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SUMMARY

The Battelle/Marine Sciences Laboratory {(MSL} was contracted
by the U.8. Army Corps of Engineers, San Francisco District, to
perform bulk gsediment analysis and oyster larvae biocassays
{elutriate) on sediments from Inner Gaklarnd Harbor, Californis,
The sediment and water sanples were collected by the consulting
firms ¢f Rennedy-Jenke~-Chilton and Sea Surveyor under contract Lo
and supervision of the Port of Cakland. Analysis of sediment
characteristics by MSL indicated elevated pricrity poliutants,
PAHs, pesticides, metals, organotins, and ¢il and grease
concentrations, when compared to Alcatraz Island Dredged Material

Cisposal Bire sediment gongentrations.

Larvae of the Pacific oyster, Crasscsnisa glgas, were exposed
o seawater ¢ollected from the Alcatraz Island Site, slutriates of
the Qakland sediments with Alcatraz Island Site water, and a
series of controls using water and sediments collected from Seguim
Bay, Washington. Exposure of larvae to the Alcatraz seawater and
the 50% and 100% elutriate concentrations £rom each Qakland
sediment resulted in low survival and a high proporticon of
abnormal larvae compared to Seguim Bay control exposures.
Evalustion of larvae survival and abnormalities in 10% elutriate
concentrations revealed significant differences among the
treatments. The analyses showed significantly lower survival and
higher abnormalities at the Todd Shipvard stations than at
Schnitzer Stesl stations compared to Sequinm ¢ontrols.

MSL also identifised that fleld sample collection,
preservation, and gtorage protocols used by Port of Cakland
contractors were incongistent with standard accepted practivces.
These inconsistencies included storage of bicassay water in
plastic contaliners (a possible reason for the Alcatraz Island
reference water toxicity}, freezing of collected sediments, and a
lack of preservation af sediments for sulflide and cyanide

analysis. These variations caused invalid cvanide and sulfide



results and probably influenced the resulty ©f biloassay tests., The
inconsistencies are currently being discussed by MSL, the USACE,
San Franclisco District, and the California State Water Resources
Control Board. The objective ©f these discussions was to develop a
brief sampling guidance document that will minimize these types of

problems in the future,
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1.0 INTRODUCTION

The purpose of this study was to determineg 1If sediments
proposed for dredging from areas adjacent to Schnitzer 5Steel and
Todd Shipyard in Inner Cakland Harbor of San Francisce Bay,
California, were in complisnce with state and fedsral regulations
for open water disposal at the U.S. Army Corps of Engineers
Alcatraz Island Dredged Material Dispozal Site. This assesssment
was based on chemical analyses of selectsed contaminants in
sediments and on bivalve larvae biocassays that determined the
relative toxicity of chemicals and particulates eluted from the
sediments.

This report describes the collection and navigational methods
used by Kennedy/Jenks/Chilton, Pitcher Drilling, and Ssa Surveyor;
the results of the chemical analysis of the sediment and biocassay
test; and QR/QC infocrmation on the chemistry and bioslogical
samples. It also assesses the potential influence of specified
collection techniques on interpretation of this information.
Appendices A-G provide fleld collection netes; chain of custody
forms; information on eguipment maintenanse and calibration; an
supporting data for bloassays, bulk sediment analysis, and
chemical analysis.






2.0 MATERIALS AND METHODS

2.1 SEDIMENT AND WATER SAMPLING METHODOLOGY
2.1.1 Sampling Locations: Water apd Sediment

Six, 5-gal water samples were collected by Sea Surveyor from
a water depth of approximately 25 ft off of Alcatraz Island
(Figure 2.1). The Sea Surveyor crew also collected sediment core
samples at six locations within the Alcatraz Dredged Material
Dispecsal Site in San Francisco Bay, California (Table 2.1).
Sediment cores were also collected at three sites near Schnitzer
Steel/Howard Terminal and at four sites near Todd Shipyard and
Pitcher Drilling (Figure 2.2). The objective of Inner Harbor
coring operations was to obtain sediment core samples equivalent
to the proposed dredging depth of 44 ft below mean lower low water
{MLLW). These cores were obtained on December 21, 1987 (Table
2,2). The water and sediment samples from the Alcatraz Dredged
Material Disposal Site were collected on December 30, 1987,

TABLE 2.1. Alcatraz Dredged Disposal Site Sediment Sampling
Locations on 30 December 1987. (Station identification
number for the composite sample made from these cores

is 878587.)
California State Coordinates
_Station (Zone ITIIH Hater Depthia)
A3 N 487,105 E 1,444,388 48
54 N 487,286 E 1,443,753 57
AS N 486,699 E 1,443,840 51
B4 N 486,930 E 1,444,991 43
Cl N 486,615 E 1,444,789 48
D3 N 486,349 E 1,444,472 54

(a) Ft from MLLW,



TARLE 2.2, Station Information for Inner Cakland Harbor
Sampling.

Sediment Core Battelle
srea Stabiop Db . Time Lepth{ft} k. Number

Schnitzer Steel Si 21 bec 87 08290 36—-3% B718433
39-42

Schnitzer Stasl g2 21 Dec 87 0858 20-33 878436
33-3¢
36-35
30=42
Schnlirzer Steel/
Howard Terminal s3 21 Dec #7 0550 A4, 5-41.5 B7E43Y
£1.%~44

Todd Shipyvard T4 21 Daws 87 101% 32-35 §78438
35-38
3Bw41
4144

2odd Shipyarnd TS 21 Dec 87 1100 26w2% 878439
£9-32
32-35
J5~38
3fwdl
4144

Tadd Shipyard T6 21 Dec 87 1212 32-35 878440
35-348

Todd Shipyard 7 21 Dec §7 1320 32-33 878441
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2.1.2 Station Location Techniques

The research vessel's position at the Alcatraz Island Dredged
Material Disposal Site was determined using an E,S$.P. Laser
range/azimuth positioning system established at Monument 7 on the
Municipal Pier. Sampling stations within Inner Oakland Harbor were
located by measuring distances from existing structures with a

rope marked at measured intervals.

Soundings for water depth at the Alcatraz Island Dredged
Material Dispcsal Site were made with a Raytheon DE-719 survey-
grade fathometer calibrated using a bar check method. Depths at
the Inner Oakland Harbor sites were determined using a measured,
weighted plumb line. All depths were corrected to MLLW using a

tide table and tide board for reference.

2.1.3 Sampling Devices

Water samples were collected using a Teflon-lined Go-Flow
discrete sampling water bottle. These water samples were placed in
5-gal plastic containers. They were held without refrigeration

until delivered to MSL in Sequim, Washington.

Sediment samples from Inner Oakland Harbor were collected
with a Shelby-tube piston sampler driven by water pressure. A new
epoxy-coated Shelby-tube (2.5 ft x 4 in. diameter} was used each
day. Before and between each use, these tubes were cleaned by
scrubbing with brushes dipped in seawater collected from each
site. The coring tool remained closed until the piston operation
occurred. The core tube was opened at pre-specified depths within
the sediment column. When the core barrel was opened, the water-
driven piston was activated and a 2.5-ft section of cored sediment

obtained at specific sediment depths.



Zediment samples Ffyom the Alcatraz Island 8ite were ¢ollectad
in Lexan Liners, which were contained in & Benbhos Model 2171
gravity corer. The sampler and the Lexan liners were steam cleaned

prior to use.

2.1.4 Sediment and Water Sample Frotocols

Water samples obtainsd at mid-depth (spproximately 2% to 30
£} near the Alcatraz Island Dredged Material Disposal Site were
stored and shipped in S~gal plastic containers ro MSL., Sediment
core samples obtained at the Alcatraz Island Dredged Material
Disposal Site were retained in their Lexan core tube, capped with
plastic lids, and sealed with duct tape. The tape, lids, and core
lirers were marked with station desigpation, sample number, and
date of collection, Thesge core liners were stored in coolers on
"plue~ice.” All sediment samples were then transferred to MSL
where they were frozen and held from December 30, 1987 to January
S, 1588,

Sediment cores from the Inner Qakland Harbor area were
extruded from a Shelby-tube into new plastic garbage bags., These
bags were then placed into & second plastic garbage bag, Labels
with station designation, sample number, sampling date, and depth
within the sediment column were sffixed on the outside and inside
of the sample bags. These bags were placed in a oooler with "blue
ice® and transported to MBL where they were frozen and held from
December 21, 1987 to January 5, 1988. Appendix A includes the
field notes and protoeols for the sediment and water collections.

The collection and handling of sediment and water samples was

not always consistent with agcoepted protocols:

* Sediment samples destined for sulfide and cyanide analysis
were not preserved with zinc acetate or sodium aydroxide
pellets, respectively. This was inconsistent with accepted
protocols indicated in Standard Methods (APHA 197%) .,

e Freezing sediment after collection was not consistent with
the requirements in the Implementation Manual or Standaxd
Matheds {(Peddicord 1977 APHBE 1975,

o



= Placing sedimernt samples and water samples in plastic bags or
4ugs was not consistent with the Implementation Manual
{Peddicord 1877), Puget Sound Estuary Program ({(PSEF}
protocols, Standard Methods or the U.8. Environmental
Protection Agency (EPA) Handbook for Quality Control
{Peddicord 1977; PSEP 1G686; APHA 19875; Booth 1978).

« The Implementaticn Manual calls for cellecticn of

representative disposal site water by obtaining approximatsly

173 of the water from directly below the surface, 173 from

mid=depth and 1/3 from i-m above the ssdiment surface

{Peddicord 19%77); this was not the case.

All sediment and water samples were shipped to MSL on January
S5th and were received on January 6, 1988, Inventories of the
samples were conducted, and chain-of-custody sheets between the
San Franciseo-based laboratories and MSL checked for accuracy and

signed (Appendix B}.

Z,

Coples of the chain~of-custody sheets delivered with the
samples are contained in Appendix B. The inventory sheets prepared
by MSL and additicnal chain-ci-custody sheets for samples
delivered to other laboratories are alszo contained in Appendix B,

Zamples were composzited by placing equal volumes ¢f sediments
into a stainless steel nixing bowl. In the case of the Alcatraz
Island sites, all the sediment from each core was placed into a
single bowl, For the sediment collected in Inner Cakland Harbor,
equal volumes of sediment were composited from each of the depth
fractions from the cores. The sediments were then stirred with
stainless stesl spoonsg until the color and texture of the mixiture
appeared evenly distributed. Care was taken during the mixing
process to avoid scraping the sides of the stainless steal
container. Prior to mixing, each of these strata were
qualitatively characterized for ccler, odor, sediment coarseness
and any obvicus characteristics {Tadbles 2.32s and b}. The core



length was alse determined in the cazse of the Alcatraz sediment,
This composite mixing strategy follows PSEP pretocols, which are
consistent with the intent of the Implementation Manual for
preparation of uncontaminated sediment mixtures for use in
chemical and biclogical testing (PSEP 1886; Peddicord, 1277).
MNotes on sediment compositing ave presented in Appendix €.

2.3 BIOASSAY TEST ORGANISM INFORMATION
2,3.1

The organism selected for toxicity testing was the Pacific
oyster, Crassostrea gigas. Mortality of larvae and the percentage
of abnormal larvae produced by exposure to suspended particles or
elutriates of sediments were salected as the criteria for
evaluation of potential biclogical effects. This bioclogical test
of elutriate toxicity was requested Ly the USACE, San Francisce
District, and is consistent with standard evaluations of
contaminated sediments proposed for disposal, The technique has
been described and modified in various documents {(APHA 1985; ASTM
1885; PSEP 1%8%6; Peddicord 1977).
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TABLE 2.3a. Descriptive Characteristics of Alcatraz Dredged
Disposal $Site Sediment Fractions.

Sample Core Length Degscriptive
Station _ _Area = _Number __(in.)_ Characteristics Odor(a)

A3 Alcatraz 878581 10.00 Dark gray silty sand o
A4 Alcatraz 878582 9.25 Dark gray silt/clay o)
A% Alcatraz 878583 8.75 Dark gray silty sand 2
B4 Alcatraz B78584 9.50 Dark gray silty sand 2
Ccl Alcatraz 878585 9.23 Dark gray silty sand o
D3 Alcatraz 878586 9.75 Black silt o)

{(a) Odor Code: O = no odor, 1 = moderate petroleum, 2 = mecderate
chemical

TABLE 2.3h. Descriptive Characteristics of Oakland Inner Harber
Sediment Fractions.

Sample Core Length Descriptive
&tation Area Mugber _ fip,y Characteristics gdor(a)

51 Schnitzer 878435 36-39 Gray-green sandy silt 0
39-42 Gray—-green sandy silt )
s2 Schnitzer 878436 30-33 Black-gray sandy silt 0
33-36 Black sandy silt 0
36-39 Black=-gray sandy silt 0
39-42 Gray-green fine sand o}
S3 Schnitzer 878437 38.5-41.5 Gray sandy silt
41.5-44 Gray-black sandy silt
T4 Todd 878438 32-35 Black silt/sand 0
35-38 Compacted black silt 0
38-41 Compacted black silt C
41-44 Light brown fine sand 0
TS Todd 878439 26-29 Brown-gray sand/silt 1
29-32 Black silt 1
32-35 Black silt 1
35-38 Black gilt, shell 1
38-41 Black ailt 1
41-44 Black silt 1
Té Todd 878440 32-35 Silt and coarse sand 0
35-38 5ilt and coarse sand 0
T7 Todd 878441 32-35 Black silt 0

(a) Odor Code: © = no odor, 1 = moderate petroleum, 2 = moderate
chemical
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Lrazsestrea gigas, the Pacific oyster, is a bivalve mollusc that
typically lives in the intertidal and shallow subtidal of estuarine
environments of the western Pacific Ocean. It is an ideal mariculture
srganism and has been transported and cultured throughout the world. It
growg to lengths in excess of l4-in., in subtropical seas, Tt will grow
in temperate seas, but does not reproduce well in thess colder waters,
Typically, the oysters begome laden with spawn during July and August
and relsagse that spawn when surrounding water reaches tenmperatures of
67°F ({20°C). Normal larval growth then requires a water temperature of
68°F or higher for a period of 3 weeks, At that point, the larval
oysters setile to hazd substrate {e.g., shells, rocks, eL¢) where they
begin their sessile life (Quayle 1989},

The mariculture industry has produced an extensive pody of
information ¢n the life history of this organism and the ouliture methods
required to successfully malntain this industry {Quayle 1969). Az 2
result, it was possible to adapt these well«developed procedures to the
evaluation of contaminant toxicity contained in elutriates of dredged
material. This test adaptation has been used by EPA, the USACE, and
various state agencies {(Peddicord 1877; BESEP 1986; APHA 19B5; ASDM
12851 . The portion of the mariculture procsdures adopted for toxicity
evaluation iz the period from post-fertilization to fully shelled larvae
{D-cells or prodissecench YI). This procedure occurs at 20° during Che
first 48 h of embryonic life; failure rto develop to this stage can
resilt in mortality or abnormal develepment ., Both of theze

characteristics were evaluated in the toxicity experiments.

2.4 BIOASSAY METHODOLOGY
2.4.1 3tudy. Resign

The design used was a completely randomized test involwving seven
test sediment elutriates from Inner Qakland Harbor, one reference
sediment elutriate from the Alcatraz Island Dredged Material Disposal
Sirte, and two control sediment elutriates from Sequim Bay, Washington.
The sediment was mixed {diluted) with either Alcatraz Island Uredged
Material Disposal Site reference water {(ARW) or Sequim Bay seawabter
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{SBSW), and the resulting elutriate, referred to as the suspendsd
particulate phase {SPP}, waz used in the bhiloassays. Each sediment
rreatment consisted of three replicate -1 expostire jars contailning &00
mL SPP, which was either undiluted (100%} or diluted to 50% or 10%
concentration with reference water from the Alcatraz Island Dredged
Material Disposal Site. One Sequim Bay control sediment elutriate was
diluted with ARW, while the other was diluted with 0.45-4m filtered
SBSW. Water-only controls were also run on the Alcatraz reference water
and Sequim Bay seawater. The total number of exposure Jars was %9, The
number of exposure jars per dilution and treatment is depicted in Table
2.4.

Exposure jars were placed randombly on a water table with
dimensions of 1.5 m x 5 m x ¢.1 m containing a freshwater bath desp
enough to submerge the dars to the 600 ml water mark. Water-bath
remperature was controlled ab 20 % 1°C.  Light conditions controlled
with a timer provided 8 h of daylight and 16 h of night. All exposure
jars were aerated prior t¢ and during the biloassay test. Bloassay test
canditions and related eguipment are discussed in Sections 2.4.6 and
2.4.7.

2.4.2 Rrenal

Fulfilling the reguirement that all glass or Pyrex labware was Lo
be extremely clean {Peddicord 1877), all glassware was washed in a Forma
Laboratory Dishwasher with Forma soap solution. This waéher was set to
rinse the labware three times with double~distilled water and dry with
hot air. After this process, labware was rinsed with 10% nitric acid
{HNG2}, placed back in the Forma Dishwasher, and run through the double-
distilled rinse-only cycle again. This gyele ringed the glassware an
additional three times. Exposure jars were fitrted with Teflen-iined lids
that had been rinsed three times with methyliene chloride and alr dried
under a laboratory hood,

Ztainless steel utensils were washed before use with hot soapy
water, rinsed, then rinsed three times with deionized water, and firally
rinsed with methylene chloride and air drisd under a laboratory hood,
These procedures are consistent with glassware oleaning protoncl
cutlined in the Implementatior Manual (Peddicord 1977).

13



TARLE.Z2.4. Experimental Design for fthe Humber of Exposure Jars Perxr
Lilution and Treatment,

_TIxeatment =~ Station
878435 Sedlment 51
#78436 Sediment 52
878437 Sediment 83
878438 Sediment T
8784234 Sadiment T2
8784440 Sediment T3
878441 Sediment T4
878587 Sediment Aloarraz
Reference Water Alcatraz

Saquim Bay Seawater
Sequim Bay Sediment (a)
Sequim Bay Sediment ({b)

{a} SBRW, Secuim Bay sediment

water.

{3y SBSW, Ssquim Bay sediment

3 3 3
3 3 3
3

3 3 3
2 3 3
3 3 3
3 3 3
3 3 3
] 18] 0
G 0 O
3 3 3
3 3 3

dilured with Alcatrraz reference

diluted with Secquim Bay ssawater.

ig

Sea

[ua e



2.4.3 Preparation of Suspended Particulate Phase (SPP)

The SPP is the liquid supernatant created by mixing water
with the test, reference, or control sediment. This water
contained the suspended particulate and dissclved phase of
chemicals eluted from the sediments. The oyster larvae were
exposed to three concentrations ¢f the SPP. Standard SPP
preparations used during the bicassay included 100%, 50%, and 10%
concentrations. Procedures for preparing the SPP are found in the

Implementation Manual (Peddicord 1977).

The SPP was prepared by volumetrically adding 720 mL
(approximately 1300 g) of wet sediment and 2880 mL of reference
water (Alcatraz or Sequim Bay seawater) to a clean l-gal jar,
resulting in a final volume of 3660 mL. The 4:1 water/sediment
slurry was stirred continuously with a clean stainless steel spoon
for 30 min to ensure that all the sediment was in suspension, then

the slurry was allowed to settle for 1 h.

Because the test, reference, and contrecl sediments were
composed of fine material (primarily silt and clay), little
material settled after the 1 h period, The slurries were
transferred to a 4°C cold room for storage, and the amount of
material settling out was measured daily. After 2 days, only a few
of the slurries had settled enough to yield the required volume of
SPP for bloassay purposes (2880 mL). Typically, the jars contained
less than 1 L of relatively clear SPP, about 2.5 L of water/fine
material suspension, and about 0.5 L of settled sediment. Low-
speed centrifugation, as allowed by the Implementation Manual, was
necessary to obtain sediment settlement that allowed the test
organisms to be visible during the bicassay and to provide the
required volume of SPP. This was accomplished by pouring off the
clear SPP and water/fine material portions into clean 250 mL
centrifuge jars and centrifuging for 15 min at 1750 rpm (740 g).
After centrifugation, the overlying water (S5PP) was poured off

into a clean gallon jar and used in the bioassay.
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For sach sediment treatment, three sxposure jars were filled
with $00 mi. SPP {100% concentration), three were filled with 300
ml SPP and 300 mL Alcatraz Relerence or 3equim Bay seawater {(50%},
and three were filled with 60 mL SPP and 540 ml Alcatraz reference
or Sequim Bay seawater {(10%). The centrifugation and dilution

process was repeated for each reference or controel sediment.

Z2.4.4 Qyshe:

One dozen conditioned oysters were obtained from a local
hatenery oo the day of the test. These animals had been held in
25% salinity water at 20°C for approximately 2 months and fed
cultured algae maintained at the hatchery. At M3L, the animals
were placed in individual Pyrex baking dishes {15 ¢m x 250 om x 15
cm} containing 25% SBSW at 20°C, and attempts to induce them 1o
spawn were made by gradually increasing and decreasing the warer
bath temperature surrounding them from 10 te 30°%., This procedure
was not effective.

The alternative procedure employed for this test was Lo sever
the adductor muscles and slice open the gonads. After this
process, microscopic examination of the gametes was used Lo
determing sex and state of egg development in the oysters., Bgys
that were pear shaped and semen from individuals that had actively
MOVing sperm were mixed in a Pyrex beakey ¢ontaining 1.5 L of 25k,
0.45~um filtered SBSW and incubated at 20° for 1 h. After 1 h,
fertilization success and was determined by microscopic

examination,

2,.4.5 ERestimation of Egbrys Density

Larval dJdensity was determined by removing a 1-mL aliguot from
the graduate ¢ylinder and diluting this teo a final volume of 10 oL
with seawater {(l1Ox dilution). Three, 0.1-ml gsamples of this
mixture were placed in a hemocytometer cell and examined under a
microscope, Fach exposure ar was inoculated with 20,000 oyster
larvae, baged on Lhe density of developing eggs cobserved in this
evaluarion. Immediately afrer inoculation, twe 10-mL subsamples
were (asken from each of the six HMSL seawster control dars, fized
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with formalin, and counted to determine the actual density per

milliliter of the larvae at biocassay initiation.

2.4.6 Test Conditions and Duration

Test conditions during the bioassay were designed tc mimic
expected natural conditions, Water bath temperature (and exposure
jar water temperature) were maintained at 20°C, varying less than
1°C during the bioassay test. Exposure jars were aerated before
and during the tests, providing 80% to 100% oxygen saturation.
Prior to SPP preparation, the salinity of ARW and SBSW was
corrected to 25% by adding deionized water. Salinity in each
exposure jar was initially corrected to 25%, if necessary, and
varied less than 1 ppt during the test. The pH was measured but

not corrected. The duration of the test was 48 h.

2.4.7 Hater Quality OR/OC and Instrumentation

All exposure jars were placed on the water table 1 day before
the test was initiated. After approximately 4 h of equilibration
and aeration, all jars from each treatment and dilution water jars
were checked for dissovled oxygen (D.0.), pH, and salinity. water
bath temperature was contrclled by a Thermar (1500 watt, 120 v)
quick recovery water heating system integrated to a Thermistemp
temperature contrcoller Model 71A manufactured by Yellow Springs
Instrument Company. Temperature was monitored at three locations
on the water table before and during the biocassay. Just after test
termination, water quality conditions were again recorded. The
results of these observations are presented in Appendix B. Water
bath temperatures were measured with a Kessler 0-30° thermometer,
calibrated against an ErTco FC-36486 Laboratory Standard
thermometer at 20°C. pH was measured with an Orion Research Model
701A pH meter, calibrated with Ricca Chemical Co. pH 4, 7, and 10
Buffer. Salinity was measured with an American Optical Corporation
Refractometer, calibrated with I.A.P.0O Standard Seawater P46 with
a chlorinity of 19.377% (salinity of 35.0%). Dissolved oxXygen was
measured with a YSI D.0O. meter Model 57. The thermometer and

refractometer are calibrated on a monthly basis and were
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calibrated prior to the beginning of the experiment, while the pH
and D.0. meters were calibrated before each use. Calibration

records are presented in Appendix G,
2.4.8 Retermination of Relative Survival and Percent Abngrmal

At the end ¢f the bioassay, three 10-mlL subsamples were
obtained from fach exposure jar. These 10-mi subsamples were
collected in the following manner. A perforated plunger, whose
large Flat surface was placed parailel to the bottom of the test
container, was moved up and down to swirl and svenly distribute
the larvae into the water column. During €hig process, thre 10-mi
subsamples were drawn from each container. Each of these 10-nd
subsamples was placed into individual 50-mi centrifuge tubes
containing 10 ml of seawater solution of 4% neutral formalin to
fiz the larvae.

Relative survival and percent abrnormal were determined after
centrifuging each 50~ml centrifuge tube for § min at 1750 xpm
(approximately 740 ¢). This consclidated the larvae near the
bottem of the tube, Pipetting off the larvae and water at the
bottom of the tube {approximately 2 mlL) ensured that over 93% of
the larvae were captured. Each l1-mlL sample was transferred to a
Sedgewick~Rafter Cell and sceored for tetal number, normal D-coell,
blastula and abnormal larvae on a compound microscope at 100X
magnification. Survival was estimated Dy gomparing Lotal abserved
larvae in each centrifuge tube to stocking density regults from
control containers at tesn initiation. ABbnormality inclidence wvasg
determined as percent of abrnormals in relation to total observed

larvae.
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Sixaty~five polynuclear aromatic hydrocarbons (PAHs) were
measured by Analytical Resources, Inc. using BPA-CLP-approved
protacols (Method £25), modified as follows {40 CFR Part 136
1984}

+ Analyzed sample weight was increased to 3 minimum of 30 g to
obtaln lower detection limits.

+ GPC (gel permeation chromatography) c¢leanup using EPA-CLP
protocael was performed on all samples,

The gualify assurance/gualicy control QA/QC of the
measurements on these samples included analysis of a method blank,
Standard Reference Materlial 30-1 from the Natlonal Oceanic and
Atmospheric Administrafion (NOAaA), triplicate analvysis of the
Alcatraz Island reference sarple, matrixz spike and matrix spike
duplicate for the Alcatraz Island reference sample, and a
duplicate analysis of Todd Shipvard sample number 878439
{designated TS5a and bj). Confirmation of results on a second G¢

calumn was performed,

Hineteen priority pollutant pesticides and five Arcclor PCRs
waere analyzed in each sediment by Analytical Resources, Inc., uging
approved EPA-CLP protocols (Merthod 608B) modified as follows (40
CFR Part 136):

* Analyzed sample weight was increased to a minimum of %0 g
to obtain lower detection limits,

¢+ GPC {gel permeation chromatography) ¢leanup using EPA~CLP
protocel was performed on all samples.

» Pinal volumes were reduced to 1 mlL, instead of the normal 10
mb, to provide lower detection limits for the pesticides and
PCBs
The QA/QC of the measurements on these samples were obrained

through the analysis of 8 method blank, Standard Referance
Material 3Q-1 from NOAA, triplicate analvsis of the Alcatraz
Island reference sample, matrix spike and matrix spike duplicate

for the Alcatraz Island reference sample, and & duplicate analyeig
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of Todd Srhipyard samplie number B7843% {degignated THa and b).
Confirmation of results were performed on a second column,
Appendix ¥ contalns the results of the QA/QL measurements for the
priority pollutant PANHs, pesticides, and PCEs.

