















































TABLE A-3. (Continued)

Phthalate Esters

dimethyl phthalate butyl benzyl phthalate
diethyl phthalate bis(2-ethyihexyl)phthalate
di-n-butyl phthalate di-n-octyl phthalate

Miscellaneous Oxygenated Compounds
benzyl alcohol benzoic acid
dibenzofuran

Organonitrogen Compounds

N-nitrosodiphenylamine

Pesticides
total DDT (p,p’isomers) aldrin
heptachlor dieldrin
a-chlordane n-hexachlorocyclohexane

(lindane)

Yolatile Organic Compounds

trichloroethene ethylbenzene
tetrachloroethene total xylenes
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Organic Anaiyses

The analysis of volatile compounds followed the EPA CLP protocol for heated purge-and-
trap gas chromatography/mass spectrometry (GC/MS) that is recommended by PSEP. However,
only the four PSDDA volatile compounds were analyzed (Table A-3). Detection limits for volatiles
were typically <5 pg/kg dry weight

The analysis of semivolatile compounds, including A/B/N extractables, PCB, and pesticides,
followed modified EPA CLP protacols that were consistent with PSEP recommendations for analyses
with relatively low detection limits. In particular, modifications included larger sample size
(typically 50-100 grams dry weight), smaller final extract volume for GC/MS analyses, and as an
added quality assurance measure, the use of all available stable isotope labeled surrogates for the
A/B/N compounds listed in Table A-3, to monitor recovery in all samples. Separate sediment
subsamples were used for A/B/N and pesticide/PCB extractions. Ultrasonic extraction was carried
out as described by the CLP procedure. Gel permeation chromatography (GPC), an optional
cleanup step under the CLP, was performed for all sediment A/B/N extracts to reduce interfer-
ences and attain the necessary detection limits Flemental sulfur cleanup was performed as
necessary to reduce interferences in sediment samples. Detection limits for organic compounds in
sediment samples without substantial interferences were typically well within PSEP guidelines.

Pesticide/PCB analyses were conducted with a slightly modified version of the EPA CLP
method. These analyses included extract cleanup by aluminz column chromatography and, when
necessary, elemental sulfur cleanup, followed by gas chromatography/electron capture detection
(GC/ECD) analysis. GC/ECD quantification and confirmation analyses were conducted with fused
silica capillary columns rather than the packed columns routinely used in the CLP, Calibration
procedures were consistent with the EPA CLP, although additional multipoint PCB calibrations
specified in the laboratory contract were not peirformed. In addition to the standard CLP surrogate,
4,4’-dibromooctafluorobiphenyl (DBOFB) was added to monitor recovery on a sample-by-sample
basis. Attempts were made to confirm PCB and pesticides by GC/MS when the compounds were
detected at sufficient concentration by GC/ECD. The A/B/N extract was used for these
confirmation analyses.

Metals Analyses

For metals of concern, specific analytical procedures have been recommended by PSEP (1986).
In accordance with these procedures, each sediment was digested using the strong acid technique
in the EPA CLP program. Metals in sediment digestates were determined by graphite furnace
atomic absorption (GFAA) or direct flame atomic absorption (DFAA) spectrometry. Cold vapor
atomic absorption (CVAA) was required for determination of mercury in sediments,

Tributyltin Analyses

Protocols for tributyltin used in this study were based on procedures and recommendations
discussed in the EPA Region 10 methods memorandum that resulted from a meeting of the
Subcommittee on Organotin Analysis Methods held 25 September 1987,

Sediment samples to be used for tributyltin analyses were frozen (-20° C) within 24 hours of

collection as recommended at the tributyltin workshop. Sample holding times prior to extraction
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or analysis have not been established, but it was recommended that analyses be completed as soon
as possible to prevent potential degradation of the sample.

Sediment samples were acidified and mixed with Na,SO, prior to extraction with tropolone/
methylene chloride. The extracts were concentrated, exchanged into hexane, and treated with a
Grignard reagent to form hexyl derivatives. Derivatized extracts were subjected to Florisil column
chromatography cleanup and analyzed by gas chromatography/mass selective detector (GC/MSD).

