples.

EC,, values could be calculated for 13 stations in the fertilization test while it was calculable
for 48 stations in the embryological development test (Table 32). In the remaining stations, EC,,
values exceeded the 100% concentration or were less than the 25% concentration (at 11 stations in
the embryological development test). Quality controls used in the test resulted in acceptable
values. EC,, values for the SDS positive controls were 6.05 and 5.19 mg/L for the fertilization
tests and 2.94 and 3.90 for the embryological development tests. These values fall within the
control charts for the MERS laboratory.

Dissolved Organic Carbon

Dissolved organic carbon (DOC) was measured in all porewater samples collected and frozen
for the 2000 BEST/EMAP study and the 2000 NOAA study on San Francisco Bay. Results of the
(DOC) analysis can be found in Tables 33-36. Samples were nun in 9 batches with associated
quality control standards. Tables 37 and 38 lists the results of the QA/QC controls run with each
batch. No samples had to be reanalyzed. Samples were frozen at the time of extraction to preserve
them for later analysis. DOC values reported reflect the concentrations in the porewaters at the
time of the toxicity testing. Preliminary data from our laboratory indicates that DOC
concentrations in freshly coliected samples may range from 1 to 20% higher than samples that have
been frozen or acidified for preservation. DOC concentrations were the highest in San Francisco
Bay samples with a range of 2.28 to 50.5 mg/L. DOC ranged from 5.25 to 22.89 in Washington
and 1.80 to 17.83 mg/L in Oregon samples.
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TABLES 1-38



Table 1. Geographic locations, sample arrival temperatures and holding times of
BEST/EMAP Puget Sound, Washington sampling sites.

Suion | Lainds | Longsac | SpoplcAial [ bapeine
) (Days)
El 48° 56293 | 123°44.021 5-6 5
E4 48°56319 | 123°12.074 5
ES 48°57.330 | 123°00.270 45 3
E6 48°54.082 | 122°55.518 4.5 5
E7 48°48.278 | 123°23.704 4.5 4
E8 48°42.718 | 123°31.703 4.5 4
E9 48°49.434 | 122°43.818 4.5 2
E13 48°34346 | 123°20.102 5-6 4
| Bu 48°37.483 | 122°57.675 4 5
ELS 48°36.677 | 123°59.988 4 5
E17 48°36.643 | 122°50.248 5 3
E19 48°31.439 | 122°50.857 5 3
E21 48°29.224 | 122°59.806 56 2
E22 48°25.550 | 123°17.289 5-6 4
| E23 48°23.287 | 122°55.203 5-6 3
|| E24 48°19.435 | 123°03.251 5-6 3
E25 48°18.960 | 122°48.026 5 2
E29 48°52.040 | 122°25.190 5 2
|] E30 48°35403 [ 122°25362 5 6




Table 3. Geographic locations, sample arrival temperatures and holding times of
BEST/EMAP Columbia River, Oregon sampling sites.

SatoniD | Latiace | Longitude | ORI | o proces
(°C) (Days)

OR2000-0031 46° 16.283 | 124°02.689 7 2

B OR2000-0032 | 46° 15.550 | 124° 01.280 7 2 {
OR2000-0033 | 46° 13.600 | 123° 58.681 5 3
OR2000-0034 | 46° 14.783 | 123° 51.873 6 3

FORZOOO-OOSS 46° 16.983 | 123° 47.568 6.5 6
OR2000-0036 | 46° 13.917 | 123° 56.357 6 2 [
OR2000-0037 46° 14.517 | 123° 51.510 6.5 4
OR2000-0038 46° 14.033 | 123° 52.804 5 2
OR2000-0039 46° 14.317 | 123° 04.738 6.5 5 f
OR2000-0040 46° 16.150 | 123° 42.762 6 2
OR2000-0041 46° 12.317 | 123° 52.892 6 2
OR2000-0042 46° 13.333 | 123° 47.829 6.5 5 |
OR2000-0043 46° 14.402 | 123° 43.942 6.5 6 r
OR2000-0044 46° 15.831 | 123° 39.502 6 2
OR2000-0045 | 46° 15.219 | 123° 33.731 5 3
OR2000-0046 46° 12761 | 123° 46.853 7 3 jl
OR2000-0047 46° 13.336 | 123° 39.908 5 4 ||
OR2000-0048 46° 16.098 | 123° 30.110 5 4
OR2000-0049 46° 14.944 | 123° 26.423 5 5

[ OR2000-0050 46° 14.137 | 123° 25.620 5 3




Table 4. Geographic locations, sample arrival temperatures and holding times of

—_—

BEST/EMAP San Francisco Bay, California sampling sites.

Station ID La(toi;;;de Lor(tgvivt;lde S'sll‘l;ln?l:]ee:ar:l'li::l COﬁLil:?:nT}iToe;ess
(Days)
CA2000-0038 38" 12.327 1217 34.388° 7 5
CA2000-0039 38" 10.074° 121° 32.057° 7 5
CA2000-0040 38° 10.718" 121° 18.203" 7 8
CA2000-0041 38" 7.112° 121° 30.581° 7 5
CA2000-0042 38° 8777 121° 18.815° 7 7
CA2000-0043 38° 5.599 121° 15,536 7 6
CA2000-0044 37° 57.885 121° 28.426° 7 6
CA2000-0045 37° 46.063° 1217 13.711° 7 5
CA2000-0046 37°30.318° 121° 10.624° 7 9
CA2000-0047 38°2.317 121° 28.304" 7 6
I CA2000-0048 38° 1.657 121° 29.399° 7 6
CA2000-0049 38° 40.486° 121° 22.130° 7 8
CA2000-0050 38° 41.065 121° 12,562 7 8




Table 5. Geographie locations, sample arrival temperatures and holding times of NOAA

San Francisco Bay, California sampling sites.

Stratum Site La(tui;;;de Lor(t%t;lde S;‘?ngifefartl:::l Coﬁzltjis:nrfll’?:(;ess
(Days)
1 2 38° 2.273 121° 49.985 14-15 6
2 2 38° 3.760° 121° 51.516’ 14-15 6
3 1 38° 4.283" 121° 58.185° 14-15 6
3 3 38° 3.825° 1217 55.455° 14-15 5
F 4 2 38°8.112° | 12272451 6 5
l 4 BF21 38° 06.965° 122° 11.000° 6 5
5 1 38° 4.371° 122° 6.260° 6 5
5 2 38° 5.488’ 122° 3.259° 6 5
5 5 38° 3.055° 121° 59.078° 14-15 5
6 1 38 5.862° 121° 1.767° 14-15 6
6 4 38° 3.220° 1217 4.150° 14-15 5
[ 1 38°9.546" | 12272838 6 5
7 4 38° 8.188’ 122°4.938" 6 5
7 6 38° 2.491° 121° 5.425° 14-15 5
8 1 38° 4.184 122° 14.515° 6 4
8 3 38° 3.164 122° 10.288° 6 5
9 2 38° 6.362" 122° 16.142° 6 5 1
10 1 38° 8.401° 122° 16.939° 6 4
10 3 38° 7.580° 122° 17.036° 6 4
11 1 38° 5.183 122° 23.758° 4-5 2
11 3 38° 5.676" 122° 21.123° 4-5 2
11 6 38° 0.313° 122° 26.690" 4 6
11 BD22 38° 02.966 122° 25.236° 4-5 3
12 1 38° 2477 122° 20.494" 6 3




Table 5. Continued.

Stratum | Site La(tii;;;de Lon(zg‘i:;lde S’?‘Lnnl:;eegl;:i:;l Coﬁ::}:is:nrﬂl’r::c'ess
(Days)
13 1 38" 1.648" 122" 19.986 6 3
14 1 38" 8.76 1227 31.636 4-5 3
15 1 37° 57.745 1227 28.054° 4-5 2
15 3 37° 54.303° 122° 27.949° 4-5 1
16 1 37° 55.183° 1227 26.993 6 2
17 1 37" 57.1417 1227 25.375° 4-6 5
17 2 37" 56.041° 1227 25.249 6 2
18 1 37" 54450 122° 23.595° 4-5 4
19 2 37° 54.823 122° 21.868" 4-6 4
19 3 37° 54.561° 122° 21.674 4-6 4
20 1 37" 52.762° 1227 23.213° 4-6 5
20 5 37° 51.264 1227 20.291° 4-6 5
20 6 37° 48.797° 122° 20,497 4-6 6
21 1 37" 49.994 122° 21.429° 4-6 3
21 3 37" 48.644° 122° 20.860° 26.5 6
22 1 37" 50.792° 122° 28.130° 4-6 4
22 3 37° 50.270° 1227 26.980° 4-6 4
22 6 37° 48.532° 122° 23.060° 4-6 4
23 2 37" 52.580° 122° 28.683° 4-5 1
| 24 2 37° 48.620° 122° 26.000° 4-6 4
25 1 37° 48.299° 1227 24.009° 4-6 2
25 3 37" 48.000° 122" 23.780° 26.5 8
26 1 37" 47.258' 1227 23.2117 4-6 3
26 2 37° 46.105° 122° 22.894° 4-6 2




Table 5. Continued.

Stratum | Site La(tﬂi;‘l;de Lo?o%if;lde S;?nl:le Arrival Collii:;fis:nrfll’:loec.ess
perature (Days)
27 1 377 42,943 122° 221117 4.5-9 5
28 1 37" 47.892 1227 22.018° 4-6 2
28 4 377 45.890° 122° 21.626° 20.5 8
28 5 377 44.205° 122° 20,497 4.5-9 5
29 2 377 46.629° 122°17.9717 4.59 5
30 1 37°47.792° 122° 20.336° 26.5 7
30 3 377 44.176 122° 17.419° 4.5-9 8
30 BB70 37° 44.822° 1227 19.363° 4.5-9 5
31 2 37" 48.853" 122° 19.343° 26.5 6
31 4 37° 48.098° 1227 20.709 12 6
31 6 37° 47754 1227 19.417 12 6
32 2 37° 47.245 1227 15.143° 4.5-9 5
32 3 37" 46.758’ 122° 14,634 4.5-9 5
32 6 37" 45.142° 1227 13.055° 4.5-9 5
33 5 37° 42,136’ 122° 22.630° 4.5-9 5
34 1 37° 39.385° 1227 21.379° 12 5
34 3 37° 37175 1227 19.919° 12 5
35 2 37° 41.356 1227 21.155° 12 5
35 3 37° 41.309 1227 18.562° 4.5-9 8
36 1 37° 41.304° 122° 14.549° 4.5-9 8
36 2 37°40.276 122° 15.446° 4.5-9 8
36 3 37°39.474 122° 11.635° 4 5
38 1 37°35.018° 1227 14.436 4.5-9 7
ll 38 3 37°31.235° 122° 08.374° 4.5-9 7




Table 5. Continued.

Stratum | Site La(ti;l;de Lo?o%:t,;lde S;r:ng:e?::::;ﬂ Coﬁ:a?t)istfnrfll’r:(fc.ess
(Days)
39 1 37" 35.650° 122° 08.374 4 5
40 2 37°31.619° 1227 11.855 4.5-9 7
40 3 37° 30.723’ 122° 12.763’ 4.5-9 7
42 1 37° 29.822 122° 06.090° 4.5-9 4
42 3 37° 28.353’ 122° 03.961° 4.5-9 4
42 BA21 | 377 29.650 122° 05.245° 4.5-9 4
43 3 37° 21179 122° 02.034 4.5-9 4
44 1 377 277175 122° 01.576 4.5-9 4
44 2 37° 27.775° 122° 01.576 4 5
46 1 37° 58.034° 122° 30,3427 4-5 2
46 3 38" 08.736 122° 23.902° 4-5 3
46 4 37°57.157 1227 23.02%’ 4-6 5
47 37" 51.893° 122" 29.568 4-6 7
47 4 37" 52.066 122° 19.056° 4-6 6




Table 6. Water quality parameters after salinity adjustment and original salinity of

sediment porewater samples from BEST/EMAP stations in Puget Sound,

Washington evaluated in the fertilization test.

Station ID Salinity.'_ DO’ % \ pH aN" UAN°® | Sulfide® %
(%) (mg/L) | DO (mg/L) | (ug/L) | (mg/L) | OUS’
REF-18 40 6.25 85.3 843 | 0481 38.5 <0.01 75
El 30 6.42 88.1 7.15 2.40 10.9 <0.01 100
E4 32 6.03 82.5 1.54 1.11 12.3 <0.01 94
E5 30 6.58 90.1 7.52 <0.1 <l.1 <0.01 100
E6 32 6.56 896 | 771 1.30 21.2 <0.01 94
E7 32 6.23 85.3 7.5 1.30 13.2 <0.01 94
E8 32 6.01 81.8 | 7.52 1.20 12,7 <0.01 94
E9 31 5.98 80.0 | 7.52 1.13 12.0 <0.01 97
E13 30 5.92 80.9 | 7.46 2.09 19.3 <0.01 100
El4 31 6.25 85.8 | 7.47 131 12.4 <0.01 97
E15 31 6.49 893 | 7.59 1.76 21.9 <0.01 97 ”
E17 30 6.59 82.3 7.66 1.11 16.2 <0.01 100
E19 31.5 5.81 80.0 | 7.39 1.11 875 <0.01 97
E21 32 5.82 80.1 7.44 1.35 11.9 <0.01 94
E22 32 6.65 882 | 7.70 1.74 27.8 <0.01 94
E23 34 6.29 86.7 773 | 0712 12.2 <(0.01 88
E24 325 5.96 820 | 7.82 1.25 262 <0.01 94
E25 34 5.82 80.3 7.82 0.37 7.74 <0.01 88
E29 285 6.24 859 | 7.73 <0.1 <1.7 <0.01 99
E30 32 ___.-6—-§_1_= 87.1 i 1.34 16.3 <001 | 94 |

| Salinity of sample prior to adjustment. Sample adjusted to 30+1%o.
? Dissolved oxygen
3 Percent saturation of dissolved oxygen
* Total ammonia as nitrogen
% Unionized ammonia

¢ Measured as S

" Percent of original sample after salinity adjustment
8 Reference pore water extracted from sediment collected in Redfish Bay, Texas.




Table 7. Water quality parameters after salinity adjustment and original salinity of
sediment porewater samples from BEST/EMAP stations in Puget Sound,
Washington evaluated in the embryological development test.

Station ID Salinit;;—- DO? %o ; pH TAN! UAN® | Sulfide® % ,
%o | mgny | DO mg/L) | (ugL) | amg/L) | ous
REF-1® 40 6.69 90.7 8.38 0.803 57.8 <0.01 75
Ei 30 6.70 90.3 7.41 4.62 38.1 <0.01 100
E4 32 6.04 814 1.7 1.16 18.5 <0.01 94
E5 30 6.80 919 7.66 042 6.1 <0.01 100
E6 32 6.28 84.9 7.75 1.59 284 <0.01 94
E7 32 6.44 87.4 772 1.57 26.2 <0.01 94
E8 32 6.39 86.9 7.62 1.28 17.0 <0.01 94
E9 31 0.36 86.5 7.62 1.21 16.1 <0.01 97
E13 30 6.37 86.2 7.4 3.96 31.9 <0.01 100
El4 31 6.39 86.4 7.39 1.73 13.6 <(0.01 97
El15 31 6.53 88.2 7.56 3.11 36.1 <0.01 97
E17 30 6.55 88.7 7.66 1.25 18.2 <0.01 100
El9 31.5 0.56 88.8 7.61 1.24 16.10 <0.01 97
E21 32 0.37 86.6 7.73 1.89 32.3 <0.01 94
E22 32 6.17 83.7 7.61 2.99 38.9 <0.01 94
E23 34 6.14 83.4 7.68 1.02 15.6 <0.01 88
E24 32.5 6.51 88.8 7.81 1.73 354 <0.01 94
E25 34 6.29 85.6 7.46 0.964 8.91 <0.01 88
E29 28.5 6.51 88.5 7.71 0.484 7.90 <0.01 99
E30 32 5.95 §1.2 T7.66 2.12 30.9 <0.01 94=

o w1 v Lbh b R —

Salinity of sample prior to adjustment. Sampie adjusted to 30x1%e.
Dissolved oxygen

Percent saturation of dissolved oxygen

Total ammonia as nitrogen
Unionized ammonia
Measured as S

Percent of original sample after salinity adjustment
Reference pore water extracted from sediment collected in Redfish Bay, Texas.



Table 8. Sea urchin (Arbacia punctulata) fertilization test raw data and means for sediment
porewater samples from Puget Sound, Washington. Asterisks indicate statistical
differences (Dunnett’s /-test) and detectable significance criteria between test and

reference stations (* ¢ <0.05, ** & < 0.01). Plus signs denote only statistical

differences (Dunnett’s s-test, + &¢ <0.05, ++ ¢¢ < 0.01).

( % Fertilized o
Station % M SD :,
ID WQAS! | Rep | Rep | Rep | Rep | Rep canx 0 5
1 2 3 4 5 REF
100 | 100 | 100 | 98 | 100
REE? 100 99.6 + 0.7 100
99 | 100 | 99 | 100 | 100
100 | 99 | 99 | 100 | 100
REF? 50 99.8 +0.4 100
100 | 100 | 100 | 100 | 100
99 | 100 | 100 | 100 | 99
REF 3 25 99.8 + 0.4 100
100 | 100 | 100 | 100 | 100
El 100 59 | 46 | 43 49 | 66 526+96% | 66
El 50 97 | 100 | 100 | 98 | 99 988+13+ | 99
El 25 100 | 100 | 100 | 100 | 100 100.0 + 0.0 100§
E4 100 100 | 100 | 100 | 100 | 100 100.0 + 0.0 100
E4 50 100 | 100 | 100 | 99 | 100 99.8 + 0.4 100
E4 25 100 | 100 | 100 | 100 | 100 100.0 0.0 100
E5 100 100 | 100 { 100 | 100 | 100 100.0 0.0 100
E5 50 100 | 100 | 100 | 100 | 100 100.0 + 0.0 100
ES 25 100 | 100 | 100 | 100 | 100 100.0 = 0.0 100 |
E6 100 100 | 100 | 100 | 100 | 100 100.0 + 0.0 100
E6 50 100 | 100 | 100 | 100 { 100 100.0 = 0.0 100
E6 25 100 | 100 | 100 | 99 | 100 99.8 + 0.4 100
E7 100 100 | 100 | 100 | 100 | 100 1000 0.0 100
E7 50 100 | 100 | 100 | 100 | 100 100.0 + 0.0 100
E7 25 98 | 100 | 100 | 100 | 100 99.6 +0.9 100




Table 8. Continued.

. % Fertilized o
Sti;t[l)(m W(?AS 1| Rep | Rep | Rep | Rep | Rep MeanzSD of 5
1 2 3 4 5 REF
E8 100 | 100 | 100 | 100 | 100 | 100 | 1000:00 | 100
E8 50 100 | 100 | 100 | 99 | 100 | 998=04 100
E8 25 100 | 100 | 100 | 100 | 100 | 1000£00 | 100
E9 100 | 100 | 100 | 100 | 100 | 100 | 1000+00 | 100
E9 50 100 | 100 | 100 | 100 | 100 | 1000+00 | 100
E9 25 100 | 99 | 100 | 100 | 100 | 99.8=04 100
E13 100 | 100 [ 100 [ 100 | 100 | 100 | 1000+00 | 100
E13 50 100 | 100 | 100 | 100 | 100 | 1000+00 | 100
E13 25 100 | 99 | 100 | 100 | 100 | 99.8+04 100
El4 100 [ 100 | 100 | 100 [ 100 | 100 | 100000 | 100 |
El14 50 99 | 100 | 100 | 99 | 100 | 99.6+06 100
E14 25 100 | 100 | 100 | 100 | 100 | 1000+00 | 100
E15 100 | 100 | 100 [ 100 | 100 | 99 99.8 + 0.4 99
E15 50 99 | 100 | 99 | 100 | 100 | 99.6x06 100
E15 25 100 | 100 | 99 | 100 | 100 | 99.8x04 100 |
E17 100 | 100 | 100 | 100 | 100 | 100 | 1000£00 | 100
E17 50 99 | 100 | 100 | 100 | 99 99.6 + 0.6 99
E17 25 100 | 100 | 100 | 100 | 100 | 1000x00 | 100
E19 100 9 | 100 | 100 | 100 | 100 | 99804 100
E19 50 100 | 100 | 99 | 100 | 100 | 99.8+04 00 |
E19 25 100 | 100 | 100 | 100 | 100 | 1000:00 | 100
E21 100 | 100 [ 100 | 99 | 100 | 100 | 99.8z04 100
E21 50 100 | 100 | 100 | 100 | 100 | 1000200 | 100 |
E21 25 100 | 100 | 98 | 100 | 100 | 99.6+09 100 |




Table 8. Continued.

9 Fertilized

. T
Staltl;::.n W(;yj\s 11 Rep | Rep | Rep | Rep | Rep Mean=5D RE; s
1 2 3 4 5

E22 100 99 99 100 99 100 994 0.6 100
E22 50 100 100 100 100 100 100.0 £ 0.0 100
E22 25 100 100 100 100 100 100.0 £ 0.0 100
E23 100 100 100 100 100 100 100.0 £ 0.0 100
E23 50 100 | 100 99 100 100 99.8 +0.4 100
E23 25 100 100 100 100 100 100.0+0.0 100
E24 100 99 100 97 100 100 990.2+£13 100
E24 50 100 100 100 100 100 100.0 £0.0 100
E24 25 100 99 100 98 100 994 +0.9 100
E25 100 100 100 100 100 100 100.0+0.0 100
E25 50 100 100 100 100 100 100.0 0.0 100
E25 25 100 99 100 100 100 99.8 + 04 100
E29 100 100 | 100 100 | 100 | 100 100.0 £ 0.0 100
E29 50 100 100 100 100 100 100.0 £0.0 100
E29 25 100 100 99 160 99 99.6 +0.6 99
E30 100 100 99 100 100 99 99.6 +0.6 99
E30 50 99 100 99 100 99 954 +0.6 99
E30 25 100 100 | 100 100 | 100 100.0 £ 0.0 100

' Percent of water quality adjusted porewater sample.

2 Station mean devided by Reference mean x 100.

* Reference pore water extracted from sediment collected in Redfish Bay, Texas.




Table 9. Sea urchin (Arbacia punctulata) embryological development test raw data and

means for sediment porewater samples from Puget Sound, Washington. Asterisks
indicate statistical differences (Dunnett’s z-test) and detectable significance criteria
between test and reference stations (* @ <0.05, ** ¢ <0.01). Plus signs denote only
statistical differences (Dunnett’s ¢-test, + ¢ <0.05, ++ ¢ <0.01).

% Normal Development %
Station % MeansSD ‘;
1D WQAS' | Rep | Rep | Rep | Rep | Rep REF ,
1 2 3 4 5
88 98 93 96 97
REF 3 100 96.1 +3.4 100
96 99 99 98 97
93 97 97 98 100
REF* 50 97.9x2.1 100
99 98 97 100 | 100
98 97 100 | 100 | 98
I REF?® 25 99.0+ 1.0 100
99 99 100 | 100 | 99
El 100 0 0 0 0 0 0.0 £ 0.0 ** 0
El 50 20 76 53 51 75 550228 %+ | 56
El 25 96 99 98 99 97 97.8 £ 1.3 99
“ E4 100 96 94 98 93 97 95.6 +2.1 99
E4 50 96 98 96 97 96 96.6 + 0.9 99
E4 25 98 99 99 98 97 98.2 +0.8 99
ES 100 94 98 96 91 94 94.6 + 2.6 98
E5 50 95 98 97 98 95 96.6 + 1.5 99
" E5 25 98 100 | 99 97 97 98.2 + 1.3 99
E6 100 90 61 89 92 91 846x13.2+ | 88
E6 50 93 99 96 97 99 96.8 £ 2.5 99
E6 25 96 98 99 100 | 99 98.4+1.5 99
I] E7 100 90 92 96 92 92 92.4+22 96
|| E7 50 94 97 96 97 98 96.4 % 1.5 98 |
|| E7 25 97 99 100 | 100 | 99 99.0+ 1.2 100 ||




Table 9. Continued.

. % Normal Developmer? %
Station % Mean=SD of
ID WQAS' | Rep | Rep Rep Rep Rep 5
1 2 3 4 5 REF
ES 100 100 | 99 | 99 | 97 | 96 982+ 1.6 102
“ ES 50 100 | 100 | 98 | 97 | 98 98.6+1.3 101
“ ES 25 100 | 97 | 98 | 99 | 100 98.8 = 1.3 100
| Eo 100 [ 97 | 98 [ 96 | o5 | o8 | 968x13 | 101
E9 50 os | 96 | 97 | 95 | 96 95.8 0.8 98
E9 25 100 | 99 | 100 | 99 | 99 99.4 0.6 100
E13 100 0 0 0 0 0 0.0£00* | 0
El3 50 9 | 89 | 96 | 54* | 94 938=33+ | 96
El3 25 98 | 99 | 99 | 97 | o8 98.2+0.8 99
El4 100 98 | 99 | 81 | 95 | 95 93.6 +7.3 97
El4 50 98 { 97 | 99 | 98 | 99 98.2+0.8 100
El4 25 100 | 99 | 98 | 99 | 99 99.0 +0.7 100
EL5 100 0 13 | 14| 10 o 74:69% | 8
Ei5 50 o4 | 96 | 97 | 97 | 93 95.4+ 1.8 97
El5 25 96 | 98 | 99 { 100 | 100 98.6+1.7 100
E17 100 97 | 95 | 97 | 96 | 96 96.2 + 0.8 100
E17 50 97 | 99 | 98 | 98 | 99 98.2+0.8 100
E17 25 100 [ 98 | 99 | 100 { 100 99.4+0.9 100
E19 100 98 | 98 | 97 | 97 | 97 97.4 0.6 101
E19 50 100 | 100 | 96 | 99 | 100 99.0 1.7 101
E19 25 100 | 98 | 99 | 100 | 100 99.4+0.9 100
E21 100 83 | 86 | 88 | 84 | 84 85020 ++ | 88
E21 50 96 | 97 | 100 | 99 | 98 98.0 1.6 100
E21 25 100 | 98 | 99 | 98 | 100 99.0+ 1.0 100




Table 9. Continued.

. % Normal Develo;ment %
Station %o 1 Mean+SD of
D WQAS Rep | Rep | Rep | Rep | Rep
1 | 2 | 3| a | s REF *
E22 100 0 0 0 0 0 0.0 £ 0.0 ** 0
E22 50 92 84 89 90 87 88.4 £3.0 ++ 90
E22 25 97 98 92 100 96 96.6 + 3.0 98
E23 100 98 94 98 94 96 96.0+2.0 100
E23 50 100 99 98 97 98 984 +1.1 101
E23 25 99 96 08 100 100 98.6 + 1.7 100
E24 100 90 88 89 90 87 88.8+ 1.3 ++ 92
E24 50 96 97 92 95 95 95019 97
E24 25 26 99 99 99 100 98.6 1.5 100
E25 100 95 97 95 92 04 04.6+1.8 98
E25 50 96 99 99 97 100 082 +1.6 100
E25 25 100 99 97 99 98 08.6 +1.1 100
E29 100 100 08 08 97 95 97.6+138 102
[ E29 50 04 96 100 99 08 97.4+24 99 |

E29 25 98 99 100 97 100 08.8+1.3 100
E30 100 66 49 72 83 86 71.2 £ 14.8 ** 74
E30 50 97 01 100 100 99 974 +3.8 99
|_ E30 25 | 100 99 99 99 | 97 988 %11 100

! Percent of water quality adjusted porewater sample.
2 Station mean devided by Reference mean x 100,
3 Reference pore water extracted from sediment collected in Redfish Bay, Texas.

4 YValue was an outlier and was omitted from statistical analysis.



Table 10. Summary of station means and statistical significance for the sea urchin fertilization and embryological

development test from 19 BEST/EMAP stations from Puget Sound, Washington. Asterisks denote statistical

differences (Dunnett’s t-test) and detectable significance criteria between test and reference stations (* o < 0.05,
** ¢ < 0.01). Plus signs denote only statistical differences (Dunnett’s t-test, + o < 0.05, ++ o < 0.01).

Fertilization Test
(% Fertilized)

Embryological Development Test

(% Normal Development)

StaIgon WOAS ! 3 S
Mean | sD | 2% [ BMF | sp | Sigt | Mean | SD ;’;E;,E v | sD | sig
" 100 | 526 | 96 | s3 | o996 |07 | = | 00 oo | o | 961 | 34 | *
El 50 088 | 13 | 99 [ 998 | 04 | + | ss0 |28 s6 | 979 | 21 |
25 | 1000 | 00 | 100 | 998 | 04 978 | 13 | 99 | 990 | 10
100 | 1000 | 00 | 100 | 996 | 07 056 | 21 | 99 | 961 | 34
H E4 50 998 | 04 | 100 | 998 | 04 966 | 09 | 99 | 979 | 21
25 | 1000 | 00 | 100 | 998 | 04 082 | 08 | 99 | 990 | 10
100 | 1000 | 00 | 100 | 996 | 07 046 | 26 | 98 | 961 | 34
ES so0 | 1000 | 00 | 100 | 998 | 04 966 | 15 | 9 | 979 | 21
25 | 1000 | 00 [ 100 | 998 | 04 082 | 13 | 99 | 990 | 10
100 | 1000 | 00 | 100 | 996 | 07 846 | 132 | 88 | 961 | 34 [ +
| E6 so0 | 1000 | 00 | 100 | 998 | 04 968 | 25 | 99 | 979 | 21
25 908 | 04 | 100 | 998 | 04 984 | 15 | 99 | 990 [ 10
100 | 1000 | 00 | 100 | 996 | 07 924 |22 [ 96 | 961 | 34
E7 so0 | 1000 | 00 | 100 | 998 | 04 964 | 15 | 98 | 979 | 21
I 25 996 | 09 | 100 | 998 | 04 990 | 12 | 100 | 990 | 10




Table 10. Continued.

Fertilization Test

Embryological Development Test
Sta[t[i)on WOAS ! (% Fertilized) {% Normal Developn:ent)
Mean | sD | 2% ﬁf:: SD | sig | Mean | sp [ 2% | SEF | sp | sip

100 100.0 0.0 100 99.6 0.7 98.2 1.6 102 96.1 34
E8 50 99.8 0.4 100 99.8 0.4 98.6 1.3 101 97.9 2.1
25 100.0 0.0 100 99.8 0.4 98.8 1.3 100 99.0 1.0
100 100.0 0.0 100 99.6 0.7 96.8 1.3 101 96.1 3.4
ES 50 100.0 0.0 100 99.8 0.4 95.8 0.8 98 97.9 2.1
25 99.8 0.4 100 99.8 0.4 99.4 0.6 100 09.0 1.0

100 100.0 0.0 100 99.6 0.7 0.0 0.0 0 96.1 3.4 ok

E13 50 100.0 0.0 100 99.8 0.4 93.8 3.3 96 97.9 2.1 +
25 99.8 04 100 99.8 0.4 98.2 0.8 99 99.0 1.0
100 100.0 0.0 100 99.6 07 93.6 7.3 97 096.1 34
El4 50 99.6 0.6 100 99.8 0.4 98.2 0.8 100 97.9 2.1
25 100.0 0.0 100 99.8 0.4 99.0 0.7 100 99.0 1.0

100 99.8 0.4 100 99.6 0.7 74 6.9 8 96.1 34 *x
El5 50 99.6 0.6 100 99.8 0.4 95.4 1.8 97 97.9 2.1
25 99.8 0.4 100 99.8 0.4 08.6 1.7 100 99.0 1.0
100 100.0 0.0 100 99.6 0.7 96.2 0.8 100 096.1 3.4
E17 50 99.6 0.6 100 99.8 0.4 998.2 0.8 100 97.9 2.1
25 100.0 0.0 100 99.8 0.4 994 09 100 99.0 1.0




Table 10. Continued.

Fertilizati!Jfl Test Embryological Development Test
St&;ltion WOAS? (% Fertilized) (% Normal Developn:ent)
Mean | D | Iﬁf:: SD | sig! | Mean | sp | 2O | BEF | sp | sig. ¢
100 99.8 04 100 99.6 0.7 97.4 0.6 101 96.1 34
E19 50 99.8 0.4 100 99.8 0.4 99.0 1.7 101 97.9 2.1
25 100.0 0.0 100 99.8 0.4 99.4 0.9 100 99.0 1.0
100 99.8 0.4 100 99.6 0.7 85.0 2.0 88 96.1 34 ++
E21 50 100.0 0.0 100 99.8 0.4 98.0 1.6 100 97.9 2.1
25 99.6 0.9 100 99.8 0.4 99.0 1.0 100 99.0 1.0
100 99.4 0.6 100 99.6 0.7 0.0 0.0 0 96.1 34 ok
E22 50 100.0 0.0 100 99.8 0.4 88.4 3.0 90 97.9 21 ++
25 100.0 0.0 100 99.8 04 96.6 3.0 98 99.0 1.0
100 100.0 0.0 100 99.6 0.7 96.0 20 100 96.1 34
E23 50 99.8 04 100 99.8 0.4 98.4 1.1 101 97.9 2.1
25 100.0 0.0 100 99.8 04 98.6 1.7 100 99.0 1.0
100 99.2 1.3 100 99.6 0.7 88.8 1.3 92 96.1 34 ++
E24 50 100.0 0.0 100 99.8 0.4 95.0 1.9 97 97.9 2.1
25 99.4 0.9 100 99.8 0.4 98.6 1.5 100 99.0 1.0
100 100.0 0.0 100 99.6 0.7 94.6 1.8 98 96.1 34
E25 50 100.0 0.0 100 99.8 0.4 98.2 1.6 100 97.9 2.1
25 99.8 0.4 100 99.8 0.4 98.6 1.1 100 99.0 1.0




Table 10. Continued.

Fertilizati?lol Test Embryological Development Test “
StaIgon WOAS (% Fertilized) (% Normal Developlzlent) l
Mean | SD g‘ﬁ;f, ;;eE:; sD | sig? | Mean | sD 1:/‘1’4:‘1;2 nl;fal:. sp | sig. |
160 100.0 0.0 100 99.6 0.7 97.6 1.8 102 96.1 3.4
E29 50 100.0 0.0 100 99.8 0.4 974 2.4 99 97.9 2.1
25 99.6 6.0 100 99.8 0.4 98.8 1.3 100 99.0 1.0
160 99.6 0.6 160 99.6 0.7 71.2 14.8 74 96.1 34 * ¥
E30 50 99.4 0.6 100 99.8 0.4 97.4 3.8 99 97.9 2.1
| 25 100.0 0.0 100 99.8 | 04 98.8 1.1 100 99.0 1.0

! Percent of water quality adjusted sample.

? Test mean as a percentage of reference (control). Reference sediment collected from Redfish Bay, Texas.

3 Mean of reference to which statistical comparison of test mean was made.

* Significant difference from reference.



Table 11. Water quality parameters after salinity adjustment and original salinity of
previously archived NOAA porewater samples collected from Puget Sound,

Washington, 1997-1999 and tested in 2001.

Station [p! | Slinity’ | DO % | om TAN® | UAN® | Sulfide’ | %
(%) | (mg/L) | DO (mg/L) | (ug/L) | (mg/L) | OUS®
REF * 40 6.9 85.1 | 8.43 | 0.546 | 437 <0.01 75
7 26 738 | 933 | 7.76 | 3.84 702 | <0.01 95
12 30 741 | 933 | 8.16 1.8 80.0 | <0.01 100
17 30 7.18 | 89.1 | 821 | 1.82 90.8 | <0.01 100
i 29 30 719 | 898 | 786 | 2.54 582 | <001 100
38 32 709 | 882 | 84 | 116 87.2 | <0.01 94
42 30 7.32 92 | 787 | 442 | 1035 | <001 100
50 30 698 | 872 | 789 | 0.895 | 219 | <0.01 100
51 30.5 742 | 926 | 832 | 35 221.6 | <0.01 100
66 30 742 | 923 | 822 | 0.69 354 | <0.01 100
69 26 7.19 | 902 | 823 | 451 | 2349 | <0.01 95
71 30 7.88 | 985 | 825 | 1.04 56.6 | <0.01 100
76 30 764 | 952 | 809 | 0.647 | 248 | <0.01 100
85 30 727 | 905 | 799 | 043 132 | <001 | 100
107 32 738 | 923 | 802 | 0843 | 276 | <0.01 94
112 32 7.28 | 90.5 8 1.77 555 | <0.01 94
116 30 753 | 937 | 797 | 0.731 | 214 | <001 100
119 32 7.27 | 903 | 745 | 1.22 11.0 | <0.01 9 |
126 31 702 | 873 | 7.85 | 0879 | 197 | <0.01 100 “
145 30 726 | 904 | 772 | 176 | 294 | <0.01 100
179 30 738 | 936 | 7.65 | 0.60 8.6 <0.01 100 ||
200 30 733 | 933 | 755 | 1.22 138 | <0.01 100
207 30 696 | 877 | 747 | 179 169 | <0.01 100
209 32 744 | 932 | 7.63 1.7 23.1 <0.01 94
214 30 783 | 982 | 7.76 | 2.8 512 | <0.01 100
219 32 722 | 904 | 765 | 1.59 227 | <0.01 94




Table 11. Continued.

I

UAN®

Ir

[T - T " =

NOAA station designation without original associated strata designations.