2.5.2 Metal and Metallold Analysis

Metal and metalloid concentrations were determined through
four procsdures. The majority of the metals {As, Cr, Cu, Ph, Wi,
and Zn} were measured through X-ray Flucrescenge. Mercury (Hg) was
analyzed with cold vapor atonmic absorption spectrophotometyy. The
Sb, €4, Se, Ag, and Tl were analyzed by atonic absorption
spectrophotometry. Urganctin conmpounds weye analyzed by Gas
Chromatography~Mase Spectrometry (GCMS).

et

Energy diffusive x-ray fluorescence analysis (XRF) was
performed at Pacific Northwest Laboratory (PKL), Richland,
Washington, Approxzimately 0.5 g of sediment was pressed into 2 cm
diameter pellets prior to analysis by XRF. This technique does not
require dissolution of the sediment, and therefore, i1s not prone
to the problem of underestimating the concentrations of Cr and KNi
{difficult to recover from acid digestions) . Therefore, the XRF
technigue is fast, acourale, precise, and ¢ost effective., Several
elements {As, Cr, Cu, Ph, Hi, and Zn} were guaniliflied
simultaneously. The calibration techniques are described by
Mielson and Banders {19833 . This technigqgue 13 pacognized by the
National Bureauw of Standards (NBS) for the analysis of metals ir
sediment matrices, and the researchers at FHL provide NBE
guantitation of samples Lo verify concentrations in standard

reference materials,

Blank values for XRF analysis were not included in Appendix F
becauge x-rays are not produced unless a sample is analyzed.
However, the detection limit in sediment is about 1 fg/¢ based on
a two-fold srtandard deviacion of mean counts for a sample that
contains a low concentration of an element {(Nielson and Sanders
1883, Spike regoveries were not conduchted for the metals analyzed

by ¥XRF pecause it i3 not peossible fto mix seiutions of melbal
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homogenesusly with dry sediment. Instead of conducting matrix
spikes, two additional certified reference sedinents were

analyazed.

Atomic absorption spectroscopy was performed on sediment
extracts to determine the goncentrations of 8L, 4, Se, Ag, and
Tl. Ssdiment was freeze~dried and blended in 8 Spex mixer-mill.
Approximately 4 g of this mixed sediment was then ground in a Spex
ceramic ball mill. The 0.2-g aliquots of this dried homogernate
were digested with 4:1 nitric acid/perchloric acid in Teflon
digestion bombs., After these samples were allowed to cool,
nydrofluoric acid was added and the digegtion bombs were placed in
a 130° oven for 8 to 12 h. Boric acid was then added the next day
to these solutions, and the bombs were reburned to the oven for 8
h. After cooling, soclution volumes wers determined, and the
solutions were stored in polyethvlene bottles untll analysis was

performed,

The OA/QC of metals analyses run under atomic abkzorption
spectrometry were accompllished by performing spike/recovery
analyszes using sediments from Alcatraz Island and also Todd
Shipyard sample number 87843% {(designated TSa and b} . Standard
reference materials 1646 and PACS-1 were also run to determine the
accuracy of the analyses. Todd Shipyard sample number 878439 was
measured in duplicate (THa and b) for determination of laporatory
precision in methods. These data are available in Appendix F,
Meroury concentrations were determined througn cold vapor arnomic
absorption using, as a detector, a Laboratory Data Control {LDO)
meroury monitor with a 3-om cell as indicated in EPA Protocol 7471
and modified by Bloom and Crecelius {13%83). The remaining metals
(Sb, Cd, Se, Ag, and Tl) were analyzed on a Zeeman graphite-
furnace atomic absorption spectrometer using Methods 7041, 7131,
1740, 1780, 7841 (EPA 3W 846 19863 .
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Qrganetin Apalysiz

Sediment extraction far the organctin analysis consisted of
weighing approximately 10 g wet sediment into a 125-mL sclvent-
cleaned glass jar. Thisg sediment was mixed thoroughly with
approximately 200 g of anhydrous sodium sulfate to remcve the
water within the sediment. Methylene chioride (110 mL) and §.25 g
of tropolone were then added to the container. This mixture was
rolled for 12 h, and the liguid portion decanted through silanized
glass wool to remove particles, The container was then rinsed
three times with additional methylene chloride and the resulting
fluid saved for further preparation.

The mono-, di-, and triboutylitin compounds extracted from the
sediment were derivatized with n-~hexyl magnesium bromide Lo a less
volatile and more thermally stable form than the organotin
hydrides {Unger et al. 1%88). This derivative iz in the tetra-
alkyitin form and was guantified by GCMS, The n-hexyl derivatives
of butyltin species were separated and quantified relative to the

surrogate standard, tri-propyltin.

The QA/GC of the samples included internal surrogate
standards spiked before extraction and internal standards spiked
after extraction to evaluate the efficiency of the techniqus,
Duplicate measurements were made on Schnitzer Steel sediment
sample number B78435 ($1). Standard reference materials from Moss
Landing Intercalibration $tandards were also analyzed to determine

the agguracy of the methodelogy (Tables D3 and D4},

2.5.3

Total organic carbon in sediment was determined by AMTest
using & nondispersive infrarved measurement of carbon dioxide
released from the organic carbon during combustion of the
sediment. Incrganic carbonates were released from the sedinment
sample prior to combustion bhrough uvse of HUL. The apparatus used
for the measurement of carbon dioxide was g Dohrmann DC-180. This
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method 18 consistent with PSEP (19886) and Standard Method 508
{APBA 18%75).

2.5.4 Qil and Gyease Anslvels

Sediment extraction for total oil and grease was accomplished
by weighing approximately 20 g of sediment into a solvent-rinsed
25-mlL jar. Approximately 40 to 50 g of sodium sulfate was added to
rne sample and homogenized with the sediment t¢ absorb any water
from the sediments. Then 50 mL of cvarbon tetrachloride was added
and stirred into this mixture., The sample was immediately placed
on a sample roller for 16 h to completely mix the reagents with
the sediments. After 16 h, the sample was removed from the roller
and the carbon tetrachloride poured inte a selvent~rinsed conical
vial. An additiconal %Q ml, of garbon tetrachloride was added to the
sediments, and the sample was rolled an addirional & h. This
zecond extracticon has been zhown to assure 50% extraction
efficiency for wvarious sediment matricss (Word et al. 13%87). These
twe extracts werse combined and measured to the nearest miliiliter.
Twe separate scintillation vials were fillled for analysis gn the

IR instrument, a Beckman Acculab 4 Infrared Spectrophotometer.

The sample was scanned from 4000 ¢m~1 to 600 om-1, and the
peax helght was measured a8t 2%30 cm-1. This wavelength reprasents
the CH; configurations of hydrocarbons and is the standerd used for
the determination of oll and grease. Gil and grease may include
hydrocarbons, fats, fatty acids, soaps, waxes, olls, and aany other
carbon-hydrogen material that is extracted by the carbon
tetrachloride solvent. The relstionship of peak height to the
concentration of Alaska North Slope {(aANS) crude oll was determined
by regressing the peak helight versus a known concentration of
crude oll (EPA-APIL Reference Qi1 WP 881 . This method is
conaistent with Method S02 B {APHA 18753,



2.5.% Gyanide Analysis

Cyanide measurements were conducted on a Schmadzo
Spectrophotometer using EPA Method 325.3 protocols {(EFA 1979} . The
results may be suspect, as collected sediment was not treated with
sodium hydroxide pellets as a preservative at the time of
collection. Lack of preservation can result in the destruction of

cyanides, resulting in an underestimate of thelir concentrations.

2.5.8

Total sulfide measurements followed the PSEP total sulfide
distillation and colorimetric procedure, comparable to EPA Methed
376.2 {PSEP 1986; EPA 1479). Dissolved sulfide measurement
folliowed methodology set forth in Green and Schrnitker (1974},
Again, established protocols were not followed in relation o
sediment preservation, ag the zinc acerats preservative szolutlon
recommended ln PSEP and EFPA methodologies was not added (PEER
1%86; EPA 1979 . Lack of praservation can result in either the
production or loss of sulfides prior to measurement.

2.5.7 Grain.Size Apalysls

Grain size was evaluated by measuring the mass of material
collected on seven sieves and also the mass ¢of material that had
sertled 1o 20, 10, or 7 om in 2 1-L graduared c¢ylinder at specific

by

specified sieve size opening or was determined for the pipette-
collected material based on Stokes Law using the time and depth at
which the samples were collected (Table 2.%). Mass was determined
after the samples had peen dried by welghing the material %o Lhe
nearest 0.1 g on a Metler AC-100 electronic balance., This methoed

is congistent with PSEP methodalogy {(PSEP 19$86) .
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TARLE 2.5, Zize Fractions of Sediment Sraln Size Measured by Wet
Sieving of Bediment or Through Pipette Technigues

Srain Size

SV § 111 N Bhi

3.3%

2.0

LG

Q.5

0.25
$.125
0.0625
0.0480
0.0312
0.0230
G.0156
§.0078
0.6039
46,0019
0.000978
0.0C04883

na = not applicable.

Boresn
Hunmhex
8

10

3%

60
124
230

g

na

na

1A

Na

na

na

na

na

2.5.8 Statisnical Analysis

Two-way fixed-effacts cross-classifled analysis of variance

{BNOVA) was used o examine the sources of variation for both the

Pipette Depth
{omh

na
na
na
i
na
na
20
16
10
10
10
10
10

7

7

5

Time

H Min.  Seo
na

na

na

né

na

na

G 0 240
o ¢ 55
5 1 55
0 3 40
G 7 41
0 31 0
P 3 g
5 43 G
22 53 ¥
55 25 0

total number of larvae observed in all trestments and fhe

proportion of abnormal {non~D stage as number abnormal/larvae
prodused) in thes trestments.
analysis was conducted for:

effects with Seguim Bay sediments,

station sediments with AW,

The model used for the first ANOVA included the two main
effects for diluent water source

For sach variable,

comparison of all

a separate
iy compariscn of the SBSW and ARW

(Seguim Bay or Alcaltraz Island),



percent ¢of elutriate in exposures, and the two-~factor interaction--
water source by percent elutriate in the exposure. The model used
for the second ANCVA included the twoe main effects for sediment
souree, percent ejutriate in exposures, and the two factor
interaction--sediment source by percent elutriate exposure., Both
ANCVAS used the residual mean sum of squares for testing the
significance of the interactions and main effects.

To examine the Seqguim Bay and Alcatraz sediments separately,
a twec-way cross classified ANCVA similar to those already
mentioned was also performed for each variabvle., Finally, & one-way
ANOVA was performed to examineg only the 10% elutriates for each of
the stations for each variable.

For all ANOVAs, the variable “total number of observed
larvae" was transformed fo the natural logarithm to stabilize the
variances within sediment scurces. (The variable “proportion of
abnormal larvae produced® was transformed to the arcsine square
root of the proportion of abneormals.) Examination ©f residuaal
plots snggested that these transformations were adequate for

mesting the assumptions of analysis of variance.



The null hypotheses evaluated by AROVA on the results of the

hivassay experiments were as follows:

2— £

There are no significant differences in the number of larvae
surviving in treatments uszing SBSW or ARW.

There are no significant differences in the percentage of
abnormal larvae produced in treatments using BBRW or ARW.

There are no significant differences in the number of larvas
surviving in btreatments using ARW when mixed with Sequim Bay
sediment or Alcatraz Island sediment.

There are no significant differences in the percentage of
abnormal larvae produced in treatments using ARW when mixed
with Sequim Bay sediment or Algatraz Island sediment.

There are no significant differences in the number of larvae
surviving in sediment treatments based on the concentraticn
af the elutriate in the test waber.

There are no significant differences in the percentage of
abnormal larvae produced in sediment treatments based on the
concentration Of the elutriate in the test water,

There are no significant differerices in the nunmber of larvas
surviving in sediment treatments with only 10% elutriate
SXPOSUre.

There are no significant differences in the percentage of

abnormal larvae produged in sediment treatments with only 10%
elutriate concentration.
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Null hypothesis 1 was redscted. There were significantly
fewer larvae in treaiments of water or sediment elutriates when
the diluent was Alcatraz reference water rather than Seguim Bay
seawater (Tables 3.1 a and b). The greatvest difference in larval
abundance (4.4-fold} ccogurred in treatments using only the
different water scources. This dliffersnce decreased as increasing
guantities of Sequinm Bay sediment slutriste were added. 7This was
evident in the highey number of larvae present in the Alcatraz
Iisland reference water dilutions of Seguim RBay sedinment at 50% and
1C0% (Pigure 3.1 and Table 3.la}.



TABLE 3.la. The Mean, Standard Error, and Relative Degree of
Difference in the Number of Larvae Present in 30 mL
of Test Water Using Various Concentrations of Sequim
Bay Sediment Elutriate in Sequim Bay Seawater or
Alcatraz Island Reference Water (Hypothesis 1).

Water Source

% Sediment Elutriate Sequim Bay Alcatraz Island Relative Degree
{Sequim Bay Sediment) Mean * SE(a) _Mean * SE =~ of Difference(b)

0 210 £ I3 61 * 3¢ 1.4

10 410 £ 895 135 % ¥} 3.0

50 330 £ 116 268 £ 49 1.2

100 407 £ 17 287 £ 98 1.4

All Elutriates 354 £ 41 188 + 41 1.9

(a) SE = Standard Error
(b) Relative Degree of Difference = number of larvae number of larvae

Source of

Vari :
Main Effects
Water

Elutriate
dilutions

Interactions
Residual

Total

in Sequim Bay + in Alcatraz
water source water source

ANOVA Table Identifying the Levels of Significance of
Selected Sources of Variation Using the Natural
Logarithm of the Total Larvae Observed.

Sum of Mean Significance
Squares d.f. Square E-ratio Level
13,27 4 2.8181858 3.078 0.412

T.17 1 7.1749029 1835 0.0114

5.51 3 1.8368079 2.006 0.1473

3:.53 3 1.1761713 1.284 0.3083
17.40 19 0.9156990
3z2.20 26
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Null hypothesis 2 was rejected. There was a significantly

greater proportion of abnormal larvae in the ARW when compared to
abnormality proportions in the SBRW (Tables 3.2a and b). The
highest proportion of abnormal larvae cccurred in the water
treatment only. ARW averaged 66% abnormal, which was 1.9-fold the
average abnormal percentage observed in the SBSW. The proportion
of abnormal larvae decreased with additional Sequim Bay sediment
elutriate in both sediment types. Average percentage of abnormal
larvae in all Sequim Bay water and sediment elutriate was 19%,
which was 1.9-fold less than the average in Alcatraz Bay water of
37% (Table 3.2a and b; Figure 3.2).
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TABLE 3.2a8. The Mean, Standard Error, and Relative Degree of
Difference in the Proportion of Abnormal Larvae
in 30 mL of Test Water Using Treatments of Various
Concentrations of Sequim Bay Sediment Elutriate in
Sequim Bay or Alcatraz Island Reference water
(Hypothesis 2).

—Viater SQuEes

% Sediment Elutriate Sequim Bay Alcatraz Island Relative Degree
{Sequim Bay Sediment) _Mean * SE(a) __Mean * SE =~ of Difference(b)

0 0:38 £.0.17 0.66 £ 0.21 1.9
10 0.06 £ 0.02 0.38 £ 0,25 6.3
50 0.08 £ 0.01 0.20 £ 0.05 2.5
100 0.11 = 0.01 0.24 £ 0,09 ek
ARll Elutriates 0.19 * 0.61 0.37 £ 0.160 1.9
(a) SE = Standard Error
(b) Relative Degree of Difference = number of larvae number of larvae
in Sequim Bay + in Alcatraz
water source water source

IABLE 3.2b. ANOVA Table Identifying the Levels of Significance of
Selected Sources of Variation (Hypothesis 2) Using the
Arcsine Square Root of the Proportion Abnormal.

Scurce of Sum of Mean Significance

Variation Squares d.£. Square E-ratio ___ lLevel

Main Effects 1.37 4 0.3418994 2.407 0.0854
water 0.64 1 0.6444710 4.536 0.0465
elutriate 0.92 3 0.3103537 2.185 0.1232

Interactions 0.14 3 0.0457930 0.322 0.8091

Residual 2.70 19 0.1420647

Total 4.20 26
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or Alcatraz Island Reference Water as Diluent
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Null hypothesis 3 was rejected. There were significantly more o~

larvae in the Sequim Bay elutriates than in the Alcatraz Island
elutriates when Alcatraz Island reference water was used as the diluent
(Tables 3.3a and b). There was an average of 1.8-fold more larvae
collected in treatments using Sequim Bay rather than Alcatraz Island
elutriates. This effect was most obvious in the 50% and 100% sediment
elutriate treatments where Sequim Bay sediments had 17- to 27-fold
greater abundance than Alcatraz Island sediment.

Survival was greater in successively higher concentrations of the
Sequim Bay sediment elutriate (Tables 3.3a and b; Figure 3.3). This was
not the case in the Alcatraz Island sediment elutriate, where only the
10% elutriate showed high survival. This sample had over twice the
survival of the equivalent Sequim Bay sediment elutriate. The 10%
dilutions of elutriate in both the Sequim Bay and Alcatraz Island
sediment treatments showed excellent survival. Although the survival in
the 10% Alcatraz Island elutriate was higher, it was not significantly
different from the other Sequim Bay elutriates (Tables 3.3a and b;
Figure 3.3).
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TABLE 3.3a. The Mean, Standard Error, and Degree of Difference in
the Number of Larvae Present in 30 mL of Test Water
Using Treatments of Various Concentrations of Sequim
Bay Sediment Elutriate and Alcatraz Island Dredged
Material Disposal Site Elutriates Mixed with Alcatraz
Island Reference Water (Hypothesis 3).

sedi El 2 5
% Sediment Elutriate
(Alcatraz Island Sequim Bay Alcatraz Island Relative Degree
__Reference Water) —Mean ¥ SE —Mean £ SE =~ of Difference{a)
0(b) 61 + 36 na
10 135 £ 77 358 £ 106 0.4
50 268 = 49 10 £ 2 27
100 287 + 98 I8 & 4 17
All Elutriates 230 £ 45 128 £+ 65 1.8

(a) Relative Degree of Difference = number of larvae number of larvae
in Sequim Bay + in Alcatraz
water source water source

(b) Alcatraz Island Water Compariscn only at the 0% sediment
elutriate is appropriate.

TABLE 3.3b. ANOVA Table Identifying the Levels of Significance of
Selected Sources of Variation (Hypothesis 3). Using the
Natural Logarithm of the Total Larvae Observed.

Source of Sum of Mean Significance
Yariation Squares d.f. Square E-ratio )
Main Effects 12.35 3 %, 1151557 4.705 0.0215
sediment elutriate 8.88 1 8.881901 10.156 0.0078
3ource
elutriate dilutions 3.46 2 1.7817828 1.980 0.1807
Interactions 22.23 2 11.113041 12.907 0.0011
Residual 10.49 12 0.87457585
Total 45.07 &
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the Survival of Larvae Exposed to Sequim Bay or
Alcatraz Island Sediment Elutriate Concentrations

Using Alcatraz Island Reference Water as the Diluent
(Hypothesis 3)
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Null hypothesis 4 was rejected. There was a significantly greater
proportion of abnormal larvae present in the Alcatraz Island
sediment elutriates than in the Sequim Bay elutriate when Alcatraz
Island Reference water was used as the diluent (Tables 3.4a and b;
Figure 3.4). This difference averaged 2.4-fold over all the
elutriate concentrations. It was most pronounced, however, in the
50% and 100% elutriate concentrations, which averaged
approximately 7-fold difference in proportion of abnormal larvae.
Low abnormality in the Alcatraz Island sediment elutriates when
mixed with Alcatraz Island Reference water only occurred in the
10% dilution of the sediment elutriates.
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TABLE 3.4a. The Mean, Standard Error and Relative Degree of
Difference in the Proportion of Abnormal Larvae
Present in 30 mL of Test Water Using Treatments of
Various Concentrations of Sequim Bay Sediment
Elutriate and Alcatraz Island Dredged Material
Disposal Site Elutriates Mixed with Alcatraz Island
Reference Water (Hypothesis 4).

sedi E] i :

% Sediment Elutriate

(Alcatraz Island Sequim Bay
Reference Water) _Mean I SE
0(b) NA

10 0.38 + 0.31

50 0.20 = 0.06

100 0.24 £ 0.11

All elutriates 0.27 ~ 0.10

Alcatraz Island

Relative Degree

— Mean + SE = of Difference(a)

0.66 = 0.26
0.06 £ 0.02
1.00 £ 0.00
0.92 £ 0.02
0.66 + 0.15

{a) Relative Degree of Difference = number of larvae
in Sequim Bay

water source

NA (C)
0.2

N o
oo O

number of larvae

in Alcatraz
water source

(b) Alcatraz Island Water Comparison only at the 0% sediment
elutriate is appropriate.

{c) Not Applicable

TABLE 3.4b. ANOVA Table Identifying the Levels of Significance of
Selected Sources of Variation (Hypothesis 4) Using the
Arcsine Square Root of the Proportion of Abnormals.

Source of Sum of Mean Significance

Variation Squares _d.f. Square FE-xatio __lLevel

Main Effects 2523 8 0.7491076 6.212 0.0086
Sediment source 1.2L 1 1.2141967 10.069 0.0080
Dilution 1.09 2 0.5165630 4.284 0.0394
Interactions 2.28 2 1.11531%4 9.249 0.0037
Residual 1.45 12 0.125901

Total 993 17
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Alcatraz Island Sediment Elutriate Concentrations

Using Alcatraz Island Reference Water as the Diluent
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Hypothesis 5 was reijected. There was a significant difference

in the quantity of larvae surviving in different concentrations of
sediment elutriate (Tables 3.5a and b). Except in the case of the
Sequim Bay sediment elutriate, there were significantly fewer
larvae in the treatments of 50% and 100% than in the 10% elutriate
concentration. There were no significant differences in number of
larvae in any of the San Francisco sediment elutriate treatments
at the 50% and 100% levels, but there were significantly more
larvae in the Sequim Bay sediment treatments at these levels
(Tables 3.5a and b; Figure 3.5).
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TABLE 3.5a. Mean and Standard Error of Larval Survival at Various
‘Stations and Sediment Elutriate Concentrations
(Hypothesis 5) Using Alcatraz Island Reference Water.

No Sediment
Sequim Bay
Alcatraz
Schnitzer Steel
51
S2
S3
Todd Shipyard
T4
TS
T6
T

(a) Alcatraz Island Reference Water Only.

(b) Sediment Elutriate Only.

O%(a) 10% —=20% 100% ()
61 = 36

135 X 17 68 + 49 287 £ 98

358 £ 106 10 £ 1.5 18 £ 4

269 = 30 28 £ 8 172 %

162 £ 29 21 2 6.5 25 x 12

49 * 19 12 £ § 26 8.5

69 % 46 15 % 1 41 £8.5

4 3.5 12% 1 32 & 5

190 £ 65 202 7 42 £ 9

94 £ 45 17 x 7§ 26 1

TABLE 3.5b. ANOVA Table Identifying the Levels of Significance of

Selected Sources of Variation (Hypothesis 5) Using

the Natural Logarithm of the Total Larvae Observed.

Source of Sum of Mean Significance
Variation Squares  d.f. Square E-ratio __Level
Main Effects 60.07 10 6.007233 10.322 <0.001
sediment elutriate 30.51 8 3.813626 6.553 <0.001
source
elutriate dilutions 29.56 2 14.781663 25.399 <0.001
Interactions 38.03 16 2.3769603 4.084 <0.001
Residual 31.43 54 0.581575%0
Total 129.53 B8O
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Hypothesis 6 was rejected. There was a significantly greater
proportion of abnormal larvae in the 50% and 100% sediment
elutriate concentrations than in the 10% sediment elutriate
concentration in all test sediments except Sequim Bay (Tables 3.6
a and b). In Sequim Bay sediments, the concentration of the
elutriate did not influence the proportion of abnormal larvae
(Tables 3.6 a and b; Figure 3.6).
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TABLE 3.6a. Mean and Standard Error of the Proportion of Abnormal
Larvae Survival at Various Stations and Sediment
Elutriate Concentrations (Hypothesis 6) Using Alcatraz
Island Reference Water.

~0%ta) . 10% 50% __100%¢{bY

No Sediment 66 + 0.26
Sequim Bay D.38 £ 0.31 0.20 & 0.08 0.24 £ 0.11
Alcatraz 0.06 £ 0.02 130 1.0+ 0
Schnitzer Steel

sl 0.30 = 6.05 10 & O 1.0.%2 0

52 6.21 & 0.07 0.98 £ 0.02 0.91 £ 0.08

53 0.035 £ 0.23 1.0 0O 0.88 £ 0,07
Todd Shipyard

T4 0.76 £ 0.22 1.0 %0 0.99 £ 0.01

TS5 1.0 £ 0 1.0 20 3,0 T Q

Té6 0.40 £ 0,17 2 U e T o 1.0 £ 0O

i o 0,66 = 0.21 1.0 0 1.0 £ 0

(a) Alcatraz Island Reference Water Only.
(b) Sediment Elutriate Only.

TABLE 3.6b. ANOVA Table Identifying the Levels of Significance of
Selected Sources of Variation (Hypothesis 6) Using the
Arcsine Square Root of the Proportion of Abnormals.

Source of Sum of Mean Significance

Variation —Squares d.f. Square E-ratio —leval

Main Effects 13.33 10 1.9332892 21.493 <0.001
Station 6.00 8 0.7505798 12.100 <0.001
Dilution T.33 2 3.6641266 59.068 <0.001

Interaction 4.04 16 0.2521624 4.065 0.001

Residual 3.3% 54 0.0620325

Total 20,72 80 0.0620325
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Null hypothesis 7 was rejected. There were significant

differences in the number of larvae observed in treatments of 10%
elutriate concentrations from the test sediments (Tables 3.7a and
b) . Stations S2, S3, T4, TS5, and T7 had significantly fewer larvae
than the Alcatraz Island reference samples (Figure 3.7).
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TABLE 3.,7a. Mean and Standard Error for the Number of Larvae in

the 10% Elutriates of the Various Sediments

(Hypothesis 7) Using the Alcatraz Reference Water as
the Diluent. Stations with Significantly Fewer Larvae
Than Alcatraz Island Reference are Designated.

Mean + SE

e LREAON
Sequim Bay
Alcatraz Island
Schnitzer Steel
S1
s2
S3
Todd Shipyard
T4
T5

T6
7

135
358

269
162
49

69
14
190
94

- 4

H H+ H

HH+H+H

77

106

30
29
19

46
=
65
45

Signifi

Not Significant

Not

Not

Significant
Significant
Significant

Significant
Significant
Significant
Significant

TABLE 3.,7b. ANOVA Table Identifying the Levels of Significance of
Selected Sources of Variation (Hypothesis 7) Using
the Natural Logarithm of the Total Larvae Observed.

