
















































































































































































TABLE 26. CONCENTRATIONS OF CONVENTIONAL VARIABLES IN
SURFACE SEDIMENTS FROM ANDERSON/KETRON ISLANDS DISPOSAL SITE®

Location of

Variable Range Maximum
Total organic carbon 0.4-10% AKZ(]
Ammonia-nitrogen 32.6-59.3 mg/kg AKPOI
Suifides | U® 1.0 mg/kg N/AS
Total solids 45.7-56.8% AKBO2
Total volatile solids 2.1-4.0% AKZ0!
Percent fines 13.1-41 6% | AKZ0l1

? Concentrations on dry weight basis except total solids.
® U - undetected at 1.0 mg/kg.

®N/A - not applicable, undetected in all samples.
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TABLE 27. CONCENTRATIONS OF PSDDA CHEMICALS OF CONCERN
DETECTED IN SURFACE SEDIMENTS FROM
ANDERSON/KETRON ISLANDS DISPOSAL SITE®

Detection Location of
Chemical Range® Median® Frequency® Maximum

LPAH

phenanthrene E5.1-Z31 Ei7 067 AKPO3

anthracene E5.1-7Z10 E7 0.50 AKP0O3
HPAH

fluoranthene Z15-7Z53 Z25 1.0 AKPO3

pyrene Z15-755 Z27 1.0 AKPO3

benzo(a)anthracene 8.0-721 Z10 0.83 AKPOD3

chrysene Z9.0-Z32 Z19 1.0 AKPO3

total benzofluoranthenes E22-E72 E39 1.6 AKP(O3

benzo{a)pyrene Us.1-E29 El5 0.83 AKPO3

indeno(l,2,3—c,d)pyrene US.1-E7.9 J6.8 0.17 AKPQ4

benzo(g,h,i)perylene U5 1-E89 U6.8 017 AKP0O4
Phenols

pentachlorophenol U8 0-E54 Ull 017 AK P04
Phthalates

bis(2-ethylhexyl)phthalate Z26-Z52 Z32 1.0 AKP02

di-n-octyl phthalate U5.1-E17 U6 8 0.17 AKP04
Miscellaneous extractables

benzoic acid E28-U76 Usl 0.17 AKP02
Organometallic compounds

tributyltin? 0.95-3.0 20 0.67 AKPO1
Metals®

antimony G.96-G2.5 Gle 10 AKZ01

arsenic 6.6-15 11 1.0 AKZ01

cadmiom 0.28-0.54 0.41 1.0 AKPOI

copper 253-45.0 334 1.0 AKZ01

lead 13.8-26.1 19.7 10 AKZ01

mercury 0.07-0.16 0.11 1.0 AKZ01

nickel 16 6-27.8 26.9 1.0 AKPO1

silver 0.16-0.35 0.27 10 AKZ01

zinc 58.5-266 82.7 1.0 AKPO2
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TABLE 27. (Continued)

? Qualifier codes:

G - estimate is greater than value shown

U - undetected at detection limit shown

E - estimate

Z - blank-corrected, still above detection limit,

® Concentrations of organic compounds are measured in ug/kg dry weight. Metals concentrations
are measured in mg/kg dry weight.

¢ Based on six sediment samples collected from the Anderson/Ketron islands.

4 Tributyltin is not defined as a PSDDA chemical of concern; concentrations expressed as the
equivalent concentration of tin.

® All results reported for the strong acid digestion technique.
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TABLE 28. CONCENTRATIONS OF PSDDA CHEMICALS OF CONCERN

DETECTED IN SURFACE SEDIMENTS FROM ANDERSON/KETRON ISLANDS

BENCHMARK, SITE, AND PERIMETER STATIONS®

Perimeter Stations

Benchmark Detection Location of
Chemical Station® Zone Station® Range®  Median® Frequency® Maximum