Salinity of sample prior to adjustment. Sample adjusted to 30+1%e.
Dissolved oxygen
Percent saturation of dissolved oxygen

Total ammonia as nitrogen

Unionized ammonia
Measured as S

Percent of original sample after salinity adjustment
Reference pore water extracted from sediment collected in Redfish Bay, Texas.

— , .
Station 1D* | **(7%1Y mg) | 00t | P | mg) (Hg/L) e | ous:
220 32 7.21 90.7 7.55 2.36 26.8 <0.01 94
221 31.5 7.3 92.5 7.6 0.583 7.4 <0.01 97
225 30 1.27 91.8 7.56 0.962 11.2 <0.01 100
226 31 7.83 98.4 7.57 0.34 4.0 <0.01 100
229 27 7.15 90 7.54 1.74 19.3 <0.01 96
237 30 7.84 98.6 7.61 1.28 16.7 <0.01 100
243 25 7.42 92.8 79 18.3 458.6 12.40 94
252 30 8.00 1014 } 7.61 2.24 291 <0.01 100
260 30 7.61 96.3 7.62 1.89 25.2 <0.01 100
268 30 7.92 999 7.49 0.462 4.6 <0.01 100
h 269 30 1.56 95.7 14 3.88 31.3 <0.01 100
273 31 7.84 99.2 7.69 1.16 18.1 <0.01 100
274 31 7.98 101.7 | 7.63 0.91 124 <0.01 100
286 31 7.68 97.3 7.71 0.44 7.2 <0.01 100
304 30 7.88 99.8 7.69 2.90 45,2 <(.01 100




Table 12. Sea urchin (Arbacia punctulata) fertilization test raw data and means for
archived NOAA porewater samples collected from Puget Sound, Washington,
Asterisks indicate statistical differences (Dunnett’s ¢-test) and detectable
significance criteria between test and reference stations (* ¢ <0.05,** ¢¢ < 0.01).
Plus signs denote only statistical differences (Dunnett’s ¢-test, + ¢ <0.05,

++ ¢ < 0.01).
% Fertilized . T
Station ! % M SD ‘;_
ID WQAS? | Rep | Rep | Rep | Rep | Rep eanz 0 5
1 2 3 4 5 REF
100 99 100 100 09
REF? 100 992+1.0 100
o8 100 97 100 99
o8 98 99 98 99
REF? 50 98.7+0.8 100
100 08 100 98 99
100 99 100 97 100
REF? 25 990+ 1.0 100
100 99 o8 98 99
7 100 98 96 100 100 99 08.6+1.7 100
7 50 99 99 o8 100 08 98.8 + 0.8 99
7 25 97 97 o8 98 99 97.8+0.8 100
12 100 100 99 o8 100 99 99.2+0.8 100
12 50 97 99 100 100 100 992+13 101
12 25 98 160 100 97 99 988x+13 100
17 100 100 99 100 99 100 99.6 + 0.6 101
17 50 100 99 98 99 99 99.0 £ 0.7 100
17 25 97 100 99 100 100 99.2+13 101
29 100 99 98 98 99 100 98.8 + 0.8 101
29 50 97 100 99 98 100 98.8+1.3 101
29 25 99 100 96 100 97 984+ 1.8 08
38 100 99 97 100 100 99 99.0+1.2 100
38 50 100 98 98 99 99 98.8 £ 0.8 100
38 25 08 100 99 99 100 992 +0.8 101




Table 12. Continued.

% Fertilized

. %
Staltgm | wgfas 2| Rep | Rep | Rep | Rep | Rep MeanzSD of
1 2 | 3 | 4 | s REF
42 100 100 | 98 | 98 | 100 | 97 98.6 + 1.3 98
42 50 99 | 100 | 97 | 100 | 100 99.2+1.3 101
42 25 o8 | 98 | 100 | 99 | 100 99.0+ 1.0 101
50 100 100 | 97 | 97 | 98 | 100 98.4 £ 1.5 101
50 50 98 | 97 | 97 | 99 | 96 974+ 1.1 97
50 25 100 | 99 | 100 | 100 | 99 99.6 + 0.6 100
51 100 93 | 9 | 84 | 88 | 94 91.0+49++ | 95
51 50 97 | 97 | 98 | 100 | 99 982+ 1.3 100
51 25 98 | 99 | 98 | 98 | 97 98.0 0.7 98
66 100 97 | 9% | 99 | 98 | 94 968+19+ | 95
66 50 98 | 100 | 98 | 98 | 100 98.8 + 1.1 101
66 25 97 | 100 | 9% | 99 | 99 98.2+ 1.6 100
69 100 97 | 9% | 95 | 92 | 95 950+ 1.9++ | 96
Il 69 50 97 {100 | 94 | 99 | 96 97.2+24 97
69 25 o8 | 93 | 98 | 98 | 98 97.0 +2.2 99
71 100 100 | 98 | 98 | 100 | 100 99.2 + 1.1 101
71 50 98 | 100 | 100 | 98 | 99 99.0+ 1.0 100
71 25 o8 | 98 | 97 | 99 | 100 98.4 + 1.1 101
76 100 100 | 98 | 100 | 99 | 100 99.4 + 0.9 101
[ 76 50 98 | 99 | 100 | 98 | 99 98.8 + 0.8 100
76 25 100 | 98 | 99 | 99 | 98 98.8 + 0.8 99
85 100 99 | 100 | 98 | 97 | 100 98.8 + 1.3 101
85 50 97 {100 | 99 [ 100 | 99 99.0 + 1.2 100
85 25 99 | 99 | 98 | 98 | 100 98.8 + 0.8 101




Table 12. Continued.

% Fertilized

. %
Stalt;;m | W(;%AS 21 Rep | Rep | Rep | Rep | Rep MeanzSD of )

1 | 2| 3| 4 | s REF

107 100 98 a7 98 95 99 974+15 100
107 50 98 99 99 98 08 984 + 0.6 99
107 25 100 08 96 95 95 968 +2.2 96
112 100 45 24 31 35 28 326+ 8.0 ** 28
112 50 85 88 94 96 89 924 +3.6 ++ 90
112 25 96 96 98 98 100 97.6 1.7 101
116 100 95 99 98 99 99 98.0£ 1.7 100
116 50 99 99 98 99 100 89.0 £0.7 101
116 25 99 97 97 100 96 97.8+1.6 97
119 100 98 99 98 99 99 98.6 0.6 100
119 50 97 99 98 98 100 984 + 1.1 101
119 25 97 98 100 99 99 98.6 +1.1 100
126 100 98 100 98 99 99 98.8 £0.8 100
126 50 100 100 98 99 100 994 +£0.9 101
126 25 98 98 99 99 100 98.8 +0.8 101

'| 145 100 100 | 100 96 99 97 984+ 1.8 98
145 50 100 100 100 a8 98 992x+1.1 99
145 25 99 98 99 100 99 99.0+0.7 100

“ 179 100 96 100 | 100 | 100 98 988+ 1.8 99
179 50 99 98 100 | 100 99 99.2 +0.8 100
179 25 99 100 97 99 99 98.8=+1.1 100
200 100 100 | 100 | 100 | 100 99 99.8+0.4 100
200 50 100 | 100 99 99 97 99.0+1.2 98
200 25 96 100 98 97 100 98.2+1.8 101




Table 12. Continued.

. % Fertilized %
Station ! % Mean+SD of
1)) WQAS? | Rep | Rep | Rep | Rep | Rep REF ?
1 2 3 4 5
207 100 98 99 97 99 98 98.2+0.8 99
207 50 99 99 100 99 98 99.0 £ 0.7 99
207 25 97 100 98 99 99 98.6 + 1.1 100
209 100 100 99 98 99 99 99.0+ 0.7 100
209 50 100 99 99 100 100 99.6 + 0.6 101
209 25 98 99 98 91 99 97.0+34 100
214 100 78 82 71 81 77 77.8 £4.3 ** 78
214 50 96 97 99 96 95 96.6+ 1.5 96
214 25 98 98 100 98 99 98.6 09 100
219 100 12 16 21 15 20 16.8 £ 3.7 ** 20
219 50 57 59 43 70 71 60.0 £ 11.4 ** 72
219 25 81 77 88 89 97 86.4+7.7++ | 98
220 100 9 12 13 16 354 12.5 £2.9 ** 13
220 50 69 47 66 70 60 62.4 +94 ** 61
220 25 97 95 93 93 93 942 + 1.8 ++ 94
221 100 96 99 98 98 99 98.0+1.2 100
221 50 100 | 98 100 98 96 984+ 1.7 97
221 25 94 99 99 98 98 976+2.1 99
225 100 99 99 99 99 97 68.6 0.9 98
225 50 100 99 100 100 100 99.8 +0.4 101
225 25 100 100 97 99 100 592+13 101
226 100 98 100 | 100 99 99 99.2+0.8 100
226 50 100 | 100 100 99 100 99.8 +04 101
226 25 100 08 98 99 100 99.0+1.0 101




Table 12. Continued.

_ %o Fertilize:i %
Staltll;m w(;/;s 21 Rep | Rep | Rep | Rep | Rep MeanSD of )
1 | 2| 3| 4 | s REF
229 100 100 100 | 100 97 97 988+ 1.6 98
229 50 100 | 100 99 100 99 99.6 + 0.6 100
229 25 100 99 97 100 99 99.0+1.2 100
237 100 98 98 100 99 99 98.8 +0.8 100
237 50 100 97 100 99 99 99.0+1.2 100
237 25 98 100 100 98 99 99.0+1.0 100
243 100 2 0 0 0 0 0.4+09 ** 0
243 50 0 0 0 0 0 0.0 +£0.0 ** 0
243 25 0 | 0 0 0 0.2 0.4 ** 0
252 100 85 79 82 74 75 79.0 £ 4.6 ** 76
252 50 99 99 100 97 97 984 +13 98
252 25 94 99 100 99 100 084 +2.5 101
260 100 91 85 88 85 94 B8.6+39++ | 95
260 50 99 98 98 99 99 98.6 £0.6 100
260 25 98 99 99 100 100 992 +£0.8 101
268 100 97 98 99 98 98 98.0 0.7 99
268 50 97 100 | 100 | 100 99 992+13 100
268 25 98 99 100 97 100 98.8x1.3 101
269 100 98 99 99 99 99 98.8+0.4 100
269 50 99 100 100 | 100 98 99.4+0.9 99
269 25 100 99 100 | 100 | 100 99.8 0.4 101
273 100 98 98 99 98 100 98.6 09 101
273 50 100 | 100 100 99 99 99.6 0.6 100
273 25 99 97 100 | 100 08 98.8+13 99




Table 12. Continued.

. R % Fertilized | %
Station 7 Mean+SD of
ID WQAS? | Rep | Rep | Rep | Rep | Rep REF
1 2 3 4 5
274 100 08 100 | 100 100 100 99.6 £0.9 101
274 50 100 100 99 98 98 99.0+ 1.0 99
274 25 97 08 99 100 99 98.6 + 1.1 100
286 100 100 100 | 100 99 99 99.6 £ 0.6 100
286 50 98 98 100 100 100 992+ 1.1 101
286 25 97 100 100 99 99 99.0£1.2 100
304 100 87 91 89 93 81 88.2+4.6 ++ 82
304 50 99 100 98 08 100 99.0+1.0 101
304 25 99 100 99 94 100 08.4+2.5 101

' NOAA station designation without original associated strata designations.
? Percent of water quality adjusted porewater sample.
3 Reference pore water extracted from sediment collected in Redfish Bay, Texas.

% Value is an outlier and was omitted from statistical analysis.




Table 13.

Comparison of toxicity test results and statistical significance for the Arbacia punctulata fertilization test from 40
archived samples originally tested with Strogylocentrotus purpuratus fertilization test from 1997 to 1999.
Asterisks denote statistical differences (Dunnett’s /-test) and detectable significance criteria between test and
reference stations (* @ < 0.05, ** ¢ < 0.01). Plus signs denote only statistical differences (Dunnett’s /-test,

+ < 0,05, ++ x < 0.01).

T A. punctulata Fertilization Test S. purpuratus Fertilization Test
Station! Storage (% fertilized, 2001) (% fertilized, 1997-1999 )
D (mT(;i::Es) WoAS? % of | REF* s % of | REF* s
Mean SD REF® | Mean SD | Sig. Mean SD REF® | Mean SD | Sig.
100 98.6 1.7 99 99.2 1.0 08.8 0.4 117 84.6 3.1
7 42 50 98.8 0.8 100 98.7 0.8 98.8 1.3 103 95.8 3.2
25 978 | 038 99 99.0 1.0 99.0 1.4 101 98.2 1.3
100 99.2 0.8 100 99.2 1.0 98.4 2.1 116 84.6 3.1 H
12 42 50 99.2 1.3 101 08.7 0.8 99.8 0.4 104 95.8 3.2
25 08.8 1.3 100 99.0 1.0 99.2 1.3 101 98.2 1.3
100 99.6 0.6 100 99.2 1.0 97.0 2.0 115 84.6 3.1
17 42 50 99.0 0.7 100 98.7 0.8 97.2 1.3 101 95.8 3.2
25 99.2 1.3 100 99.0 1.0 95.4 1.5 97 98.2 1.3 i
I 100 98.8 0.8 100 99.2 1.0 06.8 1.5 120 80.6 5.4
29 42.5 50 98.8 1.3 100 08.7 0.8 96.8 1.6 104 93.2 1.9
25 08.4 1.8 99 99.0 1.0 97.0 24 100 97.4 23
| 100 99.0 1.2 100 99.2 1.0 93.4 3.6 116 80.6 54
38 43 50 98.8 0.8 100 08.7 0.8 94.2 2.4 101 03.2 1.9
25 99.2 0.8 100 99.0 1.0 90.6 2.7 93 97.4 23 ++




Table 13. Continued.

A. punctulata Fertilization Test

S. purpuratus Fertilization Test

Station? | Storage (% fertilized, 2001) (% fertilized, 1997-1999 )
D Time | WQAS? : :
(months) Mean | SD | ool | 8EF | D |sigs [ Mean | sp | 0L ) REFTH gp |y
00 | 986 | 13 | 9 | 992 | 10 900 | 32 | 112 | 806 | 54
2 43 50 992 | 13 | 101 | 987 | 08 904 |55 | 97 | 932 | 19
25 990 | 10 | 100 | 990 | 10 930 | 24 | o5 | 974 | 23| +
100 | 984 | 15 | 99 | 992 | 10 926 | 30 | 115 | 806 | 5.4
50 43 50 974 | 11| 9 | 987 | o8 926 | 27 | 9 | 032 | 19
25 96 | 06 | 101 | 990 | 1.0 884 | 43 | o1 | 974 [23 | &
100 | 910 [ 49 | o2 [ 992 [ 10 |+ | 414 [112]| 51 | s06 | 54 | »
51 43 50 082 | 13 | 90 | 987 | 08 306 | 56 | 86 | 932 | 19 | ++
25 980 [ 07 | 9 | 990 | 10 894 | 72 | 92 | 974 |23 | ++
00 | 98 |19 ] 98 | 902 [ 10| + | 860 [ 37| 88 | 952 | 40 | +
66 4 50 088 | 1.1 | 100 | 987 | 08 8876 | 66 | 944 | 940 | 65
25 982 | 1.6 | 99 | %0 | 10 878 | 54 | 98 | 807 | 62
w00 | 950 | 19 | 9 | 992 | 10 |4+ | o978 | 22 | 103 | 952 | 40
69 02 so0 | 972 | 24 | 98 | 987 | 08 %62 | 36 | 102 | %40 | 65
25 970 | 22 | 98 | 990 | 10 960 | 47 | 107 | 897 | 62
w00 | 992 | 11 | 100 [ 992 | 10 988 | 1.t | 104 | 952 | 40
7 42 50 990 | 10 | 100 | 987 | o8 976 | 24 | 104 | %0 | 65
25 984 | 1.1 | 9 | 990 | 10 980 | 19 | 100 | 897 | 62




Table 13. Continued.

A. punctulata Fertilization Test

S. purpuratus Fertilization Test

Stationt | Storaze (% fertilized, 2001) (% fertilized, 1997-1999 )
D Time WQAS ? . :
(months) Mean | sp | 20 ;‘gﬂ SD |Sig®| Mean | SD If;zgf, x| sp | sig.
00 | 994 [ 09 | 100 | 992 | 10 896 | 46 | 94 | 952 | 40
76 30 50 988 | 08 | 100 | 987 | os 932 | 35| 99 | 940 | 65
25 988 | 08 | 100 | 990 | 10 934 | 30 | 104 | 807 | 62
100 | 988 | 13 [ 100 | 992 | 10 962 | 26 | 119 | 806 | 77
85 30 50 990 | 12 | 100 | 987 | os 970 | 21 | 104 | 932 [ 19
25 988 | 08 | 100 | 990 | 10 044 [ 24 | 97 | 974 | 23
100 | 974 { 15| 98 | 992 | 10 984 | 06 | 117 | 841 |118
107 30 50 984 | 06 | 100 | 987 | 0 990 | 11 | 101 | 991 | 10
25 968 | 22 | 98 | 990 | 10 994 | 06 | 118 | 986 | 16
100 | 326 [ 80 | 33 [ 992 [ 10 | * | o9a2 | 48 | 112 | 841 | 118
12 30 50 924 | 36 | 94 | 987 |08 | ++ | 964 |59 | 97 | 991 | 10
25 976 | 17 | 9 | 990 | 10 992 | 04 | 101 | 986 | 16 I
| 00 | 980 | 17 | 9 | 992 | 10 996 | 06 | 118 | 841 | 118
116 30 50 9.0 | 07 | 100 | 987 | 08 992 | 04 | 100 | 901 | 10
25 978 | 16 | 99 | 990 | 10 990 | 12 | 100 | 986 | 16
00 | 986 | 06 | 99 { 992 | 10 990 | 17 | us | 841 [118
119 30 50 984 | 1.1 | 100 | 987 [ 08 986 |09 | 99 | 991 | 10
25 986 | 1.1 | 100 | 9.0 | 10 988 | 1.8 | 100 | 986 | 16




Table 13. Continued.

A. punctulata Fertilization Test

S. purpuratus Fertilization Test

Station! | Storage , (% fertilized, 2001) (% fertilized, 1997-1999 )
D Time | WQAS ; ]
(months) Mean | sp | 2oL [ BEF | op Isigs | Mean | sp | 00| BEFT) gp g
100 988 | 08 | 100 | 992 | 1.0 984 | 25 | 117 | 841 | 118
126 30.5 50 994 | 09 | 100 | 987 | 08 99.0 14 | 100 | 99.1 | 1.0
25 988 | 08 | 100 | 990 | 1.0 992 | 08 | 101 | 986 | 16
100 984 | 1.8 | 99 99.2 | 1.0 994 | 09 | 106 | 937 [ 42
145 30.5 50 992 | 1.1 | 101 | 987 | 038 99.4 | 09 | 101 | 988 | 19
25 99.0 | 07 | 100 [ 990 | 1.0 990 | 07 | 101 | 982 | 16
100 988 | 1.8 | 100 | 992 [ LO 654 | 38 | 81 | 804 [ 58 [ *
179 30 50 99.2 | 08 | 101 | 987 [ 038 77.8 63 | 88 | 887 | 36 | ++
25 988 | 1.1 | 100 [ 990 [ 10 738 | 57 | 84 | 877 |35 ] *
100 998 | 04 | 101 [ 992 [ 10 548 | 145 | 68 | 804 [ 58 [ *
200 30 50 99.0 | 1.2 | 100 | 987 | 08 852 | 62 | 96 [ 887 | 36
25 982 | 18 | 99 99.0 | 10 906 | 47 | 103 | 877 [ 35
100 982 | 08 | 99 992 | 1.0 99.0 1.0 | 107 | 929 | 49
207 18 50 99.0 | 07 [ 100 | 987 | 038 96.6 18 | 98 [ 982 | 12
25 986 | 1.1 | 100 [ 990 | 1.0 97.2 13 [ 100 | 973 | 22
100 990 | 07 | 100 | 992 | 10 980 | 26 | 105 | 929 | 49
209 18 50 996 | 06 [ 101 | 987 | 08 988 | 08 | 101 [ 982 | 12
25 970 | 34 | 98 99.0 | 1.0 99.0 12 | 102 [ 973 | 22




Table 13. Continued.

] A. punctulata Fertilization Test S. purpuratus Fertilization Test 1
Station! Sto.rage (% fertilized, 2001) (% fertilized, 1997-1999 )
D (n;r.:,l::;s) woAs” % of | REF* . s % of | REF* _
Mean | SD REF® | Mean SD | Sig. Mean SD REF® | Mean SD | Sig.
100 77.8 4.3 78 99.2 1.0 *E 66.4 10.4 71 929 49 K
214 18 50 96.6 1.5 98 98.7 0.8 99.0 1.0 101 98.2 1.2 i
25 98.6 09 100 99.0 1.0 98.0 1.7 101 97.3 22 ||
100 | 168 [ 37 | 17 | 992 [ 1o [+ | 380 [102]| 41 | 920 |49 ] = |
219 18 50 60.0 114 61 98.7 0.8 * 82.6 6.3 84 98.2 1.2 * I
25 86.4 7.7 87 99.0 1.0 ++ 96.4 1.5 99 97.3 2.2
100 12.5 29 13 99.2 1.0 *x 422 4.4 45 02.9 49 >
220 18 50 62.4 0.4 63 98.7 0.8 *x 90.4 27 92 08.2 1.2 ++
25 94.2 1.8 95 99.0 1.0 ++ 99.0 0.8 102 97.3 2.2
100 980 1.2 99 99.2 1.0 99.0 1.0 107 929 49
221 18 50 08.4 1.7 100 98.7 0.8 98.0 2.4 100 98.2 1.2
25 97.6 2.1 99 99.0 1.0 97.6 1.3 100 97.3 2.2
100 98.6 0.9 99 99.2 1.0 98.8 1.8 106 92.9 4.9 H
225 18 50 99.8 0.4 101 98.7 0.8 98.8 1.1 101 98.2 1.2
25 99.2 1.3 100 99.0 1.0 98.8 1.3 102 97.3 2.2
100 99.2 0.8 100 99.2 1.0 95.8 1.9 103 929 4.9
226 18 50 09.8 0.4 101 98.7 0.8 97.4 1.5 99 98.2 1.2
25 99.0 1.0 100 99.0 1.0 06.8 1.8 99 97.3 2.2




Table 13. Continued.

A, pnnct;;ta Fertilization Test S. purpuratus Fertilization Test
Station! | Storase (% fertilized, 2001) (% fertilized, 1997-1999 )
D Time WQAS? p 4

(months) Mean | SD g"m‘lﬂ ;Efn SD |SigS| Mean | SD I‘égfs L‘;f:; SD | Sig.

o 100 988 | 1.6 ] 100 99.2 1.0 92.2 4.6 99 929 | 49
229 18.5 50 996 | 0.6 101 987 | 0.8 93.4 2.7 95 982 | 12 | ++
25 99.0 1.2 100 99.0 1.0 88.8 8.6 91 973 | 22 | ++

100 988 | 0.8 100 99,2 1.0 96.2 2.5 104 929 | 4.9

237 18.5 50 99.0 | 1.2 100 98.7 | 0.8 98.6 09 | 100 [ 982 | 1.2

25 990 | 1.0 100 99.0 1.0 97.6 1.5 100 | 973 | 22
100 0.4 0.9 0 99.2 1.0 | ** 0.0 0.0 0 929 | 49 | **
243 18.5 50 0.0 0.0 0 98.7 | 08 | ** 0.4 0.6 0 982 | 1.2 | *=
25 0.2 0.4 0 990 | 1.0 | ** 3.8 4.7 4 97.3 | 22 | **
100 790 | 46 80 99.2 1.0 | ** 78.2 4.9 84 929 | 49 [ **

252 19 50 98.4 1.3 100 987 | 08 96.2 1.3 98 982 | 1.2

25 984 | 25 99 99.0 1.0 97.6 0.9 100 973 | 2.2

100 886 | 3.9 89 99.2 1.0 | ++ 99.4 09 | 101 98.7 | 1.7

260 19 50 986 | 06 100 987 | 08 98.4 1.1 100 | 988 | L1

] 25 992 | 08 100 990 | 1.0 98.8 0.8 100 | 986 | 1.1

| 100 98.0 | 0.7 99 99.2 1.0 98.6 1.1 100 | 987 | 1.7

268 19 50 992 | 1.3 101 987 | 08 98.8 1.1 100 | 988 | I.1

25 98.8 13 100 99.0 1.0 99.4 0.6 | 101 986 | 1.1




Table 13. Continued.

A. punctulata Fertilization Test

S. purpuratus Fertilization Test

Station! | Storase (% fertilized, 2001) (% fertilized, 1997-1999 )
D Time | WQAS? - -
(months) Mean | SD | o o0 [ B8F "1 sp |Sigs| Mean | sp [ oL | BEFTH gp g
| 100 988 | 04 100 99.2 1.0 99.6 06 | 101 98.7 | 17
269 18 50 994 | 09 101 98.7 | 08 99.0 07 | 100 | 988 | L1
25 998 | 0.4 101 99.0 1.0 99.2 04 | 101 986 { 1.1
100 986 | 09 99 992 | 1.0 99.0 1.0 | 100 98.7 | 1.7
273 18 50 996 | 0.6 101 98.7 | 08 98.0 1.9 99 988 | 1.1
25 988 | 1.3 100 99.0 1.0 99.0 10 | 100 | 986 | 1.1
100 99.6 | 0.9 100 99.2 1.0 99.2 1.3 101 98.7 | 1.7 I
274 18 50 990 | 1.0 100 987 | 08 99.2 04 | 100 | 988 | 11
25 98.6 1.1 100 99.0 1.0 98.8 08 | 100 | 986 | 1.1
100 996 | 0.6 100 99.2 1.0 99.4 09 [ 101 98.7 | 1.7
! 286 18 50 99.2 1.1 101 987 | 0.8 99.8 04 | 101 98.8 | 1.1
25 99.0 1.2 100 99.0 1.0 99.6 0.6 | 101 98.6 | 1.1
100 882 | 46 89 99.2 1.0 | ++ 98.4 09 [ 100 | 987 | 1.7
I 304 18 50 99.0 1.0 100 987 | 08 99.2 13 | 100 | 988 | 1.1 i
25 984 | 25 99 99.0 | 10 97.8 1.6 99 98.6 | 1.1 ||

' NOAA station designation without original associated strata designations.

? Percent of water quality adjusted sample.

? Test mean as a percentage of reference (control). Reference sediment collected from Redfish Bay, Texas,

* Mean of reference to which statistical comparison of test mean was made.

* Significant difference from reference.



Table 14. Sea urchin (Arbacia punctulata) embryological development test raw data and

means for archived NOAA porewater samples collected from Puget Sound,

Washington, 1997-1999. Asterisks indicate statistical differences (Dunnett’s ¢-test)
anddetectable significance criteria between test and reference stations (* & <0.05,

** @ < 0.01). Plus signs denote only statistical differences (Dunnett’s ¢-test,
+ & <0.05, ++ o < 0.01).

e
% Normal Development o
Station ! % Mean<SD ‘E
ID WQAS? | Rep | Rep | Rep | Rep | Rep can ol |
1 2 3 4 5 REF
95 99 97 93 98
REF? 100 97.6+2.1 100
98 99 99 99 99
97 96 95 95 99
REF> 50 96.9 + 1.4 100
97 97 97 97 99
97 95 98 94 97
REF 3 25 963 +1.2 100
95 97 97 96 97
7 100 0 1 0 0 0 0.2 % 0.4 ** 0
7 50 95 97 97 97 96 96.4 + 0.9 99
. 7 25 100 | 99 98 98 100 99.0 + 1.0 104
12 100 97 93 94 96 91 94,2 +2.4 93
12 50 98 98 97 91 97 96.2 + 3.0 100
12 25 97 99 97 100 | 98 982+1.3 102
17 100 100 | 98 97 97 98 98.0 1.2 100
17 50 97 96 99 94 98 96.8 + 1.9 101
17 25 98 98 | 100 | 97 98 982 +1.1 102 |
29 100 80 66 67 74 69 71258+ | 71
29 50 93 95 95 95 96 948 1.1 99
29 25 97 96 98 97 98 97.2+08 102
38 100 99 98 96 97 97 97.4+1.1 99
38 50 100 | 98 98 100 | 99 99.0 £ 1.0 102
38 25 99 98 97 97 99 98.0 + 1.0 103 |




Table 14, Continued.

-

' [ % NormaT Developme-r-l_t_ %
Station * % Mean=SD of
ID WQAS? | Rep | Rep | Rep | Rep | Rep REF 3
1 2 3 4 5
207 100 64 70 64 72 73 68.6 + 4.3 ** 75
207 50 97 98 99 99 99 98.4+09 102
207 25 99 100 97 99 99 98.8+1.1 103
209 100 91 90 86 90 88 89.0+£2.0+ 90
209 50 98 97 97 99 98 978 +0.8 101
209 25 99 100 99 99 100 99.4 +0.6 104
214 100 0 0 0 0 0 0.0 0.0 ** 0
214 50 96 97 96 99 96 96.8 + 1.3 99
214 25 100 99 99 99 100 99.4 +0.6 104
219 100 74 79 71 63 76 72.6 £ 6.1 ** 78
219 50 90 95 95 93 94 93421 97
219 25 96 96 100 99 99 98.0+£1.9 103
220 100 0 0 0 0 0 0.0+0.0** 0
220 50 89 88 90 93 82 88.4 £4.0 ++ 85
220 25 98 92 96 94 93 94.6+24 97
221 100 90 84 89 85 77 85052 ++ 79 |
221 50 92 93 93 91 91 920+1.0++| 94
221 25 99 100 97 100 98 98.8+1.3 102
225 100 98 96 95 99 99 974+1.8 101
225 50 98 97 98 99 97 978+0.8 100
225 25 98 97 98 100 98 982+ 1.1 102
226 100 97 95 98 98 98 972+13 100
226 50 97 97 99 97 96 97.2+1.1 99
226 25 98 97 98 98 99 98.0£0.7 103




Table 14, Continued.

% Normal Development

s %o
StaItlI;m W(;jxsz Rep | Rep | Rep | Rep | Rep Meanz=5D RE;‘ 3
1 2 3 4 5
229 100 2 95 4 91 1 38.6 £49.69 ¥* 1
229 50 97 96 98 98 98 97409 101
229 25 98 96 100 99 99 984+1.5 103
237 100 95 95 93 91 89 92.6+2.6 91
237 50 96 95 94 94 97 952+13 100
237 25 99 95 99 97 97 974 +1.7 101
243 100 0 0 0 0 0 0.0 £0.0 ** 0
243 50 0 0 0 0 0 0.0+0.0 ** 0
243 25 0 0 0 0 0 0.0+0.0 ** 0
|| 252 100 5 8 9 5 9 7.2+£2.0%** 9
252 50 96 93 94 97 92 944 +2.1 95
252 25 97 99 93 96 97 96.4 £2.2 101
260 100 18 19 15 19 12 16.6+3.0 12
260 50 93 93 95 96 90 93423 93
260 25 98 98 98 96 95 970+1.4 99
d 268 100 94 96 99 98 98 97.0+20 100
268 50 99 99 97 99 99 98.6 +0.9 102
268 25 100 100 100 99 98 99.4 +0.9 102
269 100 0 0 0 0 0 0.0 £ 0.0 ** 0
269 50 36 40 30 37 38 36.2 £ 3.8 ** 39
l 269 25 94 95 96 96 96 95.4+09 100
273 100 95 95 92 91 95 93.6+2.0 97
273 50 100 99 100 99 97 99.0+1.2 100
273 25 100 100 98 100 100 99.6 £ 0.9 104




Table 14, Continued.

. % Nor_laDevelopment %
Station ' To Mean<SD of
ID WQAS? | Rep | Rep | Rep | Rep | Rep REF >
)| 2 3 4 5
274 100 97 93 98 95 95 95.6+2.0 97
274 50 98 97 96 95 98 968 1.3 101
274 25 99 98 94 96 97 96.8+ 1.9 101
286 100 98 96 96 95 92 95.4+£22 94
286 50 98 97 96 97 na* 97.0+0.8 4
286 25 98 99 99 98 98 98.4 £ 0.6 102
I 304 100 0 0 0 0 0 0.0 +£0.0 ** 0
304 50 94 88 90 93 92 914 +£24 ++ 95
304 25 98 95 | %4 % | 98 _962x138 102 |

' NOAA station designation without original associated strata designations.

? Percent of water quality adjusted porewater sample.

? Station mean devided by the Reference Mean X 100, Reference pore water extracted from
sediment collected in Redfish Bay, Texas.

4 Missing data due to technical error.



Table 15. Summary of station means and statistical significance for the sea urchin fertilization and embryological
development test from 40 archived NOAA porewater samples collected from Puget Sound, Washington. Asterisks
denote statistical differences (Dunnett’s ¢-test) and detectable significance criteria between test and reference
stations (* a < 0.05, ** o < 0.01). Plus signs denote only statistical differences (Dunnett’s ¢-test, + @ < 0.05,

++ @ <0.01).
— Fert?lizati?zl Test Embryological Development Test
StaIt[i:nl S&%::Ee WOAS (% Fertilized) 4 (% Normal Developn:ent)
(Months) Mean | SD ;:E;,f,, I(R/IE:‘ n | SD [Sig.® [ Mean [ SD :E;f,, I\l}[f al; SD | Sig.®
100 98.6 1.67 99 99.2 1.0 0.2 0.45 0 97.6 2.1 "k
7 42 50 98.8 0.84 100 98.7 0.8 96.4 0.89 99 96.9 1.4
25 97.8 0.84 99 99.0 1.0 99 1.00 103 96.3 1.2
100 99.2 | 084 100 99.2 1.0 94.2 2.39 97 97.6 2.1
12 42 50 99.2 1.30 101 98.7 0.8 96.2 295 99 96.9 1.4
25 98.8 1.30 100 99.0 1.0 98.2 1.30 102 96.3 1.2
100 99.6 0.55 100 99.2 1.0 98 1.22 100 97.6 2.1
17 42 50 99 0.71 100 98.7 0.8 96.8 1.92 100 96.9 1.4
25 99.2 1.30 100 99.0 1.0 98.2 1.10 102 96.3 1.2
100 98.8 0.84 100 99.2 1.0 71.2 5.81 73 97.6 2.1 *k
29 425 50 98.8 1.30 100 98.7 0.8 94.8 1.10 98 96.9 1.4
25 98.4 1.82 99 99.0 1.0 97.2 0.84 101 96.3 1.2
100 99 1.22 100 99.2 1.0 97.4 1.14 100 97.6 2.1 |
38 43 50 98.8 0.84 100 98.7 0.8 99 1.00 102 96.9 1.4 4
25 992 0.84 100 99.0 1.0 98 1.00 102 96.3 1.2




Table 15. Continned.

—

Fertilizati?n Test Embryological Development Test
StaItIi)on‘ S'tl?il::ege WOAS? (% Fertilized) 4 (% Normal Developn:ent)
(Months) Mean | SD | 2290 [ KE® 1 sp | gig.< | Mean | sp | 200 | BEFT | gp | gig s
100 986 |134] 99 992 | 1.0 04 [055 | o 976 | 2.1 | **
42 43 50 992 | 130] 101 98.7 | 08 90.6 | 2.07 | 93 969 | 14 | ++
25 99 |100]| 100 | 99.0 | 1.0 964 | 152 ]| 100 | 963 | 12
100 984 |152| 99 992 | 1.0 958 | 217 [ 98 976 | 2.1
50 43 50 974 114 99 987 | 08 972 | 130 | 100 | 969 | 14
25 996 055 ] 101 990 | 1.0 958 | 1.64 | 99 963 | 12
100 91 |490 | 92 992 | 1.0 | +~ 0 000 | O 976 | 21 | ** "
51 43 50 982 |[130| 99 98.7 | 08 946 | 313 | 98 969 | 14 ||
25 98 |o71| 99 990 | 10 962 | 1.10 | 100 | 963 | 12 "
100 968 |192| 98 992 | 10 | + 964 | 134 | 99 97.6 | 2.1
66 42 50 988 |110| 100 | 987 | 08 978 | 045 | 101 | 969 | 14
25 982 |164| 99 990 | 1.0 976 | 114 | 101 | 963 | 1.2
100 95 |187] 96 992 | 1.0 | ++ 0 000 | 0 97.6 | 2.1 | ==
69 42 50 972 239 98 987 | 08 762 |1987] 79 969 | 14 | ==
25 97 |224 | 98 990 | 1.0 972 | 164 | 101 | 963 | 12 i
100 992 |110| 100 | 992 | 10 972 | 084 | 100 | 976 | 21
71 42 50 99 |100]| 100 | 987 | 08 972 | 084 | 100 | 969 | 1.4
25 984 | 1.14] 99 990 | 1.0 962 | 130 | 100 | 963 | 1.2




Table 15. Continued.