Source of Sum of
—VYariation Squares
Elutriate source 26.71
Error 18.28
Total 44,99

Mean

8 3,3388319
18 1.0154114
26
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Null hypothesis 8 was rejected. There were significantly
lower proportions of abnormal larvae produced in 10% sediment

elutriate concentrations from the various stations (Tables 3.8a
and b). Alcatraz Island reference sediments had the lowest
proportion of abnormal larvae. The proportion of abnormal larvae
at the Schnitzer Steel sites was not significantly different from
the proportion of abnormal larvae observed in the Alcatraz Island
sites through all elutriate concentrations. All Todd Shipyard
sediments showed significantly higher proportions of abnormal
larvae than any of the other sites (Tables 3.8a and b; Figure
J.R).
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TABLE 3.8a. Mean and Standard Error of the Proportion of Abnormal
Larvae Present in 30 mL Aliquots of 10% Elutriate
Concentration Treatment at Each Station (Hypothesis 8)
Using the Alcatraz Reference Water as the Dilutant.
Stations with Significantly Higher Proportions of
Abnormal Larvae Versus Alcatraz Island Reference are

Designated.
— Station Mean & SE Significance
Sequim Bay 0.38 £ 0.31
Alcatraz Island 0.06 * 0.03
Schnitzer Steel
S1 0.30 £ 0.05 Not Significant
S2 U:.22 £ 0.07 Not Significant
S3 0.35 £ 0.23 Not Significant
Todd Shipyard
T4 0.76 £ 0,22 Significant
15 1.0 % 0.00 Significant
Té 0.40 £ 0.17 Significant
7 0.55 £ 0.20 Significant

TABLE 3.8b. ANOVA Table Identifying the Levels of Significance of
Selected Sources of Potential Variation Using the
Arcsine Square-Root of the Proportion of Abnormals.

_Main Effect Squares L T Square E-ratio
Elutriate Source 3.842393 8 0.4802988 3.219
Error 2.686036 18 0.1492258

Total 6.5284539 26
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3.2 BULK SEDIMENT ANALYSIS

e O MMWMW
{PAHs) ,Pesticides, and PCBs

Twenty-one priority pollutant PAHs, pesticides, and PCBs were
detected in sediments at Alcatraz Island, Schnitzer Steel, and
Todd Shipyards. The wet and dry weight concentrations of these
contaminants are presented in Tables 3.9a and b. Table 3.10
compares the concentrations of these contaminants in sediments
proposed for dredging to the quantity of contaminants in sediments
at the Alcatraz Island Dredged Material Disposal Site.

The total quantity of measured organic contaminants as total
PAHs in each of the sediments proposed for dredging exceeds the
Alcatraz Island sediment contaminant loads by 2.15- to 11.03-fold.
Schnitzer Steel sediments range from 2.15- to 5.87-fold
difference, while Todd Shipyard sediments range from 3.34- to
11.03-fold difference. Total measured organic contaminants as
total PAHs in Alcatraz Island sediments were 3060 Hg/kg (dry wt).

Total phthalates measured in the samples were greatest at
Schnitzer Steel's station S-2 and at Todd Shipyard's station T-6
where the concentrations slightly exceeded the average phthalate
concentrations observed at Alcatraz Island by a factor of 1.49 and
1.15, respectively. All other staticns had total phthalate
concentrations that were much less (0% to 66% of total) than those
observed at the Alcatraz Island site. The Alcatraz Island
sediments had mean total phthalate concentrations of 1280 HUg/kg
(dry wt). Total PCBs at the Schnitzer Steel stations ranged from
1.91- to 3.55-fcld more than those observed at the Alcatraz Island
site. The Todd Shipyard sites were more contaminated with 5.19 to
15.28 times the Alcatraz Island reference concentrations. Maximum
concentration of total PCB as total Aroclor was found at Todd
Shipyard station T-7 and was 1436 HUg/kg (dry wt).
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TABLE 3.9b.priority Pollutants, Pesticides, and PCB Concentrations in Sediments.

Yatues are

Provided in Quantity of Contaminant Per Dry Weight of Sediment. Units are im ugfg. Only
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TABLE 3.10. Enrichment Levels for 21 Priority Pollutant PAH
Hydrocarbons, Pesticides and PCB's in Sediments Proposed
for Dredging. Enrichment Ratios are Determined by
Dividing the Concentrations of the Contaminants at the
Proposed Dredging Sites by the Corresponding
Concentration ¢f the Contaminant at the Alcatraz Site
{Comparisons are made on Dry Weight Concentrations).

S , Desi ,
Schnitzexr Steel _ Todd Shipyard

Compound.__ 51 52 83 T4 TSA TSB T6 T7
acenaphthene 0 58 0 Q 346 219 0 0
diethylphthalate 2.9 0 Q 0 0 0 0 Q
fluorene O O 0 0 346 200 91 O
phenanthrene 2.0 4.2 4.1 1.8 12.5 13.2 9.4 3.2
anthracene 108.0 298 0 0 437 710 445 0
di-n-butylphthalate 3.8 16.1 0 0 0 0 21.7 24
fluoranthene 2.1 & 5.8 1.9 14.8 7.8 7.% 3.1
pyrene 10.3 25.4 4B.4 18.1 45.9 33.4 31 14
butylbenzylphthalate 90.0 315 0 0 0 0 0 0
benzo(a)anthracene 2.3 4.4 4.7 2.8 1.1 12.5 21.2 5
bis(2-ethylhexyl)phthalate 0.4 1.1 0 0.5 0.3 0.3 1.0 0.5
chrysene 13.7 21.8 0 15.5 75.5 53.3 0 0
benzo {b) fluoranthene and
benzo (k) flurcanthene 2.7 6.2 8.6 7.0 13.4 11.3 24.6 &
benzo (a) pyrene 2.5 6.4 9.0 5.4 12.2 9.2 16.3 5
indeno (1,2, 3-cd) pyrene 2.4 5.8 8.2 3.5 10.9 10.9% 15.1 @
benzo (ghi)perylene 2.5 6.3 9.5 3.2 9.6 9.6 11.4 3
arcclor 1016,1242,1248 0 88.0 0 0 0 0 0 0
aroclor 1248 0 0 0 0 200 182 186 205
aroclor 1254 180.0 158.0 98.0 281.0 328 346 928 1009
aroclor 1260 0 1.0 1.3 2.3 1.4 1.8 2.9 2.4
Tokal PNA 2.2 5.1 5.5 3.3 10.1 8.0 11.0 3.2
Total Phthalates 0.6 1.5 0 0.5 0.3 0.3 1.2 0.7
Total Arcclor 1.9 3.6 2.3 3.2 7.0 7.4 14.6 15
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The minimum concentration of total PCBs as total Aroclor observed at
Todd Shipyard was approximately 0.488 while the concentrationsg at the
Alcatraz Island site were 91 ug/kg (dry wti.

The remaining PAH hydrocarbons are the higher molecular weight
forms larger than acenaphthene with fluorasnthene, benzo{k and b)
filuoranthenes, and pyrene angd benzoila) pyrene dominating the PAH
mixtures. These materials may exist in a 30lid matrix form that may

alter the bicavailability of the PAH contaminants,

3.2.Z2 Marals

The dry and wet welght concentrations of 12 metal and metalloid
ceontaminants in sediments from composited core samples colleoted near
the Alcatraz Island Dredged Material Disposal Site and in the compesited
core samples {rom Inner Qakland Harbor ars included in Tables 3.11s and
. The congentrations of metals in Alcartraz ssdiments are conglidered
reference contaminant levels by the USACE. Compariscn of dry weight
contaminant concentraticons at proposed dredging sites to these reference
concentrations is made by dividing the former by the latter (Table
3.12), Comparisons may also be made o the average crustal abundance of
metals and metallcids found In shale soils throughout the world as a
basis of reference to yelative contaminant loads (Table 3.12).

lcatrar Island sediments have goncentrations of metals and
metallodids that are fairly consistent with the ceoncentrations of those
metals ohserved in shale sediments throughout the world., Yet there is
some indication of metal and metalloid enrichment at the Alcatraz
disposal site. The levels of enrichment range from 0.8 to 3.7 with an
average enrichment of 1.6 & 0.% SD. The metals that show the greatest
enrichment above referengs shale sediments are silver, chromium, and

cadmium with 3.7, 2.46 and 2.3, respectively (Table 3.12}.

The average enrichment ¢f these twelve metals and metallolds in
areas proposed for dredging ranged from 1,3 to 5.4 above the Alcatraz
Island sediments. Schpitzer Steel sadiments averaged 1.Z28-1,%3

enrichment while sediments near Todd Shipyard ranged from 1,47
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LS

Dredge Disposal Site and Inner Oakland Harbor. Concentrations in ug/g{dry weight)

Inner Oakland Harhor

Alcatraz Sehnitzar Steel Todd Shipvard
878587 B7843% 878436 878437 878438 878439 878439 878440 878441
Contaminant A 31 52 S3 $4 154 15b 16 17

Antimony {Sb) 2.82 2.58 ?.37 3.78 3.08 13.12 13.03 18,83 11.39
Arsenic [As) 10.90 10.60 7.10 10.50 5.90 16.30 19.40 13.30 9.20
Cadmium (Cd) 0.69 1,42 1.97 1.05 0.67 2.02 2.03 1.16 1.33
Chromium {Cr) 246.00  230.00 343.00 217.00 416.00 390.00 419.00 930.00 437.00
Copper (Cu} 53.20 71.10 79.00 81.40 96.70  326.00 327.00 423.00 224.00
Lead (Pb) 29.00 43.40 100.00  87.60 78,30 177,00 175.00 246,00 174,00
Mercury {Hg} 0.26 0.41 1.30 0.76 1.30 8.30 B.40 4.20 2.70
Nickel {Ni) 118,00 129.00 101.00 130.00  85.70 146,00 155,00 212.00 155.00
Selenium {Se) 8.31 0.38 0.18 8.23 $.08 8.31 8.39 0.23 8.31
Silver (Ag) 0.%7 .45 0.57 0.63 0.33 1.60 0.99 0.62 0.70
Thallium {71} 0.64 0.64 0.52 8.65 0.39 0.52 0.59 0.45 0.65
Zinc {Zn) 131.00 179,00 260.00 208.00 183.00 428,00 415.00 549.00 287.00

Dry weight G.57 0.50 0.56 £.42 0.68 0.5% 0.55 0.53 0.58
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TABLE 3.11h, Metal and Metalloid Contaminant Concentrations in Sediment Samples from Alcatraz Island
Dredge Disposal Site and Inner Oakland Harbor. Concentrations in gg/g (wet weight)

Inner Oakland Harbor

Alcatraz Sehnitzer Steel Todd Shipyard

878587 878435 B78436 878437 878438 878439 878439 B78440 878441
Lontaminant A 51 52 $3 54 T5a T5b 16 17
Antimony (Sb} 1.61 1.28 4.09 1,58 2.09 7.16 7.11 9.66 £.63
Arsenic (As) 6.21 5.27 3.94 4.38 3.99 8.90 10.59 7.04 5.35
Cadmium (Cd} 0.39 0.71 1.09 0.44 0.45 1.10 1.1 0.61 0.77
Chromium {Cr) 140,22 114.31 190,37  $0.4% 281.63 212.94 228.77 491.97 254.33
Copper (Cu) 30,32 35.34 43.85  33.94 65.47 178,00 178.584 223,77 130.37
Lead (Pb} 16.53  24.0% 55.50  36.53 53.01 96.64 95.55 130.13  101.27
Hercury {Hg) 0.15 0.20 0,72 (.32 $.88 4.53 4,59 z2.22 1.57
Nickel {Ni) 67.26  64.11 56.06 54.21 58.02 79.72 84.63 112.1% 90.21
Selenfum {Se} 0.18 0.19 0.09 0.10 $.05 0.17 0.21 0.12 80.18
Siiver {Ag) 0.21 0.22 0.32 0.26 0.22 0.55 0.54 0.33 4.40
Thailiem (T7) 0.36 8.32 0.29 0.27 0.26 0.28 0.32 0.24 0.38

fine {2n) 74.587 88.96  144.30 86.74 123.89 233.69 226.59 290.32 167.03



TABLE 3.12. Enrichment Levels for 12 Sediment Bound Metals and
Metalloids at Proposed Dredging Sites. Enrichment
Ratlo's are Determined by Dividing the Concentration
of the Metal at the Proposed Dredging Site by the
Alcatraz Island Site Concentration. Concentrations
Ratio's are Determined Based on Dry Weight Values.
Alcatraz Enrichment Ratic's are Referenced to Crustal
Averages in Shale Soils.

Station

_Metal  Alcatraz Schnitzer Steel — Todd Shipyard

&
T

Antimony 1.9 0.9 2.6 1.3 1.1 4.7 4.6 6.7 4.0
Arsenic 1.7 1.0 0.7 1.0 0.5 1.5 1.8 1.2 0.8
Cadmium 2.3 2.1 2.9 1.5 1.0 2.9 2.9 1.7 1.%
Chromium 2.5 0.9 1.4 0.9 1.7 1.6 1.7 3.8 1.8
Copper 0.9 1.3 1.5 1.5 1.8 6.1 6.2 8.0 4.2
Lead 1.5 1.7 3.5 3.0 2.7 6.1 6.0 8.5 6.0
Mercury 0.7 1.6 5.0 2.9 5.0 32 32 16.2 10.4
Nickel 1.2 1.1 0.9 1.1 0.7 1.2 1.3 1.8 1.3
Selenium 0.5 1.2 0.5 0.7 0.3 1.0 1.3 0.7 1.0
Silver 3.7 1.2 1.5 1.7 0.% 2.7 2.7 1.7 1.9
Thallium 0.6 1.0 0.8 1.0 0.6 0.8 0.9 0.7 1.0
Zinc 1.6 1.4 2.0 1.6 1.4 3.3 3.2 4.2 2.2
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5.41. The metal concentrations in Schnitzer 3teel sediments that
always exceeded the Alcatraz Island disposal site concentrabtlions
were zine, silver, mercury, lead, copper, and cadmium, Contaminant
metals from at least four of the five samples at Todd Shipyards,
whose coneentrations exceeded Alcatraz Island reference levels,
inciuded those seen at Schnltzer Steel as well as nickel,
chromium, and antimony, Maximum metal contsmination at Schnitzer
Steel cegurred at station $~2 where mercury, lead, cadmium, and
antimony were 3, 3.5, 2.9 and 2.6 times the sediment
concentrations at the Alcatraz Island Site, respectively. ALl Todd
Shipyard sites were at least as contaminated or exceeded the level
of contamination at Schnitzeér Steel’s most contaminated site (82},
The least observed contanmination of any of the Todd Shipyazd
samples was at station T-4, which generally egualed the maximum

level of contamination obhserved at the Schnitzer Steel sites,

Tedd Shipyard Stations T-53%a, T-3b, T¢, and T-7 consistently
had concentrations of antimony, copper, lead, mercury, and zinc
that were more than three times those values at the Alcatraz
sites. The Todd Shipvard szitvtes nad mercury c¢orntamination that
exceeded the levels at Alostraz by 5~ o 32-fold, with
concentrations appreoaching 10 gg/g {(dry wt} at the most
contaminated stations., Copper, antimony, and lead at these slites
excesded Alcatraz reference concentrations by 4.0d4- to 8.4B-~f0id,
with an average factor ¢f 5,92 * 1.4 (n = 14} . Copper
concantrations ranged from 224 to 423, while antimony ranged from
11.4 to 18.8, and lead ranged from 174 to 246 ug/fg {(dry wt}. Zinc
concentrations exceeded reference by an averaygse facrtor of 3.2 %
C.82 sd {n = 4) with concentrations ranging from 287 o 548 Hglg
{dry wht}.

3.2.3 Qrganntins

The wet and dry weight concentrations of mono-, di- and tri-
butyitin in sediments at Alcatraz Island and Inmner Cakland Harbor
are summarized in Table 3.13. The concentrations ©f the gum of the
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TABLE 3.13. Wet and Dry Weight Concentrations of Mono-, Di-, and
Tributyltin Measured in Sediment Proposed for Dredging
Near Schnitzer Steel and Todd Shipyards. The reference
concentrations are from the composite cores from the
Alcatraz Island Dredged Material Disposal Site,
Application factors are for total butyltin and
tributyltin comparisons of reference sediment
concentrations to proposed dredging site
concentrations, Concentrations are surrogate recovery

corrected.
Concentration of Contaminant
(dry wt) (wet wt)
ug/kg pa/kg
Station Tri Di Monco Total Tri Di Mono Iotal
Alcatraz 30.4 32.8 15.4 78.6 19 20.5 9.6 49,1

Schnitzer Steel

S1A 23.5 27.3 77.3 128.112 13.9 39.5 65.4
S1B 37.%5 38.6 89.3 165.4 19 19,7 45.6 B4.5
52 19.4 13.1 334.2 366.7 11 7.3 185.9 204
S3 16.6 15.6 43.4 75.6 6.7 6.3 17.5 30.5
Todd Shipyard
T4 58.8 25.1 7.5 81.4 39.9 17 5.1 62
TS5 <l1.7 «<2.4 <2.,1 <6,2 <0.9 <«1.3 <«1.2 <3.4
T6 180 22.3 37.1 239.4 96 12 1¢.8 128
T7A 434.8 105.9 <10.2 550.9 2%92.8 71.3 <6.9 371
T7B 729.6 171.3 101.9 1002.8 491.3 115.4 68.6 675.3
Application Factors - Dry Weight
T 1 E 1t 4 ] 1t
Schnitzer Steel
S1A 1.6 0.8
S1B 2.1 1.2
52 4.7 0.6
S3 1.0 0.6
Todd Shipyard
T4 1.2 1.9
TS5 0.1 9
TG 3.1 5.9
T7A 7.0 14.3
T7B 12.8 29
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three butyltins at the reference site was 78.6 Mg/kg (dry wt)
while the concentrations at Schnitzer Steel sites ranged from 128
to 367 pHg/kg (dry wt) and at Todd Shipyard sites from less than
detectable to 1003 Hg/kg (dry wt). Schnitzer Steel sediment showed
dry weight enrichment factors of 0.96- to 4.7-fold while Todd
Shipyard sediment measurements showed enrichment factors of ©.08-
to 12.8-feold. Todd Shipyard sediments contained an average of 73%
¥6 (n = 4) of the total measured butyltins in the more toxic
tributyltin form while Schnitzer Steel sediments contained an
average of 17% * 8 (n = 4) and Alcatraz Island Dredged Material
Disposal Site had 39%. The concentrations of tributyltin at the
Schnitzer Steel sites ranged from 16.6 to 37.5 Hg/kg (dry wt),
which closely approximates the concentrations of this organotin in
the Alcatraz Island Dredged Material Disposal Site sediment {30.4
Hg/kg dry wt). Tributyltin in Todd Shipyard sediment samples
ranges from less than detectable to 730 Ug/kg (dry wt). Todd
Shipyard station T-5 was the only Todd Station to have
undetectable concentrations of butlytins. All other Todd Shipyard
stations had from 2- to 24-fold greater tributyltin concentrations

than the Alcatraz Island Dredged Material Disposal Site sediment.

3.2.4 Total Organic Carbon

Total organic carbon (wet and dry weight} in sediments at
Schnitzer Steel were higher than the levels in reference
sediments, while Todd Shipyard sediments were both lower and
higher than the reference sediment values at Alcatraz Island
Dredged Material Disposal Sites (Table 3.14). The concentrations
exceeded the reference value (1.3%) at the Schnitzer Steel sites
with ranges of 1.52 to 2.56% on a dry weight basis. Todd Shipyard
sites had concentrations of total organic carbeon, which ranged
from 0.8 te 2.04%. The maximum enrichment ¢f total organic carben
in sediment from the seven locations proposed for dredging is a
factor of nearly 2 (Table 3.14).
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TABLE 2.14. Wet and Dry Weight Concentrations of Total Organic
Carbon from Inner Oakland Harbor and Alcatraz Island
Sediments. Enrichment factors are based on
comparison of the dry weight concentrations of organic
carbon at proposed dredging sites to the reference
Alcatraz Island sediments.

% Total C Lo Carl Enricl £
Statjon et _Pry Dry
Alcatraz

Island 0.76 1.3 1
Schnitzer

Steel

S1 0.96 1.5 1.5
s2 0.87 1.5 1.2
53 1.05 2.6 2.0
Todd

Shipyard

T4 0.54 0.8 0.6
TSA 1,12 2.0 1.6
TS5B 1.10 2.0 1.5
T6 0.87 1.6 1.2
T7 0.80 1.4 1.1
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3.2.5 {il.and Sresse

Wet and dry weighi oil and grease concentrations Erom
sadiments collected at the seven sites propesed for dredging
ranged from 138 to 734 Hg/g {wet wt} and 271 to 1342 pg/g {dry
wet} {Table 3.13)}. The Schnitzer Steel sediment samples contained
il and grease concentrations ranging from 271 to 1080 ug/y {dry
wt) while the Todd Shipyard samples had concentraticns ranging
from 3%% to 1342 jg/g {dry wr} (Table .15},

Enrichment factors {sample concentration/Alcatraz
concentration) ranged from 0.72 to 3.82 (wet wi} te 0,88 to 4.37
{dry wt), The most enriched oil and greases measurement for the
Schnitzer Steel samples wag at station $-2, while Todd Shipvard
sanples were most enriched at Station T-5. '

3.2.6 Cyapide

Cyanide concentrations were evaluated in sediments proposed
for dredging. No ¢yanide was measured in any of the samples at the
detection limits ¢of <0.8% gg/g (wet wti. This may be due to lack of
gediment pregervation {See Section 2.2.39).

3.2.7 Iptal and DRissolved Sulfides

Total and dissclved sulfides were devermined from aliguots of
the unpreserved sediments. The webt and dry weight concentrations
of these materials are included in Table 3.1%, Total sulfides
ranged from 225% to 578 ug/y, while dissclved sulfides ranged from
218 to 1521 Hg/g {dry wt),

The quantity of total and disscived gulfides at all proposed
dredging sites exceeded the concentration at the Alcatraz Dredged
Marerial Disposal Site {(Table 3.17). Total suiflides at the
Schnitzer Steel sites ranged from factors of 1.03 to 2.57 times
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ZABLE.X.A0. Wet and Dry Welght Concentratlons of Total 01l
and Greaze Congentrations from Inner Qakland
Harbor and Alcatraz Iszland Sedimsnis. Enrichment
factors sre based on comparisons of the dry
weight concentrations of organic carbon at
proposed dredging sites to the referencse Alcatraz
Isiland sediments.

staticn Het Loy Lry
Blcatraz

Island 1492 307 1
Schnitzer

Steel

Sl 138 273 0.9
57 584 1056 3.4
53 271 £72 2.2
Todd Shipyarnd

T4 273 3449 1.3
ThHA 724 1342 4.4
TSR 509 330 3.0
Té 551 1031 3.4
T 279 414 1.4
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TABLE 3.16. Wet and Dry Weight Concentrations of Tetal and
Dissoclved Sulfides in Sediments From Inner
Qakland Harbor and Alcatraz Island

T 1 Sulfid ua/ S ] y Sulfid o/
- Station Het Dry Het Dry
Alcatraz Island 132 225.3 128 218.4

Schnitzer Steel

51 117 234.5 417 B35.7
52 174 304.7 321 562.2
53 237 578.1 161 392.7

Todd Shipyard

T4 297 440 578 B56.3
TSA 243 442.6 B35 1521
T3B 165 300.6 NM NM
T6 141 261.6 738 1369.2
T7A 232 396.6 610 1042.7
T7B NM NM 610 1042.7

TABLE 3.17. Enrichment Factors for Total and Dissolved Sulfides in
Sediments are Based On Compariscn of the Dry Weight
Concentrations at Proposed Dredging Sites to the
Reference Alcatraz Island Sediments

Stat i T 1 Sulfid Dj lved Sulfid

Alcatraz Island
Schnitzer Steel

S1 1 3.8
52 1.4 2.6
53 2.6 1.8
Todd Shipyard

T4 1.85 3.9
TSA 1.96 7.0
T5B 1.33 NM
To 1.16 6.3
T7A 1.76 4.8
T7B NM 4.8

NM = not measured.
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reference while Todd Shipyard sites ranged from 1.16 to 1.9%
times. This is in contrast to the dissolved sulfide samples from
Schnitzer Steel that ranged from 1.8~ to 3.8-fold while the Todd
Shipyvard samples had larger enrichment with ranges of 3.92- to
6.96~fold.

3.2.8 Grain Size

Sediment grain size for composited samples was measured on a
dry weight basis at each of the proposed dredging sites and at the
Alcatraz Island Disposal site (Tables 3.18 and 3.19). The
sediments at the Alcatraz site were composed cf nearly equal
percentages of silt and clay with a smaller percentage of sand.
The Schnitzer Steel sediments were composed primarily of silt and
clay, with Schnitzer station S2 containing the most sand (33%).
The Todd Shipyard stations were wvariable, with Station T4
dominated by sand, Station 75 composed primarily of silt and clay
in equal portions, and Stations T6 and T7 composed of nearly equal

percentages of sand, silt, and clay.

Table 3.19 summarizes the above grain-size distributions and
presents the relative enrichments of sand, silt, and clay in
comparison to Alcatraz Island grain size data. Examination of this
table shows that enrichment levels for sand ranged from a low of
0.2 {Schnitzer Sl) to 3.5 (Todd T4); Station TS was approximately
equal to Alcatraz at 1.1. Enrichment levels for silt ranged from
0.3 {(Todd T4) to 0.9 (Schnitzer $3); no test station exceeded the
percent silt found at the Alcatraz Site. Clay enrichment ranged
from a high of 1.6 at Schnitzer Sl to a low of 0.6 at Todd T4.
Stations Schnitzer S2 and S3, and Todd TS and T7 had slightly more

percent clay than the Alcatraz Island sediments.
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TABLE 3.18. Percent of Sediment {Dry Weight) Within Specified Seive Size Classes.