A standard reference material (SRM) (SQ-1 sediment) spiked with roughly 100 ug/kg dry
weight tributyltin was analyzed Tripropyl tin chloride was spiked in all samples as a surrogate to
monitor recovery. Detection limits were approximately 10 ug/kg dry weight (as tin).

Conventional Variable Analyses—PSEP protocols (PSEP 1986) were used for analysis of
conventional variables in sediment samples except for ammonia, which is not addressed in the
protocols. Total organic carbon was measured using a combustion technique at 950° C. Grain size
was determined on oxidized samples (using hydrogen peroxide) by wet sieving followed by dry
sieving of the grave! and sand fractions (gravel consists of <-1 phi material, but the sand fraction
was sieved to 1 phi intervals from -1 to 4 phi). The silt-clay fraction was subdivided into total
silt (>4 to 8 phi) and total clay (>8 phi) fractions, using a pipet technique.

Total sulfides were determined using chemical treatment and color absorbance on a
spectrophotometer at 650 um. Both undistilled and distilled standards were used to verify the
calibration of the method. Total solids were determined on samples dried at 103° C in tared
containers. Total volatile solids were determined by ignition at 550° C. Ammonia analyses are not
addressed by the PSEP protocols., Extraction was performed in accordance with Plumb (1981)
(Method 1 using KCI). Determination of ammonia concentrations was performed using the method
of standard additions with a specific ion electrode for 10-gram aliquots of selected samples.

Sediment Bioassays

Three sediment bioassays were conducted on zone, reference, and benchmark samples.
Bioassays used, which were identified in the PSDDA monitoring plan, were the 10-day acute
toxicity amphipod bioassay using Rhepoxynius abronius, the 48-hour bivalve larvae bioassay using
Crassostrea gigas, and the Microtox bioassay using the saline extraction method. In all cases, the
testing procedures described by PSEP (1986) were followed.

The sediment bioassays were conducted within 14 days of sediment collection as recommended
in the protocols. Five replicate assays were made for each bioassay type for each of the sediments
tested. Amphipods used for testing were collected from West Beach on Whidbey Island,
Washington. Bivalves used to produce larvae were field-collected from Vancouver Island, British
Columbia. Freeze-dried bacteria used in the Microtox bioassay were obtained from Microbics
Corporation in Carlsbad, California. Where required, sediment collected from West Beach was used
as a control. Samples collected from Carr Inlet and Port Susan were used as negative controls.
Sodium pentachlorophenate (NaPCP) was used as a negative control,
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Quality control procedures and documentation required for all four bioassays included:

m  Use of negative and positive controls for each bioassay type
] Use of reference test samples for each bioassay type

) Measurement of water quality parameters including pH, dissolved oxygen,
temperature, and salinity

®  Summary of any testing anomalies.

COLLECTION OF BENTHIC SAMPLES

Benthic infauna were collected with a 0.06~m? mini-Soutar box corer loaned by EPA. This
frame-mounted spade corer is equipped with removable weights and two safety pins. The weight
of the corer drives it into the bottom, and blades seal the bottom of the box corer upon retrieval,
Five field replicates were collected at each benthic infauna station. A minimum depth of 10 cm
was sampled at all benthic infauna stations.

PSEP (1987) protocols for benthic infauna were followed. The following steps were carried
out during sample collection;

m  The vessel was positioned on station and the gear deployed. At the time the gear
contacted the bottom, the vessel position, length of wire deployed, and water depth
were recorded in the field sample log.

T Upon retrieval of the box corer, it was opened from the top and the sample was
evaluated. Insufficient penetration, overfilling, erosion, or other sample disturbance
necessitated re-collection of the sample.

[ ] The sample was removed from the corer and placed in a plastic tub.

® A sample label was prepared using waterproof paper and pencil or indelible ink.
If the sample could be screened immediately, the label was placed in the tub
containing the sample.

| The contents of each tub were transferred to a screen box and rinsed with a gentle
stream of seawater.

] The sample was then transferred from the screen box to a 16-ounce or 32-cunce
plastic jar using a gentle stream of seawater from a hose or wash bottle.