LPAH

phenanthrene E13-Z31 El7 075 AKPO3

anthracene B6.4 B6.4 E6.0-Z10 “Z84 0.75 AKPO3
HPAH

tluoranthene Z15 Z25 Z24-753 729 1.0 AKP0O3

pyrene Z15 Z27 23-7Z55 728 1.0 AKPO3

benzo(a)anthracene B8 Z11 7Z9.0-721 Z12 1.0 AKP0O3

chrysene Z9 720 Z14-732 Z21 1.0 AKP03

total benzofluoranthenes E22 41 E37-E72 E39 10 AKPO3

benzo(a)pyrene EI5 E14-E29 El5 1.0 AKPO3

indeno(},2,3-c,d)pyrene U6.0-E7.9 u76 0.25 AKP04

benzo(g,h,i)perylene U6.0-E8 % u76 025 AKPO4
Phenols

pentachlorophenol U10-E54 Ui2 0.25 AKP04
Phthalates

bis(2-ethylhexyl)phthalate 7226 727 Z232-Z52 734 1.0 AKPO2

di-n-octyl phthalate U6.0-E17 U746 025 AKP0O4
Miscellaneous extractables

benozoic acid E28-U78 ue7 0.25 AKPO2
Organometallic compounds _

tributyltin® 0.95-3.0 2.1 0.75 AKPOI
Metals®

antimony Gl2 G2.5 G0.96-G1.9 Gl6 1.0 AKPQ3

arsenic 6.6 152 6.7-12.7 11.0 1.0 AKPO3

cadmium 0.31 0.44 0.28-0.54 0.43 1.0 AKPOI

copper 253 45 27.0-39.3 334 1.0 AKPO03

lead 14.2 26.1 13.8-22.1 19.6 1.0 AKPOI

mercury 0.07 1.6 0.08-0.13 0.11 1.0 AKPO1

nickel i7.6 27 16.6-27.8 27.1 1.0 AKPO!

silver 0.18 0.35 0.16-0.34 0.27 1.0 AKP03

zinc 585 39.8 67 9-266 82.7 1.0 AKP02
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TABLE 28. (Continued)

* Qualifier ¢codes:

B - biank-corrected down to detection limit

U - undetected at detection limit shown

E - estimate

Z - blank-cotrected, still above detection limit

® Concentrations of organic compounds are measured in pg/kg dry weight, Metals concentrations are measured
in mg/kg dry weight,

© Based on samples collected from the four perimeter stations.

¢ Tributyltin is not defined as a PSDDA chemical of concern; concentrations expressed as the equivalent
concentration of tin.

® All results are reported for the strong acid digestion technique.
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The sediment sample collected from the reference station located in Carr Inlet (CRRO1) did
not exceed any SL or ML values. Sediment chemistry data from Carr Inlet met all P2 interim
performance standards (Pastorok et al. 1989), although PCB were undetected and the detection limit
exceeded the interim standard.

BIOASSAYS

Bioassays were conducted on sediments from two Anderson/Ketron islands disposal site
stations: the disposal zone station (AKZ01) and the benchmark station (AKB02) (Table 19; Figure
7). Responses for each bioassay are presented in Table 29. In addition, ranges for each of the
bioassays performed on reference sediment collected from Carr Inlet are presented in’ Table 29,
Data were analyzed in accordance with PSDDA Phase II test interpretation procedures All data
met dredged material disposal guidelines.

The amphipod bioassay met PSDDA control and reference performance standards, and all test
sediments were <20 percent over control (Table 16). The Carr Inlet reference data for amphipod
bioassays also met Element P2 performance standards (Pastorok et al. 1989).

Data for the oyster larvae bioassay listed in Table 16 are expressed as combined mortality and
abnormality. All reference and test sediment values were standardized relative to the final seawater
control responses as per PSDDA Phase II guidelines (i.e., the final number of healthy larvae in the
seawater control was used as the initial value of larvae for the reference and test sediment analyses).
PSDDA agencies are currently considering control and reference performance standards for the test,
Combined mortality and abnormality in the seawater control and Carr Inlet reference sediment were
51 percent and 61 percent, respectively. All test sediments were within 20 percent of the Carr Inlet
reference response.

All Microtox tests showed no dose response to Anderson/Ketron islands disposal site sediments.
Sediments from ail stations tested were therefore not toxic, and subsequent comparisons with
Microtox reference were not performed. Bioassay results can be found in Appendix C.

BENTHIC INFAUNA

Macrobenthic infauna samples were collected at seven stations at the Anderson/Ketron islands
disposal site (Table 19; Figure 7). Only samples from the benchmark station AKB02 and the
anticipated downcurrent or transect as specified by the Corps were analyzed: the remainder were
archived. These data are presented in Appendix C and summarized in Table 30, Abundances are
expressed as the average number of individuals per box core (0.06 m?), Benthic samples collected
at all other stations were archived and may be analyzed by Ecology following the first post-disposal
monitoring effort. Total abundance and number of taxa per station were relatively constant among
the four locations. Total abundance ranged from an average of 146 to 237 individuals (2,433 to
3,950 individuals per square meter),