Battelle Id Mumber 87B68T 878435 B7B438  BTO437  BTB436  BTB4A0  ATB430 878440 BTR44]
Station Al 51 52 53 T4 Tés Tbb T8 Lk
Sedisent Typs  Seive Size in s Phi Parcont of Material Occurring in Each Seive Site

y 3.3 -2 9.95 .00 h.o8 4.0 .0 .42 4.64 M .28

33 -21m -1 1.17 s.0p en 1.0 amn §.39 1.42 .9 #.08

20 -1.m [ .97 5.29 .24 1.8 8.35 1.49 .91 2.19 #.52

------------- I8 - 0.5 1 1.88 [ )] .53 .0 1.49 .80 8.86 2.12 1.71

Sand .68 -0.26 2 4.81 #.51 16.46 #.98 23. 74 4.63 4.96 11.3 7.92

8.26 - 0.12 3 o.08 1.51 13.79 4.20 23.8% 11.84 11.78 2]1.38 13.38

------------- 8,125 - #.062 4 4.90 1.80 2.88 1.82 2.03 5.44 3.23 4.26 4.49

8.882 - 4.948 4.6 2.19 1.88 4.13 3.92 1.27 3.89 [ D31 1.81 1.83

§.048 - B 0312 3 a.84 3.38 2.87 3.81 1.68 #.16 4.73 1.84 1.87

Silt 9.0312 - 8.023 5.6 4.58 .27 2.49 4.32 1.38 3.02 3.20 i.n 39

8.923 - 0.8168 8 8.28 aar 1.03 6.44 2.8 1.87 8.26 1.34 441

§. 0158 - 0. 0870 7 8.%5 11.42 7.46 9.87 2.2 8.4 6.38 8.18 16 .98

------------- 4.0078 - 0. 8000 ] f.38 14.68 9.12 12.43 4.48 ¢.94 8.93 8.72 4.92

Clay §.0830 - 20010 ] 8.3 12.46 7.69 11.3¢ 4.42 11.33 9.18 7.89 T .44

D.0910 - 0000078 18 §.41 21.87 7.38 13.18 4.3¢ 10.22 18.38 8.72 1.41

{ D egouTs 11 28.72 31.48 24 80 33.81 16.11 92,73 34.36 22.81 %21

Total 180.81 00.9% le0.88 108.08 180.82 99.99 99.97 18001 9e.99

Percent Dry Weight 68.19 61.98 £&.63 42.37 89.85 66.99 64 .08 64.47 ba.41
Sample Weight (g Dry) 11.9290 19.4838 11.5422 B B892 14.5847 31.4566 11.8327 11.1377 11.8888

Percent Racovery g6.056 98.88 ¥7.28 98.49 93.16 98.01 84,97 99.43 97.28



TABLE 3.19. Relative Comparison of Grain Size Between Alcatraz
Island Sediment and the Test Sediments From Inner
Oakland Harbor

crain Si Relati Enrict 2

Station Sand Silt Clay Sand Silt Clay
ARlcatraz Island 17.43 39.00 40.49 1.0 1.0
Schnitzer Steel
Sl 3.91 30.10 65.78 0.2 0.8 1.6
52 33.23 26.89 39,63 1.9 0.7 1.0
53 7.03 43.69 58.36 0.4 0.9 1.4
Todd Shipyard
T4 £l1.46 13.28 24.92 3.5 0.3 0.6
T5 19.61 23.75 54,33 1.1 0.6 1.3
TE 20.58 22.62 53.92 1.2 0.6 1.3
T7 27.41 24.67 44,06 1.6 0.6 1.1

(a) Test sediment result/Alcatraz sediment result.
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4.0 DISCUSSION

The discussion of results includes a summary of the bicassay
response (including possible Alcatraz Reference water toxicity)
and the significance of the sediment contaminants derived from

. bulk sediment analysis.

4.1 BIOQASSAY DISCUSSION
4.1.1 Qyster Larvae Response

Cur estimates of the number of larvae exposed to various
sediment elutriate and water treatments indicated an initial
density of approximately 15 larvae per milliliter. The recovery of
organisms in the Sequim Bay water and Sequim Bay sediment
elutriate treatments indicated that apprpximately 350 organisms or
an average of 80% of the fertilized eggs added to these test
solutions survived the 48-h test. During that same period of time,
in the same set of treatments, approximately 15% of the organisms

Wwere abnormal.

These observations are in contrast to the observations made
about the Alcatraz Island Dredged Material Disposal Site reference
water. The organisms in the Alcatraz reference water had an
average of 4.4-fold lower survival and a 1.9-fold higher abnormal
rate than organisms exposed to the Sequim Bay reference water.
Other cbservations indicated that the addition of increasingly
larger quantities of Sequim Bay sediment elutriate improved
survival and reduced abnormal percentage rates in the treatments
using ARW. In both cases, highly significant improvements in the
survival and abnormal development rates were observed for the ARW

sample.

Alcatraz Island reference sediment when mixed with ARW, had
toxicity and abnormal development rates higher than those observed
in treatments using SBRW. This may be due to increased
contaminants in the Alcatraz Island reference sediment. The

sediment may not scavenge the toxic components from the water
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column as effectively as Sequim Bay sediments. There was goecd
survival at the 10% elutriate concentrations of both Alcatraz
Island and Sequim Bay sediment. Therefore, the protective or
scavenging potential for the contaminants in ARW was effective at

low Alcatraz Island and Sequim Bay elutriate concentrations.

At higher Alcatraz Island elutriate concentrations there were
greater mortalities but regular levels of abnormal production.
This may be due to elevated levels of an increase in contaminants
from the Alcatraz Island reference sediment or an as yet
unidentified solids effect on the embryo bicassay. Both higher
mortality and higher abnormal production at the higher sediment
elutriate concentrations were observed at Todd Shipyard stations,

but not at Sequim Bay or Schnitzer Steel stations.

Evaluation of the number of larvae and percent abnormals in
the 10% elutriate concentrations revealed that Schnitzer Station
$3 and Todd Shipyard Stations T4 and T5 had the lowest number of
larvae while none of the Schnitzer Steel stations and all Todd
Shipyard stations had significantly greater percentages of
abnormal larvae. The decreased number of survivors at Schnitzer
Steel occurred without a concomitant increase in abnormal larvae
percentages while the number of larvae at Todd Shipyard, though

greater, had decidedly greater percentages of abnormal larvae.

The cause of decreased survial and greater percentage of
abnormal larvae in the bioassay at Schnitzer Steel cannot be shown
to be either related tc contaminant impacts or to the effects that
increased particles may have had on developing oyster larvae. This
is in contrast to the Todd Shipyard samples. The combination of
increased abnormal development with increased developing larvae
seems to indicate a contaminant is affecting the test. The
contaminant (s} not only increase mortality of larvae in most

samples but also affect normal development.

The percent of sediment elutriate that causes 50% abnormal

development (ECS50) i1s summarized in Table 4.1.
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TABLE 4.1. Percent of Sediment Elutriate That Causes Abnormal
Development in 50% (ECS0) of Developing Larvae

. ] . s
Sequim Bay Sequim Bay 1396 815
Sequim Bay Alcatraz 234 69
Schnitzer Steel
S1 Alcatraz 21.7 1.5
52 Alcatraz 24.7 2.5
53 Alcatraz 23.7 4.0
Todd Shipyard
T4 Alcatraz (a) (a)
T5 Alcatraz (a) (a)
T6 Alcatraz 17.3 4.5
T7 Alcatraz 4.7 5.5
Alcatraz Alcatraz 28.7 0.6

{(a) Unable to calculate.

4.1.2 Alcatraz Reference Water Toxicity

The data presented in Section 4.1.1 concerning Alcatraz
reference water bloassay results versus Sequim Bay seawater
results suggest that the ARW was toxic to the oyster larvae and
influenced normal development. The indication is that a
contaminant is present in the reference water that is scavengable
by sediment elutriates from Sequim Bay. Therefore, the likelihood
that the contaminant might be a water quality parameter such as
decreased D.O. or increased nutrients (ammonia, nitrates, or
nitrites) is unlikely since increases in sediment elutriate should
have the potential for raising nutrient levels and decreasing
dissolved oxygen concentrations. The source of the contamination
is not known. One possible explanation is that during water
collection, handling, storage, transport or use, the water became

contaminated to a level that was deleterious to the oyster larvae.
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The possibilities of contamination of water during sampling
or post-sample handling have been discussed with the USACE, San
Francisco District, and a review of MSL procedures for handling
the Alcatraz reference water. In a personal communication, USACE
has indicated that ARW is not neormally toxic in oyster larvae
tests. Unfortunately, our data can neither confirm nor deny this

statement.

Review of MSL bicassay procedures has shown that the ARW was
treated in exactly the same way as the SBRW. This suggests that
MSL storage and use of this water did not affect its toxicity or

impart contamination.

The only other likely explanation for the Alcatraz water
toxicity is that the samples of water became contaminated during
collection or transport to MSL. The field collection information
provided by Kennedy/Jenks/Chiton and Sea Surveyor {(Appendix A)

seems to indicate that a non-contaminating water sampler was used,

The water, however, was transported and then stored in
plastic jugs for pericds of more than 1 week. There is a
possibility that the water became contaminated by these plastic
containers. Phthalates esters are a potential contaminant in
plastic products (Pierscon et al. 1984) and they have been observed
to occur in blood that has been stored in plastic bags (Guess et
al. 1967). Phthalate esters are lipophilic, dissolving easily in
organic solvents, but are generally described as being relatively
insoluble in water. They can become apparently more scluble in
water through three processes. First, they may adsorb to physical
particles in the water column. Secondly, they may associate with
fulvic or humic acids, and thirdly, they may be trapped on the
outside of particles through processes other than adsorption
(Pierson et al. 1984). All these processes may have occurred in
the unfiltered seawater collected from the Alcatraz Island
Disposal Site. The apparent sclubility of phthalate esters in
deionized water ranges from 0.34 to 4000 mg/L, which is higher
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than apparent toxicity thresholds observed in certain marine
organisms. It appears that phthalate esters may be a potential
contaminant resulting from the use of plastic jugs as storage

containers for bicassay seawater.

4,2 DISCUSSION OF CONTAMINANT SIGNIFICANCE
4.2.1 Comparison of Alcatraz to Potential Dredge Sites

Forty contaminants were detected in the sediments from the
Alcatraz Island Dredged Material Disposal Site, three stations
near Schnitzer Steel, and the four stations near Todd Shipyard.
The relative significance of these contaminants was determined by
comparing them to the background concentrations of the same
materials at the proposed dredged material disposal site near
Alcatraz Island. Between 12 and 24 of these contaminants had
concentrations that were at least twice the background levels
observed at the Alcatraz Island Dredged Material Disposal Site
(Table 4.2).

Schnitzer Steel sediments had metals concentrations that
ranged from less than the Alcatraz Island reference sediment to a
5-fold enrichment. Cadmium, lead, and mercury had the largest
elevations compared to the reference site. These sediments also
had concentrations of PCBs in the 100-250 Hg/kg {dry wt) range
while the reference sediments had undetected levels of the types

of PCBs that were present at Schnitzer Steel.{(Reference samples
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of a Chemical at a Proposed Dredging Site and the

Alcatraz Island Dredged Material Disposal Reference

Site

_ Contaminant

acenaphthene

diethylphthalate

fluorene

phenanthrene

anthracene

di-n-butylphthalate

fluoranthene

pyrene

butylbenzylphthalate

benzo {(a)anthracene

bis (2-ethylhexyl) -
phthalate

chrysene

benzo(b) fluoranthene

benzo (k) fluoranthene

benzo(a)pyrene

indeno(1l, 2, 3-cd)pyrene

benzo{ghi)perylene

aroclor 1016,1242,1248

aroclor 1248

arcclor 1254

aroclor 1260

Sb

Asg

Ccd

Cr

Cu

Pb

Hg

Ni

Se

Ag

Tl

Zn

butyltins

tributyltin

organic carbon

0il and grease

CN

total sulfides

dissolved sulfides

Station

Relative Level of Difference Between the Concentrations

Schnitzer Steel

Todd Shipvard

Sl S2 S3
- 58 -
2.9 - -
2.0 4.2 4.1
108 298 -
3.8 16 -
2.1 6 5.8
10.3 25 48.4
90 315 -
2.3 4.4 4.7
0.4 1.1 -
13.7 21.8 -
2.7 6.2 8.6
2.5 6.4 9
2.4 5.8 8.2
2.5 6.3 9.5
- 88 -
180 158 98
- .97 1.3
0.8 2.6 1.3
1.0 0.7 1
2.1 2.9 1.5
0.8 1.4 0.9
1.3 1.5 1.5
1.7 3.5 3
1.6 5 2.9
1.1 0.9 1.1
1.2 0.5 0.7
1.2 1.5 1.7
1.0 0.8 1
1.4 2 1.6
1.9 4.7 1
1.0 0.6 0.6
1.5 1.2 2
0.9 3.4 2.2
na na na
1.0 1.4 2.6
3.8 2.6 1.8
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I4 I3 T6
- 283 -

- 273 91
1.8 12.9 9.4
- 574 445
- - 21.7
1.9 11.3 7.8

18.1 3%.6 51
2.8 15.3 21.2
0.5 0.3 1

15.5 64 .4 -

7 12.3 24.6
5.4 10.7 16.3
3.5 10.9 15.1
3.2 9.6 11.4
- 131 186
1 337 928
2.3 1.6 2.8
1.1 4.6 6.7
0.5 1.6 1.2
1 2.9 1.7
1.7 1.6 3.8
1.8 6.1 8
2.7 6.1 8.5
5 32.1 16.2
0.7 1.3 1.8
0.3 1.1 0.7
0.9 2.7 1.7
0.6 0.9 0.7
1.4 3.2 4.2
1.2 0.1 3.1
1.8 0.05 5.9
0.6 1.6 1.2
1.3 3.7 3.4
na na na
2 1.7 1.2
3.9 7 6.3
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nad approximately 100 dg/kg {dry wt) argclor 1260.) Polynuclear-—
araromatic hvdrocarbong that exceeded reference levels were the
higher molecular welght materials such as ag¢enapthene, anthracene,
pyrens, and chrysene, which are typically found in the more

weathered petroleum products {Word et al, 1387). A phthalate,
butylbenzylphthalate, was alsc found at enriched levels.

Todd Shipvard sediment samplss had metals concentrations that
ranged from less than the reference levels at the Alcatraz Island
Dredyged Material Disposal 8ite to more than 30 timez the reference
ievels., Again, mercury and lead were elevated, along with copper
and organoting. Mercury and organoting bad the greatest
errichment relative to reference levels. PCBsz were also high with
concentrations ranging from approximately 280 toe 1250 Hg/kg {dry
wt} . Polynuclear arcmatic hydrocarbong that exceeded reference
levels were the higher molecular weight materials such as
acenaphthene, fluorene, anthracene, pyrene, benzo{a)anthracene,
chrysene, benzo{k}fluoranthens, and benzo{a)pyrene, which are
typically found in more weabthered petroleum products (Word et al.
1387). A phthalate, butylphthalate, was also found in these
samples. The significance of these elevations in chemical

contaminants is discussed below.

4.2.2 Crganctin. Cogcentrations

Organgtin concentrations in three of the gsediment sanmples
neay Todd Shipyard ranged from %1 to 1003 pg/kg (dry wti. The
level of the more toxic tributyltin form ranged from 58,8 to 729.6
Rg/kg {dry wt), Using a relationship developed by VYelkins et al,
{1986) water concentrations of the organctins can be estimated
from the sediment concentratlon. Predicted organotin water
concentrations based on Velkinsg et a2l. (19688} are provided in
Tab:ie 4.3.
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TABLE 4.3, Predicted Concentration of Crganoting in #Water
Overlying the Contaminated Sediment near Todd
Shipvards, Concentrations are in

ration Lencentrations AMg/LY 3

Compound. . w—i e 18 ook

moncbutyliin 5.0C2 - n.01 £.00~0.02
dibutyitin 2,03 - 0.03 0.14-3.23
tributyitin 0.¢4 - 0.11 $.27-0.46

Craasostres gigas 48-h larvae tests showed an LE3C for
tributyltin of 1.6 g/l {Cardwell and Zheldon 1%86}, Thain {15%8%)
nas shown that concentrations of tributyltin averaging 0.24 g/l
over a 45-day period will cause significant growth depression in
both the weight and length of the adult oyster (raszsostres ¢lgas.
These same oysters had contaminated tissue levels as high as 2,38
Hg/kg {wer wt}. Short and Thrower {1986) showed that water
concentrations of 1.5 Pg/L would kill 50% cof exposed juvenile king
salmon gver a %6~h peried. The acute salt water concentration of
tributyltiﬁ that has been established for water guality criteria
is D.22 4g/L while the chronic seaz water guality criteria is 0.0¢9
Ha/l. Stations T6 and T7 either approashed or exceeded these
levels of chserved effects., The levels of organctins in these

sediments were sufficiently high t& be of ¢oncern.

PCBs also appeared guite high in each of the Teodd Shipyard
samples. The total PCR concentrations at theése stations ranged
from 28) to 1214 ua/kg (dry wti. The acuie marine water guality
criteria is 1 yg/L, while the chronic marine criteria is £.03
a/L, The organic carbon partirioning cosfficient and the
equilibrium partitioning relatcionship described by Staples et al,
(1885} allows predicticn «f the ceontamination level that would be
observed in overlying water based upon these sediment

concentrations {(Table 4.4). Comparison ¢of these predicted values
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TABLE 4.4, Predicted Water Concentrations of PCBs in Water
Overlying Contaminated Sediments near Todd Shipyards
Using the Organic Carben Parcitioning Model Described
in Btaples =2t al, [1385)

Staricp

Sontamination

LsEpenent. . . 12 i s

Sediment PLB
concentration
(g kg-dry) 281 %28 1114 1214

Qrganis ¢ariion
concentration
{mg/g~dry) Q.8 2.0 1.6 1.4

Pradicted PCH
concentration
{jig/ L} 0.0z 0,004 .41 0.01

o the water guality criteria allows an assessment of the
significance of the levels observed in the sediment. In no Case
did the concentration of PCBs predicted to ococur in overlying
water exceed the chronic or acute water guality c¢riteria for
marine water. Three of the four stationsg did, however, approach
the chroniec level criteria for marine water. Since the method of
prediction has several sources of potential variation (incliuding
the organic carbon partitioning relationship), this level should
be viewed as a warning that there is a potentiasl for concarn
regarding the concentration cof PCBs in sediments at these sites.

4.2.4 Mercury Concentrarions

Mercury concentrations are of concern at all Todd Shipyard
stations and one of the Schnitzer Steel staticns (S2). National
standards for mercury establiszhed in 1972 permit a maximunm
concentration of total mercury of 1.0 mg/kg (dry wt}.in sediments

{CECD 1974} . This level ig axceeded ar all these stations,
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5.0 CONCLUSIONS

Significant mortality and abnormalities in developing oyster
larvae were observed when the organisms were exposad to the
Alecatraz Island reference waber, However, these results have Lo be
gqualifed because of potential contamination of Alcatraz reference
water during ¢ollection or tranzpoert. It may be possible to
measurs the concentrations of various contaminants in this
reference water to determine if our suppositions are correct about
contamination from the phthalates in the plastic jugs in which the
water samples were stored, It is highly recommended that future
water samples be stored in appropriately ¢leaned glass carboys

ratheyr than plastic jugs.

Sediment samples were ccllected for dissolved and total
sulfides as wall as cyanides without reference Lo appropriate
sample preservation protocols. The gdata produced from these
inappropriately preserved sediment samples should not be viewsd as
acourate, They may be “oo high in the case of the sulfides because
of sulfide generation after the samples were c¢ollected, or they
may aven be too low as a result of sulfide ilosses to tChe
atmosphere. If cyanide had been present in any of the gamples, it
was most likely lost through decomposition, In the future,
sadiment samples for these types of measurements must be preserved
in the field with appropriate procedures,

Sediments were frozen during the original storage of the
material. This is &n inappropriate procsdure for samples of
sediment that will be analyzed for grain size or dissclved
sulfides or that will be used for biocassays. The problem
asscociated with freezing sediments is that during the freezing and
defrasting cycles the sediment particles can be fractured because
of expanding water. Upon fracturing, the particles can be changed
in size. The particles ¢an alse release contaminants that might
nat be normally avallable to the organisms exposed through the
bicassay tests. Freezing sediment samples prebably would not
affect the total guantity ©f metal or priority pollutant

sontaminanis measured, because the extraction procedurss are



generally very destructive ¢ snsure that the majority of the
contaminants in a sediment sample are removed and made available

for measurement,

In spite of the deviations observed from some of the sampling
protonols, it is apparent that sediments from Todd Shipyard are
significantly enriched with a number of chemical contaminants
compared to concentrations at the Alcatraz Island Disposal Site.
Of most concern are organoting, meroury. and PCBs. These chenical
contaminante are at, near, or higher than the marine water gqualicy
criteria values and are also at levels that have been shown to
affect marine organisms during water column eéxposure tests,
Sediment elutriate tests not only showed significant mortality of
oyster larvae during sxposure, but also showsed increased abnormal
develupment . These results seem to indicsie that contaminants in
the sediments at Todd Shipyard can be expected to have an adverse

impact on water column organisms during disposal operations.

The Schnitzer Steel sediment samplss do not appear to have
the same level of contamination problem nor do they show the sane
level of picassay impacts observed with the Todd Shipyard sediment
gamples, There wers significant larvae mortality, but the
proportion of abneormally developed larvae was not significantly
different than larvae exposed ro uncoptaminated Sequinm Bay or
Alcatraz Island sediments,. Decreased survival dDecause of é@xposure
to Schnitzer Steel sediment may be a respeonse to an as yet
undocumented effect 0f fine-grained sediment on the development of
oyster embryoeg. This effect needs o he evaluated in the future.

We do not know what the =ffects might De on organisms exposed
to the actual sollid phase of the sediment bound contaminants.
There 1s a potential for corganisms living in or near ihe sediment
to accumulate contaminants in their tissues or to actually be
affected by ths sediment bound contaminants. It i3 recommended
that the sediments be tegsted with an appropriate organism, in an
attempt to demonstrate this effect,
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Because the sediment af potential dredge sites is so fine, it
may not be appropriate to use the infaunal dwelling amphipod
Rpeporynius ahronius for & test organiem, It is well known that
thig organism bas wariable survival whaen exposed fo extremely fine
sediments (Swartz et al. 13%85;. A more appropriate test might ke a
juvenile clam bioassay coupled with a bicaccumulation study of a
filter feeding as well as a deposit feeding clam. These tests
would indicate the potential for mortality and bicaccumulation
from pulk sediment, as well as the potential for bicaccumulation

of contaminants released from sediment inte the water column.

One species that could be selscted for Lhese tests would be
the California mussel, Mytilus galifoxnlensis, suspended above the
sadiments to evaluate the potential for bigsaccumnulation of
contaminants released to the water cclumn. Young native or
japanese littleneck glams, Figigthacas or ¥speruplis, could be used
for evaluation of survival under exposure to the sclid phase of
the sediment. Relatively large c¢lams that are deposit feeders
copuld also ke used to deternmine the porential for bicaccumulation
resulting from ingesting and/or esxposure to the sediments.
Examplies of these organisme would include certain species of the
clam genera Macoma spp. and potentially Tellina spp. The most
reazscnable method of performing these tests would be to establish
the organisms in a large flowing seawater gystem that would allow
all organismz to be exposed at the sgame time over a specific
period of time. The exposure would ideally be from 10 to 30 days.
Contaminant measuremenis would be made at intervals to see if
there wag a change in the availability of the contaminantsg over
this period of time.
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KennedyJenks/Chilton

Laboratory Division

857 Howard Sttt
San Franccs, Caikorme $4105
January 14, 1988 "E- 26 5085

Kr. Jeffrey Ward

Battelle Pacific Northwest Division
Marine Res2arch Laboratory

419 West Sequim Bay Road

Sequim, WA 98382

Jear %r. ¥Mard:

Enclosed is the information regarding the samples collected for the Port of
fakland, which you requested in your letter of 6 January, 1888, Addressing
your questions in the order of your Tetter:

® Attachments 1-A through 1-L include copies of site maps provided to us
by the Port of Qakland. Annotations and additional site sketches were
made by our field technician. Sea Surveyor provided coordinates of the

sample locations at the Alcatraz disposal site. A map of the area2 is
also enclosed,

For 31l turning basin and berths 61-64 samples, a water pressure driven
Shelby tube piston sampler was used to obtain the cores., A new epoxy
coated 2.5 fool by 4 inch diameter Shelby tube was used each day. The
tubes were ciganed prior to and between each use with surface site
seawater and & brush, The devices used to collect Alcatraz disposal

site sampies are described in the lelter from Sea Surveyor [attachment
1«k}. In a follow-up conversation with Mack Sullivan of Sea Syrveyor, he

informed me that all sampling devices and lexan liners were steam-
cleaned prior to use.

Sediment sampies from the turning basia and berths 51-64 were extruded
from & Shelby tube into new plastic bags, which have proven to be
practical and have not presented any contamination problems in our past
experience. All samples were double-bagged and stored in a cooler with
*blue ice” coalant immediately after collection. The alcatraz disposal
te sediments were retained in their lexan tubes which weére Capped
with plastic and sealed with tape. These cores were also stored angd
transported to our laboratory in a c¢ooler with "blue ice”. The
Rlcatraz disposal site water was collected into 6 separate § gallon

plastic jugs. These water samples were not refrigerated during transport
or while being held in the laboratory.

{continued)

Al



January 14, 1988 Kennedy Jenks Chitton
Mr. Jeffrey Ward
Page Two

All sediment samples were frozen while being held in the laboratory.
They were shipped to you in coolers containing “bvlue ice”. The Alcatraz

disposal site water was shipped in the original containers without any
cooling material.

Sampling stations for sediments in the turning basin and berths 61-64
were located by measuring from landmarks using 2 measured rope.
Distances along the length of besths §1-64 are clearly marked on the
sides of the docks. Sea Surveyors®' letter {attachment 1-k) described
their navigation technique employing a laser positioning system,

Attachments 2A through 2C 1ist the core lengths and depths to bottom
relative to MLLYW for all sample stations. Soundings for the turning
basin and berths 61-64 were taken, using a measured weighted plumb

line. Corrections for the tide were applied using a tide table and tide

board for reference, aiﬁ;pdﬁngs at the Alcatraz disposal site were taken
od,

using a Raytheon DE 719 Survey grade fathometer which was calibrated
using the bar check meth

A copy of the field notes from the turning basin and berths §1.64
sampling are included as attachments 3-A through 3-F. 1 questioned our
field technician for the following additional information: The turning
basin samples were collected December 21, 1987, in the morning while a
nearly high tide peeked, and dropped again. The weather was overcast but
not raining. Our technician, Joshua DeCarl, was accompanied by Pitcher
Drilling’'s rig operator Sheldon Lovedahl and his assistant, Jeff Lance,
The berth §1-64 samples were collected December 30, 1987, in the morning,
while 2 high tide was dropping. The weather was overcast with some
drizzle. The same persons listed above were present. ] contacted Mack
Sullivan of Sea Surveyor regarding the conditions under which the
Alcatraz disposal site samples were collected., He informed me that the
sampling was done in the morning of December 30, 1987, with an outgoing
high tide. The weather was overcast and raining, Mr. Sullivan and his
assistants Peter Jepsen and Claytan Hollson performed the sampling.

We trust that the enclosed information will be sufficient for your writing

of your report. If however, you require any additional information or
clarifications, do not hesitate to contact me.

Sincerely,

) )
fg;§;¢ %r)wuyv’/)

ratory Fiegld Services Supervisor

L/

GWB/Thg A.2
cc: David Hayes, Port of Dakland



yed £ Surveyor, Inc.

-\gn'lh Wit WML Q410

8 January 1988

%‘ Preasion Manne Surveving

for the Engneenng Commumnty

Kennecy/Jerks Engineers
657 Howard Streeet

San Francisco, CA 9410S

ATTEMTION: Mr. Ted Macamura

Dear Mr. Macamura:

RECEIVED

JAN 111988

KENNEDY/JENKS|CHILTON
LABORATORY DIVISION

Sea Surveyor, Inc. geruinely appreciates the opportunity to have collected

six (8) |’ sediment <2

moles and twenty-five (25) gallons of seawater from

the Alcatraz Dredged Materal Disposal Site in San Francisco Bay. The
sediment zamples were collected in Lexan liners that were contained
within a Bentfics Mode! 2171 gravity corer. The samples were collected

at the following locations:
liforni

Station
AJ
A4
AS
B4
Cl
03

Location of the coring ve
rance/azimuth pe3:tienin
Municizal Prer.