» The sample label was placed in the jar, against the side so that it could be read.

m  Buffered formalin was added to the sample to make a final sotution of approximately
10 percent, as follows. Formalin was prepared as a 30 percent solution, and a
volume equivalent to half the volume of seawater used to collect the sample was
added to each jar. After capping, the jar was inverted gently to mix the formalin
solution and seawater.

s Before the next sample was sieved, the screen box was brushed and back-washed
with a strong stream of water.
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Sample Acceptability

Material collected in the corer was evaluated for acceptability using the criteria set forth in
the PSEP (1987) protocols. Each grab was evaluated separately. Acceptability was evaluated on
the basis of the following criteria:

®  The sampler was not overfilled or underfilled
m  Overlying water was present over the sample
] The overlying water was not excessively turbid

u The sediment surface was relatively undisturbed.

The chief scientist evaluated all samples collected, If a grab failed to meet any of the criteria, a
sample was not collected from that grab. The actual depth of penetration was recorded for each
grab,

Sample Collection

After a grab was judged acceptable, the overlying water was siphoned off. Depth, odor,
color, and sediment type were recorded. The sediment was then emptied into a large plastic basin
and transported to the sieve table. The inside of each grab was rinsed with seawater; the water and
sediment were captured in a plastic basin and added to the sample. Each replicate was screened
through a 1.0-mm sieve, washing away the sediment with seawater. The remaining material was
rinsed into a polyethylene jar, and buffered formalin was added to make a final concentration in
the sample of approximately 10 percent. Sample jars were labeled inside and out, and lids were
sealed with plastic electrical tape to eliminate loosening or leakage.

Two sieves and extra plastic tubs were kept on hand to aliow sampling to proceed even if
steving was delayed. Sieve boxes were back-washed and scrubbed tollowing collection of each
sample,

Sample Handling

Chain-of-custody records were completed at the end of each sampling day. Samples were
hand-delivered to E.V.S. Consultants in Seattle, Washington for analysis. Each shipment was
accompanied by a packing list.

Sample Analysis

Sample analysis followed PSEP (1987) protocols. Samples were transfeired to isopropyl alcohot
within 96 hours of collection. No stain was used during sorting. A 20 percent re-sort of each
sample was carried out by the original sorter, and an additional 15 percent of all samples was
totally re-sorted by another person. Total abundance and the abundance of major taxa (ie.,
molluscs, polychaetes, and crustaceans) were determined for each sample.
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COLLECTION OF BIOACCUMULATION SAMPLES

The van Veen grab sampler was used to coliect organisms for bioaccumulation analysis. At
both Beilingham Bay and the Anderson/Ketron Island site, the bivalve Compsomyax subdiaphana
was selected for bioaccumulation analyses based on examination of abundance and biomass of
organisms in infauna samples. A single sample was collected at each sampling station and was
composed of up to 24 samples from the grab (12 deployments of the van Veen). A minimum of
5 grams (wet weight) of tissue was required for analysis (total sample sizes ranged from 5 to 173
grams wet weight).

The following steps were carried out during sample collection:

®  Before sampling at each station, an aluminum plate fitted to the sorting table was rinsed
with acetone, methylene chloride, and seawater.

] A sampie label was prepared and placed on the sample iar

] The vessel was positioned on station and the gear deployed. The vessel position,
length of wire deployed, and water depth were recorded in the field sample log at
the time the gear contacted the bottom.

®  The grabs were emptied onto the sorting table.

®  The sediment sample was then sorted for Compsomyax subdiaphana. Sorting was
carried out with solvent- and seawater-rinsed gloves and stainless steel implements,
Any specimens found in the sample were rinsed free of sediment and placed in the
sample jar.

®  After all sampling was completed at a station, the total weight (wet weight in shell)
of the organisms was recorded.

Decontamination

All equipment used to collect and handie the organisms was decontaminated prior to use at
each station. This procedure consisted of rinses with acetone and methylene chioride applied to
the van Veen grab sampler, the aluminum plate on which material was deposited, the stainless steel
spatulas, and the latex gloves.

Sample Acceptability

A minimum penetration depth of 5 cm was considered acceptable. Each side of the dual van
Veen grab was evaluated separately When penetration depth was unacceptable, the material (and
organisms) were retained, but the grab was not counted toward the required maximum number of
24 grabs,




Sample Collection

After the acceptability of a grab was judged, the sampler was emptied onto a solvent-rinsed
aluminum plate, A worker with solvent-tinsed latex gloves searched through the sediment for
Compsomyax subdiaphana. This technique was faster and less prone to contamination problems
than sieving, and because of the large size of Compsomyax subdiaphana they were easily found.
After all the specimens in a pair of grabs had been collected, they were rinsed with site seawater
and transferred to acid-washed glass jars.