Crustaceans were the most abundant major taxon at the Anderson/Ketron islands disposal site,
with station averages ranging from 91 to 165 individuals per box core Polychaetes were the second
most abundant group (25 to 57 individuals per box core), and molluscs ranked third (7 to 15
individuals per box core). The relative abundance of the major taxa was generally constant among
all four stations. Densities of organisms at the transect stations were generally higher than at the
benchmark station. Sediments at Station AKB02 were coarser (80 percent sand) and had less TOC
content (0.5 percent) than at the transect stations, Infaunal differences between the center of the
disposal site (including Stations AKTO01, AKT02, and AKT03) and the peripheral areas {eg.,
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TABLE 29. BIOASSAY SUMMARY FOR ANDERSON/KETRON
ISLANDS DISPOSAL SITE

Amphipod Mortality

Oyster Larvae

Abnormality and Mortality

Standard Standard

Station Mean Range Deviation Mean Range Deviation
Anderson/Ketron

AKBO2 013 0-025 012 036 011076 075

AKZ01 017 005-03 0.10 0353 044072 G691
Control 0.04° 0-0 107 004° 051
Reference

CRRO1 004 0-0 10 004 06t 047075 089

Note: Microtox - all stations nontoxic, EC5, >1,000 uI./mL No light decrease observed.

¢ Sediment control

t Seawater control
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TABLE 30. BENTHIC INFAUNA SUMMARY FOR
ANDERSON/KETRON ISLANDS DISPOSAL SITE

Station
AKBO2 AKT01 AKT02 AKT03
Total macrofauna
Average abundance® 146 237 205 172
Standard deviation 17 68 46 31
Range?® 134-174 170-343 131-256 160-199
Major taxa
Polychaete
Average abundance?® 43 57 25 27
Standard deviation 7 62 4 5
Percent of total 29 24 12 16
Mollusc
Average abundance? 7 11 15 il
Standard deviation 4 5 4 6
Percent of total 5 5 7 6
Crustacean
Average abundance® 91 165 165 133
Standard deviation 11 36 45 33
Percent of total 62 70 80 77

? Individuals per box core (0.06 m?).
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Station AKBO02) suggested by the REMOTS® images cannot be confirmed with either the major taxa
data or total benthic abundance.

The relatively low variability in total benthic infauna abundance and major taxa among the
five replicate samples collected at each station will decrease the minimal detectable differences
achievable during post-disposal monitoring. A minimal detectable difference of 48 percent of the
grand mean can be expected for tests of total benthic infauna abundance (s*> = 1,966; X = 190:
a =005 1-8 = 0.80).

BIOACCUMULATION

C. subdiaphana were collected at six transect stations at the Anderson/Ketron islands disposal
site for bioaccumulation analyses. No C. subdiaphana were collected at the benchmark station
(AKBO02) after 12 casts with the van Veen sampler. Tissue samples were analyzed for PSDDA
chemicals of concern (except volatile organic compounds) at five Anderson/Ketron islands stations
(AKTO1A, AKTO02A, AKTO3A, AKT04A, and AKTO5A) and just for metals (due to insufficient
sample) at Station AKTO6A.

Tissue concentrations for all chemicals detected in sediments are summarized in Table 31. All
of the metals of concern were detected in all of the Anderson/Ketron islands samples except for
antimony. Of the metals detected, tissue concentrations varied by a factor of 2 or less (for nickel,
silver, and zinc) to a factor of 3 (for copper and mercury). Metal concentrations ranges (in mg/kg
wet weight) were from 1.4 to 3.4 for arsenic, 0.40 to 0.80 for cadmium, 2.0 to 6.2 for copper,
1.8 to 47 for lead, 0.01 to 0.03 for mercury, 056 to 0.86 for nickel, 1.5 to 2.8 for silver, and
162 to 21 3 for zinc. All values were less than PSDDA tissue guidelines (Table 31).

The only organic chemical detected in tissue samples from the Anderson/Ketron islands
disposal site was benzoic acid (in 4/5 samples). The detected concentrations of benzoic acid ranged
from 8,800 to 26,000 ng/g wet weight,

Possible sources of benzoic acid are atmospheric (from auto exhaust and refuse combustion)
and wastewater discharge. Benzoic acid also occurs naturally in berries and resins. BCF have been
shown to be high in a gastropod (i.e., 2,800), though the investigators measured total radiocactivity
from labeled compound, not benzoic acid, so metabolites may have also accumulated in the snails.

SUMMARY

The sediments in dand near the Anderson/Ketron islands disposal site consist of a mixture of
silt, clay, and very fine to fine sand. Stations along the eastern, western, and northern borders of
the area are dominated by very fine sands, while stations along the southern border and in the
central portion of the site are characterized by sediments having a high silt-clay fraction. One
chemical, zinc, exceeded the SL by a factor of 1.69.