N 487,105
N 437,286
N 486,699
N 436,930
N48€61S

48€,349

-

.-
ng
-

ordinates (Zone i11)

E 1,444,388
E 1,443,753
E 1,443,840
E 1,444,991
E 1,444 78

£ },444 472

se! was determined using a manned £.5 2 laser
system established at Monument 7 on the

water samgles were collected from mid-denth within the Alcatraz

Dredgced Mater:al Dizposal Site using 2 teflon-lined Go-Flow discrete
sampling water bettle

Again, thark you for giving Se2 Surveyer the opportunity to be of zervice.

Cvﬂcnrn!

)({(Vﬂ ){gﬂum_

S Mack Sullivan

Presicent

A713 Fav ave., Ste 8
La Jolla. €A 9203
(619) 753-3643

A 2646 Palma Dr. Ste. 400
Ventura. CY 93003
{803) 6u4-T722

A.3

A 333 Fiest S,

Benioa. CA %4510

(707) T46-1853

15130 65th Ave ., Ste B-22
Tukwila. WA 98188
{206) 242-5100
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DAILT REPORT
e - Pitcher Drilling Cov, Drilling Contracters

\ ‘JabMNe. _________ Rig MNe. /F ‘L/{’{- o“./c -Cj M 19 \‘/7
FOR ' """""5 jm'ﬂ')-’ Lﬂ.ifuuﬂz— et \T”‘} :

% TO
ele b0 foba. 22 Mw?ny‘L_
. Materials: j
ek, W .
Tubes 16‘" M w-!
Pipe :
Other

| it

Other Expenses

Remarks:

Rig travel ta and from Job Site

Vo 2 B
J A b') "M Hes. X
’ -~ 7 ; —
On Site ? i : Rig Hrs. ? =
- Helper i :1%1 /-/"M‘-'L Total Hrs.
o e )
" Driller 7" ’L/""f\ T J Totel Hrs.

‘
F rom a.m. ta p.m. to

Driller 5‘/ -ﬂ"'lﬂ 'ﬂzﬂ—uc]..m\ el

(Sign here)

Driiling ag direcred. 1t 13 undersreed and .'u-ﬁriur Pitehar Drilling Ca.,
estumes ne liabiliry fer yubsurfece conduite, coblex, siper o Epurfenances.

ATTACEMENT 3~C
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DAILY REPORT
Pitcher Drilling Ca., Drilling Contrecters
e

- - » \_ 'T' = .

- Job Ne. __ na,u..[fﬂ'_o«. la= 22" 2 vy -
: ¥ 4 = 1 g
POR e /Zt_;- Umik Lecation .= - — 74 AR s

_ g FROM To =
/ — . l( 2
Hole 2 . s e
Materials:
Mhneed

Tubes

Pipe

Other / {f‘-‘a')‘l:":;' e J/jﬂ

»\

Other Expenses

Remarks:

Rig travel to and from Job Site - Hes. _>=

':/I.:O / "/-;'_

On Site Rig Hra, >

Help or ! 4 QM Total Hrs.

Deitlar _u”s a 37 % ‘) = '—"\-L aA Taral Hrs.

Prom B0 . e From p.m. ta

Drill-r-_z 4 ""d“"'\ '-")'“ .#MJC“-M ‘\ . :l L
(S:9a here) “~ == (Sign hers) i

Drilling as direcred. It s undersrood end agreed ther Pitchar Brilling Ca.,
asgumes no limbility er supavriece conowirs, cobles, pipes e apourrenences.

A.13
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Batteile Marine Research Laboratory

Chain of Custody Form

Laboratory: AmTest, Inc.
14603 H.E. 87th
Redmond, WA 98053
Contact: John Daily

Analysis Requested:

Analysis Detection Limit {mafkq)
Total Organic Carbon 0.1% -
Total Sulfides 0.1 »-8
Water Soluble Sulfides B.1 .o
+ o C:;Aa-nin

Results reported in wet weight and dry weight

Desired Method: EPA approved methedologies suitable for marine sediments
and which yield the required detection limits,

A/QC: See attached sheets

Date Requested: 15 January or ASAP

{
List of Samples to be Analvzed:
Sample Number Type of Released By/Date Accepted By/Qate

Sample Battelle MRL Amtest, Inc
878435 Sediment StheD 280 '
878436 Sediment Z%D “
878437 Sediment kel Iva ! [218Y

h o

878438 Sediment é;}aéb - W 75
87849 Sediment m : (W f/&/&g
878440 Sediment &lﬁ’?@) - KW 174
878441 " Sediment Sk U ) ‘e fex
878387 Sediment \iv,t,@}z ; JKW '/5”;45'3”

HEEE R 5 L3 -

);f' :‘a&WM E‘}m.;— %ﬁmk«,‘ LY. %i\—%"knm {,\w {:‘a&w’\’i&-

A
Y Tain f, b #h % S CC ké“*‘*{““‘“;“‘z m“’”‘kﬁ"-é éﬂ-aw &:35.-...._ I k\,‘&:‘,
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Battelle Marine Research Laboratory

Chain of Custody Form

taboratory: ARI, Inc,
393 9th Ave N,

Seattie, WA  9B103.5187
Contact: Dave Mitchel}

Analysis Requested:
See Attached Sheets

Results reported in wet weight and dry weight

Resired Method: See Attached Sheets
QAJGL: See Attached Sheets

Date Requested: 15 January or ASAP

List of Samples to be Analyzed:

Sample Number  Type of Released By/Date Accepted By/Date
Sample Battelle MRL AR1, Inc
878435 Sediment S VR MW Jeler 1255
878436 Sediment S L L i
878437 Sediment T Tl
878438 Sediment v ! oy
878439 Sediment JhosR « o, .. mgguwaa

T e T
878440 Sed iment a2 e artiha
878441 Sedinent %M -~ Z...,Wf

878587 Sediment a0 * ’ vy

B.6
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APPERDIX £ Sediment Compositing Notes

Carps of Engineers, San Francisco District - Sample Log-in Sheets

Attached are copies of the original labels for the sediment

collections (pages C.8 - C.10}.

There are two sample numbers on these Jabels: 1)laboratory number and 2)field
number. Samples taken near the Alcatraz Island Dredged Material Disposal

Site.
l.ahoratory Field Sample Sample Depth  Remarks
Number Number Date Type (ft}
878580 WATER 12/30/87 WATER 25 in plastic
878581 AL-1230-A3  12/30/87 SEDIMENT 107 tore depth
878582 AL-1230-84  12/30/87 SEDIMENT 9.25* core depth
878583 AL-1230-A5  12/30/87 SEDIMENT 8.75" ceore depth
B78584 AL-1230-B4  12/30/87 SEDIMERT g.5" core depth
878585 AL-1230-C1  12/30/87 SERIMENT 9.25" core depth
B78588 AL~1230-D3  12/730/87 SEQIMENT 9.758" core depth
Laboratory
Number Further (omments
878580 Water was stored in 5, 5-gallon plastic jugs.
B78581 Dark gray cotor, not black; shell fragments,

silty-sand texture,
§78582 Dark gray calor, silt-clay texture and hard packed

no anaercbic odor.
878583 Dark gray color, silt, some sand and shell debris,

chemical odor.
878584 Dark gray color, silt with sand {less than in 878583},

¢chemical odor.
878585 Dark grey, not black, shell fragments, silty.sand texture.
8785886 Black sediment, very fine texture and compacted.

Texture similar {o soft cheese, bottom of core black,
upper 374" of core dark grey under fine green surface.

C.1



Qakiand Inner Harbor Sampling

Field Summary

Laberatory
Numher

B78435
878436

878437
878438

878439

878440

878441

Figld
Humber

B-6

Date

12721787
12/21/87

12721787
12721787

12721/87

12721787

12/21/87

Sampie
Time

0830
0930

0958
1040

1140

1228

1320

C.2

Core Depth

(f1)

36-39
39-4¢
30-33
33.36
36-39
39-42
38.5-41.5
41.5-44
32-35
35-38
38-41
4] .44
26-29
29-32
3e-35
35438
38-41
41-44
32-35
35-38
i8-41
41-34
32-35

{omments

10 ft off dolphin

between dolphin
and pier

off concrete pier
left of ship, 20
feet off

10 £ off pier

middie of bay

hit sand, tried
3 dif. spots



A1} of these sediments were -mixed in a stainless steel bowl with stainless
steel spoon., Sediment mixed until even color and texture abserved.

This composite is called 878587,

The following quantity of sediment was prepared:

Purpose of Sample Weight in grams {wet}
Metals {1 of 2) 115.8

Metals {2 of 2} 99.07

ARI Sample 382.0

AmTest Sample 412.7
Bivassay Sediments 1460.9
Reference {Archived) 1354.4
Additional Sediment 1480.7

Grain Size Analysis 122.88

The following presents sediment compositing information for the rest of the
Dakland sediment samples,

£.3



COMPOSITE 878435

Laboratory

Number Baq Labe!l Comments

878435 36-39 sand/silt; green clay
35-42 sandier sediment; green grey

Sample Purpgse Sample weight

878435 Metals {1 of 2} 112.74

87843% Metals {2 of 2) 121.87

878435 ARI Sample 306.55

878435 AmTest Sample 314.04

878435 Bioassay Sampie 1120.00

878435 Reference 986.50

878435 Extra | 1004.30

878435 Extra 2 1133.50

878435 Grain Size 98.499

COMPOSITE 878436

Laboratory

Number Bag Label Comments

B78436 30-33 silt/sand, Black-grey
33-36 black silt/sand
36-39 sand/silt black-grey
39-47 fine sand; green grey

Sample Purpose Sample weight

878438 Metals {1 of 2} 142.75

B78436 Metals {2 of 2} 106.55

B7B436 ARI Sample 381.83

878436 AmTest Sample 388.23

878436 Bioassay 1300.90

B78436 Reference 1365.09

B78436 Extra 1 1515.97

B7R436 Grain Size 123.23

€.4



COMPOSITE 878437

Laboratory

Rumber Bag Labe] Compents

878437 38.5.41.5 watery silt with fine sand
41.5-44 gray biack, no odor

Sample Purpose Sample weight

B78437 Metals (1 of 2} 112.13

878437 Metals (2 of 2) 121.06

878437 ARI Sample 365.29

878437 AmTest 349.46

B78437 Bioassay 1318.45

878437 Reference 1261.95

878437 Fxtra t 1286.24

878437 Grain Size 178.65

COMPOSTITE 878438

Laboratory
Number Bag lLabel Comments
878438 32-35 watery silt/sand
35.38 compacted btack silt
38-41 compacted black silt
41-44 fine sand-}ight brown in
color with black streaks
no ador - alil fractions
Sample Purpose Sample weight
878438 Metals {1 of 2} 168.4%
878338 Metals (2 of 2) 165.52
878438 AR Sample 446.74
878438 AmTest Sample 450.03
878438 Bioassay 1572.76
878438 Reference 1551.26
878438 Extra | 1373.12
878438 Extra ¢ 928.47
B78438 Grain Size 306.64

£.&



COMPOSITE 878439

Laboratory
Number Bag Label Comments
878439 26-29 light brown to black silt
29-32 black silt
32-35 black silt
35-38 black silt
38-41 black silt
41-44 black silt
Sample Purpose Sample weight
878439 Metals {1 of 2) 89.73
878439 Metals (2 of 2) 111.93
878439 AR1 Sample 336.89
878439 AmTest Sample 336.33
878439 Bioassay 1002.00
878439 Reference 1083.35
878439 Extra 1 121.45
878439 Extra 2 1057.59
878439 Grain Size 186.66
COMPOSITE 878440
Laboratory
Number Bag Label Comments
878440 32-35 soupy mixture, some coarse
35-38 same soupy mixture
38-41 dry coarse silt
color of sediment is black with
some odor of hydrogen sulfide
Sample Purpose Sample weight
878440 Metals (1 of 2} 119.83
878440 Metals (2 of 2) 107.71
878440 ARI Sample 348.90
878440 AmTest Sample 318.60
878440 B8iocassay 1440.30
878440 Reference 1097 .80
878440 Grain Size 97.82

C.6



COMPOSITE 878441

Laboratory

Rumber Bag Label
878441 32-35

Sample Purpose

878441 Metals {1 of 2)
878441 Metals {2 of 2)
878441 ARI Sample
878441 AmTest

878441 Bicassay
878441 Reference
87844] Grain Size

Compents

Sample waight

120.45
127.85
297.50
340,36
780.34
641,12

98.74

€.7
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Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

Counts
Tragtment Husher fap Difutien ¥craa!  Biustgla  Abrorsal Tatal
Seau-s Bay Vater 1 i NA k| { a1 ’ BS
Seaiu-w Bay Tater 1 7 NA 54 1 kLt 9
Sequin Bay Tater i K § KA 50 p] ar 99
Sus af Repiicates bhvg £ 157 53
Percent of Total 43,11 14t £5 .42 b3 310
Sequin Hay Yater 2 i N 23 H bE 4
Sequrn Hay Fyter 2 % RA o § e 182
Zequ:w Bay fater 2 3 KA 183 i 18 180
Sux of Replicwtes 282 2 38 e
Persent of Total B7.54 0.&2 11 88 300,08
Sequix Sy Rater k] H K& 8 1 24 88
Sequis Hay ¥sier 3 3 R& 8¢ i 1 83
Bequ:e Sy Filare 3 3 XA 4 14 iz 5.3
Sux of Besiicates 187 3 19 414
Pereant of Totgl 74.22 LB 24 &% 198,46
Sequ:s Hay Wuter i 1 NA 183 i 14 178
Sequin Hay Water i 2 N& 143 1 10 188
Sequin Bay Yater 4 3 NA 223 1 1% 243
Sua of Replicates 529 4 43 B8
Pergent of Tobal §1.34 §.89 7. 47 16%.30
Sequin #3y fater 5 i 3 3 3 3 2z s
Sequis Hiy ¥ater £ P ¥A i i 18 ig
Seguis By ¥alsr 5 3 N& § i 3 £
Sum of Nepiicates 1 | ki3 '
Sarcaan of Vavad ¥ 52 Lt 231 13 N
Sequin Say Tater & 1 HA 30 i} 8 KL}
Sequsw Bay ¥atsr ] 2 NA 44 8 14 4
Sequin Hay Yater 5 3 L3 58 b 9 B&
Sum of Hssiicates i3 ? 33 crn
Parcans of Totgd ?%.8% € 12 18 74 g1
Seau:n Uay Fater - Summary
Total Abundarge 1235 23 359 bE-34:
Pprceat of Totai 1839 1.4% 2219 080
Lyarage Abundance 20600 3.83 59 43 Y &7
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Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

ounts
Trestuent Nuaber Rep . Dilytion Norwal Blastula Abngregi Total
Atcatraz Site 1 1 NA 44 1 1 © 48
Roference Yater 2 NA 30 1 11 42
3 A 40 0 4 44
Sun of Replicates 114 2 18 134
Percent of Total 85.907 1.49 13.43 100.00
Alcatraz Site 2 1 NA 9 ] i5 15
Reference Yater 2 NA 1 0 1 H
3 NA 4 0 10 14
Sua of Replicates L3 0 25 k1]
Percent of Total 18 67 0.30 83.31 100.00
Alcatraz Site 3 1 NA 9 1 k) 4
Reference Vater 2 NA 1 0 8 8
3 WA ] 7 1 8
Sus of Replicates t 8 12 20
Percent of Total 0.00 40.00 80.00 180.00
Alcatraz Site
Reference Water - Summary
Total Abundance 119 10 BS 184
Percent of Tota! .13 0.08 D.30 1.00
Average Abundance 5. &7 13 18.33 61.33
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Table 3. Number and percent ¢f larvae within normal, blastula and
abnormal classifications within various testing solutions

Lounts
Tragtasnt Nusbar Rep Jitubion Ngrazt Alastula Abnprax| foby!
Jeguik Say %aler L i 1 103 58 2 ¥ 86
Seauin Bay Sedimmnt 2 .14 1] i 8 133
. 2 11} 148 2 s 88
Sus of Faplicsies 33 3 45 335
Parcunt of Totsd 48 23 1.30 i2.47 148 58
Secuin Biv Yater ) Z i 108 134 0 17 151
Sevuix Bar Sadisent 2 i 139 i ye:d 188
3 % 132 4 2 122
Suk of Replicstes 385 § H a4y
Parcent of Toia! 5730 1.13 11.58 185,08
Saoiin Hay Water & 3 H b 134 112 4 ) 118
Secuis Bay Sediment 2 158 182 b H 183
3 188 1 2 i3 i13
Sus of Repticates 183 5 1 398
Percent of Tobal 3;.47 1.52 8 105%.00
Sunmary of 1008 Dilutien
Sum of Heplivatas 1520 8 138 1222
Percant of Todal L1 1.3 .44 100,80
Average Abuadance ' .08 $.33 43.13 437.33

0.3



Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

counts
Treataent Nymber Rep Ditytion Noreai Slastula Abnorea | Tota!
Sequim Hay Water & 1 i 50 b1 1 1 25
Sequin Bay Sediment 2 54 20 2 4 28
k| 34 43 [ 5 48
Sua of Replicates a7 2 10 39
Percent of Total &7.88 .02 0.10 1.00
Sequis Bay Water } 2 1 50 137 5 4 tia
Saquin Bay Sediment 2 50 142 1 8 151
3 50 132 1l 9 142
Sum of Replicites 411 7 21 434
Percent of Total 93.82 0.02 1.05 1.00
Sequim Bay Water § 3 1 50 128 | 20 146
Sequia Bay Sedisent 2 50 183 1 14 187
3 50 131 L] 8 139
Sus of Replicates 410 1 42 452
Parcant of Tota! 50.71 0.22 9.9 100.08
Sumaary of 50X Dilution
Sum of Replicates 9U8 | 73 990
Percent of Total 91.72 1.0 7.37 100.80
Average Abundance 302.87 3.83 24.33 33D0.00
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Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications withian various testing solutions

Launts
Traztaent, Numher Rep. Dilubion Rorua! Higatyly ibhroreal Yata!
Seguie Bay ¥ater ¥ 1 1 bi: 195 4 2 201
Sequis Bay Sadimant 2 i 143 2 ? 192
3 bE: 2048 g 4 204
Sum of Rupiicstes 873 3 13 597
Parcent of Totad 98 82 im 2.13 158 4t
Saus ik Sy Falar & 2 1 H 1? 5 1 123
Sequis Bay Sadimant 2 it [ 1 5 %
3 i 144 i} i 145
Yua of Bepiicaies kk? ¢ 7 uy
Parcent of Taig! 3.5 1.73 2.02 18,80
Sequie Bay Vater B 3 1 il % 3 14 113
Saguin Say Sediment 2 10 1E 4 3 g
3 14 Te 3 3 84
Sum of Beplivatea P21 3t is 8%
Parcont of Talsd 34.21 3.5 12.28 184,00
Susmzry of 12X Dilution
Sum of Replizates 1182 72 5% 12749
Percent of Total 33,73 1.7 4.48 108,490
Akverags Abundance 184,80 7.33 18,13 4Gg.47

£3
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Table 3. Humber and percent of larvae within normal, blastula and -
abnormal ¢lassifications within various testing solutions

Lagats
Treatzsnt Nusber Koo Dilukion Xormal  Blastuls  Abrorsal Yobs!
hizatrar $:te i 1 180 ils 7 i% 138
Refarancs Fatar & 2 184 ¥4 i 41 82
Sequis Say Sedinent 3 164d 157 9 37 83
Sus of Heplicates 3% i 58 73
Parcent of Taty! w1 i1 18,15 158.0%
Algatrar Site ¢ i 108 % 2 5 21
Rafarencs Yater & ! 138 n 1 H LT
Senuis Hay Sediment 3 134 37 H ? £ 3
Sea of Replicates 45 % ] ¥
Percant of Yatal a7 .83 £ 12 8.28 155,50
ilestrar Site 3 i 183 .11 5 78 148
Refarance Falar b ! 14 % 18 87 14%
Sequik Bay Sedizent 3 188 a3 12 $ S0
Sux of Replicates 188 3 140 343
Parennt of Totid 44 98 1h.28 in.& H o
Sumnary of 128% Dilytion
Suw of Repiicates SR L1 218 853
Ferzent of Total 85.88 § 85 .8 10G.08
Average Abundance 195.33 149.67 72.40 287 .08

0.6



Table 3. RNumber and percent of larvas within normal, plasw%a and
' abnormal classifications within various testing solutions

Zauntsy
Treataent Hywbar Res B tubion Roray! Alastels  dbrgemyl Tgtal
Aleatraz Site 1 H 52 k! 8 b 51
Refurance ¥ater L b $8 n § % 35
Sequin Bay Sedisent 3 5% 1% 3 13 93
Sua of Replicites 148 B 34 388
Fereant of Total 71.78 3. i8 89 i05. 48
Aleatrar Sits 2 H 54 m ) 15 G4
Rferance ¥aitar § € 34 53 ] Fy| a1
Saquis Hay Sedisent 3 50 115 3 58 14
Sux of Raplicates 37 12 g g
Porcent of Totald 87,91 3 d 26.45 100,40
Alzatraz Site 3 i Bl a 2 11 8z
Refarence Yater § 2 50 n & 8 108
Semuiz Bay Sediment 3 L4 E 2 U if 184
Suk of Repiivates e b ? 77 274
Percent of Toiszl §7.5% 2.5%5 % 8% 15%.00
Sumsary af 50% Diledion
Sum of Replicates 8i? pid .4 44z
Percant ot Totu! T8 54 3.11 20.5% 140.08
Average Ahundanca 20587 £ 9 53.87 767 .87

[
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Table 3. -Number.and percenmt of larvae within normal, blastula and’
abnormal classifications within various testing sclutions

Counts
Trantuent Nusbae dap Bilution Norual Hilastuls dbrores! Tatsed
Alcatras Site i i 18 a ] 4 4
Sefarsnce Tater § 2 i g8 3 )] 1
Sequsa Bay Sedisent 3 10 ¢ g 2 b4
Sy of Replicates § b & t
Fercent of Tabal 0.5 §.02 11003 0009
kicatrat Site 2 | 14 83 8 § a8
Beferencs Mater & 2 H)| $ 3 8 14
Sequia Bay Sadizent 3 Hi H 1 $ uz
Sus of Repiicates 158 3 ia rep!
Parcant of Tots! 3238 1.11 £ 84 18g. 00
Aleatrar S:te 3 1 i3 u % i ¥
Reference ¥ater i 2 is o k4 B 38
Sequin PBay Sedinsnt 3 bR 81 2 2 35
Sus f Raplicates 334 4 15 12¢
Parcent of Total 8%.15 118 1.7% 100,08
Suansry of 10X Biivtion
Sus of Reglicates e 1 34 Ll
Parcernt of Yoial B8990 1. 8.9 130,00
Average Abundance 178 .3 11,33 135.33

¥
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Table 3. Number and percent of larvas within normal, t}%&atula ;nd
abnormal classifications within various testing solutions

founty
Trastaant My Rep Btiubion Kormz!  Blastuls  Abreraal fore!
Aleatray Reference 1 3 158 0 i 3 3
Hatwr L A7843% 2 bt 0 0 £ 4
Lediment 3 1% ] 1 4 3
Sus of Replizites g H g 8
Parcant of Yobai 4.4 10.48 - 154,50
hicatray Referance i 1 ) i 8 3 s
Yator § 878435 2 148 H it 11
Seod iment 3 138 6 1 18 11
Sus of Repiicstes L] i i .
Percent of Yoisl ¢.45 3.%7 95.43 184.40
hicatras Rafarence 3 1 145 ] 0 3 o
Yater & 878435 2 igs 4 & . -1
Bedinent 3 i # & H 7
Sus of Runiicstes 0 3 £y i3
Percant of Toisi 5.40 g.0% 100.60 145.0%
Suamery of 100% Bilution
Sus of Heplicates 3 2 43 13}
PFarcent of Total 0.0t 3%z o8 28 104.%0
Average Abundange b.80 §.87 8.5 7.0



Table 3. WNumber and percent of larvas within normal, blastula and
abnormal classifications within various testing solutions

Lounty
Traatuart Musber Rep §:lution Noreai Bigstuls  tbagrua! Tetui
Aicatray Raference 1 b 50 4 ¢ T 2
Wyter & B78435 2 50 g 1 8 [
Sediment 3 50 B i ? #
Sue of Rapi:cates g P4 2 3
Parceny of Yotal §.52 § 15 91.38 158,48
Alcstraz Hafarance 2 H 80 g i it i3
Tstar § B7843% 2 $0 § 1] 7 2 ]
Seadisent 3 50 3 b 5 5
Sum of Replicatas ] H 43 e
Purcant of Tatal 8.08 L 9r.13 W0 .4%
Aizatras Refsrence 3 i 38 g H Y §
ater § 978435 2 s g b 7 H
Sadisent 2 30 § § S §
Sun of Repiicates g i 17 b ¥4
Barcent of Total t.og £ 58 156.98 L0840
Sumsary of SIX Difution
Sum of Replizates ¢ 4 81 a4
Parzent of Total g.0% 4. 7% 98 43 0808
Average Abundince g.08 1.33 Ir.o Q8,48



Table 3. Humber and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

Launts
Trestwent Husber Rep Ditution Roreal Higatuta  Absormal Tatal
Algatrar Reference 1 H i8 L1 2 il 97
Fator & BTS435 Z 18 35 3 3% 128
Smiiwant 3 1% -1 H 15 193
Sus of Qaplicates -3 H 4% 326
Parcent of Total 75 4% Z.1% .17 100 o8
Alestear Retarancs 2 3 ib L1 ¢ e 85
$aher X A7B43E 4 19 ¥ 3 22 %]
Sadizent k| 14 is % ¥i] 7
sux of Repitcates W 8 2% 232
Percant of Tolal 7.2 3.8 3874 10008
Aigztrar Referenca i i i §% 3 24 73
Titer £ 278435 b b iz z 25 3%
Sedinent 3 18 54 ? 4 &1
Sus of Repiicates 185 ¥ 53 280
Parcent of Total .18 2.8 26.15 198,450
Sumazry of 10K Dilybisn
Sum of Repiicates 8% 22 22 L1
Percent of ¥otat 89 58 2.73 27.48 18080
Average Abundarcs ST 7.23 74,33 %3

D12



Table 3. MNumber and percent of larvae within normal, blastula and
abnormal classifications within variocus testing solutions

Lounts
Treatwent Number Rep . Bifution Normal Diastuls  Abnormal Teta!
Alcatrsr Refarencs i 1 180 b 4 2 &
Yater A 878438 ? ing 0 2 # 2
Sedinant 3 188 | 3 [ 11
Sca of Raplivstes 0 ] 1% 9
Parcant of Tetal §.¢0 4T %7 52.5% 194,68
KAicatrzr Hefsrencs 3 b 138 i g4 H H
Nater § 378438 z 14 1 2 b H
Sedisent 3 b1 1 3 4 %
Sus of Replicates 1 5 3 ¢
Percent of Yolal 1118 5E5.58 3 185,48
hicatrez Héference 3 M 157 H $ H 2%
Yater & E7843% K4 i 3 4 ¥ 11
Sedigent k3 168 ] 5 Hrd 17
Suk of Replicates i 18 Fij A8
Percent of Tolal 7.08 158 Bl 4% $06.00
Summary of 180X Didutien
Sun of Replicates 2 n LV 18
Parcent of Tota) .43 2.1} 55,28 1a0.40
Average Abyndance 2 67 14.87 . as %.3