Fertilization Test

Embryological Development Test

Smﬁ.-;nl Stﬁﬁge WOAS (% Fertilized) 4 (% Normal Developn:ent)
(Months) Mean | SD :E;,t; 15112 :n SD | Sig.° | Mean | SD g;lg,fg, I&fa I:l SD | Sig.®
100 99.4 0.89 100 992 1.0 95.4 1.67 98 97.6 2.1
76 30 50 98.8 0.84 100 98.7 0.8 98.6 0.89 102 96.9 1.4
25 98.8 0.84 100 99.0 1.0 96.6 1.34 100 96.3 1.2
100 98.8 1.30 100 99.2 1.0 96.2 2.49 99 97.6 2.1
85 30 50 99 1.22 100 98.7 0.8 98 1.22 101 96.9 1.4
25 98.8 0.84 100 99.0 1.0 98.4 1.14 102 96.3 1.2
100 974 1.52 98 99.2 1.0 093.8 1.48 96 97.6 2.1
107 30 50 98.4 0.55 100 98.7 0.8 99 0.71 102 96.9 14
25 96.8 2,17 98 99.0 1.0 08.8 1.10 103 96.3 1.2
100 326 8.02 33 99.2 1.0 ** 0 0.00 0 97.6 2.1 **
112 30 50 924 3.65 94 98.7 0.8 ++ 90.4 1.14 93 96.9 1.4 ++
25 97.6 1.67 99 99.0 1.0 96 1.22 100 96.3 1.2
H> 100 98 1.73 99 99.2 1.0 974 0.55 130 97.6 2.1 |
116 30 50 99 0.71 100 98.7 0.8 96.8 1.30 100 96.9 1.4
25 97.8 1.64 99 99.0 1.0 97.6 1.14 101 96.3 1.2
100 98.6 0.55 99 99.2 1.0 36 5.39 37 97.6 2.1 **
119 30 50 98.4 1.14 100 98.7 0.8 96.8 0.84 100 96.9 1.4
25 98.6 1.14 100 99.0 1.0 96.6 1.14 100 96.3 1.2




Table 15. Continued.

Embryological Development Test

Fertilizati?fl Test
Stalgl')on' S'?irl::ge WOAS® (% Fertilized) : (% Normal Development)
(Months) Mean | SD g"ng, ﬁffn SD | Sig. | Mean | sD | %O ﬁfﬁ s | sig.
100 988 [084] 100 | 992 | 1.0 954 | 1.14 | 98 | 976 | 21
126 30.5 50 994 {089 | 101 | 987 | 08 974 | 055 | 101 | 969 | 14
25 988 |084) 100 | 990 | 10 996 | 055 | 103 | 963 | 12
100 984 | 182 | 99 992 | 1.0 32 | 084 | 3 97.6 | 2.1 | *=
145 30.5 50 992 {110{ 101 | 987 | 08 982 | 084 | 10t | 969 | 14
25 99 |o7 | 100 | 990 [ 10 978 | 045 | 102 | 963 | 12
100 988 |[179| 100 | 992 | 10 982 | 192 | 101 | 976 | 21
179 30 50 992 |o084| 101 | 987 | 08 986 | 114 | 102 | 969 | 14 i
25 988 [110| 100 | 990 | 1.0 984 | 104 | 102 | 963 | 12
100 998 |045| 100 | 992 | 10 96 | 071 | 98 | 976 | 21
200 30 50 99 [122| 100 | 987 | 08 982 | 045 | 101 | 969 | 14 |
25 982 | 179 | 99 990 | 1.0 99.4 | 089 | 103 | 963 | 12
100 982 [o084 | 99 992 | 1.0 68.6 | 434 | 70 | 976 | 21 | **
207 18 50 9 [071| 100 | 987 | 08 984 | 089 | 102 | 969 | 14
25 986 | 114 | 100 | 990 | 1.0 988 | 110 | 103 | 963 | 12
100 99 fo71]| 100 | 992 | 10 89 | 200 | o1 | 976 |21 | + |
209 18 50 996 [055) 100 | 987 | 08 978 | 084 | 101 | 969 [ 1.4 ||
25 97 |339| 98 99.0 | 1.0 994 | 055 | 103 | 963 | 12 |




Table 15. Continued.

Fertilizati?fl Test Embryological Development Test
StaItli)onl S'tI(‘)irni:Ee WQAS? (% Fertilized) : (% Normal Developn:ent)
(Months) Mean | sD | 20 | 85| sp |sig.s | Mean | 5D | 00 | BEF T op | gig
100 77.8 4.32 78 99.2 1.0 ** 0 0.00 0 97.6 2.1 **
214 18 50 96.6 1.52 o8 98.7 0.8 96.8 1.30 100 96.9 1.4
25 98.6 0.89 100 99.0 1.0 99.4 0.55 103 96.3 1.2
100 16.8 3.70 17 99,2 1.0 *+ 72.6 6.11 74 97.6 2.1 *k
219 18 50 6 1 :).4 6 98.7 0.8 " 034 - o6 96.9 1.4
25 86.4 7.73 87 99.0 1.0 ++ 98 1.87 102 96.3 1.2
100 12.5 2.89 13 99.2 1.0 ** 0 0.00 0 97.6 2.1 *¥
220 18 50 62.4 9.45 63 98.7 0.8 ** 88.4 4.04 91 96.9 1.4 ++
25 94.2 1.79 95 99.0 1.0 ++ 94.6 241 08 96.3 1.2
160 98 1.22 99 99.2 1.0 85 5.15 87 97.6 2.1 ++
221 18 50 984 1.67 100 98.7 0.8 92 1.00 95 96.9 1.4 ++
25 97.6 2.07 99 99.0 1.0 98.8 1.30 103 96.3 1.2
100 98.6 0.89 99 99.2 1.0 97.4 1.82 100 97.6 2.1
225 18 50 99.8 0.45 101 08.7 0.8 97.8 0.84 101 96.9 1.4
25 99.2 1.30 100 99.0 1.0 98.2 1.10 102 96.3 1.2 “
100 99.2 0.84 100 99.2 1.0 97.2 1.30 100 97.6 2.1
226 18 50 99.8 0.45 101 98.7 0.8 97.2 1.10 100 96.9 14
i 25 99 1.00 100 99.0 1.0 98 0.71 102 96.3 1.2




Table 15. Continued.

|i

[ Fertilization Test Embryological Development Test
Smﬁi;ml Sgﬁse WOAS? (% Fertilized) : (% Normal Developn:ent)
(Months) Mean | sD | o290 | MO¥ 1 sp [ sig.* | Mean | sp [ 20| BEF T gp | gig. s
3 00 | 988 [164] 100 | 992 | 10 386 |4960 | 40 | 976 |21 | *
229 18.5 50 99.6 |0s55| 101 | 987 | 08 974 | 08 | 101 | 969 | 14 I
25 99 |122] 100 | 990 | 10 084 | 152 | 102 [ 963 | 12
100 | 988 |os4| 100 | 902 | 10 026 | 261 | 95 | 976 | 2.1
237 18.5 50 99 12| 100 | 987 | o8 952 | 130 | 98 | 969 | 14
25 99 |100| 100 | 990 | 1.0 974 | 167 | 101 | 963 | 12
100 04 |oso| o [ o2 [10 ]| = | o [ooo| o | 976 21|
243 18.5 50 0 looo| o [ 987 o8| = | o Jooo| o | 969 [ 14| =
25 02 J|o4s| o | 990 | 10| = | o |ooo| o | 963 | 12|
100 79 Jasa| 80 | 992 [ 1o ] = | 72 |20 7 | 976 |21 | *
252 19 50 984 |134| 100 | 987 [ 08 044 | 207 | o7 | 969 | 14 ‘
25 984 [251] 99 | 990 | 10 964 | 219 | 100 | 963 | 12
100 | 886 [391] 8 | 992 | 10 | ++ | 166 305 17 [ 076 |21 | =
260 19 50 986 |055| 100 | 987 | 08 934 | 230 | 96 | 969 | 14
25 992 (o084 100 | 990 | 10 97 | 141 | 101 | 963 | 12
100 98 |o71| 99 | 992 | 10 o7 |[200] 99 | 976 | 21
268 19 50 992 |130] 1001 | 987 | 08 986 | 089 | 102 | 969 | 14
25 088 |130]| 100 | 990 | 10 994 |08 | 103 | 963 | 12




Table 15, Continnped.

Embryological Development Test

Fertilizati?y Test
Sm{,]j)onl Storage Woas? (% Fertilized) 4 (% Normal Development)
(Months) Mean | 8D | 290 | BE¥ " | sp | sig." | Mean | sD | 2O ;;f:: SD | sig.
100 938 |04s5| 100 | 992 | 10 o looo| o [ 076 [21] #
269 18 50 994 |o089| 101 | 987 | 08 362 [377 | 37 | 969 | 14 [
25 998 |045| 101 | 990 | 10 054 o089 | 99 | 963 [ 12
wo | 986 |08 | 99 | 992 [ 10 036 | 195 | 96 [ 976 | 21
273 18 50 996 |055| 101 | 987 | o8 99 | 122 | 102 | 969 | 14
25 088 |130| 100 | 990 | 10 96 | 089 | 103 | 963 | 12
100 996 |oso| 100 | 992 | 10 056 | 195 | 98 | 976 | 21
274 18 50 99 |100| 100 | 987 [ o3 968 | 130 | 100 | 969 | 14 I
25 986 |114| 100 | 990 | 10 968 |19 | 101 | 963 | 12
100 99.6 |055| 100 | 992 | 1.0 954 219 | 98 | 976 | 21
286 18 50 992 |11o| w1 | 987 | o8 97 | o082 100 | 969 | 14
25 99 [122] 100 | 990 | 10 984 | 055 | 102 | 963 | 12
100 882 |460| 89 | 992 [ 10 |« | o |ooo| o | o976 [21 ] *
304 18 50 09 |100| 100 | 987 | 08 014 |241 | o4 | 969 | 14 | +
| 25 [ o84 J2si] 99 | 990 | 10 962 | 179 | 100 | 963 | 12 |

| NOAA station designation without original associated strata designations.

2 Percent of water quality adjusted sample.

3 Test mean as a percentage of reference (control). Reference sediment collected from Redfish Bay, Texas.

* Mean of reference to which statistical comparison of test mean was made.

% Significant difference from reference.



Table 16. Water quality parameters after salinity adjustment and original salinity of
BEST/EMAP sediment porewater samples from stations in the Columbia River,
Oregon evaluated in the fertilization test.

Station Salinity ! D(;_z_ % TAN* | UAN® | Sulfide ¢ %

ID @) | mgm) | po® | PH | @) | ey | meny |ous’
REF-18 40 6.25 853 | 8.43 0.48 38.5 < (.01 75
OR2000-0031 28 6.65 916 | 7.82 <(0.1 <2.1 < 0.01 98
OR2000-0032 27.5 6.66 92.0 | 7.83 <0.1 <2.1 < 0.01 97

' OR2000-0033 18.5 6.82 942 | 8.09 | <0.1 <3.8 <0.01 88

OR2000-0034 18.5 6.40 88.5 | 8.03 0.27 9.0 <0.01 38

OR2000-0035 4 6.24 86.5 | 793 | «0.1 <2.7 <0.01 77
OR2000-0036 6 6.500 | 90.2 | 820 } <0.1 <4.9 < (.01 78
OR2000-0037 12 6.79 939 |8.07 | <01 <3.7 < (0.01 82
OR2000-0038 24 6.57 909 | 801 | <0.1 <3.2 <0.01 94
OR2000-0039 4 6.44 89.1 | 8.18 | <0.1 <4.7 < 0.01 77
OR2000-0040 1 5.74 80.1 | 829 | <0.1 <5.9 <0.01 75
I[OR2000-0041 6 6.46 89.9 | 8.08 | <«0.1 <3.7 <0.01 78
IrOR2000-0042 5 6.26 87.1 | 838 | <0.1 <7.2 < 0.01 77
OR2000-0043 1 6.01 836 | 824 | <01 <5.3 < 0.01 75
OR2000-0044 1 5.78 800 | 8.26 | <«0.1 <5.6 < (.01 75
OR2000-0045 1 6.10 853 | 823 | <0.1 <5.2 < (0.01 75
OR2000-0046 4 6.79 928 {824 | <«0.1 <5.3 < 0.01 77
OR2000-0047 0 6.18 864 | 8.08 | <0.1 <3.7 <(0.01 74
OR2000-0048 1 6.01 842 | 824 | <0.1 <5.3 <0.01 75
OR2000-0049 0 6.04 837 | 822 | <«0.1 <6.5 <0.01 74
OR2000-0050 1 6.13 83.4 [ 833 | <01 <6.9 < 0.01 76

Salinity of sample prior to adjustment. Sample adjusted to 30+1%e.

Dissolved oxygen

Percent saturation of dissolved oxygen

Total ammonia as nitrogen

Unionized ammonia

Measured as §*

Percent of original sample after salinity adjustment

Reference pore water extracted from sediment collected in Redfish Bay, Texas.
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Table 17. Water quality parameters after salinity adjustment and original salinity of
BEST/EMAP sediment porewater samples from stations in the Columbia River,
Oregon evaluated in the embryological development fest,

Salinity of sample prior to adjustment. Sample adjusted to 30+1%o.
Dissolved oxygen

Station ID ) Salinity ' | DO? %o L | pH TAN® | UAN® | Sulfide® %o ]
(%) (mg/L) | DO (mg/L) | (Ug/L) | (mg/L) | OUS

REF-1° 40 6.69 50.7 | 8.38 | 0.803 57.8 <0.01 75
OR2000-0031 28 6.42 877 | 8.09 | <0.1 <3.8 <0.01 08
OR2000-0032 27.5 6.33 864 | 7.91 <0.1 <2.6 <0.01 97
OR2000-0033 18.5 6.54 88.9 | 815 | <0.1 <4.4 <0.01 88
OR2000-0034 18.5 6.47 87.8 | 7.89 | 0915 224 <0.01 88
OR2000-0035 4 6.48 885 | 7.96 | 0.333 9.5 <0.01 77
OR2000-0036 6 6910 | 947 | 826 | <«0.1 <5.6 <0.01 78
OR2000-0037 12 6.73 919 | 819 | <0.1 <4.8 <0.01 82
OR2000-0038 24 6.4% 886 | 8.08 | «0.1 <3.7 <0.01 94
OR2000-0039 4 6.37 872 | 8.09 | <0.1 <3.8 <0.01 77
OR2000-0040 1 7.21 99 | 8.22 0.1 5.1 <0.01 75
OR2000-0041 6 6.7 92.2 | 8.11 | 0.127 5.1 <0.01 78
OR2000-0042 5 6.79 932 1781 | <0.1 <2.0 <0.01 77
OR2000-0043 1 6.77 932 | 823 | <01 <5.2 <0.01 75
OR2000-0044 1 6.18 85.1 | 831 { <0.1 <6.2 <0.01 75
OR2000-0045 1 6.47 88.8 | 835 | <0.1 <6.8 <0.01 75
OR2000-0046 4 7.13 98.1 | 844 | <«0.1 <8.2 <0.01 77
OR2000-0047 0 7.06 973 | 8.35 0.1 6.8 <0.01 74
OR2000-0048 1 6.68 92.1 | 83 <0.1 <6.1 <0.01 75
OR2000-0049 0 5.01 698 | 815 | <0.1 <44 <0.01 74

. OR2000-0050 1 7.24 100 | 832 | <0.1 <6.3 <0.01 76 l

Percent saturation of dissolved oxygen

Total ammonia as nitrogen

Unionized ammonia

Measured as S

Percent of original sample after salinity adjustment

Reference pore water extracted from sediment collected in Redfish Bay, Texas.
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Table 18. Sea urchin (Arbacia punctulata) fertilization test raw data and means for
BEST/EMAP sediment porewater samples from the Columbia River, Oregon. No
statistical comparisons met the detectable significance criteria. Plus signs denote
only statistical differences (Dunnett’s ¢-test, + o <0.05, ++ o < 0.01)

% Fertilized P
Station % MeansSD ‘t’,
ID WQAS! | Rep | Rep | Rep | Rep | Rep ean R]?lF )

1 2 3 4 5

100 100 100 98 100
REF? 100 99.6 +0.7 100

99 100 99 100 100

100 99 99 100 100
REF? 50 99.8 +0.4 100

100 100 100 100 100

99 100 100 100 99
REF°? 25 99.8 + 0.4 100

100 100 100 100 100
OR2000-0031 100 99 100 100 99 100 99.6 £ 0.6 100
OR2000-0031 50 100 100 100 100 100 100.0 £0.0 100
OR2000-0031 25 100 § 924 100 100 100 100.0 0.0 100
OR2000-0032 100 100 100 99 100 100 99.8 £+ 04 100
OR2000-0032 50 100 100 100 99 100 99.8 + 0.4 100
OR2000-0032 25 100 99 100 96 100 99.0 £ 1.7 99
OR2000-0033 100 100 100 100 100 99 99.8 +0.4 100
OR2000-0033 50 100 100 100 100 100 100.0 0.0 100
OR2000-0033 25 100 99 99 100 100 99.6 £ 0.6 100
OR2000-0034 100 100 100 100 100 100 100.0 0.0 100
OR2000-0034 50 100 100 100 100 100 100.0 0.0 100
OR2000-0034 25 100 100 100 99 100 99.8+04 100
| OR2000-0035 100 100 100 100 100 100 100.0+£ 0.0 100
Il OR2000-0035 50 100 99 99 99 99 99.2+04 + 99
II OR2000-0035 25 100 100 100 100 100 100.0 0.0 100




Table 18. Continued.

. % Fertili;ed %
Sta];;on w(;%A st | Rep | Rep | Rep | Rep | Rep MeanzSD REfF )
1 2 3 4 5
OR2000-0036 100 100 100 100 99 100 99.8 £04 100
OR2000-0036 50 100 100 100 100 100 100.0 £ 0.0 100
OR2000-0036 25 100 100 100 100 99 998 +0.4 100
OR2000-0037 100 100 100 100 100 98 99.6 +0.9 100
OR2000-0037 50 100 100 99 100 100 99.8+04 100
OR2000-0037 25 95 100 95 100 100 98.0 £ 2.7 98
OR2000-0038 100 99 100 99 100 99 994+ 0.6 100
OR2000-0038 50 100 100 99 100 100 99.8 +04 100
|| OR2000-0038 25 100 100 100 100 100 100.0 £0.0 100
OR2000-0039 100 99 100 100 100 100 99.8 + 04 100
OR2000-0039 50 100 100 100 100 100 100.0£ 0.0 100
OR2000-0039 25 100 100 99 100 98 99409 100
OR2000-0040 100 99 100 100 100 100 99.8+0.4 100
i OR2000-0040 50 100 100 100 100 99 99.8 £ 0.4 100
OR2000-0040 25 100 100 100 99 100 99.8+04 100
OR2000-0041 100 100 100 100 100 100 100.0+00 100
OR2000-0041 50 100 100 100 100 100 100.0£0.0 100
OR2000-0041 25 100 100 100 100 100 100.0 = 0.0 100
{| OR2000-0042 100 99 100 100 100 100 99.8+0.4 100
OR2000-0042 50 100 100 100 100 100 100.0+0.0 100
OR2000-0042 25 99 100 100 100 99 99.6 £ 0.6 100
OR2000-0043 100 100 100 100 100 100 100.0 £ 0.0 100
OR2000-0043 50 100 100 100 100 100 100.0 £ 0.0 100
OR2000-0043 25 99 100 100 100 100 99.8+04 100




Table 18. Continued.

% Fertilized

. T
St:;gon W(;ygs 11 Rep | Rep | Rep | Rep | Rep MeanzSD of 5
1 2 3 4 5 REF
OR2000-0044 100 100 99 100 100 100 998 +04 100
OR2000-0044 50 100 100 100 100 100 100.0 £ 0.0 100
OR2000-0044 25 100 100 100 100 100 100.0 £0.0 100

OR2000-0045 100 100 100 100 100 100 100.0 £ 0.0 100

OR2000-0045 50 100 100 100 100 1060 100.0 0.0 100

OR2000-0045 25 100 100 99 100 100 99.8 £04 100

OR2000-0046 100 100 100 100 100 100 100.0 £ 0.0 100

OR2000-0046 50 99 99 100 100 100 99.6 £ 0.6 100

OR2000-0046 25 100 100 100 100 100 100.020.0 100

OR2000-0047 100 100 100 100 100 100 100.0 0.0 100

OR2000-0047 50 100 100 100 99 100 99.8 0.4 100
OR2000-0047 25 100 100 100 100 100 100.0£0.0 100
OR2000-0048 100 99 100 100 100 100 99.83 £ 0.4 100
OR?2000-0048 50 100 100 100 100 100 100.0+ 0.0 100
OR2000-0048 25 100 100 99 100 100 99.8 +0.4 100
OR2000-0049 100 98 99 98 99 99 98.6 £ 0.6 ++ 99
OR2000-0049 50 100 100 100 100 100 100.0 £ 0.0 100
OR2000-0049 25 99 100 100 100 100 99.8 04 100
OR2000-0050 100 99 98 99 160 100 99.2+0.8 100
OR2000-0050 50 99 99 100 160 100 99.6 £ 0.6 100
OR2000-0050 251____ 99 19—.-.0= 100 28 1 100 994 +0.9 100

' Percent of water quality adjusted porewater sample.
2 Percent of reference at the same dilution.
3 Reference pore water extracted from sediment collected in Redfish Bay, Texas.

4 Value is an outlier and was omitted from statistical analysis.



Table 19. Sea urchin (Arbacia punctulata) embryological development test raw data and

means for BEST/EMAP sediment porewater samples from the Columbia

River, Oregon. No significant differences were observed between reference and

test stations.
% Normal Development 7
Station % Mean«SD ‘;
ID WQAS! | Rep | Rep | Rep | Rep | Rep €an 0 )

1 2 | 3 | 4 5 REF

88 98 93 96 97
REF? 100 96.1+34 100

96 99 99 98 97

93 97 97 98 100
REF? 50 97.9+2.1 100

99 08 97 100 100

98 97 100 | 100 98
REF* 25 99.0+1.0 100

99 99 100 100 99
OR2000-0031 100 98 97 98 99 100 984 +1.1 104
Ir0R2000-0031 50 99 97 97 99 97 97.8+1.1 99
OR2000-0031 25 99 98 100 100 100 994 £0.9 101
OR2000-0032 100 99 100 99 97 99 98.8 +1.1 103
il OR2000-0032 50 98 100 100 100 99 994 +0.9 101
OR2000-0032 25 100 100 97 99 100 99.2+1.3 101
OR2000-0033 100 98 98 99 96 98 97.8x1.1 102
{| OR2000-0033 50 98 98 97 99 100 984 =x1.1 102

OR2000-0033 25 100 99 100 99 97 990+1.2 98 |

OR2000-0034 100 100 94 95 95 95 95.8+24 99
OR2000-0034 50 99 97 100 99 99 98.8 +1.1 101
,r OR2000-0034 25 99 100 100 99 08 99.2+0.8 99
|| OR2000-0035 100 100 100 100 99 99 99.6 + 0.6 103
| OR2000-0035 50 99 100 97 99 99 98.8 + 1.1 101
'|r0R2000-0035 25 100 98 99 100 100 994 +0.9 101




Table 19. Continued.

f

. % Normal Development %
Station %o Mean+SD of
ID WQAS' | Rep | Rep | Rep | Rep | Rep N
1 2 3 4 5 REF
OR2000-0036 100 100 100 100 100 98 99.6 +0.9 102
OR2000-0036 50 95 100 99 99 100 098.6 +2.1 102
OR2000-0036 25 97 99 100 100 99 99.0+1.2 100
OR2000-0037 100 100 99 100 08 99 992 +0.8 103
OR2000-0037 50 08 97 08 100 99 984+ 1.1 101
OR2000-0037 25 99 08 99 100 99 99.0 + 0.7 100
OR2000-0038 100 100 97 100 100 100 994+13 104
OR2000-0038 50 100 99 100 97 99 99.0x1.2 101
OR2000-0038 25 100 99 100 100 100 998 +04 101
OR2000-0039 100 94 100 97 97 99 974 £2.3 103
OR2000-0039 50 08 100 99 100 100 994 +0.9 102
OR2000-0039 25 100 100 100 99 99 99.6 £0.6 100
OR2000-0040 100 94 98 97 96 92 954+24 96
OR2000-0040 50 95 98 96 97 96 964 1.1 98
OR2000-0040 25 100 99 100 100 08 994 +09 99
OR2000-0041 100 96 96 95 92 98 95422 102
OR2000-004 1 50 100 99 96 98 99 984 £ 1.5 101
OR2000-0041 25 99 99 100 98 100 99.2 £ 0.8 101
OR2000-0042 100 94 92 97 98 99 96.0+29 103
OR2000-0042 50 98 98 99 98 97 98.0 £ 0.7 99
OR2000-0042 25 98 100 99 98 100 99.0+ 1.0 101
OR2000-0043 100 100 100 99 99 97 990+1.2 101
OR2000-0043 50 100 99 99 96 97 98.2+1.6 99
OR2000-0043 25 95 99 98 100 100 98.4+2.1 101




Table 19. Continued.

! Percent of water quality adjusted porewater sample.

1 Percent of reference at the same dilution.

) % Normal Development %
Station %
ID WQAS! | Rep | Rep | Rep | Rep Rep Mean=SD of 5
1 | 2 | 3 | a4 | s REF
OR2000-0044 100 100 97 99 97 100 98615 104
OR2000-0044 50 100 98 99 99 96 98.4+15 98
OR2000-0044 25 99 100 100 99 99 99.4 + 0.6 100
OR2000-0045 100 96 94 98 99 95 964+ 2.1 99
OR2000-0045 50 100 99 99 98 100 99.2+0.8 102
OR2000-0045 25 100 98 97 97 98 98.0+1.2 99
OR2000-0046 100 100 o8 100 100 99 994109 103
OR2000-0046 50 100 99 100 98 99 99.2+0.8 101
OR2000-0046 25 100 100 100 97 98 99.0+14 99
OR2000-0047 100 95 97 98 98 97 97.0=x12 101
OR2000-0047 50 100 99 100 100 98 994+ 09 100
OR2000-0047 25 98 100 100 98 100 992+ 1.1 101
OR2000-0048 100 100 97 100 96 98 082+1.8 102
OR2000-0048 50 98 99 100 98 98 98.6 09 100 |)
OR2000-0048 25 100 99 99 100 99 99.4+0.6 100
OR2000-0049 100 99 97 95 92 98 96.2+2.8 102
OR2000-0049 50 98 97 99 98 100 984 1.1 102
Ila{2000-0049 25 100 100 99 100 99 99.6 £0.6 100
OR2000-0050 100 99 98 97 96 98 97.6x 1.1 102
OR2000-0050 50 100 98 100 100 97 90+14 99
OR2000-0050 25 100 100 | 100 98 100 99.6 + 0.9 101 II

3 Reference pore water extracted from sediment collected in Redfish Bay, Texas.



Table 20. Summary of station means and statistical significance for the sea urchin fertilization and embryological
development test from 20 BEST/EMAP stations from the Columbia River, Oregon. No statistical comparisons met
the detectable significance criteria for toxicity. Plus signs denote only statistical differences (Dunnett’s /-test,
+a < 0.05, ++ a < 0.01).

Fertilization Test Embryological Development Test
Stalgon WOAS ! (% Fertilized)3 (% Normal Development)
Mean | sp | %0 | REF® | gpy | gigt | Mean | 5D | 200 | REFZ | gy | i,
100 99.6 | 0.6 100 99.6 0.7 98.4 1.1 102 96.1 34
OR2000-0031 50 100.0 | 0.0 100 99.8 0.4 97.8 1.1 100 97.9 2.1
25 1000 | 0.0 100 99.8 0.4 994 | 09 100 99.0 1.0
100 998 | 04 100 99.6 0.7 08.8 1.1 103 96.1 3.4
OR2000-0032 50 99.8 | 04 100 99.8 04 994 | 09 102 97.9 2.1
25 99.0 1.7 99 99.8 0.4 99.2 1.3 100 99.0 1.0
100 99.8 | 04 100 99.6 0.7 97.8 1.1 102 96.1 34
OR2000-0033 50 1000 | 0.0 100 99.8 0.4 98.4 1.1 101 979 2.1
25 99.6 | 0.6 100 99.8 0.4 99.0 1.2 100 99.0 1.0
100 100.0 | 0.0 100 99.6 0.7 958 | 24 100 96.1 3.4
OR2000-0034 50 100.0 | 0.0 100 99.8 0.4 98.8 1.1 101 97.9 2.1
25 99.8 | 04 100 99.8 0.4 992 | 08 100 99.0 1.0
100 1000 | 0.0 100 99.6 0.7 99.6 { 0.6 104 96.1 34
OR2000-0035 50 99.2 | 04 99 99.8 04 + 08.8 1.1 101 97.9 2.1
25 100.0 | 0.0 100 99.8 0.4 994 | 09 100 99.0 1.0




Table 20. Continued.

Fertilization Test
(% Fertilized)

Embryological Development Test

(% Normal Development)

Stantion WQAS! 3 :
Mean | D | 720 Iﬁfﬂ SD | Sigt | Mean | SD | 0 Wk "1 sp | sig.
100 | 998 | 04| 100 | 996 | 07 996 | 09 | 104 | 961 | 34
OR2000-0036 | 50 | 1000 |00 | 100 | 998 | 04 986 | 21 | 101 | 979 | 21
25 998 | 04 | 100 | 998 | 04 990 [ 12| 100 | 990 | 10
100 | 996 |09 [ 100 | 996 | 07 992 |08 | 103 | 961 [ 34
OR2000-0037 ] 50 | 998 {04 | 100 | 998 | 04 984 | 1.1 | 101 | 979 | 2.1
25 980 |27 | o8 | 998 | 04 90 |07 | 100 | 990 | 1.0 |
100 | 994 | o6 | 100 | 996 | 07 994 | 13| 103 | 961 | 34 I
OR2000:0038 | 50 | 998 | 04 | 100 | 998 | 04 990 | 12 | 101 | 979 | 2.1
25 | 1000 | 00 | 100 | 998 | 04 998 | 04 | 101 | 990 | 10 “
100 | 998 |04 | 100 | 996 | 07 974 | 23 | 101 | 961 | 34
OR2000-0030 | 50 | 1000 [ 00 | 100 | 998 | 04 994 09 | 102 | 979 | 21
25 994 | 09 | 100 | 998 | 04 996 | 06 | 101 | 990 | 1.0
00 |98 |04 | 100 | 996 | 07 954 | 24 | 99 | 961 | 34
OR2000-0040 | 50 998 | 04 | 100 | 998 | 04 964 | 11| 98 | 979 | 2.1
25 998 | 04 | 100 | 998 | 04 994 | 09 | 100 | 990 | 10
100 | 100000 | 100 | 996 | 07 954 | 22| 90 | 961 | 34
OR2000-0041 | 50 | 1000 | 00 | 100 | 998 | 04 984 | 15| 101 | 970 | 21
25 | 100000 | 100 | 998 | 04 992 | 08 | 100 | 990 | 1.0




Table 20. Continued.

Fertilization Test

or Embryological Development Test
Smﬂtion WOAS ! (% Fertlllz,ed)3 (% Normal Developrsnent)
Mean | sp | 200 [ BEF 1 gp | sige | Mean | sp | 200 [ KEFT | gp | sig,

100 99.8 | 04 100 99.6 0.7 9.0 | 2.9 100 96.1 34
OR2000-0042 50 1000 | 0.0 100 99.8 0.4 08.0 | 0.7 100 97.9 2.1

25 99.6 0.6 100 99.8 0.4 99.0 1.0 100 99.0 1.0

100 100.0 | 0.0 100 09.6 0.7 99.0 1.2 103 96.1 34
OR2000-0043 50 100.0 | 0.0 100 99.8 0.4 08.2 1.6 100 97.9 2.1

25 99.8 | 04 100 99.8 0.4 084 | 2.1 99 99.0 1.0

100 9.8 | 04 100 99.6 0.7 98.6 1.5 103 96.1 34
OR2000-0044 50 100.0 | 0.0 100 99.8 04 08.4 1.5 101 97.9 21

25 100.0 | 0.0 100 99.8 0.4 99.4 | 0.6 100 99.0 1.0

100 100.0 | 0.0 100 99.6 0.7 9.4 | 2.1 100 96.1 34 .
OR2000-0045 50 1000 | 0.0 100 99.8 0.4 99.2 | 0.8 101 97.9 2.1 |

25 998 | 04 100 99.8 0.4 98.0 1.2 99 99.0 1.0

100 100.0 | 0.0 100 99.6 0.7 994 | 0.9 103 96.1 34
OR2000-0046 50 99.6 | 0.6 100 99.8 0.4 992 | 0.8 101 97.9 2.1

25 100.0 | 0.0 100 99.8 04 99.0 1.4 100 | 99.0 1.0

100 1000 | 0.0 100 99.6 0.7 97.0 1.2 101 96.1 34
OR2000-0047 50 558 | 04 100 99.8 0.4 994 | 09 102 97.9 2.1

25 1000 | 0.0 100 55.8 0.4 99.2 1.1 100 99.0 1.0




Table 20. Continued.

F ertilizatif)p Test Embryological Development Test
Stargon WOAS ! (% Fertlllzed)3 (% Normal Developl:lent)
Mean | 5D | 200 | ME% " | sp | sig* | Mean | 5D | 200 | BEF 1 gp | i

100 99.8 | 04 100 99.6 0.7 98.2 1.8 102 96.1 34 Ji
OR2000-0048 50 1000 | 0.0 100 99.8 0.4 98.6 | 09 101 97.9 2.1

25 99.8 | 04 100 99.8 0.4 994 | 06 100 99.0 1.0

100 986 | 0.6 99 99.6 0.7 ++ 962 | 2.8 100 96.1 34
OR2000-0049 50 100.0 | 0.0 100 99.8 0.4 98.4 1.1 101 97.9 2.1

25 99.8 | 04 100 99.8 0.4 996 | 0.6 101 99.0 1.0

100 99.2 | 0.8 100 99.6 0.7 97.6 1.1 102 96.1 34
OR2000-0050 50 996 | 0.6 100 99.8 0.4 99.0 14 101 979 2.1

25 _ 994 | 09 100 99.8 0.4 99.6 | 0.9 101 99.0 1.0 “

! Percent of water quality adjusted sample.
? Test mean as a percentage of reference (control). Reference sediment collected from Redfish Bay, Texas.
3 Mean of reference to which statistical comparison of test mean was made.

4 Significant difference from reference.



Table 21. Water quality parameters after salinity adjustment and original salinity of
BEST/EMAP sediment porewater samples from San Francisco Bay, California.

- - - B - T -

Salinity of sample prior to adjustment. Sample adjusted to 30+1%c.
Dissolved oxygen
Percent saturation of dissolved oxygen
Total ammonia as nitrogen

Unionized ammonia
Measured as S”
Percent of original sample after salinity adjustment
Reference pore water extracted from sediment collected in Redfish Bay, Texas.
Total and unionized ammonia concentration suspect due to probable technical error.

Station Salinity ' | DO*? % TAN* | UAN?® | Sulfide ¢ %o
ID @) | mgr) | Do | P | ey | e | (mgn) | ous?
REF-1% 40 8.36 100.3 | 8.38 2.72° 196.0 <0.01 75
CA2000-0038 24 8.03 978 | 7.74 386 69.2 < (.01 04
CA2000-0039 23 8.31 101.3 | 7.48 4.43 42.9 < 0.01 93
CA2000-0040 18 8.09 99.1 | 7.47 1.08 10.2 <0.01 88
CA2000-0041 24 8.06 98.9 | 7.81 2.20 45,0 < (.01 94
CA2000-0042 16 7.42 90.9 | 6.45 3.66 3.3 < (.01 86
CA2000-0043 i8 8.22 101.1 | 7.56 3.89 452 < (.01 88
CA2000-0044 26.5 7.98 98.2 | 7.62 248 33.0 < 0.01 96
| CA2000-0045 30 7.99 985 | 794 3.36 92.1 < (.01 100
CA2000-0046 28 8.02 982 | 791 3.22 82.5 < (.01 938
CA2000-0047 23 7.96 97.3 | 7.88 2.07 49.6 < 0.01 93
CA2000-0048 24 8.14 101.5 | 7.89 1.90 46,6 < (.01 94
| CA2000-0049 31 7.74 96.1 | 7.89 6.8 166.6 < (.01 100
Il CA2000-0050 30 8.06 993 8.0 4,61 0.0 < 0.01 100




Table 22. Sea urchin fertilization test raw data and means for BEST/EMAP sediment

porewater samples from San Francisco Bay, California. Asterisks denote
statistical differences (Dunnett’s ¢-test) and detectable significance criteria

between test and reference stations (* ¢ < 0.05, ** ¢ < 0.01). Plus signs denote
only statistical differences (Dunnett’s z-test, + &0 < 0.05, ++ & < 0.01).

