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SUMMARY 

The U.S. Army Corps.of Engineers (USACE}, San Francisco District, was 
authorized by the Water Resources Development Act of 1986 (Public Law 99-662) 
to deepen and widen the navigation channels of Inner and Outer Oakland Harbor, 
California, to accommodate modern deep-draft vessels. The recommended plan 
consists of deepening the harbor channels from the presently authorized water 
depth of -35 ft mean lower low water (MLLW) to -42 ft MLLW and supplying the 
harbor with adequate turning basins and berthing areas. Offshore ocean 
disposal of the dredged sediment is being considered, provided there is no 
evidence of harmful ecological effects. If harmful ecological effects are not 
evident then the appropriate certifications from state environmental quality 
agencies and concurrence from the Environmental Protection Agency can be 
obtained to allow disposal of sediment. 

To help provide the scientific basis for determining whether Oakland Harbor 
sediments are suitable for offshore disposal, the Battelle/Marine Sciences 
Laboratory {MSL}, operating under contract to the USACE, San Francisco 
District, collected sediment cores from 23 stations in Inner and Outer Oakland 
Harbor, evaluated these sediment cores geologically, performed chemical 
analyses for selected contaminants in sediments, conducted a series of solid 
phase toxicity tests with four sensitive marine invertebrates {Macoma nasuta, 
Nephtys caecoides, Ampelisca abdita, and Rhepoxynius abronius}, and assessed 
the bioaccumulation potential of sediment-associated contaminants in the 
tissues of~ Nasuta. 

Toxicity tests using standard protocols with the bivalve M. nasuta and the 
amphipod 8. abdita at all stations showed no significant increases in 
mortality relative to reference sediments. The standardized toxicity tests 
using the polycheate N. caecoides and the amphipod R. abronius revealed 
significant effects at stations predominantly consisting of sediment from the 
Older Bay Mud formation known as Merritt Sands (OI-CH-4A, OI-CH-6A, and OI
SS-4L). The mortality at these stations is not related to chemical 
contaminants. The only other station with significant polychaete mortality 
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{OI-TS-5U) had the highest concentrations of metals and organic contaminant of 
any station sampled. It is likely that the chemical contaminants at this 
station contributed to the observed polychaete mortality. 

Significant contaminant-related toxicity to amphipods occurred at station 01-
TS-SAU, at the maneuvering area station OI-MA-2U, at four channel stations 
(00-CH-3, 00-CH-4, 00-CH-8, and OI-CH-2A) and at two outer harbor stations 
(00-W-1 and 00-W-2). The amphipod mortality at the other maneuvering area 
station (OI-MA-1L), although significant, does not appear to be related to 
contaminants, grain size, or organic carbon. The other 16 test sediments {OI
CH-0, OI-CH-4A, OI-CH-6A, OI-SS-4L, 00-CH-1, 00-CH-2, 00-CH-5, 00-CH-6, 00-
CH-7, 00-W-3, 00-W-4, 00-W-5, MA-2L, PRC, PRF, and Tomales Bay) showed no 
significantly increased acute mortality in the amphipod tests or in any other 
tests that are related to sediment contaminants. All of these sediments are 
suitable for open-ocean disposal based on current guidelines in the 
Implementation Manual. 

None of the metals produced significant levels of bioaccumulation relative to 
the two reference sediments. PAH bioaccumulation was significantly greater at 
stations OI-MA-1l, OI-MA-2U, 01-TS-5AL, and 01-TS-SAU. When PCBs were 
evaluated, only station 00-CH-2 was added to the list of stations showing 
significant bioaccumulation. Significant pesticide bioaccumulation occurred 
at stations 00-W-3 and 00-W-4, Tributyltin bioaccumulation occurred at only 
01-TS-SAU. Therefore, the additional stations showing unacceptable 
bioaccumulation based on present Implementation Manual criteria would be OI
MA-1L, 00-CH-2, 00-W-3, and 00-W-4. 

Sediments that may be unacceptable for ocean disposal, ba~ed ?n 
toxicity information and current Implementation Manual gu1del1nes 
are 01-CH-4A, OI-CH-6A, Oi-SS-4l, 01-TS-SU, 00-CH-3, 00-CH-4, 
00-CH-8, OI-CH-2A, 00-W-1, 00-W-2, 01-MA-ll, OI-MA-2U, 01-TS-SL, 
00-CH-2, 00-W-3, and 00-W-4. 
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1.0 INTRODUCTION 

The U.S. Army Corps of Engineers (USACE), San Francisco District, was 
authorized by the Water Resources Development Act of I986 (Public Law 99-662) 
to deepen and widen the navigation channels of Inner and Outer Oakland 
Harbor, California, to accommodate modern deep-draft vessels. The 
recommended plan consists of deepening the harbor channels from the presently 
authorized water depth of -35 ft mean lower low water (MLLW) to -42 ft MLLW 
and expanding turning basins and berthing areas in the harbor. Offshore 
ocean disposal of the dredged sediment is being considered, provided that 
there is no evidence of harmful ecological effects and that appropriate 
certifications from state environmental quality agencies and concurrence from 
the Environmental Protection Agency can be obtained. Ecological effects must 
be determined by toxicity tests, chemical analyses, and other empirical 
measurements performed in compliance with the Implementation Manual for 

Section 103 of Public Law 92-532. 