3
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fable 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

Lounts
Trealaent Nusher Yep Bilution Norsal Blastuls ibnorwyl Tobal
Aleatras Referanca i i 56 ] i 4 H
Yater b 878438 2 14 ] 1 g H
Sudinent 3 .3, 0 3 5 8
Sus of Heplicates 8 i 3 L]
Parcant of Total §.63 75.84 75 80 188,48
Algairay Refurance 2 1 £g b 2 i3 3|
Water & §75438 z 5] § 1 2 3
Yadinent 3 38 b 1 3 i
Sum of Aeplicaias ] E 2% m
Pargeant of Total 8.50 16 % ELo S | 185,58
Aizates: Hafarence £ 1 §0 4 4 § g
Water & 8784368 2 Eh 3 5 i ¢
Sedixent 3 4] 1 3 3 7
Sus of Rep!icates 1 12 14 2
Parcent of Yeisi 1m £4.44 51.85 153,30
Suesary of 50X Dilubion
Sur of Reslicates i ia 44 83
Pereent of Total 1.5 28.37 £9.84 108,60
Average Abundance 1.8 .08 14,87 2360



Table 3. Humber and percent of larvae within normal, blastula-and
abnormal classifications within various testing solutions

Launts
Treataent Nunbee fep 2ilution Norwa!  Blaztuls  Abmerws! Tota|
featraz Refarance I 1 M it ki & 1%
Tater A 378438 s ) 18 g § 23
Sed i went; 3 10 43 3 pad 5]
Sum of Hepiicates 73 s k2] 11
Parcant of Tolal 831 98 5.41 3.3 A50.0%
Aicalrzz Raferance z i 10 £z g ¥ &5
Yatar & 572435 P 14 E 3 # 8
Sadizeni 3 1% 78 3 £ 3
Sum of Replicates 189 ¢ i% 0ne
Parcent of Tota! g5.ut 2.88 1.1+ 188,30
Aicatrar Relfsrsnge 3 i ig 2% § i7 L
Yater & EVH238 2 15 48 4 3 58
Sedinent 2 ig 45 2 1n 83
Suw ot Reslicates 120 $ i 187
Pareant of Telal 71 88 3.59 B 1520.48
Sumwary of 10% Dilubion
Sum of Replicates k-] 18 40 484
Percent. of Total T1.87 2.69 18,44 160.00
Average Abundance 128 .87 600 . 162.87

13
—
4



Table 3. HNumber and percent of larvae within normal, blastula and
abnormal classifications within various testiag solulions

Lounts
Trestwsnt Wuaber Rep Biluticn #ores! Blastyls  Abmgrsa! Total
hleatraz Referenca 1 1 158 ? 3 17 b
Tatar b 78437 2 198 L i L ¥
Sedinent 3 186 1 1 1 3
Sum of Rwoplicates ] 3 2 §
Parcant of Total 2182 13,51 5438 2.0
Alcsbiraz Refarance 2 i bt:3) 4 § 3 5
Tater § 37247 2 18 3 1 i b4
Sad iment 3 i3 4 ] 2 2
Sum of Replicatas 4 1 B 9
Parcent of Totyi h.00 1111 HE. B9 190,00
Alzatraz Anferance 3 1 108 1 4 L ik
¥ater k 37BASY ? 108 2 5 3 .
Sed inent, 3 {1 3 b 18 1
Bue of Hapiioates z iB 19 31
Percant of Tatal §.45 2.8 81.2% 188,68
Summzry of 150% Ditudien
Sus of Repiicates 10 18 51 m"
Percent of Totai 2.9 .18 88.23 100.00
Kverage Abundance 3.3 §.13 17.20 25.87



Table 3. Number and percent pf larvae within normal, blastula and
abnormal classifications within various testing solutions

Lounts
Tredtasnt Bunber Rep, Rilubion Nermal  Biastuls  Abngread Tota:
Ateatraz Rafurance 1 1 50 0 1 3 4
Ratar L BY437 2 LY. g b4 3 L4
Sad izant 3 H 3 M 9 b4
Sum of Repiicaies ¢ 4 i8 13
Parooni of Total ¢.5% 3188 78 .85 148 40
iAiostrar Hefersnce 2 1 L3 g i 1 i
¥ater § BVH4XY 2 & § i 1 b
Sadisent 3 s & ¥ 1 1
Sun of Replicates [ L] 3 3
Percent of Total 0.0% 0.408 100 .30 100. 88
Aicatraz Pafsrencs 3 } 38 B i 8 £
Tatar & A7H437 Z 3% g g b4 b
Sedinent | B 3 H 3 3
Sux of Replizites 2 4 % 14
Parcend of Totai §.88 25 57 7i.43 104.40
Sumwsry of 508 Dilution
Sum of Replicates ] 4 b s
Pereant, of Totasd g.80 h.e2 0.78 1.08
Average Abyndanca g.%0 2.87 §.32 12.0%



Table 3. MHumber and percent of larvae within normal, Bblastula and
abnormal classifications within various festing solutions

Lounty
Tenainant, Hupher Rep . Jilutien Narsa!  Rlyseniy  Abnorwal Tova!
Alcatrat Rafersnze H H ik 4 | 4 97
Yster & 878437 Z ig a3 g 3 '}
Ledizant 3 13 &t 1 il -]
Sus of Replinates b | i 23 Vi
Pereant of Totai §3.48 848 §.13 186,40
Aleatrar Refsrence i 1 i3} § 1 : 3
¥atsr b 278437 2 i% % ] -4 8
Sedinsnt 3 JR: ] @ 8 i
Sum of Hepiizates 2 1 8 i1
Parcent, of YTota! 18 18 ¢. 489 T2.73 188,18
Aicatryz Hefersnce 3 1 : 22 1 3 %
Pater & BI8AQT 2 1B 18 0 3 2
Rodisent 3 ig 18 8 H 17
Sum of Replicates 5 i H ar
Parcent of Totatl &3 58 1.4% 14.93 g0
Soansry of 108 Bilution
Sum of Replicates Bs 3 4} 330
Percent of Totai 85,47 231 12.42 10640
Avarags Abundanee 96.33 1,98 13.87 110.00

J.17



Table 3, MNumber and percent of larvae within normal, blastula snd
abrormal classifications within various testing solutions

ety
Trastomnt Xuabar Rep. Bilution Boras! Bl f o dite o H Tota!
Kleztruz Refacence i 1 it4 H [ 12 on
Yaler & B78252 1 i L] 4 $ 13
Sedimant _ 3 bt (] 4 1% 18
Ea of Raplicates b 18 0 <]
Parcent of Totsi 3.4 1”0 & .00 185,80
Alcatras Helarence : i il i 1 ¢ 17
Fetar & 478458 2 ik ¥ 14 i)
Sot twant 3 138 [ % s 12
Yo of Beplicatm 4 34 1% 5]
Parcant of Total 5 &% . 158,08
Alcatrsz Referance b4 1 i § 2 i 3
Tater & 378438 2 {48 § 2 ] 18
Snd inent 3 i ] i i 15
Sun of Replicates 8 5 1% 24
Parcent of Titse! g.08 033 mnar 4.0
Scmenry of 1008 Dildion
Som of Heplicates i 35 ¥ 1m
Pureant of Tobai LR | 44 77 23 3 4 18059
Averspe Abundancs [ ®} ] it nx 41.0

D.18



Table 3, MNumber and percent of larvae within normal, blastula and
abnormal classifications within variocus testing solutions

founts
Trastaent Nusber Bap. Biiytion Norsat  Blastuls  Mnermal Total
Alestrax Rafarence 1 1 58 8 8 1 1
Tatar b ST0AS8 2 58 ? 1 4 $
Sed inant 3 50 | ¢ 2 ]
Sus of Replicatas 3 i 7 &
Percent of Yalal §.28 8.47 1.17 4
Aicgirax Refarsnce 2 i £ 4 ] 4 ? ?
Ratur L 576438 ? 52 8 b 7 3¢ |
Sedisant 3 EB ] b 12 i3
Suw of Replicatss |} 4 P b
Parcent of Totsl 0. o8 .13 §.87 1.0
sleatras Referecs 3 1 52 [ ; 2 3 [
Satar § $75432 2 52 % - 1 4
Sedisent 3 § ] | F 4
Som of Replicatas 3 2 ] it
Porcart of Tolui 8.88 g8 §.88 1.6%
Sumary of H0X Dilukions
Sun of licatas o 1 41 48
Parcent of Tobal it.0n 15.22 %.12 100,00
Averape Jbyrdance g.00 2.3% 1.8 15.33

0.18



Table 3. . Mumber and percent of larvae within normal, blastuia and -
abnormal classifications within various testing solutions

County
Trastasnt Kuaber Rep Ditutien Noerspl  Blastuis  Abnoraxl Yotal
Alczbrax Ssfxrance i 1 i 2 1 £ 5
Tatar § S784%8 ] 18 L | i 1
Sudinent 3 it 4 g & 8
Sum of Replicastes ¢ 1 1 12
Percant of Yoty t.48 L. ] $1.47 159 48
Ajcatrss Baleraince 2 1 1% £ 9 3% 22
Yatar & 878438 2 it 1] i ik 55
Sedinent 3 it 16 1 8 2
Sus of Repd icatan 147 2 31 356
Parcent of Total .88 1.2 3.0 28 (-
Alcatra: Bafzrunce 3 1 14 i | is 1t
Vatar & £78438 2 18 1 1 ¢ 3 i
Sediment .} it % ¢ 1% 16
Scu of Replicaimn 2 F4 i 63
Percent of Toks! % 74 - 3 7 0246 $165.90
Sumnary af 10K Qiletion
Sun of Repiicates 10 [ 11} 15
Purcant of Tolal 48, 44 in 4 .53 . e
Average Abusdsnce .3 1.87 st 76.00

.20



Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing sclutions

gwnt.a
Traataant Aumbar Rap. Dilution Sersy}  Plaatels  Abnormyd Iatal
Alcatraz Refarancy b 1 138 ] 2 4 4
Tater & OTSASS 3 148 | 2 ] ]
Sodinent x 10t ] 2 Y 9
Son of Haplicates 8 1.3 M
Percent of Totali 1N " 57 7i.48 100.49¢
Aicatrsz Rafwrencs 2 i 14 A ] i£
Paker | 2704 b H 3 & 4 it
Sadinend 3 3] ' 4 i 15
Sun of Repliicatas i e o+ i 4
Parcent of Todka! 3.0 £8.53 k3. 49 gt o
Aeatras Rafarance 3 i i il i if
Eatar § 878108 2 18 ] 3 3 4
Sedisent | 16 ] £ 4 it
Sve of Replicates k4 i k1
Purrent of Tols) (R ] 84 52 ®a 100. 08
Sasmary of 100% Bibudion
Sum of Replicates ¥ . L 9%
Purcest of Total 5.6 3.4 Bi.5& 1640
Aversge Asurdance m 15,33 18,38 .87

.21



‘Table 3. Number and percent of larvae within normal, blastula and
- abnormal classifications within various testing solutions

Lounty
Traatawnt Raaber Rep i |yl ion Borani  Blastula  Abrormal JETH
Aleetrsz Reforenca 1 1 50 : s 1 4
Tatar & AT8439 2 10 ] 1 3 A
Sedinant A I 11 8 | 5 6
Sum of Repliicatas 3 - $ iz
Porcent of Tobal 8.48 2%.00 75.58 ist.8g
klcstraz Refersnce 2 i Bt & 3 4 ¥
Yaiar & AY7RANG z LY} ] 2 2 L
Sadizent : | 50 1 t 3 : |
Sus of Reglicatas ) § ? 14
Parcent of Tetal 1.00 mwn .29 160,96
Aleatrar Referenca | 1 2 4 ] 2 4
Fater L 784N 2 5t | ] 2 4
Sedinant _ 3 8t 2 $ 2 8
Som of Raplicates 3 % 18 i8
Parcoent of Tobal .0 §.4 18698 18 48
Sumanry of S0% Dilution
Sum of Replicates 0 ] 28 n
Parcent of Total 0.04 0.2 17.78 180.00
Avorage Abondance 0.20 i . 12.60

B.22



Table 3. MNumber and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

Counts
Treatasnt Mumber Rep. Dilution Normal  Blastula  Abnormal Total
Alcatraz Raferencs 1 1 1 [ i 3 4
Tatar & 78409 2 10 ] e F 2
Sedinent 3 1 0 ] 1 1
Sum of Replicatas e 1 8 T
Percant of Totali .00 14.9 5.7 100.00
Alcatraz Refersnce 2 1 10 8 2 0 2
Tetar b 878400 2 17 ] 2 ] 11
Sediment 3 1t [ ] F 3 5
Syn of Replicatas [ ] 8 12 18
Percent of Total 0.00 nn 8887 100.00
Alcatraz Reference 3 1 11 8 7 7
Tatar & 878439 2 10 [ & 7 7
Sedinent 3 10 ] [ ] 3 3
Sus of Replicataes [ 1 17 17
Percent of Total 0.00 e.on 188.00 109.00
Sussary of 10X Dilution
Sum of Replicates 0 ? k1] 42
Parcent of Total 0.00 18.87 83.33 100.00
Avarage Abundance 0.0 % ) 11.87 1400

D.23



Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

Lounty
Trastuest Nusber Rep. Bilution Norma!  Eiastuls  Abnoraal Totsel
Alcatraz Raference 1 i 164 a 4 a %
Water & B78440 2 168 | ? 8 iz
Sedinent 1 168, 3 4 4 Y
Sus of Repiicstes g il L4 i%
Prrcent of Totsl .48 o4 75.58 108.3%
Alestrar Refarenis 3 i 15 8 4 2 &
Fater & £78440 2 180 1 | 5 13
Sedinent - 136 ] b -] H
Sum of Replicates | 13 13 p:.]
Parcant of Tokal 8.0t 50 00 £§8.00 100.9¢
Alcabraz Reterence 3 1 [ H - i} bl
Tater L 478448 2 iss 3 8 7 is
Sedinent 3 j$:: 3 1% 3 p1
Sux of Replicates ¢ 1 B 5
Farcend of Yotsl §.8¢ . 41.97 188,58
Sunngry of 105K Oilution
Sum of Replicstas 1 Y 79 iR
Purcant of Tatal 9.5 .8 55,12 100.88
Argeage Abundance i Ba 2.1 43,33

D.24



Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

Counts
Treatasnt Musbar  Rep. Dilytion  Morsal  Blastula  Abnormal Total
Alcatraz Reference 1 1 1} | 8 ? 1
Watar b 878440 2 50 1 ] 3 3
Sedivent 3 1] 1 [ ] 8 [
Sus of Replicates 9 ] 11 1
Parcent of Total N 5.08 1.00 1.00
Alcatraz Refersnce 2 1 71} 0 | 3 3
Tatar b 878440 2 50 q [ 7 7
Sediaent 3 &0 0 ] 4 4
Sus of Replicates 0 0 14 14
Parcent of Total §.100 a.00 1.00 1.40
Alcatrez Referanca 3 1 50 8 0 8 2
Watar k 078440 2 50 0 1 4 16
Sedimant 3 50 [ ] 3 10 13
Sva of Replicates ’ 4 b1 u
Percent of Total 5.08 0.12 6.a8 1.00
Suanary of 50% Dilution
Sum of Replicates 50 [ ] 4 43 59
Parcent of Tota! 500 8.7 n.2 100.80
Aversge Abundance .00 1.1 10.13 19.87

D.25



Yable 3. Number and percent of larvae within normal, blastula and -
abnormal classifications within various testing solutions

Lounty
Trestasnt Nysbar Rap_ Plgtion formsi  Bisstuls  Abrocsal Total
Alcatraz Rafurance 1 1 14 a1 B 16 o™
Tatar 4 378440 b4 e a3 ¢ b4 | o
St i naind, 3 ig 1 | i - ¥
Sus of Sapiicstes ur ¢ ir oW
Barcant of Todad Mn 5.4 18 99 185.08
Aicatrez Reference 2 1 18 L 3 & 23 k 3
Tatar § BTRI4D 2 13 3 2 M -4
Sud i nent 3 ig § ¢ § i3
Sun of Replicates U 4 k2 n
PFercent of Total 20.78 n.60 AN ) 8. 09
Alcatexr Ruferance 3 1 is 47 g a1 a8
Tater § 38845 z 16 AL 3 2 58
S it 3 i2 47 § 23 14
Sum of Sepiicstas 1 ] ¥ . 268
Parcent of Toba! 7.9 . 2.4 185.62
Sumssry of i0% Dilytion
Sum of Replicatss 408 ¢ 165 LT3}
Parcant of Tabal 71.1t 6.00 8.9 .9
Avarage Abundsnce 136 32 080 £5.30 .8



Yable 3. HNumber and percent of larvae within normal, blastula and
abnormal classifications within variocus testing solutions

Sunia
Treatonnt Naber  fep.  Dilvbion  Merwsl  Bluaivls  Beorma) Iotel
Aleatrasz Relarence 1 1 148 | 2 ? L j
tater & £78441 2 18 ] 4 & i
. Sedinant | i ] 1 4 3
Sua of Beplicates ] H 17 k24
Percant of Tedai i .17 710,88 8 08
Alcatraz Referance % 1 i ] 4 ¢ it
Yeter & 318441 2 i ] i 8 7
Sedimant. 3 3% 1 ] | 1 11
Lua of Raplicates ] ] Fed F ]
Parcunt of Total 3.0 .48 18_67 .08
Alesirry dafurence 3} 1 i ] ] ¥
Vater § $70441 2 1% ] 3 ? 18
Sadinens 3 18 ] | 3 8
Sus of Reeiicstes ] 9 1] "
Percent of Tutal 808 L% &4 00 W
Sussary 57 100X Dilulion
; Sam of Raplizates ] n 43 7
i Percant of Todal 8.0t .57 7i.48 160,00
Averspe Sbumisnce 8.0 7.3 1523 %8

0.27



Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

Counts
Trestaent Nusber Rep. Dilytion Norwal  flastula  Abnorwai Total
Alcatraz Refarence 1 1 50 0 ] 0 0
Yater & A7B441 2 141] 0 [ 1 1
Sedinent 3 50 ] 1 3 4
Sun of Replicates ' 1 4 5
Parcent of Total 0.00 20.00 80.00 100.00
Alcatraz Reference 1 1 50 Q 1 7 a
Tater & 870441 2 58 ] 2 7 9
Sadiment 3 50 & 0 12 12
Sus of Replicates [ ] 3 » N
Percent of Total 2.00 10.54 89.58 100.00
Alcatraz Raference k| 1 50 | ? 3 §
Tater & B7B44L 2 &0 0 ? 1 7
Sediaent L 50 ] 1 3 4
Sua of Replicatas § § u 18
Percant of Total 1.0 1.2 875 100.00
Suamary of EO¥ Dilution
Sus of Replicatas b ] 41 60
Percent of Total 0.00 18.00 82.00 100.00
Average Abundance a.a0 3.00 13.87 18.87

D.28



Table 3., Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

{ounta
Trestaant. ber Rep . Bilution Nore! Bisatuls  ibnormal Istal
Aleatray Raference 1 1 ¥} §i 4 1% T
Water & 378441 2 ig » 2 id 52
Sadiwent ] 18 n | is £8
Som of Repiicates i1t $3 4 52 i
Parcant of Totatl .8 4,43 ».n 158,089
Alestraz Safarance 4 1 18 12 2 4 e
Untor X 378441 2 is 11 2 n
S imant | is n 4 iy 41
Sum of Raplicstes &7 ] n e
Percent of Toba! .8 .78 2.9 106,08
Afcalras &sfarence 3 11 is 3 ] A §
Yater & 818441 2 id -5 0 ? 7
Sedinent 1 is ¥ [ Y ¥
Sus of Replicaten 1 ¢ n b4 )
Pareant of Jats! 4.38 .48 95,88 158,08
Summsry of 10X Diiution
Sum of Replicates 18 " 15 Jo2
Parcant of Tutal b8.18 #.13 .88 108,00
Avarsgo Busdance §3.00 1.4 ne §4.33

b.2%



Table 3. Number and percent of larvae within normal, blastula and
abnormal classifications within various testing solutions

nts
Yrastaent Nusber Rap. Bilution Hores!  Blasiulfs  Abnores! Tots!
Alestraz Asfaranca 1 1 in0g ] i 2 3
Satar b ST658Y 1 162 ' 7 1 ]
Sedinent ] 168 Fd & 3 %
Sk of Replicries 2 L] & 3
Parcent of Total 12.43 583 57.53 10389
Alestrax Ralarancs Z i i0g - i . | 4
Satar § ST0LSY i 103 ] 2 2 4
Sadimant X 184 g 1 3 4
Suw of Replicates ] 4 ] 12
Parcent of Total g.00 nu o887 100.00
Algatrer Refersscs 3 1 1% 3 & 5 12
Yatar k SY858Y F 150 1 3 2 5
Sudinent 3 i5e 3 ¢ 2 3
S of Raplicatas $ 1 ig %
Parvant of Tobad Ly .4 43,04 180,38
Suwmary of L0U% Diiution
Sun of Haplicates Fd 14 H 8
Percent of Total L¥ .9 4£5.28 100,40
Ararage Abundance §.87 2.8 8.3 17.82

B.30



Table 3. MNumber and percent of larvae within normal, blastula and
abnormal classifications within varicus testing solutions

Loynts
Traataent, Rusber fep. Dilutiga Norwal  Blastyls  Abnorws! Total
Alextraz Redereniy 1 1 43 ] § i 1
Tatar L N7RERY 4 £ ] 4 1 &
Sodinant 3 [ ] $ L i 3
S of Replicates B ] b ¢
Percant of Total .04 & 8 5.8 iw.n
Aicadraz Sefarence 4 1 [ B 1 3 4
Yutar L S7558T 2 5t & 1 2 3
Sedinent 3 ke ] $ 1 1
Sum of Raplicates 2 2 4 8
Paremt »¥ Total 6.0 25,30 75,48 100.40
Alcasraz Ruference 3 1 50 8 i 4 3
Tater § 78367 2 M ] 2 i 3
Sadinent 3 58 ¥ i i 2
Sum of Raplicates g ¥ [ b3 |
Parcent of Tobal (X ] §1.66 458,18 10480
Suswary of 80% Difution
Sum of Raplicatss ] 1% 15 3
Parcunt of Tatal $.00 50.92 50. 08 b1 3]
Avarage Abundsnce s.8 5.08 5.5 18.38

0.31



Table 3. Number and percent of larvae within norwal, blastula and
abnormal classifications within various testing solutions

Counta
Treataent Nuaber Rep. Dilution Norsal  Blastuls  Abnorme! Tots |
Alcatraz Reference 1 1 1 82 4 " L] )
VYatar § 870547 2 11 tor 5 2 114
Sadisent 3 b | [ ¢ 4 7 L]
Sua of Replicatas wm 13 69
Percent of Totsl 8810 5.2 3.08 100.00
Alcatraz Refarence 2 1 1 181 7 8 178
Tatar § 8T8E8T 2 10 103 ] b1 | 208
Sedisent ] 10 1rr ) 3 188
Sua of Replicates (1)} 13 2 570
Percent of Total 93.168 3.18 3.08 100.40
Alcstrax Reference 3 1 1B 4 3 1 58
Tater § O78587 2 )t | 101 4 4 189
Sadinent 3 14 T4 Q 5 ha
Sua of Replicates v s] H 10 248
Percant of Total B[N 2.8 4.97 100.06
Susaary of 108 Dilution
Sus of Replicatas 903 L ] 54 1076
Percent of Total 1.4 3.53 5.02 100.40
Average Abundance 327.87 12.87 18.00 358.123

D.32



COE - ten Francises

Bioassay Water Quality Dala Bage 1
Date of Jbgervation Rl S 4% Pyae 1
Time of Dhsrrvation O™ s - e T GRLNO
IMserver I iaduad
Treatment  Bilation  Jar Xo. salinity &4, pk
{x} {afon) w713
478435 15 | 2L e ENTY % Wt
818438 106 - _ﬁ‘n 1. i, B ni
§78435 100 Iy v Ao Ty hh
RIB4A3S S0 i A G g P
PIB4IS %0 - . e 10 T3t
878435 30 v T T -
8Jg415 18 | 5. e Aot Lo
B8435 it r L ir.e % A os
815438 10 3 Ty CT e
313434 1080 1 Tk . i %4y
{18438 1% 2 o s N : L]
Bi84%8 100 3 g EE:) Y
g;g% ﬁ é':, Ko LY S Yo
36 Tekam ‘;“gu h ﬁ‘}:
8Y8431s 86 i~ At o B LT
2TBA36 i i~ Ei . L T AR
B7B436 it 2w T R LT A
378436 10 1« e %15 -y
sreen; 100 1 L @ L9 g
sraay? 100 - B 3.y X
818437 100 v 1Ly L. a% R N
Biga3? 50 1 k. o Ly %Lt
878437 % 2v ir.c Y LNy
' RIBAY7 % I o i ILY [N
U io - X 3
8 - L .. L #
g184YY 18 3w p e o 4
£rpA3s 100 1~ % 4w LT - T
B¥5438 100 r 4 ol ., RIS LT
Bigd3E 1 3~ L e ® oy
878438 50 i T - e, 4 S
argesa % 2w X R [Ty
878438 5% 3w i - € MK - .
878438 i 3 [ R Fom i
£78438 g 2 L. . Y
S48 10 3~ . b 1.8% -
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Date of Qbservation W e B

Z

dlgimin
,}"v"';

slolol Loabrbobe llal

AT L

Time of Observation - Ve
Qbterver T aianrds
Traateent  Dilution  lar %o. talinity
[t} {ofoe}
#7843 190 3o
$7839 100 i =
¥ 3
878438 5 1 - . -
82843% » 2w < .
BI343% % I o
BI5A%5 i 1 L s
BI843% B 2w Ti..
278439 3+ 3 A 5
PIRAAG 106 {~ T,
1840 106 2~ e
70440 185 3~ - u
818480 5 1~ g -
A79440 50 2z e
878440 5 3 - .
878440 10 1v -
B8R40 i b2 -
AT8440 10 3w =i o
Bgad) 100 1- o
B78A41 100 2+ ~7. 0
878441 100 3o 1o
a7344% 5 1~ i o
278441 » i Lr.a
araas; 50 I iR
413441 & | 1. G
818441 16 F [
87844} 10 ke Tv..
A7EsE) e o] for e«
grpaE? NG z - 3w
818582 0 3~ S 5
BIBKET % e P
BIBSEY 5% 2~ 26—
£28587 % 3 5.
BIRtEY 10 1w 3aae
Br8887 il 2~ e
grasay id 3 i >
Reference K20 - 1+~ s O
Reference H20 - 2 i
Reference H20 —-— 3 .
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COE - %San Francisco

Bivsssdy Water Juality Dala Page 1
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88 - San Francines
Sipassay Yeter Oualily Data Fage {