% Fertilized o
Station % MeansSD ;’,
ID WQAS' | Rep | Rep | Rep | Rep | Rep ca REF ,
1 2 3 4 5
100 | 100 | 98 | 100 | 100
REF 2 100 99.0 + 1.0 100
99 | 99 | 98 | 97 | 99
100 | 99 | 100 | 100 | 100
REF2 50 99.5+ 0.5 100 |
99 | 99 | 99 | 100 | 99
100 | 99 | 100 | 100 | 99
REF? 25 99.0 + 1.0 100
100 | 99 | 98 | 97 | 98
CA2000-0038 | 100 49 [972 | 65 | 71 | 70 | 638+10.1%* | 64
CA2000-0038 | 50 100 | 100 ] 97 | 99 | 99 99.0 + 1.2 99
CA2000-0038 | 25 100 | 100 ] 98 | 100 | 100 99.6 + 0.9 101
CA2000-0039 | 100 100 | 96 | 100 | 90 | 100 972 +4.4 98
CA2000-0039 | 50 100 | 96 | 99 | 100 | 99 98.8 + 1.6 99
CA2000-0039 | 25 99 | 100 | 100 | 100 | 100 99.8 + 0.4 101
CA2000-0040 | 100 92 | 98 | 99 | 93 | 100 96.4 + 3.6 97
‘rcmooo-omo 50 100 | 100 | 100 | 100 | 100 | 1000+00 101
l CA2000-0040 | 25 98 [ 100 | 99 | 100 | 98 99.0 + 1.0 100
CA2000-0041 | 100 96 | 96 | 100 | 98 | 97 974+ 1.7 98 ||
CA2000-0041 50 08 | 99 | 98 | 100 | 100 99.0 + 1.0 99
CA2000-0041 | 25 100 | 100 | 100 | 99 | 100 99.8 + 0.4 101
CA2000-0042 | 100 4 0 0 0 0 08+18% | 1 |
CA2000-0042 | 50 1 2 3 2 1 1.8+08% | 2
CA2000-0042 | 25 1 1 0 1 0 06+06* | 1




Table 22. Continued.

. - % Fertilized o %
Station % MeantSD of
ID WQAS' | Rep | Rep | Rep | Rep | Rep REF ?
1 2 3 4 5

CA2000-0043 100 78 85 82 88 86 83.8+3.9 ++ 85
CA2000-0043 50 100 100 100 99 100 99.8+04 100
CA2000-0043 25 100 100 97 98 99 98.8+1.3 100
CA2000-0044 100 99 98 100 98 98 98.6+0.9 100
CA2000-0044 50 99 100 100 97 98 98.8 1.3 99
CA2000-0044 25 99 99 100 98 100 992 +0.8 100
CA2000-0045 100 100 96 99 9% 100 98.8x1.6 100
CA2000-0045 50 100 100 100 100 98 99.6 +0.9 100
CA2000-0045 25 100 100 100 100 100 100.0+ 0.0 101

CA2000-0046 100 89 92 90 92 93 912+ 1.6 ++ 9
CA2000-0046 50 100 100 98 99 100 994 +0.9 100
CA2000-0046 25 100 100 99 100 100 99.8 £ 04 101
CA2000-0047 100 100 98 99 97 100 98.8+1.3 100
CA2000-0047 50 99 100 99 99 100 99.4 £ 0.6 100
CA2000-0047 25 98 100 99 100 | 100 994x0.9 100
CA2000-0048 100 97 98 99 100 99 98.6+1.1 100
CA2000-0048 50 100 99 99 97 100 99.0+1.2 99
CA2000-0048 25 100 100 100 100 100 100.0 + 0.0 101
CA2000-0049 100 68 72 59 55 55 61.8 + 7.8 ** 62
CA2000-0049 50 96 86> 98 100 99 98.2 i_l.'? 99
CA2000-0049 25 99 100 100 100 99 99.6 0.6 101




Table 22. Continued.

% Fertilized

. %
St«}gon WgoAS 11 Rep | Rep | Rep | Rep | Rep Meanz5D RI("]fF 5
1 2 3 4 5
CA2000-0050 100 83 92 93 S0 89 890.4+39 ++ 90
CA2000-0050 50 97 99 99 100 98 98.6+1.1 99
CA2000-0050 23 98 100 100 100 98 99.2 + 1.1 100

' Percent of water quality adjusted porewater sample.

* Reference pore water extracted from sediment collected in Redfish Bay, Texas.

* Value is an outlier and was omitted from statistical analysis.




Table 23, Sea urchin (Arbacia punctulata) embryological development test raw data and
means for BEST/EMAP sediment porewater samples from San Francisco Bay,
California. Asterisks denote statistical differences (Dunnett’s ¢-test) and detectable
significance criteria between test and reference stations (* ¢ < 0.05, ** ¢ < 0.01).
Plus signs denote only statistical differences (Dunnett’s -test, + o0 < 0.05,

++ ¢ < 0.01).
% Normal Development %
Station % MeansSD ‘;
D WQAS' | Rep | Rep | Rep | Rep | Rep ean 0 2
1 2 3 4 | s REF
93 95 91 93 90
REF 2 100 918+29 100

97 89 87 91 92

92 99 94 92 98
REF*? 50 943+26 100
92 96 04 94 92

08 99 08 95 97

REF* 25 96.7+1.8 100
08 04 97 97 94

CA20060-0038 100 0 0 0 0 0 0.0 £ 0.0 ** 0
CA2000-0038 50 74 52 60 66 58 62.0 + 8.4 ** 66
CA2000-0038 25 90 95 92 93 91 022+1.9++ 95
CA2000-0039 100 0 0 0 0 0 0.0+ 0.0 ** 0
CA2000-0039 50 51 50 45 48 54 49.6 £ 3.4 ** 53
CA2000-0039 25 87 84 86 90 94 88.2+39++ 91

CA2000-0040 100 49 62 na? 77 66 63.5+11.6 ** 69

CA2000-0040 50 89 81 84 83 81 83.6+3.3++ 89
CA2000-0040 25 91 90 94 95 97 934 +29+ 97
CA2000-0041 160 49 41 35 44 42 42.2+5.]1 ** 46
CA2000-0041 50 92 84 86 84 67 82693 ++ 88
CA2000-0041 25 91 93 94 89 90 914 £2.1++ 95
CA2000-0042 100 0 0 0 0 0 0.0 £0.0 ** 0
CA2000-0042 50 59 61 60 61 66 61.4+£2.7** 65

“ CA2000-0042 25 g8 89 86 84 84 86.2+2.3 ++ 89




Table 23. Continued.

. B % Normal Development %
Station % Mean+SD of
D WQAS' | Rep | Rep | Rep | Rep | Rep REF 2
1 2 3 4 5
CA2000-0043 100 0 0 0 0 0 0.0 £ 0.0 ** 0
CA2000-0043 50 58 49 52 54 51 52.8 £ 3.4 ¥* 56
CA2000-0043 25 96 89 91 88 92 91.2+3.1 ++ 94
CA2000-0044 100 27 38 44 32 29 34.0£7.0 ** 37
CA2000-0044 50 88 86 88 89 9] 88.4+ 1.8+ 94
CA2000-0044 25 93 91 93 90 87 908 £2.5 ++ 94
CA2000-0045 100 0 0 0 0 0 0.0 £0.0 ** 0
CA2000-0045 50 77 69 71 67 68 70.4 £ 4,0 ** 75
CA2000-0045 25 87 84 90 91 90 88.4+29 ++ 91
CA2000-0046 100 0 0 0 0 0 0.0+£0.0 ** 0
CA2000-0046 50 65 66 63 68 72 66.8 £ 3.4 ** 71
CA2000-0046 25 85 82 86 85 84 844+ 1.5 ++ 87
CA2000-0047 100 82 81 84 80 89 83.2+3.6++ 91
CA2000-0047 50 88 86 89 98 85 89.2+52 95
CA2000-0047 25 91 91 92 94 91 91.8 £ 1.3++ 95
CA2000-0048 100 76 75 73 69 66 71.8 £ 4.2 ** 78
CA2000-0048 50 83 86 85 87 88 85.8+19++ 91
| CA2000-0048 25 89 94 92 95 86 91.2 +3.7++ 94
CA2000-0049 100 0 0 0 0 0 0.0 £0.0 *=* 0
CA2000-0049 50 0 0 0 0 0 0.0£0.0 ** 0
CA2000-0049 25 48 50 51 47 53 49.8 + 2.4 ** 51




Table 23. Continued.

T —_— s =—--- .- -
r* % Normal Development 9
Station % Mean+SD of

ID WQAS! | Rep | Rep | Rep | Rep | Rep REF ?
1 2 3 4 5

CA2000-0050 100 0 0 0 0 0 0.0 £ 0.0 ** 0
CA2000-0050 50 20 21 19 20 23 206+ 1.5** 22
CA2000-0050 25 83 | 89 83 | 87 84 852 +2.7 ++ 88

! Percent of water quality adjusted porewater sample.

% Reference pore water extracted from sediment collected in Redfish Bay, Texas.

? Missing data due to technical error.




Table 24. Summary of station means and statistical significance for the sea urchin fertilization and embryological
development test from 13 BEST/EMAP stations in San Francisco Bay, California. Asterisks denote statistical
differences (Dunnett’s #-test) and detectable significance criteria between test and reference stations
(* o < 0,05, ** o < 0.01). Plus signs denote only statistical differences (Dunnett’s ¢-test, + @ < 0.05, ++ ¢ < 0.01),

- —

Fertilization Test
(% Fertilized)

Embryological Development Test
(% Normal Development)

Sta];;on WQAS! - ;

Mean | SD IZE;& ﬁgﬂ SD | Sig.? | Mean | SD &;ﬂ ;:f:; SD | Sig.*||

100 | 638 | 101 | 64 990 | 1.0 | ** 00 | 00 0 91.8 | 29 | =*+

CA2000-0038 | 50 990 | 12 [ 99 99.5 | 05 620 | 84 | 66 943 | 26 | **

25 996 | 09 | 101 | 99.0 | 1.0 922 | 19 | 95 967 | 1.8 | ++
100 | 972 | 44 | 98 990 | 1.0 00 | 00 0 91.8 | 29 | ** |

CA20000039 | 50 988 | 1.6 | 99 99.5 | 05 496 | 34 | 53 943 | 26 | **

25 998 | 04 | 101 | 990 | 10 882 | 39 | 9 967 | 1.8 | ++

| 100 | 964 | 36 | 97 | 990 | 10 635 | 11.6 | 66 | 918 | 29 [ *=*
ca20000040 | 50 {1000 | 00 | 101 | 995 | 05 836 | 33 | 89 943 | 26 | ++ |

25 990 | 1.0 | 100 | 990 | 1.0 934 | 29 | o7 967 | 1.8 | +

100 | 974 | 17 | 98 99.0 | 10 422 | 51 | 46 918 | 29 | **

CA20000041 | 50 990 | 1.0 | 99 99.5 | 0.5 826 | 93 | 88 943 | 26 | ++
| 25 998 | 04 | 100 | 990 | 1.0 914 | 21 | 95 967 | 18 | ++ |

100 08 | 18 1 99.0 | 1.0 [ ** 00 | 00 0 91.8 |29 [ **

CA20000042 | 50 18 | 08 2 995 | 05 | ** | 614 | 27 | 65 943 | 26 | **
25 06 | 06 1 990 [ 10 | ** | 862 | 23 | 8 | 967 | 1.8 | ++ |




Table 24. Continued.

Station

Fertilization Test
(% Fertilized)

Embryological Development Test

(% Normal Development)

D woas % of | REF?® % of | REF?

Mean | SD REF? | Mean SD | Sig.* | Mean | SD REF? | Mean SDh | Sig.
100 | 838 | 39 | 8 | 990 [ 10 | ++ | 00 | 00 0 918 | 2.9 | #+
CA20000043 | 50 998 | 04 | 100 | 995 | 05 528 | 34 | 56 | 943 | 26 [ **
25 988 | 13 [ 100 | 99.0 | 10 912 | 3.1 | 94 | 967 [ 1.8 | ++
100 | 986 { 09 | 100 | 990 | 1.0 340 | 70 | 37 | 918 | 29 | **
CA2000.0044 | 50 988 | 13 | 99 | 995 | 05 884 | 1.8 | 94 | 943 |26 [ +
25 992 | 08 | 100 | 990 | 1.0 908 | 25 | 94 | 967 | 18 | ++
100 | 988 | 1.6 | 100 | 990 [ 10 00 | 00 0 918 | 29 | *
CA20000045 | 50 996 | 09 [ 100 | 995 | 05 704 | 40 | 75 943 | 26 | **
25 1000 | 00 | 101 | 990 | 1.0 884 | 29 | 91 967 | 18 | ++
100 [912 |16 | 92 | 90 | 1.0 | ++ | 00 | 00 0 91.8 | 2.9 | *+
CA20000046 | 50 994 | 09 | 100 | 995 [ 05 668 | 34 | 71 943 | 26 | **
25 998 | 04 | 101 | 990 | 1.0 844 | 15 | 87 | 967 | 1.8 | ++
100 | 988 | 1.3 | 100 | 990 | 10 832 | 36 | 91 918 | 29 | ++

CA2000-0047 | 50 994 | 06 | 100 | 995 | 05 892 | s2 | 95 | 943 | 26
| 25 994 | 09 | 100 | 990 | 10 918 | 13 | 95 967 | 1.8 | ++
100 | 986 | 1.1 | 100 [ 990 | 10 718 | 42 [ 78 | 918 [ 29 | **
CA20000048 | 50 990 | 12 | 99 | 995 [ 05 858 | 19 | 91 943 | 26 | ++
25 1000 | 00 | 101 | 990 | 10 912 | 3.7 | 94 | 967 [ 1.8 | ++




Table 24. Continued.

Fertilization Test

or Embryological Development Test
Sta];i)on WOAS! (% Fertlllzed)s (% Normal Developnzent)
Mean | SD 1:];51?’ oEF | sp | Sig.* | Mean | sD lf;’“‘lt; ;}f:;l sp | sig.
100 61.8 7.8 62 99.0 1.0 ** 0.0 0.0 0 91.8 2.9 **
CA2000-0049 50 98.2 1.7 99 99.5 0.5 0.0 0.0 0 94.3 2.6 o
25 99.6 0.6 101 99.0 1.0 49.8 24 51 96.7 1.8 **
100 89.4 3.9 90 99.0 1.0 ++ 0.0 0.0 0 91.8 29 *q
CA2000-0050 50 98.6 1.1 99 99.5 0.5 20.6 1.5 22 94.3 2.6 *#
25 99.2 1.1 100 99.0 1.0 85.2 2.7 88 96.7 1.8 ++ J

! Percent of water quality adjusted sample.

? Test mean as a percentage of reference (control). Reference sediment collected from Redfish Bay, Texas.

3 Mean of reference to which statistical comparison of test mean was made.

* Significant difference from reference.



Table 25. EC,, values of sediment porewater samples from the BEST/EMAP San Francisco
Bay, California study, assayed in the sea urchin fertilization and embryological

development tests.
Station Fertilization Test Embryological Development Test
D EC,, 95 % I(in(:lr:it:sdence EC, 95 % I(‘Iit:llr:il':;lence

CA2000-0038 >100 - 56.19 52.56-60.08
CA2000-0039 >100 - 50.67 46.86-54.80
CA2000-0040 >100 - >100 -
CA2000-0041 >100 - §2.59 80.76-106.14
CA2000-0042 <25 - 5547 51.27-60.01
CAZ2000-0043 >100 - 52.23 48.59-56.13
CA2000-0044 >100 - 85.61 78.22-93.70
CA2000-0045 >100 - 60.00 56.07-64.20
CA2000-0046 >100 - 58.25 53.82-63.04
CA2000-0047 >100 - >100 -
CA2000-0048 >100 - >100 -
CA2000-0049 >100 - 26.32 nr?
CA2000-0050 >100 - 39.16 36.55-41.96

' Percent of water quality adjusted porewater sample.

2 95% confidence limits not reliable.



Table 26. Water quality parameters after salinity adjustment and original salinity of
NOAA sediment porewater samples San Francisco Bay, California.

| Designation? | S2inity’ | DO’ % | g | TAN' | UANS | sulfide” | %
; (%o) (mg/L) | DO (mg/L) | (ug/l.) | (mg/L) | OUS
REF-1° 40 697 | 848 |840| 089 | 667 | <001 | 76
REF-2° 40 836 | 1003 | 838 | 272 | 1959 | <0.01 75
1-2 2 783 | 934 |847 | 0518 | 452 | <001 | 76
22 2 747 | 843 [823 | 0.10 29 | <001 | 76
3.1 6 804 | 949 [799 | 351 | 1076 | <001 | 79
33 4 765 | 913 |801| 071 | 228 | <001 | 77
4-2 6 753 | 892 |776 | 165 | 302 | <001 | 79
5-1 8 793 | 942 | 744 | 384 | 339 | <001 | 80
5.2 9 774 | 933 [791| 127 | 325 | <001 | 81
|55 4 768 | 945 |768 | 271 | 413 | <001 | 77
6-1 6 794 | 981 |759 | 470 | s84 | <001 | 79
6-4 9 769 | 956 | 720 292 | 149 | <001 | 81
7-1 5 780 | 964 | 754 | 275 | 305 | <001 | 78
7-4 6 776 | 987 | 755 | 328 | 372 | <001 | 79
7-6 8.5 781 | 980 [762]| 670 | 892 | <001 | 81
8-1 20 778 | 967 |8.02| 153 | 501 | <001 | 91
| 83 16 764 | 952 |[821| 1.02 | 509 | <001 | 87
9.2 15 727 | 898 |7.62 | 243 | 323 | <001 | 91
10-1 14 784 | 975 |752| 518 | 549 | <001 | 85
10-3 14 766 | 953 | 744 | 491 | 434 | <001 | 85
11-1 22 805 | 1007 |804 | 108 | 370 | <001 | 93
Ir 11-3 22 783 | 98.1 |796| 096 | 275 | <001 | 93
|| 12-1 26 780 | 978 |760| 232 | 295 | <001 | 96




Table 26. Continued.

Desigmﬁ_onl Salinity* | DO | % | o TAN® | UAN | sulfide’ | %
%o | (mg/L) | DO (mg/L) | (ug/L) | (mg/L) | oUs®
13-1 24 795 | 993 |7.63| 276 | 376 | <001 | 95
14-1 22 799 | 988 [758 | 375 | 456 | <001 | 92
15-1 28 780 | 970 |[804 | 299 | 1025 | <001 | 98
15-3 30 822 | 999 (800 | 060 | 189 | <00t | 100
16-1 30 766 | 930 |779| 057 | 112 | <001 | 100
17-1 30 794 | 964 {756 | 514 | 597 | <001 | 100
17-2 30 7.69 932 7.57 1.78 21.1 < 0.01 100
18-1 31 71.42 90.1 771 1.84 30.0 < 0.01 100
19-2 32 7.88 96.4 7.65 1.97 28.1 < 0.01 94
19-3 31 832 | 1018 | 775 | 707 | 1264 | <001 | 100
20-1 32 775 | 956 | 765 | 969 | 1381 | <001 | 94
20-5 31 763 | 935 | 779 | 333 | 651 | <001 | 100
20-6 31 753 | 922 | 777 | 280 | s24 | <00t | 100
21-1 32 761 | 930 | 779 | 234 | 458 | <001 | 94
21-3 32 785 | 958 | 743 | 969 | 837 | <001 | 94
22-1 32.5 798 | 976 |7.87| 241 | 565 | <001 | 92
223 32 786 | 958 {788 | 1.50 | 359 | <001 | 94
22-6 32 794 | 968 |784| 077 | 168 | <001 | 94
232 32 737 | 940 777 | 088 | 164 | <001 | 94
242 33 767 | 941 |7.84| 223 | 488 [ <001 | 91
25-1 32 766 | 942 775 | 300 | s36 | <001 | 94
25-3 32 781 | 964 |741| 577 | 476 | <001 | 94
26-1 32 801 | 990 |777| 302 | s65 | <oo1 | 94 |
26-2 32 757 | 93.9 | 773 | 234 | 400 | <001 | 94
27-1 31 749 | 923 | 779 | 392 | 767 | <001 | 100




Table 26. Continued.

Designation’ Sazfi%f)tyz (n?g?;) por | PH (;rnﬁ) (I:;;/T) s(:::;g ot
28-1 31 7.51 92,2 7.02 0.33 8.7 < 0.01 100
28-4 32 7.65 94.1 7.87 6.44 150.9 < (.01 94
28-5 32 7.48 95.6 7.69 1.73 53.0 <0.01 94
20-2 30 7.15 88.2 7.80 1.45 29.0 < (0.01 100
30-1 30.5 8.10 96.8 7.49 6.21 61.5 < 0.01 100
30-3 29 8.27 98.6 7.85 1.6 36.1 < 0.01 100

BR70"! 305 7.78 95.0 7.36 5.4 39.7 < 0.01 100
31-2 31 8.3 98.9 7.67 7.03 104.8 < 0.01 100
314 30 8.35 1003 | 7.78 5.08 97.2 < 0.01 100
31-6 30 7.5 89.8 7.33 12.9 88.6 <0.01 100
32-2 30 7.87 94.3 7.66 4.87 71.0 <0.01 100
32-3 30 7.56 90.2 7.82 4.87 101.9 <0.01 100
32-6 30 1.57 899 | 7.87 2.7 63.3 < 0.01 100
33-5 30 7.96 95.4 7.86 948 217.1 < 0.01 100
34-1 31 8.17 96.7 T.90 8.49 212.8 <0.01 100
34-3 30.5 8.35 98.9 7.47 4,43 41.9 < 0.01 100
35-2 30.5 8.24 98.7 7.54 6.717 75.1 <{0.01 100
35-3 30 1.76 929 7.85 3.86 86.4 < (.01 100
| 36-1 29 T.74 92.6 7.8 3.08 616 <0.01 100
36-2 30 8.01 95.6 8.0 2.32 0.0 <0.01 100
36-3 30 7.97 96.6 7.75 5.14 91.9 <0.01 100
38-1 28 T.95 952 | 7.86 2.88 66.0 < 0.01 a8
38-3 26 8.04 96,7 7.35 25.1 180.5 < (.01 96 “
39-1 30 8.14 99.4 7.96 4,14 118.7 <0.01 100 ||
|| 40-2 26 8.17 98.0 | 7.04 18.1 64.0 < 0,01 96 “




Table 26. Continued.

Designation! Salinity> | DO? %4 pH TAN® | UAN¢® -S-ulfide"' % .
(%0) (mg/L) | DO (mg/L) | (ug/L) | (mg/L) | OUS
40-3 27 8.22 99.0 | 771 295 48.2 < 0.01 97
42-1 26 8.16 085 739 634 50.0 <0.01 96
42-3 24 7.54 011 | 730 | 6.89 442 <0.01 04
BA21Y 26 8.2 099 | 7.07 0.29 35.2 <0.01 96
43-3 20 7.92 95.5 6.8 19.9 40.5 < 0.01 90
44-1 23 8.09 977 1724 | 346 19.3 < 0.01 93
44-2 16 8.06 98.0 | 8.01 2.61 83.7 <0.01 86
46-1 28 8.11 97.8 | 7.65 2.54 36.2 <0.01 08
l 46-3 23 8.14 090 745 ] 4.50 40.7 < 0.01 93
46-4 25 771 039 | 748 3.57 34.5 <0.01 95
47-3 32 7.81 95.0 1776 } 523 95.6 <0.01 94
| 47-4 30 7.99 97.1 777 | 3.18 59.5 <0.01 100
BF21" 6 7.99 07.1 7.7 2.78 444 <{0.01 79
11-6 26 8.15 100.0 | 744 | 252 223 <0.01 96
BD22" 24 7.74 94.6 &9 2.35 90.0 < 0.01 04

Designation refers to strata and station, respectively.
Salinity of sample prior to adjustment. Sample adjusted to 30x1%o.
Dissolved oxygen
Percent saturation of dissolved oxygen
Total ammonia as nitrogen
Un-ionized ammonia
Measured as S*
Percent of original sample after salinity adjustment
Reference pore water extracted from sediment collected in Redfish Bay, Texas. Reference 1

was used in a test of San Francisco samples from Strata 1 through 29 (except BF21 and BD22);
Reference 2 was used in a test of San Francisco samples from Strata 30 through 47 and samples
BF21 and BD22).
10 Total and unionized ammonia concentration suspect due to probable technical error.
11 Stations BF21, BD22, BB70 and BA21 were located in strata 4, 11, 30, and 42, respectively.



Table 27. Sea urchin (Arbacia puntulata) fertilization test one raw data and means for

NOAA sediment porewater samples from San Francisco Bay, California.
Asterisks denote statistical differences (Dunnett’s ¢-test) and detectable

significance criteria between test and reference stations (* ¢¢ <0.05, ** ¢ < 0.01).

Plus signs denote only statistical differences (Dunnett’s t-test, + ¢ <0.05,

++ ¢ < 0.01).
% Fertilized o
. .1 % o
Designation WQAS? | Rep | Rep | Rep | Rep | Rep Mean+SD RE; ,
1 2 3 4 5
95 93 90 91 94
REF? 100 929+2.1 100
96 91 91 93 95
94 95 93 96 91
REF? 50 939+1.8 100
96 95 92 92 95
95 93 95 93 90
REF 3 25 943+24 100
97 95 97 94 97
1-2 100 94 93 94 94 95 94.0£0.7 101
1-2 S0 93 94 93 95 91 93.2+1.5 99
1-2 25 89 92 93 93 91 91.6+1.7 97
2-2 100 93 88 90 94 94 91.8+2.7 99
2-2 50 95 93 96 97 94 95.0x 1.6 101
2-2 25 97 93 95 93 93 942+ 1.8 100
3-1 100 92 84 86 82 87 86.2 £3.8 ++ 93
3-1 50 96 93 92 93 94 93.6x1.5 100
3-1 25 94 95 93 94 95 942 +0.8 100
33 100 91 94 94 89 92 92.0x2.1 99
3-3 50 95 91 9 94 94 94019 100 |
] 33 25 95 94 97 95 96 954+1.1 101
4-2 100 96 90 95 92 94 93.4+24 101
4-2 50 94 95 94 96 93 944+1.1 101
4-2 25 93 94 98 93 92 94024 100 JI




Table 27. Continued.

% Fertilized

Designation ! W (;;S 2 | Rep | Rep | Rep | Rep | Rep Mean=SD :ﬁ‘
1 | 2 | 3| 4| s REF*

5-1 100 60 55 54 61 69 59.8 £ 6.0 ** 64
5-1 50 75 69 67 75 58 68.8 + 7.0 ** 73
5-1 25 93 S0 81 88 88 88.0 4.4 ++ 93
5-2 100 87 91 94 93 95 92.0+32 99
5-2 50 94 93 90 94 94 93.0x1.7 99
5-2 25 96 94 91 98 95 948 +2.6 101
5-5 100 83 62 77 66 73 722 £ 8.4 ** 78
5-5 50 93 94 91 96 91 93.0+2.1 99
5-5 25 94 95 87 94 95 93.0+34 99
6-1 100 63 45 61 58 69 592 + 8.9 ** 64
6-1 50 95 86 89 84 86 88.0+4.3 ++ 94
6-1 25 98 82 92 94 94 92.0+6.0 98
64 100 91 80 84 81 86 844 +44 ++ 91
6-4 50 92 94 92 96 91 93.0+2.0 99
6-4 25 93 92 92 90 95 924 +1.8 98
7-1 100 63 61 52 56 56 57.6+44 ** 62
7-1 50 82 76 78 62 74 744 £7.5 ** 79
FI 7-1 25 96 91 91 91 94 926+2.3 98
74 1060 27 20 22 26 24 23,8+ 20 ** 26
7-4 50 56 62 45 69 74 61.2 £ 11.3 ** 65
74 25 89 84 80 82 89 848 +4.1 ++ 90
7-6 100 84 81 79 85 77 81.2+34 ++ 87
7-6 50 93 90 94 90 88 91.0+24 97
7-6 25 87 94 95 91 95 924+34 98




Table 27. Continued.

—

% Fertilized

Designation W (;7;8 | Rep | Rep | Rep | Rep | Rep Mean+SD Rgf; .
1 2 3 4 5

8-1 100 91 86 84 91 83 87.0+38+ 94
8-1 50 94 93 92 92 98 938+25 100
8-1 25 95 90 96 96 95 944 +2.5 100
8-3 100 85 88 82 87 82 84.8 +2.8 ++ 9i
8-3 50 93 90 90 94 93 92.0+1.9 98
8-3 25 90 90 94 93 94 92.2+2.0 98
9-2 100 74 64 65 78 59 68.0£7.8 ¥* 73
9-2 50 80 84 75 72 89 80.0 £ 6.8 ++ 85
9-2 25 94 96 90 87 89 91.2+3.7 97
10-1 100 45 40 41 47 48 442 £3.6 ** 48
10-1 50 80 60 74 58 59 66.2 £+ 10.]1 ** 71
10-1 25 93 91 93 91 90 91.6x1.3 97
10-3 100 41 4] 45 45 40 42.4 + 2.4 ** 46
10-3 50 69 67 58 63 60 63.4+4.6** 68
10-3 25 97 90 92 88 90 91434 97

i i1-1 100 89 82 90 82 87 86.0+3.8 ++ 93
11-1 50 91 91 92 93 94 922+1.3 98
11-1 25 95 89 92 90 90 91.2+24 97
11-3 100 86 87 88 92 93 89.2 +3.1 96

1 11-3 50 92 90 93 94 88 914+24 97
11-3 25 86 94 97 95 89 92.2+4.6 98
12-1 100 63 61 71 68 61 64.8 £4.5 %+ 70
12-1 50 91 85 90 94 93 90.6 £3.5 96
12-1 25 95 90 87 90 90 904 £29 96




Table 27. Continued.

% Fertilized

Designation ! W (;/;SZ Rep | Rep | Rep | Rep | Rep Mean+SD RE;[‘“ .
1 | 2 | 3 4{ 4 | s

13-1 00 | e | 77 | 7| 12| 63 | 702:52%| 76
13-1 50 88 | 88 | 92 | 86 | o 89.0+24+ | 95
13-1 25 90 | o2 [ 94 | 92 | 90 | o16+17 97
14-1 00 | 88 | 84 [ 94 { 83 | 90 | 878245 95
14-1 50 o4 | 95 | 95 | 94 | 95 94.6+0.6 101
14-1 25 9 | 96 | 95 | 93 | 95 93.8+24 99
15-1 100 [ 8 |92 | o | e | o 91215 08
15-1 50 87 | 92 | 89 | 87 | & 89.2+23+ | 95
15-1 25 97 | 89 | 96 | 93 | 90 | 930235 99
15-3 100 | 9 | 8 | 90 | o4 | o1 90.4 +2.5 97 “
15-3 50 87 | 93 | 92 | 92 | 92 | 912224 97 |
15-3 25 93 | 80 | 90 | o1 | 93 | o12x18 97 |
16-1 100 | 91 | 88 | 95 | 88 | o1 90.6 +2.9 98
16-1 50 92 | 94 | 90 | 97 | o 92.8+2.8 99
16-1 25 92 | ot | o2 | 89 | 95 | o18x22 97
17-1 00 |6 | 75| 6 | 60 | 71 | 66aze3*x| 7
17-1 50 o1 { o1 | 90 | 94 | 89 | 91.0+19 97
17-1 25 80 | o1 | o2 | 86 | 88 | 8922244 | 95
17-2 100 | 93 [ 91 | 97 | 88 | 95 | 928x35 100
17-2 50 g8 | 93 | 88 | 88 | 91 89.6+23+ | 95
17-2 25 9 | o1 | 94 | 92 | 93 | 920z16 98

{181 100 | 87 | 88 | 86 | 93 | 89 | s8862x27 95

| 181 50 86 | 80 | 90 | 88 | 89 | &s4z154+| o4

| 181 25 os | 87 | 95 | 93 | 92 | 924233 931|




Table 27. Continued.

T % Fertilized
% %
Designation ! WOQAS? | Rep | Rep | Rep | Rep | Rep MeanzSD of .
1 2 3 4 5 REF

19-2 100 87 | 85 | 85 | 87 | 88 86.4+13++ | 93
19-2 50 97 | 94 | 93 | 92 | 95 942+ 1.9 100
19-2 25 95 | 94 | 96 | 95 | 95 95.0 0.7 101
193 100 38 | 32 | 34 | 31 | & 358+53% [ 39
19-3 50 62 | 60 | 61 | 59 | 61 60.6+ 1.1** [ 65
19-3 25 o1 | 95 | 97 | 94 | 92 93.8 + 2.4 99
20-1 100 60t | 30 | 23 | 27 | 36 290+55% | 3]
20-1 50 49 | 51 | 54 | 54 | s8 532£34% | 57
20-1 25 9 | 92 | 94 | 94 | 95 94.2+1.5 100
20-5 100 94 | 93 | 90 | 91 | 89 91.4 +2.1 98
20-5 50 89 [ 91 | 96 | 89 | 92 91429 97
20-5 25 86 | 94 | 92 | 93 | 95 92.0+3.5 98
20-6 100 93 | 92 | 91 | 89 | o4 91.8+1.9 99
20-6 50 9 | 96 | 94 | 91 | 93 94.0 £ 2.1 100
20-6 25 94 | 92 | 92 | 92 | 93 92.6+ 0.9 98 "
21-1 100 87 | 88 | 84 | 86 | 86 862+ 15++ | 93
21-1 50 91 | 95 | 95 | 93 | o1 93.0 £ 2.0 99
21-1 25 90 | 94 | 93 | 92 | o1 92.0+ 1.6 98
21-3 100 56 | 66 | 79 | 66 | 64 66282 % | 71
21-3 50 89 | 74 | 79 | 72 | 78 784+66%* | 83
21-3 25 92 | 95 | 94 | 88 | 90 91.8+2.9 97
22-1 100 89 | 81 | 82 | 8 | s4 832£3.6++ | 90
22-1 50 95 | 89 | 90 | 85 | 87 89238+ [ 95 |
22-1 25 97 | 94 | 92 | 97 | 92 94.4 £2.5 100 ||




Table 27. Continued.

% Fertilized

Designation ! W(;%AS’ Rep | Rep | Rep | Rep | Rep Mean=SD :)7; .
‘ 1 2 3 4 5 REF
22-3 100 96 | 94 | 92 | 88 | 92 92.4 +3.0 99
22-3 50 9 | 93 | 95 | 96 | 92 944+ 18 101
22-3 25 89 | 93 | 94 | 94 | o3 92.6 +2.1 98
22-6 100 9 | 96 | 96 | 93 | 96 954 +1.3 103
22-6 50 93 | 96 | 93 | 94 | 97 94.6 + 1.8 101
22-6 25 94 | 92 | 96 | 94 | 97 94.6 +2.0 100
232 100 94 | 88 | 95 | 95 | 90 92432 99
23-2 50 94 | 93 | 94 | 93 | 95 93.8 + 0.8 100
23-2 25 95 | 90 | 93 | 95 | o8 942 +3.0 100
24-2 100 87 | 82 | 83 | 88 | 87 85427 ++ | 92
24-2 50 94 | 84 | 94 | 92 | 93 91.4+42 97
24-2 25 94 | 91 | 92 | 94 | 92 92.6 + 1.3 98
25-1 100 94 | 89 | 76 | 86 | o4 87.8 +7.4 94
25-1 50 91 | 93 | 94 [ 95 | o5 93.6+1.7 100
25-1 25 95 | 93 | 92 | 91 | 92 926+ 1.5 98
25-3 100 62 | s4 | 59 | 47 | &2 568+64% | 6l
H 25-3 50 70 | 64 | 67 | 69 | 76 69244+ | 74
25-3 25 95 | 84 | 91 | 90 | 87 80442+ | 95
26-1 100 93 | 89 | 76 | 76 | 74 81.6+8.7++ | 88
26-1 50 94 | 84 | 90 | 88 | 89 80.0+3.6+ | 95
26-1 25 98 | 91 | 94 | 95 | 93 94226 100
| 262 100 90 | 8 | 92 | 86 | 92 89.8+2.5 97
26-2 50 91 | 95 | 96 | 92 | 94 93.6+2.1 100
26-2 25 93 | 97 | 97 | 94 | o3 94.8 +2.0 101 1‘




Table 27. Continued.

% Fertilized

Designation ' W (‘;j\S : | Rep | Rep | Rep | Rep | Rep Mean=SD REG;? .
1 2 3 4 5
27-1 100 58 57 54 37 58 52.8 £90.0 ** 57
27-1 50 75 67 60 72 71 69.0 £ 5.8 ** 73
27-1 25 93 95 90 92 S0 92.0x2.1 98
28-1 100 91 92 92 92 91 91.6+0.6 9%
28-1 50 90 85 92 93 94 G28+1.09 99
28-1 25 89 92 95 94 93 926+23 88
28-4 100 13 13 16 14 na’ 14,0 £ 1.4 ** 15
28-4 50 41 68 ¢ 31 39 34 36.2 £ 4.6 ** 39
28-4 25 93 85 S0 88 S0 91.2+28 97
28-5 100 93 89 87 86 S0 89.0+2.7 96
28-5 50 93 85 91 88 86 90.6 + 3.6 96
28-5 25 91 85 85 91 50 024+24 98
29-2 100 75 39¢ 76 74 75 75.0£0.8 ** 81
29-2 50 92 88 93 39 87 80.8+2.6 96
29-2 25 94 94 96 92 95 942+ 1.5 100

L]

Designation refers to strata and sample ID, respectively.

Percent of water quality adjusted porewater sample.

Reference pore water extracted from sediment collected in Redfish Bay, Texas.

Value is an outlier and was omitted from statistical analysis.

Missing data, technical error.