Crustaceans were the most abundant major taxon at the Anderson/Ketron islands disposal site.
Densities of organisms among the transect stations were generally higher than at the benchmark
station. All stations met PSDDA Phase II disposal guidelines based on the amphipod, oyster larvae,
and Microtox bioassays. Amphipod mortality for bioassays conducted with sediments collected
from Station AKZ01 were found to be significantly different from the Carr Inlet reference station,
but the difference in meortality was less than 30 percent.
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TABLE 31. CONCENTRATIONS OF DETECTED PSDDA CHEMICALS OF
CONCERN AND DETECTION FREQUENCY IN COMPSOMYAX SUBDIAPHANA
TISSUE FROM THE ANDERSON/KETRON ISLANDS DISPOSAL SITE

Detection PSDDA Tissue
Chemical Range? Frequency Guideline

Organic Compounds

benzoic acid U1, 700-26,000 0.8 --
Metals

arsenic 14-E3.4 1.0 101

cadmium 04-0.85 1.0 -

copper 20-62 10 -

lead 1.8-47 10 -

mercury 0.01-0.03 1.0 360

nickel 0.56-8.6 1.0 20,000

silver E15-E28 1.0 200

zing 16.2-21.3 1.0 --

* Concentrations of organic compounds are measured in pg/kg dry weight.,

are measured in mg/kg dry weight.
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5. CONCLUSIONS

Results of the PSDDA Phase II baseline survey are summarized in terms of accomplishments
and changes to the sampling plan, which are discussed separately below

ACCOMPLISHMENTS

The PSDDA baseline cruise collected a total of 445 samples, categorized by data type and site
as shown in Table 32. Of these samples, all sediment chemistry, bioassay, and bioaccumulation
samples were analyzed. Only portions of the infauna abundance sampies and REMOTS® images
were analyzed in accordance with the Phase II monitoring plan. The resulting data will provide
PSDDA agencies with the necessary information to monitor and detect changes in environmental
conditions in and near the Bellingham Bay and Anderson/Ketron islands disposal sites as specified
in the PSDDA monitoring plan.

CHANGES TO SAMPLING PLAN

During field sampling, situations were encountered that required changes to the original
sampling plan. These changes are summarized below:

™ Bioaccumulation sampling at Station BBB02 resulted in an insufficient number of
the selected organism (C. subdiaphana). A brief survey of alternative benchmark
sites resulted in the establishment of a new station, BBB04. Bioaccumulation,
sediment chemistry, and infauna data were collected at Station BBB04

®  Field observations of the abundance of C. subdiaphana in Bellingham Bay . suggested
that this clam occurred at the center of the site as well as the peripheral transect
stations, Two casts were therefore made at Station BBBZO! after all other
bioaccumulation samples had been collected. Over 200 grams (wet weight in shell)
were collected in these two casts. This tissue was analyzed.

[ ] The bottom at Station AKT06 was too sandy to permit adequate penetration with the
mini-Soutar box corer. Infauna samples were therefore taken using the dual van
Yeen grab sampler.

RECOMMENDATIONS

The following summarizes recommendations for conducting post-disposal monitoring at the
PSDDA disposal sites:

[ ] Ensure that ail future monitoring efforts at the PSDDA disposal sites incorporate the
monitoring plan modifications instituted during the Phase I (PTI 1988) and Phase II
baseline surveys

m  Bioaccumulation trigger values for metals should be 2 times the tissue values
reported in the baseline studies and organic compounds should be 5 times the tissue
values
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TABLE 32. NUMBERS OF SAMPLES COLLECTED DURING

PSDDA PHASE II BASELINE SURVEY

VYariable Bellingham Bay Anderson/Ketron Islands Carr Inlet
Sediment chemistry 3 6 1
Bioassay 4 2 1
Infauna abundance 75 (40)* 35 (15)° 0
Bicaccumulation 15 7 0
REMOTS® 165 (98)° 126 (76)° 0.

* Number in parentheses is the number of samples archived.

® Number in parentheses is the number of REMOTS® images archived.
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Post-disposal monitoring efforts for the Phase II disposal sites should be conducted
in early April and monitoring efforts for the Phase I sites should be conducted in
early May to maintain seasonal compatibility with the data collected during the
baseline studies

All future benthic infauna sampiing at Station AKT06 should be conducted with a
van Veen sampler to maintain sample equipment compatibility.
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