Date of Toservation _ %% e~ Y P il

Time of Ohservation R .
Obsersar __.\m}_}_‘?_ Dt £350vw

Treatment Dilgtion Jar Ko, Lalinity B4, pit
L1 {ofo0) (/1)
B78435 106 i Bl W . av % i
78438 100 2
878438 100 3
&7843% 50 1
§78435 [1:] e s v R .
§raads 50 3
878415 ig 1
B7843% 0 2 N O . R RS
278435 15 3
e LE ) 100 i F‘
878436 100 2 oty et s L1
818438 100 i
izl 56 X
18436 50 ?
378436 0 k] v o PR A
278436 g 1
878436 19 2
B18436 H 3 %l o R - o
B13437 100 i K s . k. TRe
B18427 100 o
78437 100 3
I
4] 56 & Ly LS
278437 b3 3
878437 i 1
BIR&37 R 2 24 o 7 5.e - .
B7B437 n 3
grgae 100 1
218438 10 2 75 @ ~ s ¥ . 4w
#7418 105 3
B784MR o3 1
878438 b4 3 2 v L4 L
878438 b2¢] 3
878438 0 i
475438 i 2
Biasis 10 E S = ey -
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{0E = Sam Framcigco
RBicassay Water Quality Data

Date of Thiervation

Time of Ghiervation

Ohserver
Treatmaent

£78439
g878439
875435
4)843%
#3439
&78439
8784319
B7843%
#78439

B78440
876445
$76440
878440
BI8440
A76440
18440
878440
874440

278441
87844}
878841
876443
478441
878441
87844}
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TARLE £. Bulk Sediment Analysis Results in Wet Weight, Incleding Detection Limits

where Concentration was at or Below Detection

irpa

Batteila 1 Nuaber

Stabion
Compound it

Phens! ugfig (vet}
his(i-Chiaroathyl)Ebher ugfky (wet)
2-Lhisrophens! ugfhg {wet)
1,3-Bighigrobenzonn ugikg {wat}
1,4-Dicklorohentans aglhy {wet)
Benzy} Alcohel ugfig {wet}
1,2-Dickiorobenzans ugfig (wet)
2-Uaihy tphanc! ugfhg {wet]
bis{I-chisraisopropyiifther ugfkg (wet}
s-Uathytphano! egfkg (wet)
H-Nivroso-Di-n-Propyissine  ugfig (wet}
Hexschioronthine vglkg [wet)
Hitrobenzens upfig {wel}
Isephorons ugfky {wet)
2Kt bropheno! wgikg {vet)
2,4-Dinsthy iphunc! upfig (vet}
Banzoic Acid uptkg {wet)
bis{2-Chloresthony)tathans  wg/ig (et
2. 4-Dichisrephencl ugfkg (wek}
1,2,4~¥richiorobenzsns ugfky (vet)
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TABLE . Bulk Sediment Analysis Results in Wet Weight, Including Detection Limits

where Concentration was at or Below Detection

Arex

Battelle Id Nunber

Stabion
Congound tnits

dxphihg |l ena ugiky {wet)
4-Lhlurpanilina wgikg {wet)
Hezachinrohutadiane uglig {wei}
4uCh|oro--Methy Iphanoi upikg {wed}
d-Mathy inephshatens ugfkg {wet)
Hexschisrocyc |lupentadinns ugfg {wok)
2,4 8- Trichiorophsnsi ugfig [wad}
2,4, b~Trichiorophenat sgikg {wat)
2-Chlaronsphthalens vgfig (met)
2-Ritromniline ugikg {wet}
Oimathy | Fhikalals ugikg fwat)
Acersgphihy ane ugfig {wet)
3-Ritrownil ine ugikg fwet)
Acsnaphihens ugfky {wal}
2,4-Rinitrophanat wgiky {wet)
A rophano} ugikg fent)
Sidenzofyrsn uglieg {vei}
f.4-Dinidrotoivene wgfkg (wal)
2,8-Uinitrotoiywne ugfhg (wot)
Diethyipithalats ugfky {wet}
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TABLE E. Bulk Sediment Analysis Results in Wet Weight, Including Detection Limits

where Concentration was at or Relow Detection

Arss

Battelle 14 Wuaber

Station
Loapound Units

i-Chiorophanai-phenylethar  ufkg {web)
Fluvrans wg/hg fwek}
4-Nitronniiing ogthy (wet}
4, 9-Dinotro-2-Methy lghenol w3 fky [t}
¥ Airoacdiphenyisnine{l} ugihg fest}
4 -Bronophany f-ahany [ather ky/tkg (wat)
Hexachiorchanzans ugfng {wot}
Paatuchlorophens! ugflg {wed)
Pheasathrane ug/kg {wet}
Anthracens ugtky (wat)
Di-s-Bulyiphibaiste ugfhy {wet)
Fiucranthenn ugfiig {watd
Pyrans ugfeg (wet)}
RutyTbamxy Iphthsiate ugfkg {wel)
3,% .Dichlorobentidine ugiky {wet}
Benzs{siAnthracena /iy fwet)
bis{2-ExhythexyiiPhihalate  ugfkg {wet)
{hrysone Mpfkg feei}
Gi-n-Gcty! Phithalats wpfkg (mei}
Benzo (B)F lusranthensy and
Benza{k)Fiusraathens uglhy {wet)
Benza{a}Pyrene ugficy (et}
Inderef},2,3-cd)Pyrane ugiky (wet)
Dibang (s, kiAnthracean upfig {wet}
fieazo{ghi)Peryiens upikg (wed}

kleatrsz Szhaityor Yodd Shipysrd
STAEBT  AYSESY  BTAGNT OS85  RIB4NS  NTBANA  G7BAN7  BYASSR  ATB43Y  BVBANS 878448 ATMAAD  BVE44L
A A2 A3 $1w 31 $2 53 T 58 5h T8 17s 7k
FIRY 7Y T u 77y D IMEU 1MUY Y MIU 1SU BV 13U o
Wy R (N TR Y M IME WU 14U 19N 1eN  wE U x
$$U 80y sy AU N3 MU BERU  ASMU  ATEU  MIY  SEE U S U WD
1Y U 1Y 1M NC  S28U BEMU  SIsU ssSU  SEEU 83U s8R U D
TR TR ¥ $2U MU ND MU 3 U AU AMU NV MU My ap
24 Hy o ny TR MO 120U I2BU 1MV MU 12U 14U kY %
wY BV 12y¥ Ny W MY MU MU 178U MU 164U 14U WO
272U a“n MO 24U ND 2L 125U 1268 1MU  IBU 128Y AU KD
AN BrM 1M 14 ] ne 234 178 $5¢ 1006 104 208 »
LRY 17U Ty 54 XM UM MU MY MK IEW W Sau N
71 %y ny 25 #e) W 1 140U 14U 1500 48y He N(d) 37w *0
13 14t 189 278 Y s s1e PE NN 1108 137 IRy, B A
238 A ® 878 0 106 7588 1888 33 M W 1108 0
BEU AU My 48 d D BB N ATBU  SM U MU Y MEU M U o
ML WU wU 58 U KD 1SEY LSSV 15U 18O U 1M U 184U 1w U [}
56 8 o 150 A YN e 258 1386 o 1566 a9 ¥
1388 i1 i 250 ¥ a4 AU it i 1N a5 E3) NG
17 12 ¢ 120 288 ND £ 0 U 43¢ 1. (P I B! 66 U &
Ay s1u 81U MY X U SHU ANEV 138U MIU O HBU 0 MU ¥
1374 T | 2 a8 o 1784 1208 1588 2648 2i88 4549 1264 A
1IN MsE 1op M s N U ] sas 874 1508 1768 M 068 %0
s6u TN 1 290 ¥ s ez A3 188 sie8 158 156 U X0
S50 saU 3V My O U WU My eU 18U el 188U ND
HEN  i6R¥ AN 268 ) B2 90 4SE K 1oee 1288 1408 0N ¥



bod

TABLE E.

Bulk Sediment Analysis Results in Wet Weight, Including Detection Limits

where Concentration was at or Below Detection

Ares
Battailn Id Nusber
Station

Conpound ity
Alpha B uglkg (wet}
Suta- S vafkg {wat}
Daits-8 ugfkg {met}
Sanua-BHC {Lindane) ugleg (et}
Heptuchior wifky (wet}
Aldrin wafhy {wet
Hapbachlor Epaxide ugfkg (wot)
Endomultan 1 ugfkp (wet)
Dieldrin ugfky (wet)
4,400 ugfky (wt]
Endein ugfky (wed}
Endosuifsn 11 wplhg {wet)
447000 wpfeg {wek]
Endosuifan Sulfsta kg {wet}
§,4°-007 ugfkg (wai}
Mathoxychinr ugfky (wet)
Endein Ketone ug/kg {wet)
Chlardyne uglky (wet)
Toxaphens vifkg (wet)
ArocEor-3815 ufhg (wst)
hroclor 1747 uglkg {wai}
Aroclor.31248 ugiky [wet]
Aroctor 1254 uglky {wet} -

Aroclor- 1368

ugfkg (et}
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TABLE E.

hren

BEattnlie Id Ronbor

Bulk Sediment Analysis Results in Wet Weight, Including Detection Limits
where {oncentration was at or Below Detection

Station
Conpound ek

Antimany ugfp fwst}
Arssniv vofg {wet}
Cadsiun ugly (wet)
Chrowios wg/g {wet)
Lopper ugfg {wet}
Laad uafg {wei}
Wercury ugf/y (wei}
Nickes uitfg (wt)
Salariun ugfy (wot)
%) brar ugfy (et}
Thallive ugfg {wet}
linc uglg {wet}
Hono-butyitin ugfiy {wot)
Di«butyltia upfkg {wet}
Tri-butyttin tigfkg {mat}
Total Butylbine ug/hy {wet}
Total Orgssic Larbon ¥ fwal)
Yotat Dif and Grezea vgfg {met]
Cyanide wg/g {wet)
Totsi Suitides uply (et}
Dinssived Selfidus wilg (wet)
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TABLE F. Bulk Sediment Analysis Results ip Ory Weight, Including Detection Limits

g bbb

Ares

Hpiteiin Id Musher

Stalisn

Conpound

it

where Concentration was at or Below Detection

{odd Shipyard

Phane |
hia{2-Chlordethyt)Ether
2-Ch loraphenc|

1,4 Dekiorshaniena

1, ¢-Bicklprobanians

Bergy! Aigohel
1,2-Dichisrobangens
F-Methyipharol
bisid-chloroisopropy tiEther
4-Mothylphenot
N-Nitroso-Di-n-Propylasine
Haxachlorosthang
Kitrobanzene

Izsphorens

2-Mitrophane!

2, 4-Bisaihyiphano!

Benysie Aeid
biald-Chloroaihony dsthane
2, é~Dichloraphenal

1,2, 4-Trichiorobenisns

vg/kg (dry)
ugfkg (dry)
ugikg (dry)
opiky [dry)
vgfkg {deg)
agfkg {dry
wgfkg {dryl
ugikg (dry}
ugtky (dey}
ugfkg (dry)
ug/hyg (dry)
ugfkg {dry)
wgfhg (dey)
upikg ldey)
ugikg {dry}
apfkg {dry)
uglhg (dry}
ugleg (9ry}
ugihg (e}
vty (dey)
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B7REA7  S7BEBY  GIAKEY  AVSE36  B7B43D  ATRAEAR  EIMSY  S7B438  BTRBANG  ATMAMG BTAME ATB4AY ETRM4E
AL AZ A3 £is Sib §2 s3 T4 Tha ¥5b i3 iz i3
230 RD W Ny ND ey 8y 1 u 113 ;U 139 U 148 U 120 v o
25U % U 3 V) nuy LI 140 Y o8 U iy 188 Y MOV 18 U 130 ND
26 U N RO T R K 18U U U LU ey ITRU 10y N
WUy 1ny uy iy 1] Bty 2 B 43 Y By 65 U 2y B2 U ¥b
Wy H #0 MY KI AU MU U el MU HEU 1Y n
3 LI E3 my 4] i u b2 R 158 U 3= B H E¥: B iU s ng
$a TEY 7.8 4 $.%3 4 & »wy MY By 43 u su 42 4 By w3
MUy sy my 4 U W o8 o iy iy 24U b, A H Hneu i Y w0
U 3 82y oy Wik £ U Y Wy sy 438 0 i U s o N
U v Wy ¥ L IH 98U sy auy s U -l b§1 At My N
“wu [ [ oy Nb 288U MU ozl 2y MY 28U 200 Y [ 1+]
A8 U Yy 60U v KD 2000 30U MU 22U pEU 20U 24U L]
3y My My LT B KD 180U 54U BBV MU 16K 1U 168U #*0
8¢ ¥ Fi B H - I o) My ki U 3y 38 U A8 U iU - A W
g3 MU 1BU Y g O3MU O THY  WsU  SMYU MU 58U U 3
a2 4 U Wy usy ¥ Y MEU XeU SiIPU AU MU sl L
$Tu iU Y By N Sy MU 478Y  Spu ey Gy MY ]
i BY 16 ny sl e Ny 2] B¢ 5. 9 4Lig U 488 Y 438 U b-." RY NG
L 1Y) ED ] IR 1k Y i¥ u i b U it R £7h U s1# & 360 U 0 U Ny W
53U L L] M O OMSU Y MU MU MY WU I N



£73

Ino.c €. Bulk Sediment Analysis Results in Dry Weigh., Including Detection Limits

where Concentration was at or Below Detection

hras

Bsttalle Id Nunber

Station
Uonpoynd Uniks

Naphthslana wifkg {dry}
A-Enlorosnilins ugiky {dry)
Haxachisrohutadions ugika {dry)
4-{hloro-3-iethyiphenet ugfka fdry}
2-othy inaphthaisns ugikg Ury}
Hexachlororyciopeniadiona vaiky [dry}
2,4, 8-Trichlorephenal ugfkg {dry}
24,5+ Trichiorophansi egikg {dry}
2-Chizranaphthaiene wiifkg (dry}
- Hitroanifine ugfhg {dey)
Dinathyi Phihaiaste ugtkg fdry}

icenaphthy isne
3-Nidreaniling
kzanaphthans
2,4-Pinitrophenst
4-Ritcophanot
Dibanzafuran

2. é-Jinitrutolysne
2,b-Binitrotoivene
Digthy lphthaiste

sgfky [dey)
ugikg {dry)
ugfhy fdry)
uglky (diy)
ugfhg tdry)
vafkg {dey}
uglky (dry)
ugfkg {(dry)
wpfig (dry)
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1ngLE E. Bulk Sediment Analysis Results in Dry Weight, Including Detection Limits

where Concentration was at or Below Detection

Arey
fattells 16 Nusber
Station

Cospound

Unite

4-Chlorogihena ) <pheny jether
Flusrans

-Ritroani line

£ 2-Binnlro-2-Moihyiphsnod
H-Ritrosodiphenyianine{l}
&-Brosephany f-phany lether
Harxschinrobenzane
Pentuchiorophena i
Phesarthrens

Anthencens
Ri~n-Sutylphthaiace
Fluroanthene

Pyrana

Bubylbansy iphlhalate

3. 8 Dickiorchenzidine
Banza{sjAnthracens
bisiZ-Erhyihexy ! 1Phthainte
Chrysone

Di-n-Guty] Phibaiata
Boazo{b)}F lyoranthens and
Bento{k}F luoranthenn

Benzo (a)Pyrens

Indens{i,?, 3-cd)Fyrane
Dibenzis hihnthracene
Banzo{gh:iParyiene

vgihg {dey)
wpfig {dry)

wgfag (dry}

ugiig {dry)
wgikg {dey}
ugfky {dry}
ugfy {dry}
ug/kg {dey)
ugfkg (dey)
ug/kg (dry)
ugfhg {dry)
epfig {dry}
agfig {dry)
wgfkg {dry}
uglkg {deg}
ugfhg {dey)
wgtkg {dey)
ugfkg (dry)
uglky (dey)

vg/ky (dry)
wufhy {dry}
wgfhg {dry)
vplkg {dey)
ugfby {dry}

Alcabraz Schritoar Todd Shipyard
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Jrber £,

Ares

Batbsite Id Bunber

Bulk Sediment Analysis Results in Dry Weight, Including Detection Limits

where Concentration was at or Below Detection

Station
Compound Unita

Aiphey-BHC vglkg (dry)
Bata-BHC ugfkg {dry)
Do 12.9-0HC ug/ky (dry}
GCanwy-BHC {Lindane) uglkg {dry)
Heptachior ugfhy (dey}
Aldrin ugfkg {dey)
Hoptechior Epoxide uplfkg {4y}
Endosulfan ¥ wgfhy {dry)
Dieidrin ug/g {dry}
§,4*+DDE uglky (dry}
Endrin ug/kg {dry)
Endosulfan 11 vgikg (dry)
£,4%-p00 ugihg {dry)
Endosuifeon Suifate ugfiy (dry}
4,47-007 uglkg (dry)
Wethosychlor ugikg {dry)
Endria Kolona uglkg fdry)
Zhiardans ugikg {dry}
Toxaphane wpfeg dry}
Araclor-1918 ugfkg {dry)
Arocioe-1242 agikyg (dry}
iroclar-1343 ugfka {dry)

Aregior- b4
Aroglor-1208

waivg (dry}
uplhy {dry)

Alcatraz BSehaitior Todd Shipyard
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(s [

fercent of sedisent (dry waight) withipn specifiad seive LIS lodh Al
stz classes. "3“;‘{7;\_“_ - k%
Bsttelie 14 Nowber BYSERY?  BYMAEG  BTS43%  BUBSNT  AFB43R BTSN EVMNGE AVMMAS  sIB441
Station Al 81 32 %3 T4 T 18k i 1
ChmEs
Sediment Typs  Saive Size’in mn Phi Percent of Waterix) Deewrrieg in Esch Seive Sire
> NS - 2 B.95 .00 L N | LN | (N ] 842 .54 4. 1.28
M -Iin -} L 4.8 an a“.m [ 3 .3 1.42 .5 [
i - 1.0 [ .8 £2¥ A 1.4 1.8 6.5 1.49 .4 i1 $62
------------- .08 -85F 1 L e 858 §.5 .08 .04 1.4 2.12 1T
Sand .58 - 825 2 4.8 $£351 iAE £ NN 453 498 11 7.92
$.48 - 8128 3 8.6 .61 nn £24 8% I LM OH.B O
sesue e an a1 - Bg82 4 4.9 1A 2.56 182 i.83 3.44 3.43 .55 4.8
a2 - R &8 28 1.48 4.18 0 1.2 3.5 #.2 1.8} 1.53
5.#40 - 08312 5 5.84 2.3 2.8 3.681 1.58 1.15 4.73 1.0 1.87
Sile #0012 - 0023 6.5 4.68 .27 2.490 0.82 1.3 5.82 . 30 B 1.9
#.823 - 0.9160 8 a.m LI 1.8 6,44 e 1.07 4.26 1.8 en
H.F158 - D008 # a.% 11.42 7.48 V.87 2.6% A M . 8.0 i
ememmmeneen (ST - OO0 B W30 GBS 9.2 1348 448 690 SN  4.07  0.87
Cisy U835 - £.501% ¥ 5.5 12,48 7.8% i1.8% 4.42 1i.38 .18 t.58 FaE L
B EE - SRS k.42 21.87 7.38 15,18 4.3 it 18.38 -5 4 [} 4
£ B.UE097% 1 MTE MM 3 BH BB MY O MN BB O
Totni sl HYM WILM B M BN B IR wBNNW
Percent Ory Waight £8.1%  BL.6F 55,83 4.8 8086 BE.OE  BAM  H447 B2 N
Sewpla Waight (g Dry} 110208 18,4838 11.6422 #0802 14.5847 11 4BZ8 11.8327 113877 11.8088

Percant Racovary oL GR84S ST.2S 4T 9315 WKl M.E WY 9T.H
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Tabie . Parcent of sadimant (dry waight) which passes through
seoivas with spucified divmeters.

Balieils IS Nuabes STREET  BTRANE  BTSANS  £7MMAT BTMABR  BIMANE  BIMID B7SNM  aTMIdl

Station Al 53 $2 53 14 hi) it 5 7
Sedisent Yyps  Seive Biza iz an £hi Fercant of Materis! Peswiag Through Exch Yeive Size

E 3 WS IS INHL NE BE N KNY s Bn

e ~4 p7.2% MEEl MM BH NS WH WHE W NG

1.9 FOWMe WA TS HE BH V. 9w wse  wn

_____________ 6.6 } P5.88 WL S22 WM WA W1 WA W 9T

Saad .35 2 e N i.18 .M 8. #2.62 PLEE 2345 G058

#.125 8 MY T WM HMe {162 LB TRl 218 TR

............. §.562 4 .49 B.0F 6253 910 8. 19 8.1 16.6a 7. LM

f.84 45 1Tr.M 182 B4R ML 38.92 4.0 .5 .13 8089

012 6 55,88 G140 E9.73 6836 3634 T4 YL B4 8882

Silt ¥z B.8 0400 9119 67.24 G893 MWW 7L SBA4 G118 8410

$.8168 ¢ B.ae &1L 58.21 B8.59  31.9% 8037 6510 4084 10

§.0078 7 A0 TeM B.78 TTX WX 1.3 8289 43TL G0N

S — 1.9 5 W4 B4 AL B ML MM 3w 82 duss

Clay M9 § 82310 E3.3F M6 B Y QG 4 nyn B

L i 26.72 1.4 H.E7T W W6 ALTE Maz 24w



F.1.1 Organica (Dry)

Battalle Id Number
Station

Compound

Phenol

bis(2-Chloroathy |}Ether
2-Chlarophenol
1,3-Dichlorobeanzens
1,4-Dichlorobenzane
Banzyl Alcohol
1,2-Dichiorobenzens
2-Wathylphenel
bis(2-chlorcisopropy|)Ether
4-Mathy |pheno)
*Nitroso-Di-n-Propylasine
Hexachloroathane
Nitrobenzens

Isophorone

2-Ritrophanol
2,4-Disethylphenal
Senzoic Acid
bia{2-Chlorcethoxy)dethans
3,4-Dichlorophancl
1,2,4-Trichlorobenzans
Naphthalane
4-Chlorosniline
Hexachlorobutadiens
4-Chlora-3-Methy [pheno |
2-Wathy Inaphthalane
Hexachlorocyclopantadiene
2,4,8-Trichloropheno!
2,4,5-Trichiorophanal
2-Chloronaphthalene
2-Nitroaniline

Dimethy! Phthalate
Acenaphthy lane
3-Nitroaniline

Units

up/kg (dry)
ug/kg {dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
va/kg (dry)
ug/kq (dry)
ug/kg (dry)
ug/hg (dry)
ug/kg (dry)
vg/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ugfkg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg {dry)
ug/kg {dry)
ug/kg {dry}
upfhg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ugfkg (dry)
ug/kg (dry)

arTR43n
Toa

160 U
180 U
188 U
av
80 v
1%Uu
au
201
470 U
10 v
20 U
20U
10U
430 U
580 U
510 U
LIUNY
40 U
sl y
a3y
550 U
au
ELL R
ME U
320U
v
10 v
1L
.. l)
580 U
180 U
BuU
340V

878439
T5b

130U
“ovu
180 U

8 U
1MV
mu
nu
00U
a0 U
wu
280 U
21
1y
MU
520 U
47 U
550 U
a0 v
550 U
] Y
530 U
KU
v
v
»yu
80V
1o v
120 U
4
520 U
183U
EL R
as vy

878439
I Stat

N/A
N/A
N/A
N/A
N/A
NJA
NIA
/A
R/A
N/A
N/A
/A
N7A
/A
/A
R/A
R/A
R/A
K/A
/A
N/A
N/A
/A
N/A
N/A
N/A
NJA
/A
N/A
N/A
NJA
N/A
NJA

878439
RPD

N/A
N/A
N/A
N/A
N/A
N/A
NJA
A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA
N/A
N/A
N/A
WA
R/A
/A
N/A
N/A
N/A
N/A
/A
N/A
N/A



F.1.1 Organics (Dry)

Battalls Id Number
Station

Coapound

Acenaphthany
2,4-Dinitrophenol
4-Nitrophenel
Dibanzofuran
2,4-Dinitrotalyane
2,8-Dinitrotoluens
Diethylphthalate
4-Chforaphanol-phany [ether
Fluorena

4-Nitroaniline

4 ,8-Dinotro-2-Mathylphenol
N-Nitrosodiphenylamine(1)
4-Bromopheny | -phany isther
Hexachiorobenzena
Pentachlorophenoi
Phenanthrane

Anthracens
Di-n-Butylphthalate
Flurcanthene

Pyrens
Butylbenzy{phthalate
3,%'-Dichlorobenzidine
Benzo{a)Anthracens
bis(2-Ethy |hexy|)Phthalate
Chrysens

Di-n-Octy! Phthalate
Benzo {(b)Fluoranthane and
Benzo{k)Fluoranthene
Benzo{a)Pyrens
Indano(1,2,3-cd)Pyrene
Dibenz (s, h)Anthracens
Benzo(ghi)Perylena

Units

ug/kg (dry)
ug/kg {dry}
ug/kg {dry)
ug/kg {dry)
ug/kg (dry)
va/kg (dry)
ug/kg (dry)
ug/kg {dry)
ug/kg {dry)
ug/kg {dry)
ug/kg (dry)
up/kg (dry)
ug/kg (dry)
ug/kg (dry)
vgfkg (dry)
ug/kg (dry)
ug/kg (dry}
vg/kg (dry}
vo/kg (dry)
vgfkg (dry)
uglkg (dey)
ug/kg (dry)
vgfkg (dry)
ug/kg (dry)
vg/kg (dry)
ug/kg (dry)

ugfkg (dry)
vg/kg (dry)
ug/kg (dry)
ug/hg (dry)
ug/kg {(dry)

B768439
T53

HMOWM
1200 U
37 U
o u
180 U
QiU
143 U
280U
o
a7 u
1200 U
sag U
40 U
3BT
200
1700
430 M
20U
3100
8100
TAO U
e v
2400
380
3200
eoe U

4800
%00
1900
v
2200

870439
T5b

20
11060 U
LL1
a7
180 U
450 U
My
Wy
200 &
a1 v
1100 U
S u
210V
MU
21 v

100
720 M
280 U

2100

4300
sTo U
270U

1800
kLU |

0L
640 U

1909
2200
2000
MU
2200

878439
I Stat

NfA
H/A
XA
N/A
/A
/A
R/A
/A
/A
/A
N/A
NfA
NfA
N/A
/A
0.00
N/A
K/A
0.29
0.17
N/A
N/A
0.20
K7A
0.18
N/A

g.08
0.14
0.03

N/A
0.00

878439
RFO

/A
/A
N/A
N/A
NfA
/A
/A
N/A
K/A
RfA
N/A
N/A
N/A
NfA
/A

1.1
N/A
N/A

67.83

34.62
N/A
R/A

40.00
N/A

82.7%
N7A

18.47
77 .45
5.13

N/A
0.00



F.1.2 Pasticides {Dey)

Batielia Id Numbder 878435
Mtatien 513
Compound Unita

Alpha-BHC wlky (dry) 4.0 U
Beta-BHC wiky (dey) 4.2 U
Dl ta-81K kg ey} 430
Ganna-B0C (L indarm) ugllg (dry) 23U
Heptachler wgfkg {dry) 43U
Aldrin agfky (dry} S0 U
Hestachior Epoxide wglky fdre)y 4.3 U
Endoanifan 1 wikg ey} 480
Disldria wqflg (dry} B3 U
3, 4%-D0% gfkg Byl A5 U
fndrin wyfky {dry} 8.3 0
Endoscifen 13 wiikg {dryy 829
£,4°.000 wifkg drey B Y
Endosnifen Suifate ogfkg (dry] 8.2 U
14,4007 oglhg {dry} B9V
Nethoxych lor ogfg (dryd 401
Endrin Ketons wgfhg [dry} 801U
Chisrdane ' wyfhyg (dryl 1800
Toxaphwe wifkg Wry)  AS U
Aroclar-1018 kofhg (dry) My
Aroclor-1242 ugflg (dry) aMv
Arocioe-1248 vgfkg (dey) atuy
Argelor-1264 wyfhy {dey) ie0
Arocioe-1080 wyfvg (dey) B K