Table 28. Sea urchin (Arbacia puntulata) fertilization test two raw data and means for
NOAA sediment porewater samples from San Francisco Bay, California.
Asterisks denote statistical differences (Dunnett’s ¢-test) and detectable
significance criteria between test and reference stations (* & <0.05, ** @ < 0.01).
Plus signs denote only statistical differences (Dunnett’s ¢-test, + ¢ <0.05,

++ ¢ < 0.01).
% Fertilized 9
P % o
Designation WOAS? | Rep | Rep | Rep | Rep | Rep Mean+SD R](g';;‘ .
1 2 3 4 5
100 100 o8 100 100
REF? 100 99.0+1.0 100
99 99 o8 97 99
100 99 100 100 100
REF? 50 99.5+0.5 100
99 99 99 100 99
100 99 100 100 99
REF 3 25 990+ 1.0 100
100 99 98 97 98
30-1 100 52 44 56 43 58 50.6 + 6.8 ** 51 ||
30-1 50 78 88 87 79 96 85674 ++ 86
30-1 25 99 98 96 o8 98 978+1.1 99
30-3 100 89 87 91 95 97 01.8+472 4+ 93
30-3 50 98 91 98 97 99 96.6 +3.2 97
30-3 25 98 99 96 100 99 984 +1.5 99
BB70° 100 42 55 55 44 57 50.6 £7.0 ** 51
BB70° 50 90 91 92 92 97 92427 ++ 93
" BB70° 25 98 98 95 97 96 96.8+1.3 98
31-2 100 18 13 29 21 19 20058 ** 20
31-2 50 79 55 63 60 64 642 £ 0.0 ** 65
31-2 25 99 97 92 86 94 93.6+50+ 95
| 314 100 86 | s6 | 81 | 77 | 64 | 728+124% | 74
" 314 50 96 96 96 96 98 96.4 +0.9 + 97
Il 314 25 97 88 g2 99 99 95.0x+4.8 + 96 A




Table 28. Continued.

% Fertilized

Designation ! - go AS2 | Rep | Rep | Rep | Rep | Rep MeanzSD 3‘ .
1 2 3 4 5 REF
31-6 100 25 33 35 23 22 27.6 £ 6.0 ** 28
31-6 50 96 94 88 88 64 86.0+ 12.8 ++ 87
31-6 25 92 95 90 84 87 89.6 £4.3 ++ 91
32-2 100 80 86 82 84 85 83424+ 84
32-2 50 98 97 99 100 99 98.6 +1.1 99
32-2 25 99 100 100 100 99 9.6 £ 0.6 101
32-3 100 55 49 65 57 72 59.6 £9.0 ** 60
32-3 50 71 88 91 87 83 84078 * 84
32-3 25 100 100 100 100 100 100.0 0.0 101
32-6 100 77 80 80 80 84 802+25%* g1
32-6 50 98 100 100 98 100 99.2 +1.1 100
32-6 25 99 99 98 98 08 984 £0.6 99
33-5 100 49 48 57 33 54 48.2 £9.3 ** 49
33-5 50 86 62 65 88 75 752+ 11.8 ** 76
33-5 25 92 88 98 100 98 95.2+£5.0 96
34-1 100 73 70 43 54 65 61.0£12.4 ** 62 |
34-1 50 87 77 78 81 91 828+6.0%* 83
34-1 25 98 99 99 99 100 99.0 £ 0.7 100
34-3 100 81 93 86 %94 96 90.0 £6.3 ++ 91
34-3 50 98 98 99 99 98 98.4 £0.6 99
34-3 25 100 99 99 98 99 99.0x 0.7 100
|| 35-2 100 46 41 50 47 58 48.4 + 6.3 ** 49
|| 35-2 50 92 91 83 98 98 924 %£6.2 ++ 93 |
Il 35-2 25 97 98 100 99 96 98.0<£1.6 99




Table 28. Continued.

% ) % Fertilized %
Designation ! wQAS? | Rep | Rep | Rep | Rep | Rep MeantSD of .

1 2 | 3 | 4 5 REF

35-3 100 94 89 92 84 96 91.0+£4.7 ++ 92

35-3 50 100 99 100 97 99 990+1.2 99
35-3 25 99 100 99 100 99 994 +0.6 100

36-1 100 75 95 84 100 96 90.0 £ 10.3 ++ 91

36-1 50 96 100 98 100 08 98.4 + 1.7 99

36-1 25 98 98 99 97 99 98.2+0.8 99

36-2 100 98 90 90 93 93 928 +3.3 ++ 94

36-2 50 99 98 99 100 99 99.0+0.7 99

U 36-2 25 100 100 99 100 99 99.6 + 0.6 101
36-3 100 34 51 31 46 50 424 +£93 ** 43

36-3 50 87 87 90 85 74 84.6 £ 6.2 ++ 85
36-3 25 99 98 98 100 99 98.8 +0.8 100

38-1 100 89 96 95 99 97 95.2+3.8 96
38-1 50 99 99 99 100 99 99.2 +0.4 100
38-1 25 100 99 08 100 100 99.4 +0.9 100

38-3 100 34 41 38 27 29 338+ 5.9 ** 34

| 383 50 75 | 68 | 57 | 51 | 52 | eo6x105% | 61
38-3 25 82 83 80 74 68 774 £ 6.3 ** 78

39-1 100 85 84 90 92 93 88.8 +4.1 ++ 90

39-1 50 97 96 100 97 98 976 1.5 98

39-1 25 98 98 99 99 98 984 0.6 99

40-2 100 9 7 6 12 11 0.0£2.6% 9

40-2 50 35 31 31 32 56 37.0 10,7 ** 37

[ 40-2 25 47 68 974 65 75 63.8+ 119 ** 64




Table 28, Continued.

% Fertilized

%
Designation ' W (;%ASZ Rep | Rep | Rep | Rep | Rep MeantSD RE; .
1 2 3 4 5
40-3 100 90 97 85 87 99 91.6 £6.2 ++ 93
40-3 50 98 97 99 100 98 98.4 +1.1 99
40-3 25 99 99 100 96 100 988+ 1.6 100
42-1 100 47 39 78 50 53 53.4 £ 14,7 ** 54
42-1 50 86 90 99 100 97 944 *+6.1 + 95
42-1 25 97 100 95 100 99 98.2 +2.2 99
42-3 100 72 53 42 46 63 552+ 12.3 ** 56
42-3 50 95 82 83 88 95 88.6 £ 6.3 ++ 89
42-3 25 97 98 96 100 100 98.2+ 1.8 99
BA21° 100 80 82 87 68 15 78.4 £ 7.2 ** 79
BA21° 50 92 93 95 94 87 922 +3.1 ++ 93
BA21 3 25 100 100 99 98 100 994 +09 100
43-3 100 11 21 22 8 25 17.4 £7.4 ** 18
43-3 50 31 50 49 37 48 43.0 £ 8.5 ** 43
I 43-3 25 83 84 92 86 94 87.8+4.9 ++ 89
44-1 100 82 57 71 73 93 75.2 £ 13.4 ** 76
44-1 50 93 98 100 82 76 89.8 + 10.4 ++ 90
44-1 25 100 100 100 100 100 100.0£ 0.0 101
44-2 100 65 70 87 8 87 78.0 = 10.0 ** 79
.i 44-2 50 98 | 95 | o5 | 100 | 98 | 972+22 98
| w2 25 97 | 99 | 98 | 99 | 99 | 984209 99




Table 28, Continued.

o T %_Fc-:rtilized %
Designation ' WOAS? | Rep | Rep | Rep | Rep | Rep Mean=SD RE;‘ .
1 2 3 4 S

46-1 100 98 98 99 99 95 97.8x+1.6 99
46-1 50 99 100 97 99 100 99.0+1.2 99
46-1 25 100 96 97 98 99 98.0+ 1.6 99
46-3 100 88 89 83 80 93 86.6 £ 5.1 ++ 87
46-3 50 100 08 97 100 98 98.6+1.3 99
46-3 25 97 98 93 o8 99 97.0x24 98
46-4 100 82 65 83 87 85 804 +88* 81
464 50 97 98 97 99 99 98.0+1.0 98
464 25 97 100 98 99 96 980+1.6 99
47-3 100 85 75 78 84 75 794 + 4.8 *¥* 80
47-3 50 100 08 97 97 99 982+13 99
47-3 25 99 97 08 100 100 088+1.3 100
474 100 08 97 98 97 95 97.0x+1.2 98
47-4 50 98 08 99 98 97 98.0+0.7 98
474 25 100 100 99 100 98 9941+ 09 100
BF21° 100 89 96 83 70 90 86.0 9.8 ++ 87
BF21° 50 08 98 100 93 97 97.2+2.6 08
BF21° 25 98 99 97 98 100 98.4 + 1.1 99




Table 28. Continued.

% Fertilized

%
Designation W gﬂAS | Rep | Rep | Rep | Rep | Rep Mean=SD . Eof['? .
1 2 3 4 5

11-6 100 100 98 99 98 99 98.8 £0.8 100

11-6 50 100 100 100 100 99 99.8 +04 100

11-6 25 100 99 99 100 99 994 +0.6 100
BD22° 100 98 93 99 92 97 95.8 +3.1 97
BD22° 50 99 98 97 98 98 98.0+£0.7 98
BD22° 25 I 99 97 98 98 100 98.4 + 1.1 99

Percent of water quality adjusted porewater sample.

Designation refers to strata and sample ID, respectively.

Value is an outlier and was omitted from statistical analysis.

Reference pore water extracted from sediment collected in Redfish Bay, Texas.

Stations BF21, BD22, BB70, and BA21, located in strata 4, 11, 30, and 42, respectively.




Table 29. Sea urchin (Arbacia puntulata) embryological development test one raw data and
means for NOAA sediment porewater samples from San Francisco Bay,
California. Asterisks denote statistical differences (Dunnett’s ¢-test) and
detectable significance criteria between test and reference stations (* « < 0.05,
** o0 < 0.01). Plus signs denote only statistical differences (Dunnett’s ¢-test,

+ 0 < 005, ++ & < 0.01).

% Normal Development %
. . %o
Designation WQAS? | Rep | Rep | Rep | Rep | Rep Mean=SD REOt];‘ .
1 2 3 4 5
78 81 84 80 81
REF* 100 76.0+6.0 100
74 65 71 76 70
86 88 84 88 81
REF* 50 853+2.6 100
88 85 86 86 81
85 90 88 90 92
REF* 25 86.4+3.6 100
81 87 83 84 84
1-2 100 80 82 34 85 75 81.2+40 107
1-2 50 84 91 92 82 85 86.8+44 102
1-2 25 85 39 90 89 87 88.0x2.0 102
2-2 100 70 71 68 79 79 734+£52 97
2-2 50 75 74 79 77 76 76219 ++ 89
2-2 25 73 81 90 84 92 84.0+7.6 97
3-1 100 0 0 0 0 0 0.0+£0.0 *=* ¢
3-1 50 45 45 59 56 45 50.0 £ 6.9 ** 59
3-1 25 76 69 67 57 77 69.2+8.1*% 80
33 100 62 71 74 75 78 720+6.1 95
33 50 84 76 70 78 30 77.6+£52 ++ 91
3-3 25 86 83 75 71 83 79.6 63 + 92
4-2 100 74 53 66 65 62 64.0 £ 7.6 ++ 84
4-2 50 78 60 64 70 73 69.0£7.1% 81
4-2 25 78 77 78 82 76 782 £2.3 ++ 91




Table 29. Continued,

% Normal Development

Designation ' W C;yij 2| Rep | Rep | Rep | Rep | Rep MeanzSD Z‘I)' 3

1 2 3 4 5 REF

5-1 100 0 0 0 0 0 00+£00* | 0

5-1 50 36 | 39 | 39 | 20 | 34 33.6+79*% | 39

5-1 25 68 | 74 | 2 | 69 | 7 708+24% | 82

5-2 100 58 | 55 | 58 | 57 | 60 576+ 1.8% | 76

5-2 50 67 | 64 | 68 | 62 | 70 66.2+32% | 78

52 25 65 | 72 | 13 | 70 | 13 706+34% | 82

5-5 100 0 0 0 0 0 00200* | o0

5-5 50 48 | 47 | 44 | 41 | 47 454429 % | 53

5-5 25 71 | 69 | 70 | 71 | 65 69.2+2.5% | 80

6-1 100 0 0 0 0 0 00200* | 0

6-1 50 28 | 27 | 34 | 26 | 30 290+3.2% | 34

6-1 25 55 | s4 | 56 | 60 | 57 564+23% | 65

6-4 100 29 | 50 | 55 | 52 | 54 | 480+108*+ [ 63

6-4 50 s8 | 63 | 62 | 60 | 58 602+23% [ 7

6-4 25 66 | 65 | 65 | 68 | 68 66415 | 77

7-1 100 0 0 0 0 0 00=x00** | 0

7-1 50 54 | 54 | 48 | 50 | s2 51.6+2.6* | 60
7 25 67 | 70 | 711 | 67 | 66 68222 % [ 79

7-4 100 0 0 0 0 0 0000* | 0

N 74 50 40 | 42 | 38 | 42 | 44 412%23* | 48
7-4 25 63 | 65 | 60 | 67 | 64 63.8+26% | 74

7-6 100 40 | 39 | 41 | 38 | 37 390+ 1.6* | 51

7-6 50 60 | 62 | 60 | 58 | 53 586+34% | 69

7-6 25 65 | 70 | 68 | 68 | 67 67618+ | 78




Table 29. Continued.

% Normal Development

Designation ' W(;/O AS? | Rep | Rep | Rep | Rep | Rep Mean+SD :)%t?‘ .
1 | 2| 3| 4 | s REF
8-1 100 30 31 14 31 24 26.0£7.3 ** 34
8-1 50 73 75 68 71 68 71.0+£3.1* 83
8-1 25 80 66 74 64 70 70.8 £ 6.4 * 82
8-3 100 56 61 63 51 43 548 £8.1 ¥* 72
8-3 50 68 67 63 68 66 66.4 £ 2.1 ** 78
8-3 25 84 76 78 74 68 76.0 £5.8 ++ 88
9-2 100 0 0 0 0 0 0.0+£0.0 ** 0
9-2 50 55 56 49 58 54 54.4 + 3.4 ** 64
9-2 25 72 70 70 69 71 704+1.1%* 81
| 10-1 100 1 0 0 0 0 0.2 £ 0.4 ** 0
10-1 50 0 0 0 0 0 0.0 £ 0.0 ** 0
10-1 25 53 57 58 62 54 56.8 £ 3.6 ** 66
10-3 100 0 1 0 0 0 0.2 +04 ** 0
10-3 50 0 2 0 0 1 0.6 £ 0.9 ** 1
10-3 25 64 56 58 60 60 59.6 £ 3.0 ** 69
11-1 100 70 70 66 72 62 68.0+£4.0+ 89
11-1 50 75 76 70 74 75 74.0 £ 2.4 ++ 87
11-1 25 76 79 76 72 68 742+ 4.3 ++ 86
11-3 100 51 50 47 49 50 494 £ 1.5 ** 65
| 11-3 50 70 72 71 68 72 706 1.7 * 83
11-3 25 74 30 78 77 76 77.0+£2.2 ++ 89
12-1 100 13 9 14 i1 10 114 +2.1 ** 15
12-1 50 61 52 60 62 57 584 + 4.0 ** 68 |
12-1 25 72 71 70 69 56 67.6 £ 6.6 ** 78 Il




Table 29. Continued.

% Normal Development

Designation ' w (;?OASZ Rep | Rep | Rep | Rep | Rep Mean+SD Z‘; .
1 | 2 | 3| a4 | s REF
13-1 100 2 | o | 1 1| o 0808% | |
13-1 50 s1 | a6 | 48 | 50 | 43 | 476232+ s6
13-1 25 s8 | 59 | 60 | 56 | 62 | 59.0x22%x | 68
14-1 100 o | o | o | o] o 0.0£00% | 0
14-1 50 29 | 30 | 27 | 38 | 12 | 272295+ 32
14-1 25 74 | 68 | 67 | 64 | 68 | es2x36% | 79
15-1 100 | 56 | 67 | 63 | 60 | 60 | 612241% | 81
15-1 50 69 | 56 | 76 | 718 | 61 | 680+95% | 80
15-1 25 77 | 2| 2| 75 | 18 | 748228+ 87
15-3 00 |47 | 62 | 67 | 66 | 60 | 604280+ | 79
15-3 50 83 | 69 | 76 | 67 | 64 | 718774+ | 84
15-3 25 73 | 71 | 80 | 76 | 76 | 752+34++| 87
16-1 w00 [ 70 |74 | 3| 11| 3| m2=216 95
16-1 50 80 | 78 | 82 | 81 | 73 | 788x364+| 92
16-1 25 | 83 [ 73 | 75 | &2 | 2 | 77025244 | 89
17-1 100 t | 1] o] o | o 04£06* | 1
L 17 50 9 | 3 | 4 |12 ] 8 92x65% | 11
17-1 25 52 | 48 | 47 | 50 | 51 | 496x21%) 57
17-2 100 | 33 [ 20 | 33 [ 37 | 35 | 334s30%| 4
17-2 50 67 | 64 | 61 | 66 | 62 | 640x26% | 75
17-2 25 76 | 718 | 72 | 71 | 67 | 728%43++| 84
18-1 10 |46 | 43 | 47 | 48 | 44 | 456z21%| 60
| 181 50 65 | 67 | 66 | 72 | 68 | 616x27%| 79 |
| s 25 75 | 78 | 82| 80 | 77 | maz274| o1 |




Table 29. Continued.

[ [ ‘;'; Normal Development_ T %
Designation ! WQ%AS 2| Rep | Rep | Rep | Rep | Rep MeanxSD RE; ;
1 2 3 4 5
18-2 100 22 12 28 25 35 244 + 8.4 ** 32
18-2 50 62 71 77 74 81 73.0+7.2 ++ 86
18-2 25 66 79 74 82 78 758 6.2 ++ 88
19-3 100 0 ¢ 0 0 0 0.0+£0.0 ** 0
19-3 50 0 0 0 0 0 0.0+0.0 ** 0
19-3 25 9 12 244 10 6 0.2+£2.5** 11
20-1 100 0 0 0 0 0 0.0+0.0 ** 0
20-1 50 0 0 0 0 0 0.0£0.0 ** 0
20-1 25 20 39 25 35 39 31.6 + 8.6 ** 37
20-5 100 47 34 21 24 18 288+ 11.8 ** 38
20-5 50 69 66 66 65 68 66.8 + 1.6 ** 78
20-5 25 67 68 67 72 62 67.2 £3.6 ** 78
20-6 100 64 64 65 66 61 40x19++ | 84
20-6 50 77 79 77 82 80 790x21++ | 93
20-6 25 84 81 79 80 76 800x29+ 93
21-1 100 60 47 61 57 59 56.8 £ 5.7 ** 75
21-1 50 81 83 78 81 77 800+24+ 94
21-1 25 84 86 82 87 85 84819 98
21-3 100 0 0 0 0 0 0.0 £0.0 ** 0
21-3 50 0 0 0 0 0 0.0 £0.0 ** 0
21-3 25 24 26 23 29 27 258 £ 2.4 ** 30
22-1 100 0 0 0 0 0 0.0+ 0.0 ** 0
22-1 50 76 72 78 74 80 760x+32++ | 89
22-1 25 84 86 86 83 76 83.0+ 4.1 96




Table 29, Continued.

% Normal Development

Designation ! W (;'OAS | Rep | Rep | Rep | Rep | Rep MeanzSD Rﬁ .
1 2 3 4 5

22-3 100 72 61 60 324 52 61.2+8.2%* 80
22-3 50 79 79 78 76 84 79.2+3.0+ 93
22-3 25 88 86 83 87 87 86.2+19 100
22-6 100 81 80 84 79 64 776 +7.8 102
22-6 50 89 92 84 89 80 86.8 4.8 102
22-6 25 80 88 87 83 81 83.8+3.6 97
23-2 100 71 78 66 71 70 71.2+43 94
23-2 50 80 83 79 84 78 80.8x2.6 95
23-2 25 80 86 84 88 86 84.8+3.0 98
24-2 100 0 0 0 0 0 0.0+0.0** 0
24-2 50 62 68 74 65 71 68.0+47* 80
24-2 25 82 80 82 79 76 79.8 2.5+ 92
25-1 100 0 0 0 0 0 0.0+£0.0 ** 0
25-1 50 64 62 60 58 61 61.0£2.2 ** 72
25-1 25 75 77 74 75 77 75.6 1.3 ++ 88
25-3 100 0 0 0 0 0 0.0x0.0 ** 0
25-3 50 0 0 0 0 0 0.0+£0.0 ** 0
25-3 25 45 51 51 48 58 50.6 + 4.8 ** 59
26-1 100 0 0 0 0 0 0.0+ 0.0 ** 0
26-1 50 66 60 67 66 65 64.8 +2.8 ** 76
26-1 25 75 76 68 78 69 73.2+44 ++ 85
26-2 100 16 17 19 17 14 16.6 £ 1.8 ** 22
26-2 50 73 74 73 73 77 740+ 1.7 ++ 87
26-2 25 72 80 81 78 87 79654+ 92 ||




Table 29. Continued.

% Normal Development %
Designation * - Q%AS | Rep | Rep | Rep | Rep | Rep Mean+SD Rgf]'? 3
1 2 3 4 5

27-1 100 0 0 0 0 0 0.0 £0.0 ** 0
27-1 50 10 16 29 21 28 20.8 £ 8.0 ** 24
27-1 25 77 81 79 72 66 75.0+6.0 ++ 87
28-1 100 81 78 81 78 80 79.6+1.5 105
28-1 50 77 87 84 81 86 83.0x4.1 97
28-1 25 86 81 88 85 84 84.8 £2.6 98
28-4 100 0 0 0 0 0 0.0 £0.0 ** 0
28-4 50 0 0 0 0 0 0.0+0.0 ** 0
284 25 9 7 7 6 9 7.6+ 1.3 ** 9
28-5 100 52 50 50 51 46 49.8 £2.3 ** 66
28-5 50 78 74 76 81 76 77.0+£2.6 ++ 90
28-5 25 79 86 84 82 80 82229 95
29-2 100 37 34 30 32 36 338 +£2.0 ** 44
29-2 50 78 76 72 79 80 77032+ | 90
29-2 _J 25 71 71 73 81 73 74.8+4.5 ++ 87

' Designation refers to strata and sample ID, respectively.

? Percent of water quality adjusted porewater sample.

¥ Reference pore water extracted from sediment collected in Redfish Bay, Texas.

* Value is an outlier and was omitted from statistical analysis.




Table 30. Sea urchin (Arbacia puntulata) embryological development test two raw data and
means for NOAA sediment porewater samples from San Francisco Bay,
California. Asterisks denote statistical differences (Dunnett’s z-test) and
detectable significance criteria between test and reference stations (* ¢ < 0.05,
** ¢ < 0.01). Plus signs denote only statistical differences (Dunnett’s /-test,

+ 0 < 0.05 ++ o < 0.01).

% Normal Development

%
. . %
1
Designation WQAS? | Rep | Rep | Rep | Rep | Rep Mean+SD R}(z);;‘ ,
1 2 3 4 5
93 95 91 93 50
REF* 100 91.8+29 100

97 89 87 91 92

92 99 94 92 98
REF* 50 943 +2.6 100
92 96 %4 94 92

98 99 98 95 97

REF 25 96.7£ 18 100
98 94 97 97 94
30-1 100 0 0 0 0 0 0.0+ 0.0 ** 0
30-1 50 0 0 0 0 0 0.0 = 0.0 ** 0
30-1 25 66 78 72 63 72 70.2 £ 5.8 ** 73
30-3 100 66 71 69 65 70 68.2 £ 2.6 ** 74
30-3 50 88 82 86 84 89 85.8 £2.9 ++ 91
30-3 25 90 93 89 93 9 012+ 1.84++ 94
BB70° 100 0 0 0 0 0 0.0 0.0 ** 0
BB70° 50 6 12 21 17 19 15.0 £ 6.0 ** 16
BB70° 25 88 93 94 91 96 92.4+3.0++ 96
31-2 100 0 0 0 0 0 0.0 0.0 ** 0
31-2 50 0 0 0 0 0 0.0+0.0** 0
| 31-2 25 33 35 25 34 51 35.6 £ 9.5 ** 37
314 100 0 0 0 0 0 0.0 £ 0.0 ** 0
31-4 50 79 16 * 70 76 80 76.2+45%* 81

314 25 84 78 83 92 8% 85254 ++ 88




Table 30. Continued.

I ) % Normal Development B %
Designation W (;/RS | Rep | Rep | Rep | Rep | Rep Mean£SD of
1 | 2 | 3 | 4| s REF?

31-6 100 0 0 0 0 0 0.0+ 0.0 ** 0

31-6 50 0 0 0 0 0 0.0£0.0 ** 0

31-6 25 0 31 26 0 0 11.4 £157 ** 12

32-2 100 0 0 0 0 0 0.0x0.0 ** 0

32-2 50 34 15 26 21 50 29.2 +£ 13,6 ** 31

32-2 25 86 88 82 B6 85 854 +£2.2 ++ 88

32-3 100 0 0 0 0 0 0.0+ 0.0 ** 0

32-3 50 6 9 4 10 65 * 7.2+£2.8 ** 8

l 32-3 25 88 86 88 80 82 84.8 +3.6 ++ 88
32-6 100 0 0 0 0 0 0.0+ 0.0 ** 0

32-6 50 87 86 87 89 87 872+ 1.1 ++ 92

32-6 25 95 89 g1 95 92 924 +£26++ g6

33-5 100 0 0 0 0 0 0.0£0.0 ** 0

33-5 50 0 0 0 0 0 0.0+£0.0 ** 0

33-5 25 40 19 24 711 90 1 277+ 11.0 ** 29

34-1 100 0 0 0 0 0 0.0 £ 0.0 ** 0

34-1 50 0 0 0 0 0 0.0 £ 0.0 ** 0

34-1 25 5 18 | 11 634 28 15.5+9.9 *=* 16

34-3 100 0 0 0 0 0 0.0 £0.0 ** 0

34-3 50 8 15 17 11 33 16.8£9.7 ** 18

34-3 25 80 87 84 85 87 84.6 £2.9 ++ 87

35-2 100 0 0 0 0 0 0.0 0.0 ** 0

35-2 50 0 0 0 0 0 0.0 £0.0 ** 0

Il 35-2 25 84 75 73 82 74 77.6£50* 80




Table 30, Continued.

% Normal Development

Designation ' - (;70AS2 Rep | Rep | Rep | Rep | Rep MeaniSD :)7; .
1 | 2| 3| a4 | s REF
35-3 100 0 0 0 0 0 0.0 £0.0 ** 0
35-3 50 54 57 69 59 55 58.8 £6.0** 62
35-3 25 88 88 88 87 88 87.8 £ 0.4 ++ 91
36-1 100 0 0 0 0 0 0.0£0.0 ** )]
36-1 50 78 T 81 79 77 784+ 1.7% 83
36-1 25 79 84 87 90 91 86.2+49 ++ 89
36-2 100 v 13 38 22 29 2902 £12.4 ** 32
36-2 50 89 87 84 85 83 85.6+2.4 ++ 91
36-2 25 92 91 91 93 94 922+ 1.3 ++ 95
fl 36-3 100 0 0 0 0 0 0.0+ 0.0 ** 0
36-3 50 24 17 8 10 21 16.0 £ 6.9 ** 17
36-3 25 214 83 87 86 84 85.0+1.8++ 88
38-1 100 0 0 0 0 0 0.0 £ 0.0 ** 0
38-1 50 86 79 81 86 88 84.0+3.8 ++ 89
38-1 25 91 93 94 94 89 922+2.2 ++ 95
38-3 100 0 0 0 0 0 0.0 £0.0 ** 0
38-3 50 o 0 0 0 0 0.0+0.0** 0
38-3 25 o 0 0 0 0 0.0£0.0 ** 0
39-1 100 o 0 0 0 0 0.0+£0.0** 0
39-1 50 84 87 86 84 82 84.6 2.0 ++ S0
39-1 25 93 92 95 94 91 93.0+x1.6+ 96
40-2 100 o 0 0 0 0 0.0 £ 0.0 ** 0
40-2 50 o 0 0 0 0 0.0 0.0 ** o
40-2 25 0 0 0 0 0 0.0 0.0 ** 0




Table 30. Continued.

|

% Normal Development

o
Designation WgoAS’ Rep | Rep | Rep | Rep | Rep Mean+SD R]'i);;‘ 3
1 2 3 4 5
40-3 100 30 54 61 70 27 48.4 + 19.]1 ** 53
40-3 50 88 83 81 86 87 85029 ++ 90
40-3 25 95 89 91 93 92 92.0+2.2 ++ 95
42-1 100 0 0 0 0 0 0.0 £ 0.0 ** 0
42-1 50 27 834 20 66 18 21.7 £4.7 ** 23
42-1 25 89 90 90 89 91 898 0.8 ++ 93
42-3 100 0 0 0 0 0 0.0 £ 0.0 ** 0
42-3 50 0 0 0 0 0 0.0 £ 0.0 ** 0
42-3 25 54 71 73 77 71 69.2 + 8.8 ** 72
BA21° 100 0 0 0 0 0 0.0£0.0** 0
BA21° 50 0 0 0 0 0 0.0£0.0 ** 0
BA21° 25 544 83 91 95 a3 90.5+£5.3 ++ 94
43-3 100 0 0. 0 0 0 0.0+ 0,0 ** 0
43-3 50 0 0 0 0 0 0.0+ 0.0 ** 0
Il 43-3 25 0 0 0 0 0 0.0+ 0.0 ** 0
44-1 100 0 0 0 0 0 0.0x0.0** 0
44-1 50 87 85 g1 82 78 82.6+3.5 ++ 88
44-1 25 87 88 95 97 96 9026+4.7+ 96
44-2 100 73 70 58 60 70 66.2 £6.7 ** 72
44-2 50 82 87 86 84 86 85.0£2.0++ 90
44-2 25 94 94 92 91 89 02.0+2.1++ 954‘




Table 30. Continued.

————

[ % Normal Development ] %

Designation ' W (;%A s | Rep | Rep | Rep | Rep | Rep Mean<SD RE;‘ 3

1 2 3 4 5

46-1 100 38 15 48 58 51 420+ 16,7 ** 46
46-1 50 78 63 76 74 82 74.6 £ 7.1 ** 79
46-1 25 87 93 90 93 91 90.8 £2.5 ++ 94
46-3 100 0 0 0 0 0 0.0+ 0.0 ** 0
46-3 50 84 ¢ 68 48 57 47 55.0 £9.8 ** 58
46-3 25 88 85 87 87 91 B7.6+2.2 ++ 91
" 46-4 100 0 0 0 0 0 0.0 0.0 ** 0
|| 46-4 50 59 61 60 66 67 62.6 £3.6 ** 66
” 46-4 25 93 90 95 94 92 028+ 19 ++ 96
47-3 100 0 0 0 0 0 0.0+ 0.0 ** 0
I 47-3 50 50 43 58 66 144 54.2 + 10.0 ** 58
47-3 25 93 88 91 90 89 90.2+1.9++ 93
47-4 100 29 39 46 46 74 46.8 +16.7 ** 51
47-4 50 90 88 90 85 89 884 +2.1 + 94
47-4 25 87 89 92 81 92 88.2+4.6 ++ 91
BF21° 100 8 6 18 31 0 12,6 £ 122 ** 14
BF21° 50 86 85 86 87 87 86.2 + 0.8 ++ 91
BF21°* 25 89 91 90 97 97 92.8+39+ 96




Table 30, Continued,

% Normal Development

/4
Designation ' W goASz Rep | Rep | Rep | Rep | Rep MeantSD RE; .
1 2 3 4 5
11-6 100 0 0 0 0 0 0.0 £ 0.0 ** 0
11-6 50 62 33 47 51 36 458 + 11,7 ** 49
11-6 25 83 97 91 94 92 914 +5.2 ++ 95
BD22° 100 86 93 89 87 93 8§9.6 £33 98
BD22 ° 50 92 91 90 90 95 91621+ 97
I BD22° :'Z_QL 96 95 96 94 9i_6_ 954 +0.9 99

[

L

Designation refers to strata and sample ID, respectively.

Percent of water quality adjusted porewater sample.

Reference pore water extracted from sediment collected in Redfish Bay, Texas.

Value is an outlier and was omitted from statistical analysis.

Stations BF21, BD22, BB70, and BA21, located in strata 4, 11, 30, and 42, respectively




Table 31. Summary of staticn means and statistical significance for the sea urchiu fertilization and embryological development
test from 86 NOAA stations in San Francisco Bay, California. Asterisks denote statistical differences (Dunnett’s
t-test) and detectable significance criteria between test aud reference stations (* @ < 0.05, ** a < (.01). Plus signs
denote only statistical differences (Dunnett’s f-test, + ¢ < 0.05, ++ ¢« < 0.01).

Fertilization Test Embryological Development Test
(% Fertilized) (% Normal Development)
Designation’ | WQAS 2 ; -
Mean | D | 2oL | X% | 5D |sig.® | Mean | sD | %00 | MEF ) gp | sig s
100 940 | 0.7 101 929 2.1 81.2 4.0 107 76.0 6.0
1-2 50 932 | 15 99 93.9 1.8 86.8 4.4 102 85.3 2.6
25 91.6 1.7 97 04.3 24 88.0 2.0 102 86.4 3.6
100 91.8 | 2.7 99 92.9 2.1 73.4 52 97 76.0 6.0
2-2 50 950 | 1.6 101 93.9 1.8 76.2 1.9 89 85.3 2.6 ++
25 942 | 1.8 100 04.3 24 84.0 7.6 97 86.4 3.6
100 86.2 | 3.8 93 92.9 2.1 ++ 0.0 0.0 0 76.0 6.0 o
3-1 50 936 | 1.5 100 93.9 1.8 50.0 6.9 59 85.3 2.6 ok
25 942 | 0.8 100 94.3 24 69.2 8.1 80 86.4 3.6 * ﬂl
100 920 | 2.1 99 92.9 2.1 72.0 6.1 95 76.0 6.0
3-3 50 940 | 1.9 100 93.9 1.8 77.6 5.2 91 85.3 2.6 ++
25 954 | 1.1 101 94.3 24 79.6 6.3 92 86.4 3.6 +
100 934 | 24 101 92.9 2.1 64.0 7.6 84 76.0 6.0 ++
4-2 50 944 | 1.1 101 93.9 1.8 69.0 7.1 81 85.3 2.6 *
25 9240 | 24 100 94.3 24 78.2 2.3 91 86.4 3.6 ok




Table 31. Continued.

Fertilization Test Embryological Development Test
(% Fertilized) (% Normal Development)
Designation' | WQAS 2 . 4
Mean | 5D | 200 | W5 | sp |sig.s | Mean | sp | 200 | REFT op | gig s
100 598 | 6.0 64 92.9 21 ok 0.0 0.0 0 76.0 6.0 ok
5-1 50 688 | 7.0 73 93.9 1.8 k* 336 7.9 39 85.3 2.6 o+
25 83.0 | 44 93 94.3 24 ++ 70.8 2.4 82 86.4 3.6 *
100 920 | 3.2 99 929 2.1 57.6 1.8 76 76.0 6.0 G |
5-2 50 930 | 1.7 99 93.9 1.8 66.2 3.2 78 85.3 2.6 ok
25 948 | 26 101 94.3 24 70.6 34 82 86.4 36 *
100 722 | 84 78 929 2.1 ok 0.0 0.0 0 76.0 6.0 *
5-5 50 93.0 | 21 99 939 1.8 45.4 2.9 53 85.3 2.6 ok ||
25 930 | 3.4 99 94.3 2.4 69.2 25 80 86.4 3.6 *
100 592 ( 89 64 92.9 2.1 ok 0.0 0.0 0 76.0 6.0 Aok
6-1 50 88.0 | 43 94 93.9 1.8 ++ 29.0 3.2 34 85.3 2.6 ok
“ 25 920 | 6.0 98 94.3 2.4 56.4 2.3 65 86.4 36 Ao
100 844 | 44 91 92.9 2.1 ++ 48.0 10.8 63 76.0 6.0 ok
|| 6-4 50 93.0 | 2.0 99 93.9 1.8 60.2 23 71 85.3 2.6 o
25 924 | 1.8 98 94.3 24 66.4 1.5 77 86.4 3.6 ok
100 576 | 44 62 92.9 2.1 o 0.0 0.0 0 76.0 6.0 ok
» 7-1 50 744 | 7.5 79 93.9 1.8 *x 51.6 2.6 60 85.3 26 |
25 926 | 23 98 94.3 24 68.2 22 79 86.4 3.6 ok




Table 31. Continued.