To help provide the scientific basis for determining whether Oakland 
Inner Harbor sediments are suitable for offshore disposal, the Battelle/ 
Marine Sciences Laboratory (MSL), operating under contract to the USACE, San 
Francisco District, recently conducted an ecological evaluation of sediments 
collected to project depths of-38ft MLLW (Word et al. 1988). The-38ft 
evaluation supplemented related preliminary studies conducted by MBL (1987), 
Word et al. (1990a) and USACE (1988). This previous work was extended to 
include additional toxicological and chemical evaluations of sediment from 
Oakland Inner and Outer Harbor to the -44-ft depth project depth of -42 ft 
plus 2 ft of overdepth. The follow-on study was performed in two phases. 
Phase I evaluated sediments from 20 stations in Oakland Inner Harbor to full 
project depth and was completed between July 22 and August 23, I988. The 
results of Phase I are presented in Ecological Evaluation of Proposed 
Discharge of Dredged Material from Oakland Harbor into Ocean Waters {Phase I 
of -42 Foot Pro.iectl, (Word et al. 1990b). Phase II of the Oakland Harbor 
studies is described in this report. During Phase II, sediments from 6 
stations in Oakland Inner Harbor and 15 stations in Oakland Outer Harbor 
were evaluated to the full project depth of-42ft (plus 2ft of overdepth). 

1.1 



The six stations in Oakland Inner Harbor and one station in Oakland outer 
Harbor were added to Phase II after it was discovered that coring equipment 
could not penetrate to the -44-ft project depth at these stations during 
Phase I. 

Phase II of the follow-on study for the -42-ft project consisted of 
chemical analyses of selected contaminants in sediments, a series of solid 
phase toxicity tests conducted with four sensitive marine invertebrates 
(Macoma nasuta, Nephtys caecoides, Ampelisca abdita, and Rhepoxynius 
abronius), and an assessment of the bioaccumulation potential of sediment
associated contaminants in tissues of M. nasuta. To ensure that results of 
the current study comply with 40 CFR 227 requirements, the technical design 
and procedures were based on guidelines and recommendations provided in the 
Implementation Manual for Ecological Evaluation of Proposed Discharge of 
Dredged Material Into Ocean Waters (EPA/USACE 1977). Other relevant testing 
protocols were also developed or used as appropriate. 

Section 2.0 of this report describes field and laboratory methodologies, 
including quality assurance and quality control procedures. Results of 
physical and chemical analyses, toxicity tests, and bioaccumulation 
measurements are provided in Section 3.0. Conclusions on the potential 
ecological impact of the proposed dredging operations are included in 
Section 4.0. Appendixes A through G contain supporting data and other 
relevant information. 

1.2 



2.0 MATERIALS AND METHODS 

2.1 STUDY AREA DESCRIPTION 

The Port of Oakland is located on the eastern shore of central San 
Francisco Bay, east of the city of San Francisco. Oakland Inner Harbor is a 
4.5-mile-long shipping channel located between the cities of Oakland and 
Alameda, California (Figure 2.1). Oakland Outer Harbor, also shown in Figure 
2.1, is a larger waterway south of the Oakland Bay Bridge. Core samples 
representing dredged material were collected from Oakland Inner and Outer 
Harbors. 

The area offshore to the south of Point Reyes, California (Figure 2.2), 
was another source of sediment samples for this study. One site south of 
Point Reyes provided uncontaminated sediment that is of approximately the 
same grain size, organic carbon level, and water depth as the sediment that 
would be found at the disposal site. This relatively coarse-grained material 
was layered into all toxicity test containers (see Section 2.7) and is 
called PR-coarse in this report . A second site off Point Reyes provided 
uncontaminated fine-grained material that would simulate the physical 
conditions of fine-grained (silt and clay) dredged material for disposal. 
This material is called PR-fine in this report. 