478435
30

400
40U
LR BRI
431
£3U
L B¢
4.3 U
L3y
23¥
8.8
880
sty
s
a3y
3.y
8.0l
LB R
)L BRI
s U
s
L Y
L
191
LR

§78435
I Stat

N/A
NfA
WA
/A
A
X7A
Nia
1Y
#4
173
X
¥k
%A
N
¥A
373
/A
¥A
WA
N/ A
KA
KiA

5.3
MIA

BTB43%
R

NSA
L
177
(3]
(773
KA
L77Y
773
K24
77 Y
174
KA
*A
kA
(77
(77
RZA
N7A
WA
NA
NA

A

0.8
Wik

878424
Ths

40U
34
.3y
£84
§0 4
34
4.0 4
408
$0 4
$.0 ¢
§32 4
g4y
28U
o U
as Y
LR
LR
way
00\
LR
L1 R
206
330
kL

878439
Tob

4:44
4.8
4.8 8
8y
4.8 Y
484
4.8y
489
£34
284
$.2 4
8.3 4
8.3 4
s.0u
.44
8.0 ¢
.04
ey
Ao U
b v
smu
184
340
156

874439
T Siat

LT
AjA
R7A
17
(T2
(T
N}
L]
HA
Nk
WA
KA
NA
RIA
N7
N7A
(17
A
K/A
/A
N/A
2.05
g.81
.07

878433
RPO

N/A
NIA
NPk
N7k
N7k
N7k
7Y
173
/A
ik
ik
17
N7
N/A
N7
ik
N7A
NFA
NA
17
A

10.58

2.99

.29
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F.1.% Seixts, Organabina, T8, 001 wnd Greass, Syanide, wnd Suifides (Dry)

Hatte)le Id Kusber
Station

Conpound

Antimony
Arganic
Cadeium
{kromium
Lapper
Load
Mercury
Ricks!
Safsnium
Silver
Thaiiliua
Ting

Bons-tytyitin
Di-hutyitin
Tri-bybyttin

Totxt Bubyltine
Total Grganic Lxchon
Tota! Si! und Qresae

Cysnide

Tota! Sultfides
Bisensived Syifides

Uesits

ugfy féry)
ugip (dry}
ugfg (dry)
ugle ey}
g/ {dey}
ugly (dry)
ugfy (dry)
wfg {rn
uglg {d+¥)
ugfa (dry)
ugfg (dry)
sply ldry}

spfhg (dry}
agikg {dry)
ugfkg [dry}
ugfkp {dry}

¥ {dry)
upfe {drrd
ugfg (dry)

vafg {dry}
upfy (dry}

BTA435  SIM436

Sia

2.88
18.80
§.42
0. 08
na
4.4
.4
120,00
0.8
g.45
£.44
ire. 0t

A
2.3
ns
1108 |

1.9

271
1.2 ¢

?94.6
835.7

51

Ex385zx38585288

a2

3%
it .4

L]

124

23

ATBASH
¥ Sts

NfA
n/A
KA
Njr
N/A
7
371
NfA
N/A
WA
KiA
N/A

.1
6.2
0.
g1
WA
/A
Nk

WA
wiA

878435
Pl

N/A
WA
LT
NjA
Wik
7
NJA
NjA
WiA
K74
NfA
XA

14.4
34.3
i5.0
95 .4
HiA
77
A

NiA
Nk

ar843%
Téa

13.12
18.38
1.82
500.00
w80
11748
8.38
148.00
6.
1.88
0.%¢
428,10

23U
2.4 4
174
§.24

e
342
1.2 8

42,8
1821.0

L3525
TEb

15.488
19,40
2.83
049 .88
327.80
175,00
&40
168.88
n.3s
3.9
a.8¢
415.48

2.8

w30

1.2y

30%.4

BraAe
§ Stak

0.9
4.1
8.2
8.0
2.4
¢.0
g1
a.e
4.1
$.0
8.1
b.0

K
WA
NjA
/A
8.9
9.2
NfA

9.2
74

§75420
RPG

4.7
17.4
0.8
.2
2.3
1.1
1.2
8.4
£2.9
1.4
iz.4
21

N/A
niA
113
HiA
1.9

3.3
N

.2
N/A

48441
Tia

1.3
§.2
1.3

437.00
224.88
17488
278
155,00
£
3.1
0.88
287 . 9§

1.2 ¢
105.9
434 .8
30,9

1.4

4340

120

3984
1842.7

BTR44Y
T2k

Ap

ES58E

B

[ b]
)

1.9
1711
8.8
1062.%

uh
1.2 4
124

K
13427

a7a4d]
I Stat

N1k
#4
KA
H/A
N4
NiA
WfA
N7
N/
NfA
A
A

KA
0.2
0.3
8.3
N/A
NA
N/&

niA
8.¢

B7B44}
RO

K7A
/A
R/A
NA
KfA
NJA
NJA
N/A
N7A
/A
Njk
Nf&

7Y
47.2
£
8.2
H7A
N/R
FYFY

XA
8.0



F.1.4 Grain Sizs Anslysis

Battalle Id Numbar

Station

Sediment Type Orain Size in mw

ot s ot

§iit

> 3.8

1.36 ~ 2.0
208 - 108
168 - 058
a.58 - 8.2%
§.26 ~ 0108
£.126 - 0.082
§.452 « 3042
g.048 - .02
g.8312 ~ ITY
§.025 « 50308
§.0:58 ~ £, 0078
0.0u% - §.pus8
60839 - 000N
5.0019 - 0.0%0s7e
< 6.0U0sT8

-

L.l
por ot r .
=t B WO OOE O DN A B DN de B R W D ke RN

3

A7ssa0

T5a

0.42
.3
1.48
§.80
4.5
11.54
3.4
3
£.15
3.8
1.47
304
5.9
e
1n.n
3.7

818439

Tsh

0.54
1.42
[ X1
t.as
435

11.73

i3
£.21
473
L
.28
.30
.90
$.18

10.24
34.38

F.2

a78429
1 Stat

9.13
0.5
0.2
0.3
L %
5.4
LB
§.93
LR
%58
L
L
L
p.1
.4
9.02

Gr843S

25.00
is.@
.8
6.8
.8
La
5.8
k2R
1830
t.88
34850
L1080
i
a€.0
1.0¢
6.08



F.2 ANALTSIS OF ACOURACY (STANDARD REFERENCE MATERIAS)

F.2.1 DOryazics
Compaund

Phana|
bis{2~Chloroathyt)Ethnr
2-Lh} arophenat

1. 3-Dichlersbangane

1. 4-Dichlorobanzens
Banzyl Alcohel
1.2-Dickiarabenzens
2-Nathy iphenei
bis{Z-chloroisopropyitiher
i-jsthy iphane!
#-Nitroso-Di-a-Propyisnine
Hexsehiorosthins
Kitrabantane

Isaphorone

2-Xitropheno!

2 4-Dinakhy | phanc)
Beazoic Acid
bis{2-Chlorosthoxy)lathane
2,4-Dichlorophane!

1,2, 4«Trichlgrohenzene
Naphthalene
-Chlorsaailine
Reoxachlsrahutad iwne
4-Chlars-3-Mothy Iphano!
2-Methy | nuphthalene
Hexxchioracyciopantadinne
2.4, 8- Tricklsrophana!
2,4, 5-Trichlorophens!
2-thioromphthaions
2-¥iteosmitine

Dimathy! Phihaizes
Acscaphthy lene
I-Ritrongiiine

Standard Referanca Sediment {HDAX)

Units

vgfkg (dry)
ugfeg {dry)
wgfig {dry)
wgfkg {dry)
ugfkg (dry)
ugikg {dry)
ugikg (dry}
ugfhg {dey)

ugfkg {dry} -

ugfhg {dry}
uglky {dry)
ug/kg (ry}
ugiky ey}
wyfkg {dry}
ugfeg {dry)
uwfag (dry}
uyfeg (dry)
sy (dry)
ugfiy {dry)
wi/kg {dry}
wafhg (dry)
ug/kg {dey)
vty {(dry)
wgihg {der)
ugikg (dey)
ugfkg (dry)
ugikg ey
wikg Wy}
og/ky {dry}
wgfkg {dry}
ugfky (dry}
wikg {dey)
weikg {dry)

Anglyte
Added

330
None

Pi

b
=1
L1

RRREE]

10

iif

il
f

r
-

Fefffffs

F.3

Ana lyta
Datagted

420
2y
3y

51
bi-
#»y

40
P B
8§

e
7y
3y
% U

140
15U
&7 i
i Bt
§F 4
8y
M4 U

130
a1y
43 U
LL !

11d
4§
ity
Ty

2y
WY
22y

5
4% Y

X Response

IDatected Added x 100Y

197,27
N7
N

85.00
)
R4

43,08
N7
Nik

168,87
Nik
M7
H7A

144,08
N7A
/A
/A
N/A
/A
N/A

130,00
X/A
N7A
N/

110,88
H
WA
#A
/A
/A
/A

¥.00
¥/A



F.2.1 Qrganics
Coapound

Acensphthans
2,4-Dinitrophenc|
-Nitrophanol
Dibanzefuran
2,4-Dinitrotoluany
2.8-Biritrotolyana
fiathyliphthziate
4-Chlorophenc f-pheny [ether
Fluorane

4-Hitroanilioe

4, 5-Dinokro-2-ethy Iphansd
N-Ritronodipheny fanine ()}
{-Broncphiny l-pheny felbar
Hexschiorobsazene
fantachionephans!
Pheranthrene

Anthracume
Di-n-Bbyiphthainte
Flurosnthana

Pyrens

Buty ibenzy lphtheiets

3,3 -Dichlorobeazidine
Benzo{a) Anthracans
bis{2-Ethy Ihexy 1) Phthalate
Chrysans

Bi-n-Bety! Phihalste
Benzo (5YF lnuranthare and
Benzo{k}Flycranthans
Banrc[2)Pyrens
Indenc{l 2, F-cd)}Pyrene
Dibenz{a b} Mnthracene
fierza{ghi JPeryiene

Standard Refarencs Sedisent (NOA&}

Unita

wafy fdry)
wfkg (dry)
ugfkg (dry)
uglkg {dry)
wifky (dry)
wafkg {dry)
uglky {dey)
agfkg {dry)
vgikg {dry)
wpfkg {dry}
ugikg {8ry)
ugiky {dry}
uglhg {dry}
ogikg {dry}
ugfeg (dry}
vgfg {dry}
vgfky {dry)
wyiky (dry}
ugfly {dry}
wgfhg (dry}
ugshy (dry)
ugfig (dry)
upfeg {dry)
wglky (dry)
wg/kg {dry}
vafkg {dry}
wfkg {dry)
wyfky {dry)
wglhg {dry}
uglkg {dry)
wglky {dry)
walkg {dry}

Anxiyte
Ad

{

140

r
2

R R

108

]
£ =1
A

Pi

i

ig

3
i
1

a2
i

100
100
100

100
102
104

1
i

F.4

Anafyta
Dutected

150
150 U4
a8 4
5.3 M
p LR
MU
wy
132
142
By
sty
wY
b2
Hy
442

185
g |
i |
10
U
nu
W
1
A1
EL R
11
FL I
208
128
224
e

£ Rasponae
{Detectad /Added ¢ 108%

168,80
/A
N7A
/A
H/A
WA
R/A

189.90

140.08
KfA
RIA
373

280.08
/%

148,87

20890

185,08
N/A

196.06

186,08
AiA
4k

200,00

179.00

214.00
HIA

170,05
R/A

200. 00

120.00

225.00

240,08



F.2.2 Pastizides

Methods 4id not give delaciion 1init for Pesticide/PCE anaiysis
that would aifow for detection of the Siis

F.2.3 MWetals, Organotins, TOC, Dil snd Grasse, Cysnide, And Sulfides (Wet)

Compound

Antinenay
Arssnic
Cadeium
Chromium
Copper
Laad
dercury
¥iokal
Selsniun
Silesr
Tomidbom
Linc

Units

vgfg {dry}
wgle (dry}
ugfg (dry)
ugfg {dry)
ugfq ey}
ugfy ey}
ugfg {dey)
uglg (dry}
ugfg {dry}
ugfg {dry)
wylg (dry)
ugig (dry)

5 18R SHM BESS -1 SR PALS-1
Lart i ¥ind deasured Cartifind Hegayred Lartifiad Meyaured
Lone, Runge Lone. Cone . Range Lane Lore. Ringe {ong .
Rone Noris Kone Kone Ns 2o Kone
18,9632, 9% 12.48 §.40-11.8¢ 1:.85 20%.38-322.40 187.40
U.09.0 43 09.37 Nens Kone Nehe None
TA,00-79.00 88,00  60.09-82.00 72.00 105.00.1721.00 i11.00
16.00.21.80 19.40  71.36.%8.9¢ 23.90 435 00-488.08 418.02
24 40-30 .50 2450 ¥ oel48.ig 31,60 384.00-434.03 40%.08
#.08.4. 58 8.08 Hory Nonn & 414478 & .52
0.05-38.00 Y wann 26.50 42104813 48 382
E ¥one ne None {1y .93
Ko ens Mone None Sone ¥ane
Kane Roae Kanw Nore Nana Hone
132.60-144.50 132,80 14 820800 190.50  BU2.00-548.00 815.00

¥o Standsed Referwncs Matarizis svallsbis for
Gegenoling, TOL, Cywnide, or Sulfides,

F.2.4 Grain Site

Mo Daka

F.3 AMALYSIS OF SETHIDS (SPIXES)

F.5



F.3.1 Organics

Atcatraz Island Sediment

Basa Meutrals

1,2,4-Trichlorobanzens
Acenaphthane
2,4-Dinitrotoiuene

Pyrane
R-Nitroso-Di-n-Propylamine
1,4-Dichlorobsnzens

Acids

Pentach!crophenol
Pheno|

2-Chloropheno!
4-Chlore-3-lethy lphano!
4-Nitropheno!

F.5.2 Pesticides

Gsama-BHC (Lindana)
Heptachlor

Aldrin

Dieldrin

Endrin

4,4'-DOT
Aroclor-1280

Units

ug/kg {dry)
ug/kg {dry)
ug/kg (dry)
ug/kg {dry)
ug/kg (dry)
ug/kg (dry)

up/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)

ug/kg (dry)
ug/kg (dry)
ug/kg {dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)
ug/kg (dry)

Matrix Spike
Concentration
Rep. 1

5307

a4
5811
8550
5o

8708
10885
11231
13028
17192

1.9
1.0
1.0
1.0
1.0
1.0
1.0

F.b

Percent
Recovery
Rep. 1

82.8
82.%
ga.3
a1.8
102.0
1.2

67.9
83.2
ar.3
102.9
134.0

78.1
57.0
8%.0
780
106.10
78.0
100.0

Matrix Spike
Concentration
Rep. 2

40,3

E910
8524
8243
Bas?

0284
10175
10503
17
15084

Not Reported
Not Reported
Mot Reported
Not Reported
Not Reported
Mot Repaortad
Mot Reportad

Percent
Recovery
Rep. 2

SE2883
B - & M O e

75.

84,
.
81.

= D D o e

118.

UL
8e.10
as5.9
f1
122
78
1]



F.3.3 Wetzls, Drganctiae, TOC, Gil and Qresss, Cranide, and Sulfides’

Betals

Ant imeny
* Araenit
Cacmiiom

s Cheowiuw
+ Copper
s Lead
Wercury

+ Nigks!
Seleniux
Sifver
Thaiiion

Organctins
Mono-buby [Bin
Di-butyitin
Tri-butyltin

Total Organiz Larban
Cywnide

Teta) Sulfiden

Dissolved Saifides

Bt aad Qrease Ansiysis

il snd fraans

F.8.4 {rain Site

Ko Data

+  Samples vera anaiyeed by YR, %o spikes cin be used with this wathed

Units

wlg dry)
ug/g (dry}
vale {dry)
uglyg {dry}
ugiy {dry)
Wiy {&rn}
ugfy {dey}
ugly {dry}
uglg {dry)
ugfy {dry}
wiy {dry}

rofy {dry)
ngfg {dry)
ngfy (dry)

¥

wfy (dry)
wefg (dry)

uglg Ldry)

B78587 {Al) BIOALY {TH)
Matrix Spike Parcent Wateix Spike Percent
Concentration Racovery Concentration Recavery

Rep, 1 Rep. 1 Rep, 2 Rep. 2

5.00 89.¢ 5.490 .0

L7E LTES 1 Kik

1.%0 1373 1.80 95,4

(71 NiA 778 4

711 N4 743 %4

N7k NA 174 A

g.58 1363 3.58 £

71 3 WA EFE

1.82 1338 3.08 .3

§.58 §1.8 .5 LER

1.88 iis.3 1.4 i18.3

1881.4 78.0 1805.9 78.0
1821.0 78.0 1805.4 4.0
1661.0 8.0 1808.0 74.0
KA HA 7L Y N/A
2.9 ELN L L 311 Kik
1181 77.08 ¥ik ®ik
APY Stonderd §1 ABT Stenderd 32
Spike  Bewsursd Lertified  Jheusured
Lonc. Lanc. Lone. Lone.
38 46 48.30 152,408 e 0

sx Sample concentrabisn was teo high Lo ase spike

F.7



F.4 PERCENT SURROGATE SAMPLE RECOVERIES BY STATION (Ory Weight)

F.4.1 Organica
Base/Meutrals
dB-Nitrobenzena
2-Fluorobiphenyl
dl4-p~Terpheny|
Acids
d5-Pheno |

2-Fluorophenol
2,4, 6-Tribromopheno|

F.4.2 Pasticides

Dibutylchlorebdate

878435
51

70.4
B85
$2.2

13.8
1.9
101.0

878435
51

92.0

87a438
52

7.8
8.7
109.0

47.2
73.3
8r.7

8734348
52

118.8

878437
53

82.0
102.0
180.0

2.4
89.0
82.5

ar8437
53

108.0

F.4.3 Hetals, Organotins, TOC, 0il and Grease, Cyanids, and

Metals

Organotins
Tripropritin

Totsl Organic Carbon

Total 0i! and Grease

Cyanide

Total Sulfides
Diasolved Suifides

F.4.4 Grain Size

Percent Recovery -

878435
51

N/A

130

N/A
NJA
N/A
N/A
N7A

878435
51

98.88

a7B43s
52

N/A

N/A
R/A
N/A
R/A
K/A

878438
52

§7.20

878437
s3

RfA

140

N/A
N/A
R/A
/A
N/A

a7e43?
s3

98.49

F.8

878438
T4

48.0
83.1
147.0

8r.2
73.7
8r.2

aTa438

T4

0.0

Sulfides

878438

T4

NfA

118

/A
/A
/A
/A
N/A

878438
T4

93.15

878439
T5a

57.8
98.2
126.0

73.0
80.8
84.1

878439

TSa

85.0

87843%
TEa

/A

203

NJA
NJA
NJA
N/A
N/A

875439
TSa

98_01

878439
T5h

46.8
18.8
921.8

s2.0
71.5
58.5

878439

Teb

97.0

878429
T5b

WA

194

R/A
N/A
/A
K/A
/A

878439
T5b

94.97

878440
T8

£2.7
89.7
117.0

1.8
7.5
82.1

878440
T8

108.0

aT8440
T8

N/A

70

N/A
NJA
NJA
N/A
N/A

ars44l
T8

99.43

878441
T7

§1.1
81.7
124.0

&.2
18.5
73.0

878441
L1

T8.0

ar844]
T7

N/A

104

/A
N/A
MJA
RJA
N/A

678441
L1

97.28

arasay
Al

78.8
88.2
98.5

80.8
8z.4
91.5

878587

Al

149.0

878587
Al

NfA

160

N/A
/A
NfA
N/A
N/A

a7esay
Al

$8.65
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Appendix G. Equipment List, Calibration and Maintenance Records

Analysis:

Performed At:

Equipment:

Calibration
Information:

Maintenance
Information:

Sample Tracking:

Responsible
Person(s):

Organics and Pesticides.,

Analytical Resources, Inc. (ARI)
Seattle, Washington.

Hewlett-Packard 5890 Gas Chromatograph.

Mewlett-Packard 7673-A Autosampler,

Hewlott-Packard 3392-A Sample Integrator.

Hewlett-Packard 3393-A Sample Integrator.

Capillary column equipped with 2 electron
capture detectors.

Finnigan Model 4000 Mass Spectrophotometer.
Finrigan INCOS Beta System.
Hewlett-Packard 5790 Gas Chromatograph.

Daily calibration by ARI persomnel using US EPA
Contract Lab Protocol {CLP}. Performance checks with
Standard Reference Materials {SAM's) by ARI personnel
before run series,

Maintenance by ARI or Hewlett-Packard personnel
on routine basis or when indicated by performance
checks.

A1l analysis tied to specific machine and operator
yia sample tracking form utilized by ARI.

Dave Mitchell.
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Appendix G, Continued

Analysis:

Performed At:

Equipment:

{alibration

information:

Maintenance
Information:

Sample Tracking:

Responsible
Person:

Tatal Organic Carbon {TOC}, Total and Dissolved
Sulfides, Cyanide.

Amiest, Inc.
Redmond, Washington

Dohrmann BC-180 Carbon Analyzer

Schmadzo Spectrophotometer {Cvanide Analysis).
Titration Buret (Sulfide Analysis).

For Dohrmann and Schmadzo devices, calibration was

performed daily by AmTest persomne},

Maintenance on Dohrmann and Schmadzo deviges was
performed monthly by AmTest personnei.

A1l analysis tied to specific machine and operator
via laboratory book system approved by AmTest and
verified by John Daily.

John Daily

6.2



Appendix G, Continued

Analysis:

Performed At:

Equipment:

Calibration
Information:

Maintenance
Information:

Sample Tracking:

Responsible
Person(s):

Organotins

Battelle MRL
Sequim, Washington

Hewlett-Packard 5890 Gas Chromatograph
Hewlett-Packard 5970 Mass Selective Detector (MSD}

Gas Chromatograph calibrated daily with
tributyltin standards. MSD calibrated daily with
perflurotributyltin standard (internal standard).

Maintenance by either Battelle or Hewlett-Packard
personnel. Schedule dependent upon use, hut usually
monthly.

All analysis tied to specific machine and operator
via Battelle's laboratory book system. A1l data
approved by E.A. Crecelius {Battelle MRL).

E.A. Crecelius and T.A., Fortman.

£.3



Appendix &, Continued

Analysis:
Performed Al:

Equipment:

Calibration
Information:

Maintenance
Information:

Samgle Tracking:

Responsible
Person{s}:

Mercury, Silver, Cadmium, Selenium,
Thallium and Antimony.

Battelle MRL
Sequim, Washington.

Lahoratery Data Control Cold Vapor Atomic
Absorption Spectrophotometer for Mercury.

Perkin-Elmer 5000 Atomic Absorption

Spectrophotometer for Selenium, Cadmium
and Silver,

perkin-Elmer 3030 Atomic Absorption
Spectrophotometer for Thallium and Antimony.

A1l instruments calibrated daily with Standard
Reference Materials {SRM's).

Maintenance by Battelle or authorized technical
representatives as needed or when indicated by
calibration results.

A1l analysis tied to specific machine and operator
via Battelle's laboratory book system. A1l data
approved by £ A, Crecelius {Battelle MRL).

E.A, Crecelius, C.W. Apts and 0.A. Cotter.

Srpas rreplotsrmttin..
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Appendix G, Continued

Analysis:

Performed At:

Equipment:

Calibration
information:

Maintenance
Information:

Sample
Tracking:

Respornsible
Person{s}:

Chromiwm, lLead, Rickel, Copper, Zinc, Arsenic

Battelle PNL
Richland, Washington

" Kevix 0B10 A Xray Fluorescence (XRF)

Computer controlled with a
Canberra Jupiter System {PDP 1134 A)
Battelle Computer Codess
SAP«3
MCA
%RF

Calibrated at the beginning and end of each run
with USGS Standard Andesite and MBS Standard 1546,

As needed or when specified by calibration results,

A1l analysis tied to specific machine and operator
via Battelle's laboratory book system. A}l data
approved by R. Saunders.

R. Saunders

G.5



Appendix &, Continued

Analysis: {11 and Grease,

Performed Al: Battelle MRL
Sequim, Washington.

ﬁqaiameﬁt: Beckman Acculab 4 Infrared Spectrophotometer,

Calibration

Information: Calibrated daily with API reference oil by
Battelle MAL personnel.

#aintenance

Information: Maintenance by Battielle or Beckman personnel

as needed or when indicated by calibration results.

Sample Tracking: All analysis tied to specific machine and operator
via Battelle’s laboratory book system. All data
approved by J.GQ. Word (Battelle MRL).

Responsible
Person{s): J.Q. Word and LM, Franklin

G.b



Appendix &, Continued

Analysis: Grain Size
Performed At: Battelle HMRL
Sequim, Washington
Equipment: Tyler Standard Seives
Mettler AC-100 Analytical Balance
Calibration
Informations Mettler Analytical Balance calibrated every 12 months
by Quality Coatrol Services, Portland, Oregon.
Maintenance
Information: Mettler Analytical Balance maintenance every 12 months

by GQuality Control Services, Portland, (regon.
Sampie Tracking: A1l analysis tied to specific balance and analyst

via Battelle's laboratory book system., A1l data

approved by E.A. Crecelius {(Battelle MRL).

Responsibie
Person(s): E.A. Creceiius and C.W. Apts.

G.7



Appendix G, Continued

Analysis:

Performed At:

Equipment:

Calibration
Information:

Maintenance
Information:

Sample Tracking:

Responsible
Person(s):

Oyster Larvae Bioassay

Battelle MRL
Sequim, Washington

Mettler PE-3600 Analytical Balance

American Qptical Corporation Refractometer
Kessler Model 74A-136 Thermometer

ERTCO FC-36486 Thromometer (Standard)

Orion Research Model 701-A Digital Ionalyzer
YSI Model 58 Digital D.0. Meter

RICCA Buffers

[.A.P.0. Standard Seawater (3% o/oo)

The Mettler balance is calibrated annually by
Qulaity Control Services, Portland, Oregon.

The Refractometer and Kessler Thermometer were
calibrated by Battelle personnel before the bioassay
test to Standard Seawater and ERTCO thermometer,
respectively. The Orion Ionalyzer was calibrated
before each use with the RICCA buffers, and the

YSI D.0. Meter was air calibrated {100% saturation)
before each use by Battelle personnel.

Standard Stawater

With the exception of the analytical balance,
maintenance is performed on an "as needed" basis
(determined by calibration results) by Battelle
personnel.

A1l measurements tied to specific instrument and
analyst via Battelle's laboratory book system.
A1l data approved by J.Q. Word (Battelle MRL).

J.Q. Word and J.A. Ward.
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