Fertilization Test Embryological Development Test “
Designation’ | WQAS 2 (o Fertilizecil)4 (% Normal Developn:ent) |
Mean | SD :Eg.g IEIE :‘n SD | Sig. Mean | SD I‘zoEgt; ;}eE ::l SD | Sig.®
100 238 | 29 26 929 | 21 * 0.0 0.0 0 760 | 6.0 | **
7-4 50 612 | 113 | 65 939 | 18 *x 4212 |23 | 48 853 | 2.6 | **
25 848 | 4.1 90 943 | 24 | ++ 638 | 26 | 74 864 | 3.6 | **
100 81.2 | 34 87 929 | 2.1 | ++ 39.0 1.6 | 51 760 | 6.0 | *=*
7-6 50 91.0 | 24 97 939 | 1.8 586 | 34 | 69 853 | 26 | =*=
25 924 | 34 98 943 | 2.4 67.6 18 | 78 864 | 36 | **
100 87.0 | 3.8 94 929 | 2.1 + 26.0 73 34 760 | 60 | ** |
8-1 50 938 | 25 | 100 | 939 | 1.8 7.0 | 3.1 83 853 | 26 * "
25 944 | 25 | 100 | 943 | 24 708 | 64 | 82 864 | 3.6 * "
100 | 848 [28 | o | o290 [ 21 | 4+ | 548 [81| 12 | 60 [60 | = |
8-3 50 920 | 1.9 98 939 | 18 66.4 | 2.1 78 853 | 2.6 | ** "
25 922 | 20 98 943 | 24 760 | 58 | 88 864 | 36 | ++
100 68.0 | 7.8 73 929 | 21 *k 0.0 0.0 0 760 | 60 | *
9-2 50 80.0 | 6.8 85 939 | 1.8 | ++ 544 | 34 | 64 853 | 2.6 | **
25 912 | 3.7 97 943 | 24 70.4 1.1 81 864 | 3.6 *
100 442 | 36 48 929 | 2.1 ** 0.2 0.4 0 760 | 6.0 | **
10-1 50 662 | 101 | 71 939 | 1.8 | ** 0.0 0.0 0 853 | 26 [ =**
25 916 | 1.3 97 943 | 24 568 | 36 | 66 864 | 3.6 | **




Table 31. Continued.

T Fertilization Test Embryological Development Test
(% Fertilized) (% Normal Development)
Designation’ | WQAS ? p .
Mean | sD [ 090 | BEF T sp |sigs | Mean | sp | o 0f | REFT g | i s
100 424 | 24 46 929 2.1 *k 0.2 0.4 0 76.0 6.0 ok
" 10-3 50 634 | 4.6 68 93.9 1.8 X 0.6 0.9 1 85.3 26 i
25 914 | 3.4 97 04.3 24 59.6 3.0 69 86.4 3.6 **
100 860 | 3.8 93 929 2.1 ++ 68.0 4.0 89 76.0 6.0 +
11-1 50 922 {13 98 939 1.8 74.0 24 87 85.3 2.6 ++
H 25 912 | 24 97 94.3 2.4 74.2 4.3 86 86.4 36 | ++
100 89.2 | 3.1 96 929 21 49.4 1.5 65 76.0 6.0 ok
11-3 50 914 24 97 93.9 1.8 70.6 1.7 83 85.3 2.6 *
25 922 | 46 98 94.3 24 77.0 22 89 86.4 3.6 ++
100 64.8 | 45 70 92.9 2.1 ok 114 2.1 15 76.0 6.0 ok
12-1 50 90.6 | 3.5 96 93.9 1.8 58.4 4.0 68 85.3 2.6 ok
25 904 | 29 96 94.3 24 67.6 6.6 78 86.4 3.6 *
100 702 | 52 76 92.9 2.1 ok 0.8 0.8 ] 76.0 6.0 A
13-1 50 89.0 24 95 939 1.8 + 47.6 3.2 56 85.3 2.6 *E
25 91.6 1.7 97 943 24 59.0 2.2 68 86.4 3.6 ok
100 87.8 | 45 95 92.9 2.1 0.0 0.0 0 76.0 6.0 *
14-1 50 94.6 | 0.6 101 93.9 1.8 27.2 9.5 32 85.3 2.6 o
25 93.8 | 24 99 94.3 2.4 68.2 3.6 79 86.4 3.6 **




Table 31. Continued.

Fertilization Test Embryological Development Test
(% Fertilized) (% Normal Development)
Designation’ | WQAS ? : ;
Mean | sp | 200 | BEF | sp [gig.s | Mean | sp | 200 [ REF" | gp | iy
100 91.2 | 1.5 98 92.9 2.1 61.2 4.1 81 76.0 6.0 *
15-1 50 892 | 23 95 939 1.8 + 68.0 95 80 85.3 2.6 *
25 930 | 35 99 943 24 74.8 2.8 87 86.4 3.6 ++
100 904 | 25 97 929 2.1 60.4 8.0 79 76.0 6.0 *
15-3 50 912 | 24 97 93.9 1.8 71.8 7.7 84 85.3 2.6 ++
“ 25 91.2 1.8 97 943 24 75.2 34 87 86.4 3.6 ++
100 906 | 29 98 929 2.1 72.2 1.6 95 76.0 6.0
16-1 50 928 | 28 99 93.9 1.8 78.8 3.6 92 85.3 2.6 ++
25 918 | 2.2 97 943 24 77.0 5.2 89 86.4 3.6 ++
100 664 | 63 71 929 2.1 *F 0.4 0.6 1 76.0 6.0 o
17-1 50 91.0 | 1.9 97 939 1.8 9.2 6.5 11 85.3 2.6 o
25 89.2 | 24 95 94.3 24 + 49.6 2.1 57 86.4 3.6 *
100 928 | 35 100 929 2.1 334 3.0 44 76.0 6.0 > '
17-2 50 89.6 | 2.3 95 93.9 1.8 + 64.0 26 75 85.3 2.6 o
25 920 | 1.6 98 94.3 24 72.8 4.3 84 | 864 3.6 ++
100 88.6 | 2.7 95 929 2.1 45.6 2.1 60 76.0 6.0 ok
18-1 50 884 | 15 94 939 1.8 ++ 67.6 2.7 79 85.3 2.6 *
25 924 | 33 08 943 24 78.4 27 91 86.4 3.6 ++




Table 31. Continued.

-

Fertilization Test Embryological Development Test
(% Fertilized) (% Normal Development)
Designation' | WQAS 2 P 4
Mean | D | 0L (XS sp | sig.s | Mean | SD | 00| BEFC | g | sig,
100 86.4 1.3 93 92.9 2.1 ++ 244 8.4 32 76.0 6.0 **
19-2 50 94.2 1.9 100 93.9 1.8 73.0 7.2 86 85.3 2.6 ++
25 95.0 | 0.7 101 94.3 24 75.8 6.2 88 86.4 3.6 ++
100 358 | 53 39 92.9 2.1 ok 0.0 0.0 0 76.0 6.0 *x
19-3 50 60.6 1.1 65 939 1.8 *x 0.0 0.0 0 85.3 2.6 o
25 938 | 24 99 94.3 24 92 2.5 11 86.4 3.6 *x
100 290 | 55 31 929 | 21 ok 0.0 0.0 0 76.0 6.0 **
20-1 50 532 | 34 57 93.9 1.8 ** 0.0 0.0 0 85.3 2.6 ok
25 94.2 1.5 100 94.3 24 31.6 8.6 37 86.4 3.6 *x
100 914 | 2.1 o8 92.9 2.1 28.8 11.8 38 76.0 6.0 ok
20-5 50 914 | 29 97 93.9 1.8 66.8 1.6 78 85.3 2.6 *k
25 920 | 3.5 98 943 24 67.2 3.6 78 86.4 3.6 *k
100 01.8 1.9 99 929 2.1 64.0 1.9 84 76.0 6.0 ++
20-6 50 9240 | 2.1 100 93.9 1.8 79.0 2.1 93 85.3 2.6 ++
25 926 | 0.9 98 94.3 24 80.0 29 93 86.4 3.6 +
100 86.2 1.5 93 92.9 2.1 ++ 56.8 5.7 75 76.0 6.0 **
21-1 50 93.0 | 20 99 93.9 1.8 80.0 24 94 85.3 26 +
25 92.0 1.6 98 943 24 84.8 1.9 98 86.4 3.6




Table 31. Continued.

Fertilization Test
(% Fertilized)

Embryological Development Test
(% Normal Development)

Designation’ | WQAS ? 4 :
Mean | sD | 2% | ®EF 1 sp | sig s | Mean | sp | % 0f vy | sp | sig.*
00 [e662 82| 71 [920 |21 ] = | 00 |oo| o | 760 |60 [
21-3 s0 | 784 [66 | 8 | 9390 | 18 | * 00 |oo| o | 853 |26 | =
25 | o188 [ 20| 97 | 943 | 24 258 |24 | 30 | 864 |36 | *
100 | 832 |36] 9 |99 |21+ | 00 |oo| o | 760 |60 | #*
21 so0 | 892 |38 | 95 |ozo |18 | + | 70 |32 s0 | 853 |26 | ++
25 | 944 [ 25| 100 | 943 | 24 830 |41 | 96 | 864 | 36
100 | 924 [30]| 99 | 929 [ 21 61.2 |82 | s0o | 760 |60 | *
22.3 50 | 944 [ 18| 101 | 939 | 13 792 |30 | 93 | 853 |26 | +
25 | oz6 |21 | o8 | 943 | 24 862 | 19 [ 100 | 864 | 36
100 | 954 |13 103 [ 920 | 21 776 |78 | 102 | 760 | 6.0
22:6 s0 | oa6 | 18| 101 | 939 | 18 868 |48 | 102 | 853 |26 | |
25 | oa6 | 20| 100 | 943 | 24 838 |36 | 97 | 864 | 36
00 | 924 [32] 90 | 9290 | 21 712 | 43| 94 | 760 | 60
232 so0 | 938 |08 | 100 | 939 | 18 808 |26 | 95 | 853 | 26
25 | 042 [ 30| 100 | 043 | 24 848 |30 | 98 | 864 | 36
100 |84 |27] 9 |90 |21+ | 0o [oo] o | 760 [60 | =
24-2 so0 | o914 |42 | 97 | 939 | 138 680 | 47 | 80 | 853 | 26 | *
25 |26 [ 13| 98 | 043 | 24 798 (25| 92 | 864 |36 | +




Table 31. Continued.

Fertilization Test Embryological Development Test
Designation! | WQAS > (% Fertilized) . (% Normal Development)

Mean | sp | ZOf |REFY) p fgig s | Mean | sp | Zof | REF] op | g s
f 100 87.8 7.4 94 929 2.1 0.0 0.0 0 76.0 6.0 **
25-1 50 93.6 1.7 100 93.9 1.8 61.0 22 72 853 26 *x
25 926 1.5 98 943 24 75.6 1.3 88 86.4 3.6 ++
100 56.8 6.4 61 929 2.1 ** 0.0 0.0 0 76.0 6.0 **
25-3 50 69.2 | 44 74 93.9 1.8 ** 0.0 0.0 0 853 26 *x
I 25 894 | 4.2 95 94.3 24 + 50.6 4.8 59 86.4 3.6 **
100 81.6 | 8.7 88 929 2.1 ++ 0.0 0.0 0 76.0 6.0 *x
26-1 50 89.0 | 3.6 95 93.9 1.8 + 64.8 28 76 85.3 2.6 **
25 94.2 2.6 100 94.3 24 73.2 4.4 85 86.4 3.6 ++
100 89.8 2.5 97 929 2.1 16.6 1.8 22 76.0 6.0 ok
26-2 50 936 | 21 100 93.9 1.8 74.0 1.7 87 85.3 2.6 ++
N 25 94.8 2.0 101 94.3 24 79.6 54 92 86.4 3.6 +
100 52.8 9.0 57 929 2.1 *x 0.0 0.0 0 76.0 6.0 **
27-1 50 69.0 | 5.8 73 939 1.8 ** 20.8 8.0 24 85.3 2.6 *x
25 920 | 21 98 94.3 24 75.0 6.0 87 86.4 3.6 ++

100 91.6 | 0.6 99 929 2.1 79.6 1.5 105 76.0 6.0

28-1 50 928 1.9 99 93.9 1.8 83.0 4.1 97 85.3 2.6

" 25 926 | 23 98 94.3 24 84.8 2.6 98 86.4 3.6




Table 31. Continued.

Fertilization Test
(% Fertilized)

Embryological Development Test
(% Normal Development)

Designation’ | WQAS 2 ; :

Mean | SD | oo | B | Sp | Sig.* | Mean | SD e oL | AT sp | sig.
100 | 140 |14 | 15 [o290 [ 21 | = | 00 [o00] o | 760 |60 | *
28-4 s0 | 362 |a6| 30 |90 | 18| = | 0o |oo| o | 83 |26] *=
25 |o12 28| 97 | 943 | 24 76 |13 | o | 864 |36 | *
w00 |80 |27] 9 | 920 | 21 498 (23| 66 | 760 |60 | *
28-5 so | o906 | 36| 96 | 939 | 18 770 |26 | 90 | 853 |26 | ++

25 | 924 |24 98 | w3 | 24 822 |29 | 95 | 864 | 36
100 | 750 |08 | 81 [ 920 [ 21 | #* | 338 [29| 44 | 760 |60 [ *
292 so | 828 |26| 9 | 939 | 18 770 | 32| 90 | 853 |26 |
25 | o942 [ 15| 100 | 943 | 24 748 |45 | 87 | 864 | 36 | ++
100 | 506 68| 51 |90 10| = | 0o [oo] o | o8 [29]
30-1 50 |86 |74 8 |95 |05 | | 00 [00] o | 943 [26]| =
25 | 978 [ 11| 99 | 90 | 10 702 |58 | 713 | 967 | 18 | =
100 | 918 |42 ] 93 [ 900 [ 10| « | 682 [26] 74 | o18 [ 20 | #=
30-3 so |96 |32 97 | 995 | o5 858 |29 | 91 | 943 |26 | +
25 | 984 | 15] 99 | 990 | 10 012 |18 | 94 | 967 |18 | +
100 | 506 |70 51 [ 990 | 10 ] = | 00 [o00] o | 918 [29 ] »
BB70 ¢ s0 {924 [27] 93 995 [ 05 | ++ | 150 |60 | 16 | 943 | 26 [ »
25 | 968 [ 13| 98 | 990 | 10 924 [30] 96 | 967 |18 | ++




Table 31. Continued.

Fertilization Test
(% Fertilized)

Embryological Development Test

(% Normal Development)

Designation! | WQAS? p y

Mean | sp | (o9 | REF | on Isigs | Mean | sD | 200 | SEF L sp | sig
100 | 200 | 58] 20 |90 10| * | 00 [oo| o | 918 |20] =
312 so0 | 642 |90] 65 995 [os | = | 0o oo o | 943 |26 | =
25 | 936 [ 50| 95 [990 | 10 | ++ | 356 [os| 37 [ 967 [ 18|
100 | 728 {124] 74 [ o0 [ 10| = | 00 [o00| o | o8 [20 ][ =
314 so0 [964 oo | 97 | o995 [os | + | 762 [as | 8 | 043 {26 | =
25 | 950 |48 | 9 [o90 | 10| + | 852 [sal| 88 [ 967 |18 | +

w00 | 276 [60] 28 |90 | 10 ] = | 00 [oo| o [ o8 |29 [ = |
316 so | 860 |128)] 87 | 995 | os | ++ | 00 |oo| o [ 043 |26 | **
25 | 896 | 43| 91 | 990 | 10 | = | 114 |157] 12 | 967 |18 | **

100 | 834 |24 | 84 [ 990 [ 10 | » 00 (00| o [ o8 [20] = |
322 so |os6 | 11| 9 | 995 | 05 2092 |136| 31 | 943 |26 | **
5 | 996 |06 | 100 | 990 | 10 854 |22 | 88 | 967 [ 18 | +
100 |506 [00| 60 [o990 | 10| = | 00 [o00o| o | o8 [20] #

323 50 | 840 |78 | 84 | 995 | 05 | » 72 {28 8 | 943 [26 | = |
25 | 1000 [ 00 | 101 | 990 [ 10 848 |36 | 88 | 967 |18 | ++
100 |82 [25{ 8 [990 [ 10| = 00 |oo] o | 918 |29 | *
32-6 so | 992 | t1| 100 | 995 | os 872 | 11| 92 | 943 | 26 | ++
25 | 984 |06 | 99 | 90 | 10 924 (26| 9 | 967 |18 | +




Table 31. Continued.

Fertilization Test Embryological Development Test
Designation! | WQAS ? (% Fertilized)d (% Normal Development)
Mean | sp [ %90 | REF | gp | sigs | Mean | sp | 200 | REF® | g | g
100 48.2 9.3 49 99.0 1.0 il 0.0 0.0 0 91.8 29 **
33-5 50 75.2 | 11.8 76 99.5 0.5 *x 0.0 0.0 0 94.3 2.6 **
25 95.2 5.0 96 99.0 1.0 27.7 11.0 29 96.7 1.8 ok
100 61.0 | 124 62 99.0 1.0 ** 0.0 0.0 0 91.8 2.9 ok
34-1 50 82.8 6.0 83 99.5 0.5 * 0.0 0.0 0 94.3 2.6 >
25 99.0 0.7 100 99.0 1.0 15.5 9.9 16 96.7 1.8 **
100 90.0 6.3 91 99.0 1.0 ++ 0.0 0.0 0 91.8 2.9 **
34-3 50 98.4 0.6 99 99.5 0.5 16.8 9.7 18 94.3 2.6 ol
|| 25 99.0 0.7 100 99.0 1.0 84.6 2.9 87 96.7 1.8 ++
100 48.4 6.3 49 99.0 1.0 *x 0.0 0.0 0 91.8 29 **
35-2 50 92.4 6.2 93 99.5 0.5 ++ 0.0 0.0 0 943 2.6 *x
25 98.0 1.6 99 99.0 1.0 71.6 5.0 80 96.7 1.8 *
100 91.0 4.7 92 99.0 1.0 ++ 0.0 0.0 0 91.8 29 **
35-3 50 99.0 1.2 99 99.5 0.5 58.8 6.0 62 94.3 2.6 *k
25 99.4 0.6 100 99.0 1.0 87.8 0.4 91 96.7 1.8 ++
100 90.0 | 10.3 91 99.0 1.0 ++ 0.0 0.0 0 91.8 2.9 **
36-1 50 98.4 1.7 99 99.5 0.5 78.4 1.7 83 94.3 2.6 *
25 98.2 0.8 99 99.0 1.0 86.2 4.9 89 96.7 1.8 ++




Table 31. Continued.

Fertilization Test
(% Fertilized)

Embryological Development Test
(% Normal Development)

Designation’ | WQAS ? ) 4

[ Mean | sp | %ot ;E:n SD | Sig." | Mean | D | 200 | M) sp | sig
100 | 928 |33 | 94 | 990 [ 10 | « | 202 [i24]| 32 | 918 |20 |
362 so0 | 990 |07 | 99 | 95 | o0s 856 | 24 | o1 | 943 | 26 [ ++
25 | 996 |06 | 100 |90 | 10 922 [13] 95 | 967 | 18 |

100 424 ]93] 43 [990 1o | 00 [oof o [o18 [29] |
36-3 s0 | 846 [62] 85 | 995 | 05 | ++ | 160 |69 | 17 | 043 | 26 | +*
25 | 988 |08 | 100 |90 | 10 850 | 18 | 88 | 967 | 18 | ++
100 |952 |38] 9 | 990 | 10 00 [00] o [ o018 [29 ] »

38-1 so0 | 992 | 04| 100 | 995 | 05 840 |38 | 89 | 943 | 26 | ++ |
25 | 994 [ 09| 100 | 990 | 10 922 |22 ] 95 | 967 | 18 | +
100 | 338 |59 | 34 |90 [ 10| = | 00 |oof o [ o8 |20/ *
38-3 s0 | 606 [105] 61 [995 o5 | = | 00 [o00]| o | 943 [26]
5 | 774 |63 78 |90 [ 10| = | oo Joo| o | 967 |18 ] =
00 |88 [41] 9 [990 [ 10| ++ | 00 |oo| o [ o8 [29 | ++
39-1 so0 | 976 |15 98 | 995 | 05 8.6 |20 | 9 | 943 | 26 [ 4++
25 | 984 Jos | 9 | 90 | 10 930 [16] 96 | 967 |18 | +
100 | 90 |26 9 9o [1to| = | 0o |oo| o | o18 |29
40-2 s0 | 370 |107] 37 | 995 | o5 | = | oo [o0]| o | 9a3 |26 | *
5 | 638 [119] 64 [ 990 |10 | = | 00 |00 o | 967 |18 | =




Table 31. Continued.

Fertilization Test Embryological Development Test
Designation’ | WQAS ? (% Ferl:ilized)‘| (% Normal Developrr:ent)

Mean | s [ o290 {BEY 1 sp [sigs | Mean | 5D | 2290 [ SOF° | s | g,

100 |916 |62] 93 | 990 | 1.0 | ++ | 484 [190] 53 | 018 | 20 | *=

40-3 50 984 | 1.1 | 99 | 995 | 05 850 | 29| 90 | 943 | 26 | ++

25 988 | 1.6 | 100 | 990 | 10 920 |22 95 | 967 | 1.8 | ++

100 | 534 |147 s4 | 990 | 10 | = 00 (00| o | o18 [29 | =

42-1 50 oa4 |61 ] 95 995 o5 | + | 217 a7 ]| 23 | 943 |26 | *

25 982 |22 | 99 | 990 | 10 808 |08 | 93 | 967 | 18|

100 | 552 |123] 56 | 990 | 10 | # 00 00| o | o8 |29 | »

42-3 50 886 | 631 8 | 995 | os | +~ | 00 Joo| o | 943 |26 | *

25 982 | 18 ] 99 | 990 | 10 692 |88 | 72 | 967 |18 | =

100 [ 784 [ 72| 79 [990 | 10| *= | 00 |oo| o | 918 |29 [ *

BA21 ¢ 50 922 | 31| 93 | 995 |os | «+ | 00 00| o | 943 |26 | *

25 994 [ 09 | 100 | 990 | 10 905 |53 ] 94 | 967 | 1.8 ] ++

100 | 174 [ 74| 18 | 990 | 10| = | 00 |oo| o | 918 |29 [ *

433 50 430 [ 85| 43 | 995 [ o5 | = | 00 |oo| o | 943 |26 | *
25 878 |49 | 89 | 990 | 10| «+ | 00 |o00o| o | 967 | 18| ** |

100 | 752 [134| 76 | 990 [ 10 [ »* | 00 [o00]| o | o18 |29 [ *

44-1 50 898 |104| 9 |95 | 05 | ++ | 826 |35 8 | 943 |26 | ++

I 25 | 1000 [ 00| 100 | 990 | 10 926 (47| 96 | 967 | 18| +




Table 31. Continued.

Fertilization Test
(% Fertilized)

Embryological Development Test
(% Normal Development)

Designation’ | WQAS ? y 4

Mean | SD 1;7;’5;2 ;Ee::n SD | Sig.5 | Mean | SD gggﬂ ;E:;, SD | sig.*

100 780 [100] 79 | 990 | 10 [ ** 662 | 67| 72 | 918 |29 | *

442 50 972 | 22 ] 98 | 995 | 05 850 | 20| 90 | 943 | 26 | ++

d 25 984 [ 09 ] 99 | 990 | 1.0 20 | 21] 9 9.7 | 1.8 | ++
100 978 | 1.6 | 99 | 990 [ 10 420 [167] 46 | 918 | 29 |

46-1 50 990 | 12| 99 | 995 | 05 746 |71 ] 79 | 943 | 26 | *

25 980 [ 16 | 99 | 990 | 1.0 9008 | 25| 94 | 967 | 1.8 | ++

100 866 | 51 | 87 | 990 [ 10 | ++ 00 |00 ]| o 91.8 | 29 | =*

46-3 50 986 | 1.3 ] 99 | 995 | 05 550 | o8 | s8 943 | 26 | * |

“ 25 970 | 24 | 98 | 99.0 | 1.0 87.6 | 22 | o1 967 | 1.8 | ++
100 804 | 88 | 81 990 | 10 | * 00 {00 o 918 | 29 | *x

46-4 50 980 [ 10 | 98 | 995 | 05 626 | 36| 66 | 943 | 26 | **

25 980 {16 | 99 | 990 | 1.0 28 |19 9 | 967 | 1.8 | ++

100 794 | 48 | 80 | 990 | 10 | *= 00 (00| o 918 | 2.9 [ *

473 50 982 | 13| 99 | 995 | 05 542 |100]| 58 | 943 | 26 | *

25 988 | 1.3 100 | 990 | 1.0 902 [ 19 | 93 967 | 1.8 | ++

100 970 | 1.2 | 98 | 990 [ 10 468 [167] 51 91.8 | 29 | **

474 50 980 | 07 | 98 | 995 | 05 884 |21 | o4 | 943 |26 | ++

“ 25 994 | 09 | 100 | 9.0 [ 10 882 | 46 | 91 967 | 1.8 | ++




Table 31. Coutinned.

Fertilization Test Embryological Development Test “
Desguationt | WQAS ? (% Fertilized)4 (% Normal Developn:ent)

Mean | 5D | 20 1 ¥FF 1 sp [ gig.5 | Mean | sp | 200 | REFT g | gjo s "

100 86.0 | 9.8 87 99.0 1.0 ++ 12.6 12.2 14 91.8 29 **
BF21 ¢ 50 972 | 26 08 99.5 0.5 86.2 0.8 91 04.3 2.6 ++ “
25 98.4 1.1 99 99.0 1.0 92.8 3.9 96 96.7 1.8 + ||
100 988 | 0.8 100 99.0 1.0 0.0 0.0 0 91.8 29 *¥ A

11-6 50 99.8 | 04 100 09.5 0.5 458 11.7 49 94.3 2.6 *x

25 994 | 0.6 100 99.0 1.0 914 52 95 96.7 1.8 4+

100 958 | 3.1 97 99.0 1.0 89.6 3.3 98 91.8 29

BD22°¢ 50 98.0 | 0.7 98 99.5 0.5 91.6 2.1 97 943 2.6 +

25 984 | 1.1 99 99.0 1.0 05.4 0.9 99 96.7 1.8 i

! Designation refers to strata and sample ID, repectively.

2 Percent of water quality adjusted sample.

? Test mean as a percentage of reference {control). Reference sediment collected from Redfish Bay, Texas.

4 Mean of reference to which statistical comparison of test mean was made.
3 Significant difference from reference.
¢ Stations BF21, BD22, BB70, and BA21, located in strata 3, 11, 30 and 42, respectively.



Table 32. EC;, values of sediment porewater samples from the NOAA San Francisco Bay,
California study assayed in the sea urchin fertilization and embryological
development tests.

T Fertilization Test Embryological Development Test
Designation’ e 95% Confidence e 2 95% Confidence
50 Limits 50 Limits
1-2 >100 - >100 -
2-2 >100 - >100 -
3-1 >100 - 54.34 49.61-59.51
3-3 >100 - >100 -
4-2 >100 - >100 -
BF21* >100 - 72.92 70.13-75.81
5-1 >100 ' . 46.11 42.33-50.23
5-2 >100 - >100 -
5-5 >100 - 51.50 46.93-56.52
6-1 >100 - 38.61 33.92-43.95
6-4 >100 - >100 -
7-1 >100 - 55.82 50.92-61.20
7-4 64.79 54.18-77.48 48.43 43.38-54.07
7-6 >100 - 100.00 nr
8-1 >100 - 81.61 75.19-88.58
8-3 >100 - >100 -
92 >100 - 56.80 52.26-61.75
10-1 91.7 71.10-118.26 31.10 ne’
10-3 85.42 66.43-109.84 31.98 30.42-33.62
11-1 >100 - >100 -
11-3 >100 - >100 -
BD22* >100 - >100 -
11-6 >100 - 49.65 46.17-53.41




Table 32. Continued.

i Fertilizati-on Test Embry-t;l_c;gical Development T_e;:—
Designation' EC,: 95% Confidence HC.2 95% Confidence
Limits 5 Limits
12-1 >100 - 63.28 57.53-69.59
13-1 >100 - 53.33 46.68-60.92
14-1 >100 - 41.81 38.26-45.70
15-1 >100 - >100 -
15-3 >100 - >100 -
16-1 >100 - >100 -
17-1 >100 - 30.13 27.36-33.18
17-2 >100 - 87.06 75.73-100.08
18-1 >100 - >100 -
19-2 >100 - 81.14 75.44-87.26
19-3 74.58 62.01-89.71 <25 - It
20-1 61.47 48.23-78.36 <25 -
20-5 >100 - 83.20 75.01-92.29
20-6 >100 - >100 -
21-1 >100 - >100 -
21-3 >100 - <25 - 4“
22-1 >100 - 69.26 67.64-70.91 "
22-3 >100 - >100 - ||
22-6 >100 - >100 -
23-2 >100 - >100 -
24-2 >100 - 64.62 61.67-67.70
25-1 >100 - 60.82 57.14-64.73
25-3 >100 - 29.34 nr’
26-1 >100 - 63.44 59.63-67.49




Table 32, Continued.

Fertilization Test Embryological Development Test
Designation’ EC,? 95% Confidence EC. 2 95% Confidence
Limits 50 Limits
26-2 >100 - 76.65 72.84-80.67
27-1 >100 - 41.51 38.79-44.42
28-1 >100 - >100 -
28-4 47.00 42.30-52.23 <25 -
28-5 >100 - >100 -
29-2 >100 - 92.72 82.93-103.65
30-1 >100 - 31.69 nr
30-3 >100 . >100 -
BB70* >100 - 39.18 37.19-41.28
31-2 62.09 54.39-70.89 <25 -
31-4 >100 - 63.20 59.11-67.58
31-6 S 7722 71.83-83.02 <25 -
32-2 >100 - 41.71 38.62-45.05
32-3 >100 - 35.36 34.25-36.49 ||
32-6 >100 - 68.02 65.72-70.39
33-5 97.47 76.11-124.81 <25 -
34-1 >100 - <25 -
| 34-3 >100 - 37.70 35.45-40.08
35-2 98.44 84.39-114.82 33.10 nr’
35-3 >100 - 54.71 50.73-59.01 "
36-1 >100 - 64.08 60.21-68.21
36-2 >100 - 80.86 75.11-87.06
|i 36-3 89.33 78.06-102.23 37.42 35.26-39.72
|| 38-1 >100 - 66.59 63.91-69.38 ||




Table 32, Continued.

Fertilization Test Embryological Development Test
Designation' EC,: 959% Confidence BC.2 95% Confidence
Limits 50 Limits
38-3 67.86 49.37-93.27 <25 -
39-1 >100 - 66.90 64.43-69.46
40-2 36.73 30.88-43.70 <25 -
40-3 >100 - >100 -
42-1 >100 - 40.88 38.35-43.57
42-3 >100 - 31.50 nr’
BA21* >100 - 34.02 nr
43-3 48.25 43.00-54.13 <25 -
44-1 >100 - 65.98 63.29-68.78
44.2 >100 - >100 ]
46-1 >100 - 90.82 76.91-107.25
46-3 >100 - 52.65 48.73-56.89
46-4 >100 - 56.64 53.10-60.43
47-3 >100 - 52.48 48.75-56.50
47-4 >100 - >100 -

! Designation refers to the zone, strata, and sample site number, respectively.

* Percent of water quality adjusted porewater sample.

* 95% confidence limits not reliable.

4 Stations BF21, BD22, BB70 and BA21, located in strata 4, 11, 30 and 42, respectively.




Table 33. Dissolved organic carbon (DOC) measurements (mg/L) of BEST/EMAP porewater samples collected from sediments from

Puget Sound, Washington.

Sample ID Date Analyzed Ba::h R;n Rf P R;p R; P Mean Reg;;ive ‘l
El 12-Apr-01 1 2 16.47 16.25 15.23 15.99 4.05
E4 13-Apr-01 1 3 4.24 4.22 4.25 4.24 0.37
ES 12-Apr-01 1 3 7.43 7.06 6.89 7.13 3.67
E6 12-Apr-01 1 4 8.15 7.69 7.62 7.82 3.49
E7 12-Apr-01 1 5 3.29 7.56 7.08 7.64 7.65
E8 12-Apr-01 1 6 6.08 5.61 5.34 5.68 6.16
ES 12-Apr-01 1 7 6.04 5.71 5.63 5.79 3.47

E13 12-Apr-01 1 8 14.54 13.49 13.54 13.86 4.14
El4 12-Apr-01 1 9 5.51 5.16 5.07 5.25 4.17
El5 12-Apr-01 1 10 14.59 13.45 12.59 13.54 7.2

E17 12-Apr-01 1 11 6.07 5.83 5.74 5.88 2.71
E19 12-Apr-01 1 13 6.94 6.61 6.88 6.81 2.43
E21 13-Apr-01 1 14 10.67 10.82 10.92 10.80 1.11
E22 13-Apr-01 1 15 22.71 22.60 23.32 22.89 1.62




Table 33. Continued.

Sample ID Date Analyzed Ba:"h R;n Rf P 1 Rzep R:fp Mean Reggive ]
E23 13-Apr-01 1 16 7.84 8.17 7.98 8.00 1.93
E24 13-Apr-01 1 17 16.61 15.99 15.43 16.01 3.62
I E25 13-Apr-01 1 19 6.45 5.75 5.64 5.95 6.95
|| E29 13-Apr-01 1 20 9.40 8.44 8.59 8.81 5.64
@ 13-Ape-01__ || __21 6.78 6.13 6.19 6,36 33




Table 34. Dissolved organic carbon (DOC) measurements (mg/L) of BEST/EMAP porewater samples collected from sediments from the
Columbia River, Oregon.

Sample Id Date Analyzed Ba;ch R;:n R; p R;p R; p Mean Reé:give
OR2000-0031 16-Oct-00 1 2 2.78 2.91 2.93 2.88 2.51
OR2000-0032 16-Oct-00 1 3 2.64 2.61 2.49 2.58 2.69
OR2000-0033 16-Oct-00 1 4 2.46 2.36 2.37 2.4 2.03
OR2000-0038 16-Oct-00 1 5 2.52 2.45 2.36 2.44 2.82
OR2000-0044 16-Oct-00 1 6 1.87 1.93 1.91 1.9 1.16
OR2000-0045 17-Oct-00 1 7 1.32 1.3 1.32 1.31 0.56
OR2000-0046 17-Oct-00 1 9 2.74 2.7 2.72 2.72 0.66
§ OR2000-0047 17-Oct-00 1 10 15.24 14.96 15.11 15.11 0.9
|| OR2000-0048 17-Oct-00 1 11 2.48 2.31 2.31 2.37 3.58

OR2000-0050 17-Oct-00 1 12 4.76 4.71 4.76 4.75 0.54

OR2000-0034 17-Oct-00 2 3 11.51 11.42 11.35 11.43 0.68
|| OR2000-0035 17-Oct-00 2 4 8.27 8.21 8.25 8.24 0.36
'I OR2000-0036 17-Oct-00 2 6 12.6 12.8 12.46 12.62 13
II OR2000-0037 17-Oct-00 2 7 2.41 2.39 2.34 2.38 1.31




Table 34. Continued.

Sample Id Date Analyzed Ba;c h R;n R; P R;p Rg P Mean Relsiit)ive ]
OR2000-0039 17-Oct-00 2 9 1.78 1.86 1.77 1.8 2.1
OR2000-0040 17-Oct-00 2 11 17.56 17.5 18.44 17.83 2.87
OR2000-0041 17-Oct-00 2 12 9.37 8.94 8.8 9.04 3.08
OR2000-0042 17-Oct-00 2 13 2.72 2.26 2.22 2.4 9.47

Lorooooooss | 1goct00 | 2 | 1a 316 293 303 304 318 |




Table 35. Dissolved organic carbon (DOC) measurements (mg/L) of BEST/EMAP porewater samples collected from sediments from

San Francisco Bay, California.

Sample ID f::fy gifs Ba;ch R:n Riep Rzep R:;:p Mean Reg;;ive |
CA2000-0038 6-Apr-01 1 6 30.77 30.16 2949 30.14 2.11
CA2000-0039 6-Apr-01 1 7 11.87 11.65 11.62 11.71 1.12
CA2000-0040 6-Apr-01 1 8 8.68 8.78 8.9 8.79 1.19
CA2000-0041 6-Apr-01 | 1 9 6.57 6.57 6.67 6.6 0.85 |
CA2000-0042 6-Apr-01 1 10 6.36 6.28 6.23 6.29 1.02 "
CA2000-0043 6-Apr-01 1 11 6.26 6.09 6.22 6.19 1.37 "
CA2000-0044 6-Apr-01 1 13 6.48 6.3 6.41 6.4 1.3
CA2000-0045 6-Apr-01 1 14 0.81 0.64 9.8 9.75 0.94
CA2000-0046 6-Apr-01 1 16 7.5 7.54 7.35 7.46 1.31
CA2000-0047 6-Apr-01 1 17 5.44 5.51 5.36 5.44 1.29

|| CA2000-0048 6-Apr-01 1 18 5.66 5.67 5.64 5.66 0.24 “
" CA2000-0049 6-Apr-01 1 19 8.36 8.27 8.35 8.33 0.58
|| CA2000-0050 -Apr- 2 18. 18.96 18.94 18.94 0.06




Table 36. Dissolved organic carbon (DOC) measurements (mg/L) of NOAA porewater samples collected from sediments from

San Francisco Bay, California.

e

Sampte ID i):;?yt;;‘s Ba;ch R;;n _R;:p R;p R;p Mean Relss;;ive l’
1-2 .18-Jul-01 1 4 2.60 2.56 2.63 2.60 1.09
2-2 18-Jul-01 1 8 1.28 1.22 1.25 1.25 1.54
3-1 30-Mar-01 2 2 16.47 16.62 16.58 16.56 0.47
3-2 30-Mar-01 2 3 4.74 4.63 4.67 4.68 1.15
4-2 30-Mar-01 2 4 5.64 5.59 5.53 5.59 0.93
5-1 30-Mar-01 2 5 11.14 10.94 11.12 11.07 0.94
5-2 30-Mar-01 2 6 7.11 6.93 7.07 7.04 1.24
5-5 30-Mar-01 2 7 8.07 8.07 8.04 8.06 0.19
6-1 30-Mar-01 2 8.42 8.43 8.68 8.51 1.64
6-4 30-Mar-01 2 9 5.68 5.57 5.56 5.60 1.09
7-1 30-Mar-01 2 10 11,32 11.44 11.45 11.41 0.60
|I 7-4 30-Mar-01 11 11.28 11.01 11.31 11.20 1.46
|| 7-6 30-Mar-01 2 12 7.42 7.41 7.53 7.45 0.83
" 8-1 30-Mar-01 2 13 6.05 6.02 5.92 6.00 1.08




Table 36. Continued.

e | 2t [ ] o [ Tt [ e [ ]
8-3 30-Mar-01 2 15 6.00 6.038 6.05 6.03 0.36
9-2 30-Mar-01 2 16 8.44 8.24 8.32 8.33 1.15
10-1 31-Mar-01 2 18 i1.26 11.12 11.38 11.25 1.09
10-3 31-Mar-01 2 19 12.88 12.57 12.65 12.70 1.20
11-1 31-Mar-01 2 20 6.10 6.08 6.06 6.08 0.37
11-3 31-Mar-01 2 21 5.82 5.74 5.76 5.77 0.69

“ 11-6 6-Apr-01 1 5 5.74 5.74 5.86 5.78 116 |
12-1 31-Mar-01 2 22 5.91 5.86 5.90 5.89 0.45
13-1 3]1-Mar-01 2 23 6.46 6.25 6.45 6.38 1.79
14-1 31-Mar-01 2 24 9.42 0.27 9.26 932 0.93
15-1 31-Mar-01 2 25 8.46 8.26 8.42 8.38 1.18
15-3 31-Mar-01 2 27 6.54 6.35 6.48 6.46 1.41
16-1 31-Mar-01 2 28 8.19 8.05 8.11 8.12 0.82
17-1 31-Mar-01 2 29 2'71.87 27.46 28.24 27.86 1.37
17-2 31-Mar-01 2 30 6.54 5.84 5.94 6.11 5.89




Table 36. Continued.