Sample Handling

Organisms were kept on ice during collection (ie., between grabs making up each replicate),
storage, and transport. Chain-of-custody records were prepared at the end of each day. The
samples were hand-delivered to EcoChem Inc., in Seattle, Washington. The clams were opened,
rinsed with seawater to remove adhering sediment and debris, drained, and the tissue shucked into
solvent-rinsed jars. Their intestines were removed to eliminate interference from ingested
sediment. Samples were then hand-carried to Analytical Research, Inc. in Seattle for organic
analyses, then shipped to Columbia Analytical Services, Inc. in Longview, Washington for metals
analyses. Chain-of-custody forms and packing lists (including a list of analyses to be performed)
accompanied each group of samples.

Tissue Analysis

Whole Compsomyax subdiaphana were removed from their shelis prior to homogenization.
Sufficient tissue was not collected at most stations to conduct all proposed chemical analyses (i.e.,
for all PSDDA metals and semivolatile organic chemicals of concern) with appropriate detection
limits. To perform as many chemical analyses as possible on the tissue collected from each station,
tissue was apportioned for minimum analysis as identified in Table A-4.

Because of the substantial amount of water that is typically associated with whole clam tissue,
the wet weight of the samples from each station was an overestimate of the actual wet tissue
available for analyses. In order to allocate tissue for chemical analyses, a more accurate tissue wet
weight was determined in the following manner. Prior to homogenization, excess water was
decanted from the sample jar and saved in a contaminant-free container and the tissue weighed,
After determining the wet weight of the tissue, the decanted fluid was recombined with the tissue
and thoroughly homogenized.

Each sample was homogenized with a solvent (1:1 solution of methylene chiloride and acetone)
in a Tissuemizer®, Following homogenization, the material in each sample was apportioned for
metals and organic chemical analysis according to the apportionment criteria previously discussed,

The general approach used for organic analysis of sediments was also used for tissue. Al
samples were processed using GPC cleanup, and the extract volume was reduced to the extent
possible to enhance detection limits. Volatile compounds were not analyzed in tissue samples.

In addition to analysis of PSDDA chemicals of concern in tissues, lipid content was determined
by gravimetrically weighing an aliquot of the extract for tissues prior to GPC cleanup.




TABLE A-4. DECISION CRITERIA FOR CHEMICAL ANALYSIS OF TISSUE
COLLECTED FROM COMPSOMYAX SUBDIAPHANA

Total Sample Weight

Preferred Analyses (in order of priority)

<l.5 grams

1.5 to 3.5 grams

3.5 to 7 grams

7 to 16 grams

Cd, Pb, and Zn (except in Bellingham Bay samples in
which Hg is of highest priority followed by Cd if
possible) (analyze other metals only if detection limits
are not sacrificed)

All PSDDA metals of concern (including Hg; in
Bellingham Bay, Hg is of highest priority)

| grams - Cd, Pb, and Zn (except Hg is highest
priority in Bellingham) (other metals if possible).
Remainder of sample - analyze for polycyclic aromatic
hydrocarbons (PAH) (analyze for PCB and other organic
compounds if possible)

2 grams - All PSDDA metals of concern

4 grams - PCB

Remainder - PAH (other organic compounds, if
possibie)
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Tissue samples used for metal analyses were sub jected to digestion with nitric and perchloric
acids. To attain the detection limits recommended in the PSEP (1986) protocols, GFAA analysis
was required for most metals in tissue samples, aithough digestates were screened by inductively-
coupled piasma (ICP} when possible. CVAA was required for determination of mercury.

As with chemical analyses conducted on sediments, quality control procedures required for
tissue body burden analyses included:

»  Adherence to all QA/QC requirements in accordance with PSEP protocols

n Control limits for accuracy (spikes and reference materials in accordance with PSEP
protocols)

s Control limits for precision (replicates in accordance with PSEP protocols)

= [nitial and ongoing calibration of instrumentation during analyses (calibration and
control limits used, when available, were from PSEP protocols)

m  Control limits for bianks in accordance with PSEP protocols.
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