Sample ID E::l:yzli‘s Ba;ch R;n Riep R;p R;p Mesn Re‘lssit)ive ]
18-1 2-Apr-01 3 2 10.64 10.82 10,81 10.76 0.91
19-2 2-Apr-01 3 3 8.54 8.61 8.54 8.56 0.48
H 19-3 2-Apr-01 3 4 10.05 7.20 7.33 8.20 18.76
20-1 2-Apr-01 3 5 50.00 50.22 51.33 50.51 141
20-5 2-Apr-01 3 6 9.49 8.78 8.57 8.95 5.16
20-6 2-Apr-01 3 7 10.32 9.64 10.28 10.08 3.62
21-1 2-Apr-01 3 8 12.37 11.55 11.73 11.88 3.49
21-3 2-Apr-01 3 9 10.27 8.60 8.55 9.14 10.29
22-1 2-Apr-01 3 10 18.32 17.84 17.72 17.96 1.73
223 2-Apr-0t 3 11 11.78 10.44 10.82 11.01 6.05
[ 226 2-Apr-01 3 12 4.88 4.12 4.05 435 9.75
23-2 2-Apr-01 3 13 9.33 9.04 9.39 9,25 1.93
242 2-Apr-01 3 14 8.96 8.38 8.40 8.58 368 |
25-1 3-Apr-01 3 15 9.76 8.90 9.03 9.23 4.80
25-3 3-Apr-01 3 16 8.23 7.45 7.14 7.61 7.10




Table 36. Continned.

Fmple D f::yos;’s Ba;ch R;n Riep Rzep R:(;p Mean ReéaDtive<II
26-1 3-Apr-01 3 18 9.80 8.81 9.06 9.22 5.39
26-2 3-Apr-01 3 19 13.60 12.08 13.18 12.95 5.89
27-1 4-Apr-01 4 2 19.42 19.60 19.83 19.62 1.05
28-1 3-Apr-01 3 21 2.64 2.15 2.07 2.29 11.63
28-4 4-Apr-01 4 3 8.98 8.83 9.08 8.94 1.35
28-5 4-Apr-01 4 4 10.22 10.30 10.35 10.29 0.60
29-2 4-Apr-01 4 5 7.82 7.81 7.76 7.80 0.36
30-1 3-Apr-01 3 26 7.04 6.01 6.19 6.41 8.13
I 30-3 4-Apr-01 4 6 6.18 6.11 6.20 6.16 0.69
31-2 3-Apr-01 3 28 7.06 7.02 7.06 7.05 0.36
314 3-Apr-01 3 30 6.34 6.32 6.66 6.44 2.80
H 31-6 3-Apr-01 3 31 9.26 9.06 9.18 9.17 1.07
|| 32-2 4-Apr-01 4 7 8.53 8.29 8.52 8.45 1.54
32-3 4-Apr-01 4 8 8.12 8.14 8.31 8.19 1.20
32-6 4-Apr-01 4 9 6.21 5.70 5.89 593 4.08




Table 36, Continued.

swpery | ot | v | K | Ra [ Ko [ Re | e | Rl
33-5 4-Apr-01 4 10 7.71 7.84 7.85 7.80 0.97
34-1 4-Apr-01 4 11 30.00 30.10 29.77 29.96 0.56
34-3 4-Apr-01 4 12 14.66 13.55 13.95 14.05 3.88
35-2 4-Apr-01 4 14 2542 24,13 23.58 24.38 3.83
' 35-3 4-Apr-01 4 15 17.33 15.49 15.38 16.07 6.67
" 36-1 5-Apr-01 4 16 7.71 7.24 7.15 7.37 3.91
M» 36-3 6-Apr-01 1 2 17.49 17.53 17.41 17.48 0.33
38-1 5-Apr-01 4 17 7.68 6.73 6.72 7.04 7.49
38-3 5-Apr-01 4 18 13.34 12.91 13.04 13.10 1.64
39-1 6-Apr-01 1 3 19.54 19.01 19.19 19.25 1.38
40-2 5-Apr-01 4 19 13.85 13.82 14.56 14.08 2.89
40-3 5-Apr-01 4 20 6.10 6.13 6.02 6.08 0.88
42-1 5-Apr-01 4 21 9.99 9.92 10.04 9.98 0.57
42-3 5-Apr-01 4 23 11.53 11.12 10.98 11.21 2.50
43-3 S5-Apr-01 4 24 20.26 20.90 19.75 20.30 2.80




Table 36. Continued.

[spen [ g Trows TR T ke T e T Re [ e | Rl |

lr 44-1 5-Apr-01 4 25 8.10 8.17 8.36 8.21 1.58
44-2 6-Apr-01 1 4 5.51 5.40 5.37 5.42 1.35
BA-21 5-Apr-01 4 27 20.14 20.14 20.52 20.27 1.06

{ BB-70 5-Apr-01 4 28 36.95 36.72 37.06 36.91 0.46

II 46-1 5-Apr-01 5 2 7.54 7.34 7.43 7.44 1.28

u 46-3 5-Apr-01 5 3 6.87 6.63 6.79 6.76 1.71
464 5-Apr-01 5 4 13.77 13.44 13.50 13.57 1.25
47-3 5-Apr-01 5 5 9.32 9.16 9.15 9.21 1.03
47-4 5-Apr-01 6 7.50 7.33 742 7.42 1.09
BD-22 5-Apr-01 5 8 5.33 5.25 5.36 5.32 1.01

| BF21 | S-Apr01 5 g 755 7.41 767 7.54 169 |




Table 37. Dissolved organic carbon (DOC) concentrations (mg/L) of quality assurance samples run in conjunction with poré water

samples from all the BEST/EMAP study sites.

p—

swmperm | ot | dmed | D | Rep | Koo | Koo |y | Refie | Eeslatin
Procedure Blank -
Blank 12-Apr-01 WA 1 0.21 0.22 0.22 0.22 0.92 .
Blank 16-Oct-00 OR 1 0.02 0.02 0.02 0.02 1.74 .
Blank 17-Oct-00 OR - 2 0.03 0.03 0.02 0.03 3.84 .
Blank 6-Apr-01 CA 1 0.08 0.07 0.06 0.07 3.29 .
Duplicates- % Difference !
E17 12-Apr-01 WA 1 5.87 5.83 5.75 5.82 1.01 1.05
E30 13-Apr-01 WA 1 6.20 6.23 6.42 6.28 1.77 1.28
OR2000-0050 | 17-Oct-00 OR 1 477 442 4.73 4.64 3.83 2.24
OR2000-0039 | 17-Oct-00 OR 2 1.79 1.80 1.72 1.77 2.05 1.80
CA2000-0043 | 6-Apr-01 CA 1 6.07 6.02 5.94 6.01 1.00 2.85
Spiked Duplicates- % Recovery
E24 13-Apr-01 WA 1 20.37 20.09 19.89 20.11 1.17 95.8
OR2000-0035 | 17-Oct-00 OR 2 12.60 12.80 12.46 12.62 1.30 95.3




Table 37. Continued.

sumperp | Zrt [ [ vwa T Ry T 8o T Re [y | Raie [ Bt |
CA2000-0045 | 6-Apr-01 CA 1 14.09 14.08 14.22 14.13 0.54 95.8
Control Standard- % Recovery
Sppmchkstd | 17-Oct-00 | OR 2 497 511 | 510 5.06 1.43 101.3

! Percent relative difference between duplicate and original sample.



Table 38. Dissolved organic carbon (DOC) concentrations (mg/L) of quality assurance samples run in conjunction with NOAA

porewater samples from San Francisco Bay, California,

Sample Date of _;au:h Rep Rep Rep Mean Relative Evaluation
ID Analysis # 1 2 3 SD Criteria
Procedure Blank -
Blank 18-Jul-00 1 0.02 0.11 0.08 0.07 13.28 -
Blank 30-Mar-01 2 0.06 0.14 0.13 0.11 3.19 -
Blank 2-Apr-01 3 0.14 0.10 0.12 0.12 3.69 -
Blank 4-Apr-01 4 0.12 0.15 0.11 0.13 4.46 -
Blank 5-Apr-01 5 0.29 0.16 0.21 0.22 11.73 -
Duplicates- % Difference *
8-1 30-Mar-01 2 5.69 5.72 5.66 5.69 0.52 51
15-1 31-Mar-01 2 8.55 8.27 8.58 8.47 1.93 8.5
25-3 2-Apr-01 3 8.35 1.06 7.20 7.54 8.96 0.9
31-6 3-Apr-01 3 9.19 9.35 9.06 9.20 1.51 04 r'
42-1 4-Apr-1 4 10.06 9.74 9.77 9.86 1.69 1.2
44-1 4-Apr-01 4 8.14 7.93 8.12 8.06 1.36 1.8 "
474 5-Apr-01 5 7.56 7.43 7.24 7.41 212 0.1 ||




Table 38. Continued.

h

Sample Date of Batch Rep Rep Rep Mean Relative Evaluation J
ID Analysis # 1 2 3 SD Criteria
Spiked Duplicates % Recovery
9-2 30-Mar-01 2 12.65 12.78 12.86 12.76 0.81 95.7
31-2 3-Apr-01 3 12.41 11.80 11.01 11.74 5.76 97.4
34-3 4-Apr-01 4 18.88 18.68 18.21 18.59 1.81 97.6
Laboratory Control Samples- % Recovery
check 18-Jul-00 1 5.04 4.89 5.03 4.99 1.56 99.8
check 3-Apr-01 3 9.35 9.73 9.68 9.59 2.14 95.9
check 5-Apr-01 5 23.48 24.36 24.57 24.14 2.36 96.5 H

! Percent relative difference between duplicate and original sample.
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1.0

2.0

EXTRACTION AND STORAGE OF
POREWATER SAMPLES

OBJECTIVE

This protocol describes a procedure for extracting and storing porewater samples from
marine, estuarine, or freshwater sediments for use in toxicity testing. A pressurized
extraction device is used to force the pore water from sediment samples. This procedure may
be performed in the laboratory or it may be performed at or near the site of sample collection
since the sampling apparatus is portable.

PREPARATION
2.1 Description of the Porewater Extraction System

In earlier studies (Carr et al., 1989; Carr and Chapman, 1992) pore water was extracted
from sediments using a device constructed of Teflon®. Since then, the design has been
improved (Carr and Chapman, 1994) The polyvinyl chloride (PVC) extractors in
current use are less costly to construct and easier to operate. This device has been used
in numerous sediment quality assessment surveys (Carr, 1993; NBS, 1993; NBS, 19%943;
NBS, 1994b; USFWS, 1992).

The extractor is constructed from a PVC compression coupling for 4" I.D. schedule 40
PVC pipe. These commercially-available couplings (Lascotite®) consist of a cylinder
(25 cm height and 13 ¢m diameter) with threaded ends and threaded open compression
nuts (Figure 1). The coupling is fitted with end plates cut from 7/16" thick PVC
sheeting that are held in place by the threaded end nuts. The gaskets provided with the
coupling are discarded and silicon O-rings are used to seal the top and bottom
connections. The top end plate is fitted with a quick-release fitting where the
pressurized air is supplied, and a safety pressure relief valve. Like the original Teflon®
extractor, the bottom end plate (Figure 1) has several interconnected concentric grooves
to facilitate flow of the pore water to the central exit port. A 5 um polyester filter is
situated between the bottom end plate and the silicon O-ring. Before a sediment sample
is loaded, the bottom end nut is tightened in place by using the stationary bottom
wrench (Figure 1) and a standard strap wrench.
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Figure 1. Sediment pore water squeeze extraction device.
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The extractors are pressurized with air supplied from a standard SCUBA cylinder via a
SCUBA first stage regulator which delivers air to a manifold with a valving system (Figure
2). With this system, multiple cylinders can be pressurized simultaneously, using the same
SCUBA cylinder.

ure relief val

szfety pre
o

Ygovernor re gulator”
(set maximnm allowable pressure)

'\ 5 CUBA cylinder

(compressed zir)

Figure 2. Schematic of sediment porewater pressure extraction system.

2.2 Equipment List

Supplies and equipment needed are listed in Attachment 1.
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3.0 PROCEDURE

3.1

3.2

Sediment Collection and Storage Considerations

Generally, surficial sediment samples are collected for porewater extraction. A
homogenate of the upper ~2-10 cm sediment may be collected by multiple cores or grabs
at a particular sampling station. (Further details of sediment sampling procedures are not
within the scope of this SOP.) One liter of sediment will typically provide 100-200 mL
pore water. However, a larger volume of course sand sediments may be required since
they contain less water, and a larger volume of fine clay sediments may be required since
they are difficult to extract. The sample composites are kept in suitable containers (e.g.,
clean high density polyethelene containers or Zip-Lock® bags), labelled, and stored on
ice, in a cooler, or in a refrigerator until the samples are delivered and processed. Pore
water should be extracted from the samples as soon as possible because the toxicity of
sediments in storage may change over time. A sample tracking system should be
maintained for each sediment sample collected and porewater sample extracted. All
manipulations made on samples are recorded on the Sample History Data Form
(Attachment 2).

Load Extraction Cylinder

1. Assemble all parts of extraction cylinder except the top end compression coupling nut,
top end plate and O-ring. Make sure filter is snugly in place beneath bottom O-ring
(both over- and under-tightening will result in an improper seal). Place the extractor
cylinder on the stand and positon an appropriately labelled porewater sample
container (usually an I-Chem® amber 250 mL or 125 mL glass jar cleaned to EPA
standards, with Teflon® lid liner) underneath the outlet.

2. Ensure that the sediment sample is homogenized, by shaking, stirring with a clean
Teflon® or plastic spatula or spoon, or by both.

3. Transfer sediment from the sample container/bag to the extractor by pouring and/or
using a clean Teflon® or plastic spatula or spoon. If necessary, particularly when
extracting pore water from sandy or shelly sediments, the spatula may be used to
compress the sample in the cylinder to eliminate channelization. The amount of
sediment to be transferred will depend on the texture of the sample. The cylinder may
be filled nearly full with a sandy sediment. However, when extracting pore water
from a clay sediment, a relatively impermeable layer of compressed clay will
eventually form on the fllter, so that extraction of a large volume of clay sediment at
once would take an extremely long time. When extracting pore water from extremely
fine grained sediments, the cylinder should be less than one-third filled. If additional
pore water is needed, this process can be repeated by removing the sediment including
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sediment including removing or "peeling” the impermeable layer, and reintroducing
more of the original sediment sample.

4. After sediment is loaded, the top end plate within the top compression coupling nut
is installed . To tighten the top nut, the strap wrench and the coupling nut wrench
(Figure 1) are used.

Porewater Extraction

After the extractor is sealed, a high-pressure hose is attached to the quick disconnect
titting on the top end plate, and the extractor is pressurized with air from a SCUBA
tank. Pressure is controlled with a first-stage regulator on the SCUBA tank, an
intermediate "governor" regulator, and final second stage regulators attached to a
manifold that services multiple extractors (Figure 2).

1. Turn the SCUBA valve counter clockwise, pressurizing the first stage regulator and
the intermediate-pressure hose (approximately 150 psi). An additional "governor"
pressure regulator between the SCUBA tanks and the final second stage regulators
which control pressure to the individual extractors should be set at maximnum
extractor pressure (~40 psi).

2. Ensure that all final pressure regulators are set to zero. Attach the hose from one of
the pressure regulators on the pressure regulator mantfoid to the air inlet, using the
quick disconnect fitting.

3. Slowly open the corresponding pressure regulator to a pressure of 5-10 psi. Check
the first drops of porewater passing from the outlet for cloudiness. Occasionally, a
small amount of sediment will pass through the porewater outlet, presumably around
the filter. If this happens, wait until the pore water clears, discard the initial pore
water collected, and continue.

4. Check the cylinder for leaks and if necessary tighten clamping nuts slightly.

5. As the flow of pore water decreases, pressure may be increased gradually to a
maximum of 35-40 psi. When flow is less than or slows to less than 1-3 drops per
minute, increase the pressure in 5-10 psi increments to maintain the flow. Allow the
extraction to continue until sufficient pore water has been collected.

6. Disassemble the extractor, discard sediment, and rinse and wash appropriately all
parts contacting sediment before placing a different sediment saniple into the
extractor.
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4.0

3.4

3.5

7. Repeat these procedures until all available extractors are in use or until all sediment
samples have been processed.

Centrifugation of Porewater Samples

Porewater samples extracted at this field station are usually stored frozen until tested.
Under most circumstances, the porewater samples are centrifuged after they are
collected and before they are frozen.

1. After collection, keep the porewater samples refrigerated or chilled on ice until they
are centrifuged.

2. Transfer the pore water from the glass sample jar to an appropriate centrifuge bottle
(e.g., polycarbonate). Centrifuge at >1200 g for 20 minutes. Return the centrifuged
sample to a rinsed and labelled glass jar, taking care not to disturb any material that
may have settled on the bottom/sides of the centrifuge bottle.

3. If multiple jars of pore water were collected from a single sediment sample, they
should be composited after centrifugation and redistributed to the glass jars before
testing or storage.

Storage of Porewater Samples

If the porewater samples are not to be used on the day of collection, they should be
frozen for storage. Sufficient room for freeze expansion should be left in the jars (for
example, 200 mL maximum sample in a 250 mL jar), If the volume needed for testing
is known in advance, it is prudent to allocate only that specific volume plus a little excess
(~10 mL) to each jar in order to conserve pore water (once thawed, the pore water
cannot be refrozen and reused), and to simplify the volume measurements required for
Water Quality Adjustment of Samples (SOP F10,12) performed the day prior to testing,
Frozen porewater samples may be shipped with dry ice.

QUALITY CONTROL

A sample tracking system is maintained for each sediment sample collected and porewater
sample extracted. All actions taken with that respective sample are recorded on the Sample
History Data Form (Attachment 2). This information includes, but not exclusively, : a) the
date of collection or receipt, b) the date of porewater extraction, c) the volume or number of

jars (I-Chem® amber glass jars) of pore water collected, d) centrifugation information, if

performed, ¢) date frozen and location (freezer no.), and ¢) date and jar no. thawed and used
in which test. The Sample History Forms are kept in a three-ring binder at the same location
where the samples are stored.
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5.0

6.0

7.0

8.0

TRAINING

Persons who will perform this procedure should first read this SOP and then operate under
the supervision of an experienced individual for at least one series of extractions.

SAFETY

The sediment and porewater samples handled may contain contaminants. Care should be
taken to avoid contact with the samples. Protective gloves, glasses and clothing may be
wom. Waste sediment should be properly disposed. SCUBA cylinders should be securely
mounted before, during, and after use. The pressure limit (40 psi) of the extraction cylinders
should not be exceeded. Before disconnecting any pressure hoses, ensure that the pressure
has been released or that the controlling regutator has been closed. The pressure relief valves
should be set to leak at just above maximum operating pressure, and they should be checked
regularly to ensure that they are performing. Pressure relief valves should be disassembled
and cleaned yearly.

ATTACHMENTS

Attachment 1. Required Equipment and Materials
Attachment 2. Sample History Form
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REQUIRED EQUIPMENT AND MATERIALS
To construct a sediment pore water extraction device:

1-PVC cylinder (center portion of 4" compression coupling)
2-PVC end nuts (ends of 4" compression fitting)

1-PVC top end plate (7/16" width)

1-PVC bottom end plate (7/16" width)

1-Quick disconnect brass air fitting

1-Pressure relief valve

1-Teflon® 1/8" npt male connector for exit port

To use a pore water extraction device:

1-Filter, polyester material, 5 pm pore size
1-Wooden stand (1 stand per 3 cylinders)
1-Custom wrench for 4" compression coupling end nuts
1-Custom wrench head attached to table
1-Plastic or Teflon® spatula or spoon
1-SCUBA cylinder
1-SCUBA regulator with high pressure gauge
1-SCUBA intermediate pressure hose (~10 ft length)
with governor pressure gauge set to ~40 psi
1-Air pressure control manifold that includes:
Final pressure regulator valves (several per manifold)
Pressure gauges (1 per valve)
Low pressure hose, 6' length (1 per manifold)

Other required supplies/equipment:

Sediment sample containers or bags
Pore water sample jars

Sample labels or labeling tape
Beakers

Deionized water (DI)

Wash bottles, 500 ml

Protective gloves, glasses, clothing
Pens, pencils, markers

Centrifuge and centrifugation materials
Refrigerator

Freezer

Page 9 of 10 pages
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Attachment 2
SAMPLE HISTORY DATA FORM

Sample Designation: Study Protocol: Initials:

Date of acquisition: Sample type:

How acquired {refer to sample site data sheet number, if appropriate):

L1

Initials at Action Taken
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1.0

2.0

WATER QUALITY ADJUSTMENT OF SAMPLES

OBJECTIVE

In order to perform toxicity tests with saline samples, all test and reference samples should be
similar in salinity so that salinity is not a factor in survival of test organisms. Additionally,
dissolved oxygen (DO) concentrations should be sufficiently high to ensure that low DO is not
a source of stress to the test organisms. At the Corpus Christi field station, toxicity tests are
performed using a variety of marine and estuarine organisms, including the sea urchin Arbacia
punctulata, the polychaete Dinophilus gyrociliatus, the harpacticoid copepod Longipedia sp.,
and the red drum Scigenops ocellatus. The aqueous samples tested may be pore water,
different kinds of discharges and effluents, surface microlayer, or subsurface water samples
that may range in salinity from 0-36°_. Although from test to test salinities used in the
different toxicity tests may vary, the individual toxicity tests performed on a particular day are
run at a single target salinity. Since initial salinities of the porewater or water samples to be
tested commonly vary, they will require salinity adjustment to within 1°_, of the target salinity.
Additionally, DO should normally be >80% saturation in all samples tested.

PREPARATION
2.1 Equipment and Labware

The supplies and equipment needed are listed in Attachment 1.
2.2 Source of Dilution Water

For samples lower in salinity than target salinity, concentrated brine (~100%,,) is added
to increase salinity. Concentrated brine is prepared by heating (to 35-40°C) and gently
aerating filtered natural seawater (1 um) to concentrate the salts by evaporation. Prior
to use, a 10% addition of reference pore water is added to the brine to replace lost trace
elements. For samples higher in salinity than target salinity, Milli-Q, HPLC grade
ultrapure water is added to decrease salinity.
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3.1 Preparation for Salinity Adjustment

1. Although fresh samples are routinely tested at the Corpus Christi field station, most
of the samples tested are stored frozen in amber I-Chem® jars. If frozen, remove
samples from freezer and allow them to thaw at room temperature or immerse them
in a tepid water bath to thaw, ensuring that sample temperature does not exceed 25°C.
The samples may be thawed the day of water quality adjustment (WQA) or may be
transferred from the freezer to a refrigerator (4°C) the day before WQA and then
completely thawed the following day. After thawing, allow the samples to come to
room temperature. Generally, the samples should be maintained at the same
temperature required for the toxicity test that will be conducted. The temperature
requirement for most toxicily tests performed at this field station is 20+1°C, and room
temperature should be maintained accordingly.

2. Tumn bottled sample end over end a few times to mix thoroughly before measuring
salinity. Using a salinity refractometer, measure salinity and record on Water Quality
Adjustment Data Form (Attachment 2).

3. In order to make calculations for the salinity adjustment, the volume of the sample
must be known. When porewater or other water samples are collected and transferred
to amber jars for storage, they are commonly measured to an approximate volume
(~110 mL, for example) prior to freezing. On the day of WQA, this volume should
be recorded on the WQA data form for the respective samples. If the volume 1s
unknown at this point, it should be measured using a graduated cylinder of appropriate
size, and recorded on the data sheet.

3.2 Salinity Adjustment
3.21 Reducing the salinity of aquecus samples

Refer to the formulas below to calculate the volume of HPLC water needed to
reduce the initial sample salinity to the target salinity. Add the volume calculated,
mix the bottle thoroughly, check the salinity with a refractometer, and record the
volume of HPLC water added as well as the final salinity.

(i) (target %/, ~ sample %) % sample vol. inmL = A
(ii)y samplevol. - A=DB

(iii) sample vol. + A=C

(iv) B x C = volume of HPLC water to add
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3.0 PROCEDURES

3.1

3.2

The following describes the procedures required for the adjustment and determination
of specific water quality parameters of a sample.

Preparation for Salinity Adjustment

L.

2.

Although fresh samples are routinely tested at the Corpus Christi field station, most
of the samples tested are stored frozen in amber I-Chem® jars. If frozen, remove
samples from freezer and allow them to thaw at room temperature or immerse them
in a tepid water bath to thaw, ensuring that sample temperature does not exceed 25°C.
The samples may be thawed the day of water quality adjustment (WQA) or may be
transferred from the freezer to a refrigerator (4°C) the day before WQA and then
completely thawed the following day. After thawing, allow the samples to come to
room temperature. Generally, the samples should be maintained at the same
temperature required for the toxicity test that will be conducted. The temperature
requirement for most toxicity tests performed at this field station is 20+1°C, and room
temperature should be maintained accordingly.

Turn bottled sample end over end a few times to mix thoroughly before measuring

salinity. Using a salinity refractometer, measure salinity and record on Water Quality
Adjustment Data Form (Attachment 2).

3.

In order to make calculations for the salinity adjustment, the volume of the sample
must be known. When porewater or other water samples are collected and transferred
to amber jars for storage, they are commonly measured to an approximate volume
(~110 mL, for example) prior to freezing. On the day of WQA, this volume should
be recorded on the WQA data form for the respective samples. If the volume is
unknown at this point, it should be measured using a graduated cylinder of appropriate
size, and recorded on the data sheet.

Salinity Adjustment

3.21 Reducing the salinity of aqueous samples

Refer to the formulas below to calculate the volume of HPLC water needed to

reduce the initial sample salinity to the target salinity. Add the volume calculated, mix
the bottle thoroughly, check the salinity with a refractometer, and record the volume of
HPLC water added as well as the final salinity.

(i) (target %/, + sample %) x sample vol. inmL = A
(i) samplevol. - A=B

(iiil} samplevol. +A=C

(iv) B x C = volume of HPLC water to add
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4.0

5.0

6.0

3.22 Increasing the salinity of aqueous samples

Refer to the formula below to calculate the volume of concentrated brine needed
to increase the initial sample salinity to the target salinity. Add the volume
calculated, mix the bottle thoroughly, check the salinity with a refractometer, and
record the volume of brine added as well as the final salinity.

(i) ((target */, - sample /) x sample vol. in mL) + (brine %, - target */_;} = vol. of brine to add
3.3 Dissolved Oxygen Adjustment

Measure and record DO and percent DO saturation of sample (SOP F10.13).
Occasionally, a sample will have DO of less than 80% saturation. Any such samples
should be gently stirred on a magnetic stirrer to increase the DO level above 80%.

Record initial DO, the elapsed mixing time, and final DO in the comments section of the
Water Quality Adjustment Data Form. (On the following day, DO should be rechecked
and brought to >80% by stirring again if necessary before the toxicity test is performed.)

3.4 Other Water Quality Determinations

1. Measure pH (SOP F10.21) and record on the Water Quality Adjustment Data
Form.

2. Measure and record ammonia concentration (SOP F10.4).
3. Measure and record sulfide concentration if required.
DATA COLLECTION

All raw data are entered on one standardized form, the Water Quality Adjustment Data Form
(see Attachment 2) at the time the determinations or adjustments are made.

QUALITY CONTROL

A data form (Attachment 2) will be used to document all sample handling procedures for each
sample. The person(s) recording data on the sheet will initial each sheet. Original data forms
after completion will be stored in a three-ring file in the possession of the field station leader.
Copies will be kept in the lab.

TRAINING

Personnel who will perform this task should first read this protocol and then operate under
supervision during the preparation of at least two samples.
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7.0 SAFETY

The NaOH solution used in the ammonia determination procedure is a highly caustic liquid.
Care should be taken to avoid its contact with skin or clothing. Should such contact oceur,
quickly flush affected with water. A sink is present along the west wall of the dry lab, another
is present along the east wall of the wet lab, and an eye flushing station is present in the
northwest corner of the wet lab near the entrance door. The samples handled may be pore
water, effluent, discharges, or other water samples that may contain contaminants. Care should
be taken to avoid contact with the samples.

8.0 ATTACHMENTS

Attachment 1. Equipment List for Water Quality Adjustment
Attachment 2. Water Quality Adjustment Data Form

Prepared by:
Duane C. Chapman
Fishery Biologist
Approved by:
tt Carr

Field Station Leader

Chief, Field Research Division

W (37.[_,_,\ s-30-9y

Gl*f:mepﬁr B. Hunn
Quality Assurance Officer
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ATTACHMENT 1

EQUIPMENT LIST FOR WATER QUALITY ADJUSTMENT

Graduated cylinders

Pipetters

Latex gloves

Magnetic stirrer and stir bars

10 M NaOH

Concentrated brine (See section 2.2 for preparation)
HPLC ultrapure sterile water (J.T. Baker® #JT4218-2)
Salinity refractometer

Dissolved oxygen meter

pH electrode, buffer solutions, and meter

Ammonia electrode, standard solutions, and meter
Sulfide electrode, standard solutions, and meter
Data sheets

Hand calculator

Page 5 of 6
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ATTACHMENT 2

WATER QUALITY ADJUSTMENT DATA FORM

Page 6 of 6

STUDY PROTOCOL

INITIALS

SAMPLE DESIGNATION DATE

A. Salinity Adjustment:

Initial volume (mL)

Initial salinity (*/,,)

Vol. Baker® HPL.C water added (mL)

Vol. °/5, brine added (mL)

% of original sample

(initial vol./final vol. x 100)

B. Character of Sample (after salinity adjustment):

COMMENTS

Final Volume (mL)

Final Salinity (*/)
pH

Dissolved oxygen (mg/L)

DO saturation (%)

Total ammonia (mg/L)

Sulfide (mg/L)
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SEA URCHIN FERTILIZATION TOXICITY TEST

1.0 OBJECTIVE

The purpose of the fertilization toxicity test with the sea urchin, Arbacia punctulata, is to
determine if a sea water, pore water, sea surface microlayer, or other sample reduces
fertilization of exposed gametes relative to that of gametes exposed to a reference sample.
The test may also be used to determine the concentration of a test substance which reduces
fertilization. Test results are reported as treatment (or concentration) which produces
statistically significant reduced fertilization or as concentration of test substance which
reduces fertilization by 50 percent (ECs,). This test can be performed concurrently with Sea
Urchin Embryological Development Toxicity Test (SOP 10.7) and/or Sea Urchin
Genotoxicity/Teratogenicity Test (SOP 10.8), using the same pretest and sperm and egg
collection.

2.0 TEST PREPARATION
2.1 Test Animals

Gametes from the sea urchin, Arbacia punctulata are used in the sea urchin fertilization
toxicity test. Animals can be collected in the field or obtained from a commercial supplier.
A. punctulata can be differentiated from other species of urchins which are found im Texas by
the five plates surrounding the anal opening, and by round sharp spines on the dorsal surface
of the test and flattened spines surrounding the Aristotle's lantem. Urchins can be
maintained easily in aquaria or other tanks with running scawater or an aquarium filter.
Urchins will eat a wide variety of marine vegetation. A good diet may be provided by
placing rocks from jetties (which have been colonized by diatoms and macroalgae) into the
tank with the urchins or romaine lettuce may be provided as a substitute. Temperature
manipulations of the cultures will prolong the useful life of the urchins. Cultures are
maintained at 16 + 1°C when gametes are not required. Temperature is gradually increased
to 19 = 1°C at least one week prior to gamete collection and subsequently decreased if no
further tests are planned. Photoperiod is maintained at 16 hours of light per day. Water
quality parameters should be monitored weekly and salinity maintained at 30 + 3 */,,. Males
and females should be kept in separate tanks.
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2.2 Dilution Water

HPLC recagent grade purified water or concentrated seawater brine is used to adjust samples
to 30 %, as described in Watcr Quality Adjustment of Samples (SOP 10.12). Concentrated
seawater brine (90-110 %) is made in large batches by heating seawater to 40°C or less in
large tanks with aeration for 3-4 weeks. Brine quality will remain constant over long periods
with no refrigeration. At the time of salinity adjustment, pH, ammonia, and dissolved
oxygen arc also measured. Salinity adjustment and water quality data are recorded on
prepared data forms.

Filtered (0.45 pm) seawater adjusted to 30 °/, is used to wash eggs and is also used for
sperm and egg dilutions. The acronym MFS (for Millipore® filtered seawater) is used for
this filtered and salinity adjusted seawater.

2,3  Test System: Equipment
When testing samples for potential toxicity, five replicates per treatment are recommended.
One replicate is a 5 mL volume of sample in a disposable glass scintillation vial. When
conducting a dilution series test, fifty percent serial dilutions may be made in the test vials,
using MFS as the diluent.

2.3.1 Equipment

A list of equipment necessary for conducting this test is given in Attachment 1
(Equipment List for Fertilization Toxicity Test).

2.3.2 Solutions
10% Buffered Formalin:
1,620 mL sea water
620 mL formaldehyde

6.48 g NaH,P0, or KH,PO, (mono)
10.5 g Na,HPO, or K,HPO, (dibasic)

1 mL needed for each replicate. Fill the dispenser.
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2.4  Collection and Preparation of Gametes

Quality gametes must first be collected, and then diluted to the appropriate concentration
for addition to the test vials.

2.4.1 Selection of Urchins to be Used in Toxicity Test.

1. Take two or three females and place in shallow bowl, barely covering tests with
seawater.

2. Stimulate release of eggs from gonopores of a female by touching test with electrodes
from a 12V transformer,

3. Collect a few eggs from between spines using a 10 mL disposable syringe with a large
gauge blunt-tipped needle attached. Discard the first small quantity of eggs expelled
from each gonopore and continue collecting. Place a 2 to 5 drops of eggs onto a
scintillation vial containing 10ml of filtered seawater. Rinse syringe and repeat for
each female.

4, Select females which have round, well developed eggs, and which do not release
clumps of eggs or undeveloped ovarian tissue,

5. Place 2-4 males in shallow bowl(s) with a small amount of seawater, leaving the upper
1/, to I/; of the animals uncovered.

6. Stimulate release of sperm from gonopores by touching test with electrodes from 12V
transformer (about 30 seconds each time). If sperm is watery, reject the animal and
choose another. Sperm should be the consistency of condensed milk. Collect sperm
using a pastuere pipette with a rubber bulb attached.

Generally, a gamete check is performed in order to ensure that both the male and the
female urchins used in the test have gametes with a high degree of viability. If the gamete check
is performed, two to five females (depending on confidence in the proportion of urchins in the
holding facility in good reproductive status) and at least two males should be selected using the
above procedures. The check is performed by adding 5 to 7 drops of a concentrated dilution of
sperm to the eggs in the scintillation vials ( coliected as described above) and observing the eggs
under the microscope after 10 minutes. The concentrated dilution of sperm is usually made by
diluting 20-50p1 of sperm in 10 ml of filtered seawater. If the proportion of eggs fertilized is
high (95-100%), that female and male may be used in the pretest and test. Sperm from a number
of males or females may be combined in the beginning if the gamete check reveals a number of
high quality animals or the confidence is high in the quality of the gametes Once a good male
and female are selected a pretest can be conducted to determine the correct dilution of sperm to
use in the test (Attachment 2),
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2.4.2 Obtain Eggs

1. Place selected female in large Carolina dish and add enough water to cover the urchin's
test with approximately 1 cm of seawater. Stimulate release of eggs from female with
12V transformer.

2. Collect eggs as above using the 10 mL syringe. Remove necdle before dispensing eggs
into a disposable shell vial or other clean container capable of holding 25-50 mL.
Collect enough eggs for pretest and test. If female stops giving eggs readily or starts
giving chunky material, cease stimulation and collectton of eggs from that female.

3. Add MFS to fill shell vials, gently mixing eggs. Allow eggs to settle to bottom of vial.
Remove water with a pipette. Replace water, again gently mixing the eggs.

4. Repeat washing procedure.
2.4.3 Prepare Appropriate Egg Concentration

1. Put approximately 100 mL of 30 %/, MFS in a 250 mL beaker, and add enough washed
eggs to bring the egg density to approximately 10,000 per mL . If more than 400 total
replicates (27 treatments) are to be tested, a larger amount of water and a
correspondingly larger amount of eggs should be used. Two hundred pl of this egg
solution will be used per replicate, and it is easier to maintain proper mixing and
uniform egg density if there is an excess of at least 50%.

2. Check egg density and adjust to within approximately 9000 to 11,000 eggs per mL, as
follows. Gently swirl egg solution until evenly mixed. Using a pipette, add 1 mL of
the solution to a vial contaimng nine mL seawater. Mix and transfer 1 mL of this
diluted solution to a second vial containing 4 mL of seawater. Again, mix and transfer
1 mL of this diluted solution to a counting slide such as a Sedgewick-Rafter shide.

3. Using a microscope (either a compound microscope with a 10x objective or a
dissecting scope may be used here), count the number of eggs on the slide. If the
number is not between 180 and 220, then adjust by adding eggs or water. If egg count
is > 220 use the following formula to calculate the amount of water to add:

("egg count” - 200/200) x Current Volume of Eggs = Volume seawater to add
to stock (mLs)

If egg count < 200 add a small amount of eggs. Since it is less arbitrary and more
likely to arrive at an acceptable count when using the water addition formula, it is
better to originally overestimate the amount of eggs to add to the 100 mL of water.
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4. Repeat steps 2 and 3 until an acceptable egg count (between 180 and 220) is obtained.
2.4.4 Obtain Sperm

Place selected male urchin in a large Carolina dish containing 1-2 cm of water. About
half of test should be above water level. Stimulate male with 12V transformer, and
collect about 0.5 mL of unwetted sperm from between spines using a pasteur pipette.
Place sperm into a plastic microcentrifuge tube. Keep on ice until used. Be careful not to
add any water or sperm which has contacted water to the vials. High quality sperm
collected dry and kept on ice will last at least eight hours without measurable decline in
viability.

2.4.5 Prepare Appropriatc Sperm Dilution

It is desirable for control fertilization to be within 60-90%. Although controls outside
these bounds do not automatically disqualify a test, particularly if a valuable dose
response is generated, the sensitivity of the test is reduced by fertilization rates greater
than 90% and good dose responses may be difficult to obtain with less than 60%
fertilization in controls. Density of sperm in the sperm solution should be determined
with this goal in mind. Condition of the animals and length of acclimation to the
aquarium may effect the chosen sperm density. The pretest (Attachment 2) may be used
to calculate an appropriate sperm dilution. Generally, a dilution of between 1:10,000 and
1:2500 will result in desirable fertilization rates, if the animals are in good condition.

For example, if a sperm dilution of 1:5000 is required (as determined from the pretest),
add 20 pL sperm to 10 mL MFS. Mix thoroughly, then add 1 mL of this solution to 9 mL
MFS. Sperm should not be wetted until just before starting the test. Sperm wetted more
than 30 minutes before the test has begun, including sperm dilutions used in any pretest,
should be discarded and a new dilution made froin sperm kept on ice.

3.0 TEST PROCEDURES

1. Add 50 uL appropriately diluted sperm to each vial. Record time of sperm addition.
Sperm should be used within 30 minutes of wetting.

2. Incubate all test vials at 20 + 2°C for 30 minutes. At this point it is useful to set a timer
for five to ten minutes prior to the end of the incubation period. This will notify the
worker early enough to be ready to start the next step exactly on time.

3. While gently swirling the egg solution to maintain even mixing of eggs, use a 200 pL
pipetter to add 200 uL diluted egg suspension to each vial. Pipette tips are cut back using
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a clean razor blade to prevent crushing the eggs during pipetting. Record time of egg
addition.

4. Incubate for 30 minutes at 20 + 2°C. The timer may be used again at this point.
5. Using the dispenser, add 1 mL of 10% buffered formalin to each sample.

6. Vials may now be capped and stored overnight or for several days until evaluated.
Fertilization membranes are easiest to see while eggs are fairly fresh, so evaluation within
two to three days may decrease the time required for evaluation.

7. If it is not possible to make the evaluations within several days or the membranes are
difficult to discern, an optional technique may be employed. Make up a 200 %/, NaCl
solution (pickling salt) and add 2 to 4 drops of the solution to a I mL egg sample on a
microscope slide. This solution causes the egg, but not the membrane, to shrink briefly
thereby making the membrane easier to see. The effect only lasts for a short time (~5
rin.) so the observations must be made immediately after the NaCl solution is added. If
this optional technique is employed, it must be used on all samples in that test series.

4.0 DATA COLLECTION AND TABULATION

1. Transfer approximately 1 mL eggs and water from bottom of test vials to counting slide.
Observe eggs using compound microscope under 100X magnification. Dark field
viewing is useful here in identifying fertilization membranes.

2. Count 100 eggs/sample using hand counter with multiple keys (such as a blood cell
counter), using one key to indicate fertilized eggs and another to indicate unfertilized
eggs. Fertilization is defined by the presence of fertilization membrane surrounding egg.

3. Calculate fertilization percentage for each replicate test:

Total No. Eggs - No. Eggs Unfertilized x 100 = Percent Eggs Fertilized
Total No. Eggs
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5.0 DATA ANALYSIS

Data are recorded on standardized data shcets (See Attachments 3-7). Normally, percent
fertilization in each treatment is compared to an appropriate reference treatment (seawater,
pore water or sea surface microlayer from an uncontaminated environment). Statistical
comparisons are made using analysis of variance (ANQOVA) and Dunnett's s~test (Sokal and
Rohlf 1981) on the arc sine square root transformed data. For multiple comparisons among
treatments, Ryan's Q test (Day and Quinn 1989) with the arc sine square root transformed
data is recommended. The trimmed Spearman-Karber method with Abbott's correction is
recommended to calculate EC; values for dilution series tests (Hamilton et al. 1977)

6.0 QUALITY CONTROL

Quality control tests may be run using both positive and negative controls with multiple
replicates (as many as desired). Typically, a reference toxicant dilution series (sodium
dodecyl sulfate} is tested with each test to evaluate the effectiveness of the sperm dilution
chosen. Negative controls may include a reference porewater, filtered seawater, and/or a
reconstituted brine.

7.0 TRAINING

A trainee will conduct the test with supervision initially. Determining egg concentrations
and fertilization counts are test specific activities. These functions can be performed
independently after a trainee has demonstrated he or she can accurately reproduce the test.

8.0 SAFETY

The sea urchin fertilization toxicity test poses little risk to those performing it. Care should
be taken when making and dispensing the 10% buffered formalin solution; use a hood if
available, but make sure the test area is well ventilated. Protective gloves can be worn when
pipetting or dispensing formalin or potentially toxic samples.’

Care should be taken when collecting or otherwise handling sea urchins. Urchin spines are
sharp and fragile and may puncture the skin and break off if handled roughly. First aid
similar to treatment of wood splinters is effective in this case (removal of spine and treatment
with antiseptic). Collection of sea urchins by snorkeling should not be done alone.
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9.0 ATTACHMENTS

Attachment |. Equipment List {or Fertilization Toxicity Test

Attachment 2. Pretest to Insure Selection of Quality Gametes

Attachment 3. Water Quality Adjustment Data IForm

Attachment 4. Sea Urchin Pretest Data Sheet

Attachment 5. Sea Urchin Pretest Continuation Data Sheet

Attachment 6. Sea Urchin Fertilization/Embryological Development Toxicity Test Gametc
Data Sheet

Attachment 7. Sea Urchin Fertilization Toxicity Test Fertilization Data Shect
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Attachment 1
EQUIPMENT LIST FOR FERTILIZATION TOXICITY TEST

Large Carolina dishes (at least 2)

20 mL KIMBLE scintillation vials (These should be type shipped with caps off, and
without cap liners. If other brand or type is used, the vials should be tested for toxicity prior
to use.)

400 mL beaker or wide-mouthed thermos for holding vials of sperm

250 mL beakers (4)

Pasteur pipettes and latex bulbs

plastic microcentrifuge tubes

25 mlL shell vials or equivalent

Test tube rack (to hold shell vials)

12V transformer with pencil type electrodes

Styrofoam (or something to hold electrode tips)

10 cc syringe with large diameter blunt ended needle (make by grinding sharp point off the

needle with a grinding stone)

Marking pens

Ice

10-100 uL pipetter

50-200 uL pipetter

5 mL pipetters (2)

Counting slide such as Sedgewick-Rafiter chamber

Compound microscope with 10x objective and dark field capability

Hand tally counter

Calculator

Timer for exposure / incubation periods

Buffered formalin and dispenser

Filtered (0.45 pum) seawater, adjusted to 30 %,

Data sheets :

Baker reagent grade water

Approximately 100 /,, concentrated brine
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Attachment 2
PRETEST TO INSURE SELECTION OF QUALITY GAMETES

1. Using the procedure in section 2.4.1, select 2 to 5 females and at least 2 male urchins to
be used in the pretest.

2. Fill pretest vials with five mL of reference water. There should be at least two vials for
each combination of male, female, and pretest sperm concentration (step 4 below). For
example, in a pretest with two females, one male, and six pretest sperm concentrations, 24
vials (2 X 2 X 6) would be needed. Arrange and mark vials accordingly in a rack.

3. Perform steps 2.4.2 (egg collection) and 2.4.3 (egg dilution) for each female urchin.
Make enough volume of the egg suspension to perform the pretest and the test.

4. Perform step 2.4.4 (sperm collection) for each male urchin or male combination. Prepare
a dilution series of sperm concentrations which will bracket the 60-90% fertilization rate in
the test. Sperm dilution will depend on the health and reproductive status of the male urchin
but in most cases the following "standard dilution" should be used:

>

1: 250 (20 uL dry sperm added to 5 mL MFS. This concentration is used only as
stock solution to make up the rest of the dilution series and is not used full strength
in the pretest.)

1: 1250 (1 mL of 1:250 and 4 mL MFS)

1: 2500 (1 mL of 1:250 and 9 mL. MFS)

1: 5000 (2 mL of 1:2500 and 2 mL MES)

1: 7500 (2mL of 1:2500 and 4 mL MFS)

1:10000 (3 mL of 1:7500 and 1 mL. MFS)

1:12500 (1 mL of 1:2500 and 4 mL MFS)

Sperm must be used within 30 minutes of dilution. Leave undiluted sperm on ice and
retain, because a new sperm dilution of the concentration determined in this pretest will be
needed for the toxicity test. Sperm diluted for use in the pretest may not be used in the
toxicity test, because the time elapsed since the addition of wafter is too great.

5. Asin section 3.0 add 50 pL of the diluted sperm to each pretest vial. Incubate for 30
minutes at approximately 20°C, and add 200 pL of the egg suspension. Incubate for another
30 minutes, then fix with 1 mL of the buffered formalin solution.

6. As in section 4.0, obtain a fertilization rate for the vials. There is no need to count all
vials, enough vials should be counted to determine a good male/female combination, and an
appropriate sperm dilution factor. If more than one male/female combination is acceptable,
this is a good opportunity to choose a female which exhibits easily visible fertilization
membranes or in cases where there are many samples, to combine eggs from different
females . The appearance of the fertilization membranes may vary among female urchins,
and presence of easily visible membranes facilitates counting.
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Attachment 3

WATER QUALITY ADJUSTMENT DATA FORM

STUDY PROTOCOL INITIALS
SAMPLE DESIGNATION DATE

A. Salinity Adjustment:

Initial volume (mL)

Initial salinity (%)
Vol. Milli-Q water added (mL)
Vol. __°,, brine added (mL)

% of original sample
(initial vol./final vol. x 100)

B. Character of Sample (after salinity adjustment):
Volume (mL)
Salinity (“/,,)
pH
Dissolved oxygen (mg/L)
DO saturation (%)

Total ammonia (mg/L)

Sulfide (mg/L)

COMMENTS
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Attachment 4
SEA URCHIN PRETEST DATA SHEET

TEST ID INITIALS
STUDY PROTOCOL DATE
EGGS

Female number:
Collection time:
Count:

SPERM

Male number:
Collection time:
Dilution start time:
TEST TIMES
Spermin:______ Eggsin: Formalin in:

SPERM DILUTION

C ENTS

% FERTILIZATION Reference sample designation:
Female # Male #

Sperm Dilution P1 REP

2
2

L]
1]
BEEN
NN

11

% FERTILIZATION Reference sample designation:
Female # Male #

Spe ilution REP1 REP 3

g
2

T
RERN

BEN

—
——
———

[T
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Attachment 5
SEA URCHIN PRETEST CONTINUATION DATA SHEET

TEST ID INITIALS
STUDY PROTCCOL DATE

% FERTILIZATION Reference sample designation:

Female # Male #
Sperm dilution REP 1 REP 2 REP 3 REP 4
% FERTILIZATION Reference sample designation:
Female # Male #
Sperm dilution REP | REP 2 "REP3 REP 4
% FERTILIZATION Reference sample designation:
Female # __Male#
Sperm dilution REP 1 REP 2 REP 3 REP 4
% FERTILIZATION Reference sample designation:
Female # Male #

Sperm dilution REP 1 P2 REP 3

T E

—_—
—

N
|



Corpus Christi SOP: F10.6 Page 15 of 16 pages

Attachment 6
SEA URCHIN FERTILIZATIONEMBRYOLOGICAL DEVELOPMENT
TOXICITY TEST GAMETE DATA SHEET

TEST ID INITIALS
STUDY PROTOCOL DATE
EG

Collection time:

Initial count/volume:
Final count:
SPERM

Collection time: Dilution start time:

Sperm dilution:

Test start temperature:
TEST TIMES

Box # Sperm in: Eggs in: Formalin in:

COMMENTS
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Attachment 7
SEA URCHIN FERTILIZATION TOXICITY TEST
FERTILIZATION DATA SHEET

TEST ID INITIALS
STUDY PROTOCOL DATE
PERCENT FERTILIZED
Replicate
Treatment 1 2 3 4 5 Mean+SD Unfert.

COMMENTS
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SEA URCHIN EMBRYOLOGICAL DEVELOPMENT TOXICITY TEST

1.0 OBJECTIVE

The purpose of the embryological development toxicity test with the sea urchin, Arbacia
punctulata, is to determine if a sea water, pore water, sea surface microlayer, or other sample
affects development of exposed embryos (development arrested at an early stage or a
developmental abnormality) relative to that of embryos exposed to a reference sample. The
test may also be used to determine the concentration of a test substance which affects
development. Test results are reported as treatment (or concentration) which produces
statistically significant developmental effect. This test can be performed concurrently with
Sea Urchin Fertilization Toxicity Test (SOP 10.6) and/or Sea Urchin
Genotoxicity/Teratogenicity Test {SOP 10.8), using the same pretest and sperm and egg
collection.

2.0 TEST PREPARATION
2.1 Test Animals

Gametes from the sea urchin, Arbacia punctulata are used in the sea urchin embryological
development toxicity test. Animals can be collected in the field or obtained from a
commercial supplier. A. punctulata can be differentiated from other species of urchins which
are found in Texas by the five plates surrounding the anal opening, and by round sharp spines
on the dorsal surface of the test and flattened spines surrounding the Aristotle'’s lantern.
Urchins can be maintained easily in aquaria or other tanks with running seawater or an
aquarium filter. Urchins will eat a wide variety of marine vegetation. A good diet may be
provided by placing rocks from jetties (which have been colonized by diatoms and
macroalgae) into the tank with the urchins or romaine lettuce may be provided as a

substitute. Temperature manipulations of the cultures will prolong the useful life of the
urchins. Cultures are maintained at 16 + 1°C when gametes are not required. Temperature
is gradually increased to 19 + 1°C at least one week prior to gamete collection and
subsequently decreased if no further tests are planned. Photoperiod is maintained at 16 hours
of light per day. Water quality parameters should be monitored weekly and salinity
maintained at 30 = 3 °/. Males and females should be kept in separate tanks.
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2.2 Dilution Water

HPLC reagent grade purified water or concentrated seawater brine is used to adjust samples
to 30 °/, as described in Water Quality Adjustment of Samples (SOP 10.12). Concentrated
seawater brine (90-110 %/ ) is made in large batches by heating seawater to 40°C or less in
large tanks with aeration for 3-4 weeks. Brine quality will remain constant over long periods
with no refrigeration. At the time of salinity adjustment, pH, ammonia, and dissolved
oxygen are also measured. Salinity adjustment and water quality data are recorded on
prepared data forms.

Filtered (0.45 um) seawater adjusted to 30 °/,, is used to wash eggs and is also used for
sperm and egg dilutions. The acronym MES (for Millipore® filtered seawater) is used for
this filtered and salinity adjusted seawater.
2.3 Test System: Equipment
When testing samples for potential toxicity, five replicates per treatment are recommended.
One replicate is a 5 mL volume of sample in a disposable glass scintillation vial. When
conducting a dilution series test, fifty percent serial dilutions may be made in the test vials,
using MFS as the diluent.

2.3.1 Equipment

A list of equipment necessary for conducting this test is given in Attachment 1
(Equipment List for Embryological Development Toxicity Test).

2.3.2 Solutions

10% Buffered Formalin:

1,620 mL sea water

620 mL formaldehyde

6.48 g NaH,P0, or KH,PO, (mono)
10.5 g Na,HPO, or K,HPO, (dibasic)

0.75 mL needed for each replicate. Fill the dispenser.
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24 Collection and Preparation of Gametes

Quality gametes must first be collected, and then diluted to the appropriate concentration
for addition to the test vials.

2.4.1 Selection of Urchins to be Used in Toxicity Test.

1. Take two or three females and place in shallow bowl, barely covering tests with
seawater.

2. Stimulate release of eggs from gonopores of a female by touching test with electrodes
from a 12V transformer.

3. Collect a few eggs from between spines using a 10 mL disposable syringe with a large
gauge blunt-tipped needle attached. Discard the first small quantity of eggs expelled
from each gonopore and continue collecting. Place a 2 to 5 drops of eggs onto a
scintillation vial containing 10mL of filtered seawater. Rinse syringe and repeat for
each female.

4. Select females which have round, well developed eggs, and which do not release
clumps of eggs or undeveloped ovarian tissue.

5. Place 2-4 males in shallow bowl(s) with a small amount of seawater, leaving the upper
'/, to '/; of the animals uncovered.

6. Stimulate release of sperm from gonopores by touching test with electrodes from 12V
transformer (about 30 seconds each time). If sperm is watery, reject the animal and
choose another. Sperm should be the consistency of condensed milk. Collect sperm
using a pastuere pipette with a rubber bulb attached.

Generally, a gamete check is performed in order to ensure that both the male and the
female urchins used in the test have gametes with a high degree of viability. If the gamete check
is performed, two to five females and at least two males should be selected using the above
procedures. The check is performed by adding 5 to 7 drops of a concentrated dilution of sperm
to the eggs in the scintillation vials ( collected as described above) and observing the eggs under
the microscope after 10 minutes. The concentrated dilution of sperm is usually made by diluting
20-50puL of sperm in 10 mL of filtered seawater. If the proportion of eggs fertilized is high (95-
100%), that female and male may be used in the pretest and test. Sperm from a number of males
or eggs of females may be combined if the gamete check reveals a number of high quality
animals or the confidence is high in the quality of the gametes Once a good male and female are
selected a pretest can be conducted to determine the correct dilution of sperm to use in the test
(Attachment 2).
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2.4.2 Obtain Eggs

1.

4.

Place selected female in large Carolina dish and add enough water to cover the urchin's
test with approximately 1 cm of seawater. Stimulate release of eggs from female with
12V transformer.

. Collect eggs as above using the 10 mL syringe. Remove needle before dispensing eggs

into a disposable shell vial or other clean container capable of holding 25-50 mL.
Collect enough eggs for pretest and test. If female stops giving eggs readily or starts
giving chunky material, cease stimulation and collection of eggs from that female.

. Add MFS to fill shell vials, gently mixing eggs. Allow eggs to settle to bottom of vial.

Remove water with a pipette. Replace water, again gently mixing the eggs.

Repeat washing procedure.

2.4.3 Prepare Appropriate Egg Concentration

1.

Put approximately 100 mL of 30 °/_, MFS in a 250 mL beaker, and add enough washed
eggs to bring the egg density to approximately 10,000 per mL . If more than 400 total
replicates (27 treatments) are to be tested, a larger amount of water and a
correspondingly larger amount of eggs should be used. Two hundred pL of this egg
solution will be used per replicate, and it is easier to maintain proper mixing and
uniform egg density if there is an excess of at least 50%.

. Check egg density and adjust to within approximately 9000 to 11,000 eggs per mL, as

follows. Gently swirl egg solution until evenly mixed. Using a pipette, add 1 mL of
the solution to a vial containing nine mL seawater. Mix and transfer 1 mL of this
diluted solution to a second vial containing 4 mL of seawater. Again, mix and transfer
1 mL of this diluted solution to a counting slide such as a Sedgewick-Rafter slide.

. Using a microscope (either a compound microscope with a 10x objective or a

dissecting scope may be used here), count the number of eggs on the slide. If the
number is not between 180 and 220, then adjust by adding eggs or water. If egg count
is > 220 use the following formula to calculate the amount of water to add:

("egg count” - 200/200) x Current Volume of Eggs = Volume seawater to add
to stock (mL)

If egg count < 200 add a small amount of eggs. Since it is less arbitrary and more
likely to arrive at an acceptable count when using the water addition formula, it is
better to originally overestimate the amount of eggs to add to the 100 mL of water.
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4. Repeat steps 2 and 3 until an acceptable egg count (between 180 and 220) is obtained.

5. Just before the eggs are to be used, add 2 mL of a penicillin-G stock solution (5000
units/mL} per 100 mL of eggs in the egg suspension. The addition of penicillin to the
embryological development test has been shown to be beneficial in evalution of the
stages of development by inhibiting bacterial growth which can cause the embryos to
disintegrate before the test is terminated.

The penicillin stock solution is prepare by diluting 296 mg of Penicillin-G sodium
salt (1690 units/mg) in 100 mL of MFS and mixing until dissolved. The addition of
2 mL/100 ml of eggs will result in a final concentration of 4 units/mL in each
replicate. The number of units of penicillin per mg of penicillin-G sodium salt is
variable with each lot. Thus, the quantity added to the stock will change in order to
keep the final concentration at 4 units/mL.

2.4.4 Obtain Sperm

Place selected male urchin in a large Carolina dish containing 1-2 ¢cm of water. About
half of test should be above water level. Stimulate male with 12V transformer, and
collect about 0.5 mL of unwetted sperm from between spines using a pasteur pipette.
Place sperm into a plastic microcentrifuge tube. Keep on ice until used. Be careful not to
add any water or spermn which has contacted water to the vials. High quality sperm
collected dry and kept on ice will last at least eight hours without measurable decline in
viability.

2.4.5 Prepare Appropriate Sperm Dilution

As in the Sea Urchin Fertilization Test, it is desirable for control fertilization to be 70-
90%. Although controls outside these bounds do not automatically disqualify a test,
particularly if a valuable dose response is generated, the chance of inducing polyspermy is
increased with increased concentrations of sperm, and good dose responses may be
difficult to obtain with less than 70% normal plutues in controls. Density of sperm in the
sperm solution should be determined with this goal in mind. Condition of the animals
and length of acclimation to the aquarium may effect the chosen sperm density. The
pretest (Attachment 2) may be used to calculate an appropriate sperm dilution. Generally,
a dilution of between 1:1250 and 1:7500 will result in desirable fertilization rates, if the
animals are in good condition.

For example, if a sperm dilution of 1:5000 is required (as determined from the pretest),
add 20 yL sperm to 10 mL. MFS. Mix thoroughly, then add 1 mL of this solution to 9 mL
MFS. Sperm should not be wetted until just before starting the test. Sperm wetted more
than 30 minutes before the test has begun, including sperm dilutions used in any pretest,
should be discarded and a new dilution made from sperm kept on ice. The quantity of
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sperm to be added to the egg dilution is calculated by dividing the total volume of eggs by
five and adding 50 pL of sperm dilution per that number. Sperm should be allowed to
incubate with the eggs for 10 minutes to allow fertilization to take place. After 10
minutes, eggs should be evaluated under 100 X magnification for fertilization membranes.
If 70-90% of the eggs are fertilized, the embryos can be pipetted into the test vials. If the
percentage is lower than 70%, additional sperm may be added and/or more time allowed
for fertilization. If the fertilization does not increase above 70% after 30 minutes, the
embryos should be discarded and new gametes selected for use. Embryos should not be
allowed to undergo division before pipetting them into the test vials.

3.0 TEST PROCEDURES

1.

While gently swirling the embryo solution to maintain even mixing, use a 200 ul. pipetter
to add 200 pL diluted embryo suspension to each vial. Record time of embryo addition.

Incubate all test vials at 20 = 1°C for 48 hours.

. Using the dispenser, add 0.75 mL 10% buffered formalin to each vial.

Vials may now be capped and stored overnight or for several days until evaluated.

4.0 DATA COLLECTION AND TABULATION

1. Transfer approximately 1 mL embryos and water from bottom of test vials to counting

slide. Observe embryos using a compound microscope under 100X magnification.

Count 100 embryos/sample using hand counter with multiple keys (such as a blood cell
counter), using one key to indicate normally developed pluteus larvae and others to
indicate unfertilized eggs, embryos arrested in earlier developmental stages, and other
abnormalities or for more efficient data collection, stages other than pleuteus and
abnormalities may be lumped together and counted on one key. Attachment 3 has a list of
developmental stages and drawings of each.

3. Calculate the proportion of normal plutei for each replicate test:

Number normal plutei X 100 = Percent normal plutei
Total no. eggs/embryos

5.0 DATA ANALYSIS



Corpus Christi SOP: F10.7 Page 7 of 19 pages

Data are recorded on standardized data sheets (See Attachments 4-9). Normally, percent
normal development (normal plutei) in each treatment is compared to an appropriate
reference treatment (seawater, pore water or sea surface microlayer from an uncontaminated
environment). Statistical comparisons are made using analysis of variance (ANOVA) and
Dunnett's t-test (Sokal and Rohlf 1981) on the arc sine square root transformed data. For
multiple comparisons among treatments, Ryan's Q test (Day and Quinn 1989) with the arc
sine square root transformed data is recommended. The trimmed Spearman-Karber method
with Abbott's correction is recommended to calculate EC,, values for dilution series tests
(Hamilton et al. 1977)

6.0 QUALITY CONTROL

Quality control tests may be run using both positive and negative controls with multiple
replicates (as many as desired). Typically, a reference toxicant dilution series (sodium
dodecyl sulfate) is tested with each test to evaluate the gametes chosen. Negative controls
may include a reference porewater, filtered seawater, and/or a reconstituted brine.

7.0 TRAINING

A trainee will conduct the test with supervision initially. Determining egg concentrations,
embryological stages and counts are test specific activities. These functions can be
performed independently after a trainee has demonstrated he or she can accurately reproduce
the test.

8.0 SAFETY

The sea urchin embryological development toxicity test poses little risk to those performing
it. Care should be taken when making and dispensing the 10% buffered formalin solution;
use a hood if available, but make sure the test area is well ventilated. Protective gloves can
be wormn when pipetting or dispensing formalin or potentially toxic samples.

Care should be taken when collecting or otherwise handling sea urchins. Urchin spines are
sharp and fragile and may puncture the skin and break off if handled roughly. First aid
similar to treatment of wood splinters is effective in this case (removal of spine and treatment
with antiseptic). Collection of sea urchins by snorkeling should not be done alone.
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9.0 ATTACHMENTS

Attachment 1. Equipment List for Embryological Development Toxicity Test

Attachment 2. Pretest to Insure Selection of Quality Gametes

Attachment 3. Development of Sea Urchin Eggs to Pluteus Larvae

Attachment 4. Water Quality Adjustment Data Form

Attachment 5. Sea Urchin Pretest Data Sheet

Attachment 6. Sea Urchin Pretest Continuation Data Sheet

Attachment 7. Sea Urchin Fertilization/Embryological Development Toxicity Test Gamete
Data Sheet

Attachment 8. Sea Urchin Embryological Development Test Data Sheet

Attachment 9.  Sea Urchin Embryological Development Test Abridged Data Sheet
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Attachment 1
EQUIPMENT LIST FOR EMBRYOLOGICAL DEVELOPMENT TOXICITY TEST

Large Carolina dishes (at least 2)

20 mL KIMBLE scintillation vials (These should be type shipped with caps off, and
without cap liners. If other brand or type is used, the vials should be tested for toxicity prior
to use.)

400 mL beaker or wide-mouthed thermos for holding vials of sperm

250 mL beakers (4)

Pasteur pipettes and latex bulbs

plastic microcentrifuge tubes

25 mL shell vials or equivalent

Test tube rack (to hold shell vials)

12V transformer with pencil type electrodes

Styrofoam (or something to hold electrode tips)

10 cc syringe with large diameter blunt ended needie (make by grinding sharp point off the

needle with a grinding stone)

Marking pens

Ice

10-100 pL pipetter

50-200 pL pipetter

5 mL pipetters (2)

Counting slide such as Sedgewick-Rafter chamber

Compound microscope with 10x objective and dark field capability

Hand tally counter

Calculator

Timer for exposure / incubation periods

Buffered formalin and dispenser

Filtered (0.45 pm) seawater, adjusted to 30 %/,

Data sheets

Baker reagent grade water

Approximately 100 °/,, concentrated brine
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Attachment 2
PRETEST TOQ INSURE SELECTION OF QUALITY GAMETES

1. Using the procedure in section 2.4.1, select 2 to 5 females and at least 2 male urchins to
be used in the pretest.

2. Fill pretest vials with five mL of reference water. There should be at least two vials for
each combination of male, female, and pretest sperm concentration (step 4 below). For
example, in a pretest with two females, one male, and six pretest sperm concentrations, 24
vials (2 X 2 X 6) would be needed. Arrange and mark vials accordingly in a rack.

3. Perform steps 2.4.2 (egg collection) and 2.4.3 (egg dilution) for each female urchin.
Make enough volume of the egg suspension to perform the pretest and the test.

4. Perform step 2.4.4 (sperm collection) for each male urchin or male combination. Prepare
a dilution series of sperm concentrations which will bracket the 60-90% fertilization rate in
the test. Sperm dilution will depend on the health and reproductive status of the male urchin,
but in most cases the following "standard dilution” shouid be used:

1:250 (20 pL dry sperm added to 5 mL. MFS. This concentration is used only as
stock solution to make up the rest of the dilution series and is not used full strength
in the pretest.)

1: 1250 (1 mL of 1:250 and 4 mL MFS)

1: 2500 (1 mL of 1:250 and 9 mL MFS)

1: 5000 (2 mL of 1:2500 and 2 mL MFS)

1: 7500 (2 mL of 1:2500 and 4 mL MFS)

1:10000 (3 mL of 1:7500 and 1 mL MFS)

1:12500 (1 mL of 1:2500 and 4 mL. MFS)

Sperm must be used within 30 minutes of dilution. Leave undiluted sperm on ice and
retain, because a new sperm dilution of the concentration determined in this pretest will be
needed for the toxicity test. Sperm diluted for use in the pretest may not be used in the
toxicity test, because the time elapsed since the addition of water is too great.

5. Asin section 3.0 add 50 pL of the diluted sperm to each pretest vial. Incubate for 30
minutes at approximately 20°C, and add 200 pL of the egg suspension. Incubate for another
30 minutes, then fix with 1 mL of the buffered formalin solution.

6. As in section 4.0, obtain a fertilization rate for the vials. There is no need to count all
vials, enough vials should be counted to determine a good male/female combination, and an
appropriate sperm dilution factor. If more than one male/female combination is acceptable,
this is a good opportunity to choose a female which exhibits easily visible fertilization
membranes or in cases where there are many samples, to combine eggs from different
females . The appearance of the fertilization membranes may vary among female urchins,
and presence of easily visible membranes facilitates counting.
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Attachment 3

DEVELOPMENT OF SEA URCHIN EGGS
TO PLUTEUS LARVAE

The development of sea urchin eggs from fertilization to pluteus larvae normally occurs in
approximately 48 hours. Although development is a continuous process of mitosis and cellular
differentiation, developmental biology defines distinct stages of development by gross
morphological characteristics. For the purpose of the Sea Urchin Embryological Development
Test, six stages are defined and used in the characterization of embryos (Drawings on following
page).

1. Unfertilized egg - single cell which appears dense and lacks a fertilization membrane.

2. Fertilized egg - egg with a distinct fertilization membrane which appears as a thin band lying
slightly away from the central egg. The early stages of cell division are included in this
group.

3. Blastula - spherical, "hollow-ball" stage which is ciliated and becomes free-swimming by
breaking out of the fertilization membrane.

4. Early gastrula - beginnings of invagination of the blastula wall are evident. Cells move
inward (invaginate) to form a central cavity {(archenteron). Early gastrula includes embryos
with the earliest stages of invagination and continues until the archenteron reaches
approximately two-thirds of the diameter of the embryo.

5. Late gastrula - gastrula in which archenteron has developed in length to two-thirds of the
embryo diameter and has begun to differentiate and bend towards and break through the
embryo wall. Included are the later stages (prism) with primitive gut (complete digestive
system), early skeletal rod development, and beginnings of deltoid shape formation.

6. Pluteus - deltoid-shaped larval stage with complete digestive system, skeletal rods, and
growth of projecting arms.
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Attachment 3 Continued

Stages in development of sea urchin, from unfertilized egg to pluteus larvae. Numbers relate
1o descriptions on previous page.
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Attachment 4

WATER QUALITY ADJUSTMENT DATA FORM

STUDY PROTOCOL INITIALS
SAMPLE DESIGNATION DATE

A. Salinity Adjustment:
Initial volume (mL)

Initial salinity (°/,.)
Vol. Milli-Q water added (mL)
Vol. __°%/ brine added (mL)}

% of original sample
(initial vol./final vol. x 100)

B. Character of Sample (after salinity adjustment):
Volume (mL)
Salinity (*/)
pH
Dissolved oxygen (mg/L)
DO saturation (%)
Total ammonia (mg/L)
Sulfide (mg/L.)

COMMENTS
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Attachment 5
SEA URCHIN PRETEST DATA SHEET

TEST ID INITIALS
STUDY PROTOCOL, DATE
EGGS

Female number:

Collection time:

Count:

SPERM

Male number:

Collection time:

Dilution start time:

TEST TIMES

Sperm in: Eggs in: Formalin in:
SPERM DILUTION

COMMENTS

% FERTILIZATION Reference sample designation:

Female # Male #
Sperm Dilution REP 1 REP 2 REP 3 REP 4
% FERTILIZATION Reference sample designation:
Female # Male #
Sperm dilution REP 1 REP 2 REP 3 REP 4

HEnN
[T
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Attachment 6
SEA URCHIN PRETEST CONTINUATION DATA SHEET

TEST ID INITIALS

STUDY PROTOCOL DATE

% FERTILIZATION Reference sample designation:
Female # Male #
Sperm dilution REP 1 REP 3 REP 4

11 E

———
—

NEN

% FERTILIZATION Reference sample designation:
Female # Male #
Sperm dilution REP 1 REP 2 REP 3 REP 4

% FERTILIZATION Reference sample designation:

Female # Male #
Sperm dilution REP 1 REP 2 REP 3 REP 4
% FERTILIZATION Reference sample designation:
Female # Male #
Sperm dilution REP | REP 2 REP 3 REP 4

—_— — e—— —
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Attachment 7
SEA URCHIN FERTILIZATION/EMBRYOLOGICAL DEVELOPMENT
TOXICITY TEST GAMETE DATA SHEET

TEST ID INITIALS
STUDY PROTOCOL, DATE
EGGS

Collection time:

Initial count/volume:

Final count:
SPERM

Collection time: Dilution start time:

Sperm dilution:

Test start temperature:

TEST TIMES

Box # Sperm ing Egos in: Formalin in:

COMMENTS
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Attachment 8
SEA URCHIN EMBRYOLOGICAL DEVELOPMENT TEST DATA SHEET

TEST ID INITIALS
STUDY PROTOCOL DATE
Early Late % Normal  %Non-

Treatment Rep. Eggs Blastula Gastrula Gastrula Pluteus  Development Norm

Comments
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Attachment 9

SEA URCHIN EMBRYOLOGICAL DEVELOPMENT TOXICITY TEST

ABRIDGED DATA SHEET
TEST ID INITTALS
STUDY PROTOCOL DATE
PERCENT NORMAL PLUTEI
Replicate
reatment 2 3 4 5 Mean+SD Comments