2.2 GENERAL QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES 

Quality Assurance/Quality Control (QA/QC) procedures followed by MSL and 
subcontractors were consistent with the Imolementation Manual (EPA/USACE 
1977) and other related EPA protocols (PSEP 1986). These procedures are 
documented in a Quality Assurance Plan (Number EES-20, Revision 3) produced 
by the Quality Engineering Division at Pacific Northwest Laboratory (PNL). A 
PNL quality assurance engineer was present at the MSL during most of the 
Phase II program to ensure that accepted procedures were followed. A PNL 
Laboratory Record Book (LRB) was assigned to each portion of the study to 
serve as a permanent record of daily activity. All entries in the LRBs were 
signed and dated by the researcher and reviewed by both the project manager 
and the quality assurance engineer. Specific QA/QC procedures for each 
activity are included in Section 2.7.2. 
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2.3 SEDIMENT COLLECTION 

2.3.1 Oakland Harbor Sediment Collection 

Sediment cores in Oakland Harbor were collected with a vibratory hammer 
coring device specially designed to sample highly compacted sediment, which 
conventional coring devices would not penetrate. Manson Pacific Construction 
and Engineering Company of Richmond, California, was subcontracted by MSL to 
fabricate this coring device. The vibratory hammer corer consists of a 50-
ft-long, 4-in.-diameter steel coring tube which accommodated steam-cleaned 
lexan core liners and was equipped with an Alpine cutter head and core 
catchers. The coring tube was positioned by a barge-mounted crane and was 
driven by a Westam electric vibratory hammer. 

Manson Pacific also supplied the derrick barge (Hagar) push boat, support 
equipment, vessel and coring crews for the Phase II sampling program. The 
Hagar provided a 150-ft x 60-ft platform and was equipped with a 150-ft boom 
and crane to support the coring device. Barge position during coring was 
maintained using 60-ft spud anchors. The staging area for all coring 
operations was at the Crowley Dock, operated by Crowley Marine at the old Todd 
Shipyard area in Oakland Inner Harbor. 

land and Sea Surveys, of Ventura, California, was subcontracted by MSL to 
provide navigational support throughout the Oakland Harbor coring operations . 
land and Sea located the coring stations using a Geodometer laser/range 
azimuth positioning system. Navigational survey-control points were located 
at the Union Pacific Railroad Yard, Monument Chan, and the Crowley Marine 
Dock, in the vicinity of Todd Shipyard. The verified California State 
Coordinates (Zone III) for these points are N478193.85, E1471745 .84, 
N474967.18, E1479560.29, and N475303.82, El483103.14, respectively. An 
additional point was used to help locate stations in the maneuvering area 
(N475348.26, E1483606.00). 

Before coring commenced, the navigators surveyed the station reference 
coordinates, deployed station buoys, and determined station depths with a 
lead-line deployed from a runabout. The uncorrected depth determined in this 
manner was recorded in the station logs kept by land and Sea Surveys. Depth 
corrections were made during actual coring by measuring water level with 
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respect to a known tidal benchmark (Monument Chan, for instance, is 10.39 ft 
above MLLW) and applying the appropriate correction factor to the depth 
recorded on the coring barge at that time. This method eliminates the use of 
a tide table, thereby reducing the probability of error when applying tide 
table calculations to MLLW depth. Tide tables were consulted during the 
coring operation, however, and compared with MLLW water depths in the coring 
area as a second check of the corrected MLLW depths radioed to the derrick 
barge by Land and Sea personnel. Verified MLLW depths were recorded in MSL 
field logs, as were uncorrected depths and the total core length needed to 
penetrate to -44ft MLLW (-42 ft plus 2 ft overdepth). 

Once Hagar was in position and MLLW depths were verified, the station 
buoy offset was determined and radioed to the crane operator, so that the 
vibratory hammer corer could be positioned correctly. The core barrel was 
lowered to the bottom and the penetration depth was measured using calibrated 
marks on the outside of the barrel. The vibratory hammer was used if the 
corer did not penetrate to project depth under its own weight and momentum. 
When the cor.ing device had penetrated the required distance, the core barrel 
was lifted from the water and placed on the barge deck. The lexan liner 
holding the sediment sample was pulled from the core barrel and measured for 
appropriate length. If the sample was of acceptable length, the core was 
capped, labeled, and cut into 5-ft sections for storage in a refrigerated 
container aboard the Hagar. At the end of each day, the cores were 
transferred to a refrigerated truck located at the Manson/Crowley staging area 
and maintained at 4oc until used for sediment chemistry or bioassay testing. 

2.3.2 Point Reyes Sediment Collection 

Three types of samplers--a pipe dredge, a Battelle-designed Yeloc 
sampler, and a modified van Veen grab sampler--were used to collect sediment 
from the sites offshore of Point Reyes (Figure 2.2). The pipe dredge proved 
most successful for collecting large sediment volumes in rough seas, though 
the other samplers were used to collect some of the samples. The pipe dredge 
is a cylindrical apparatus, 5 ft long with a diameter of 12 in., designed to 
collect surficial sediment as it is dragged along the bottom. The pipe dredge 
and other samplers were deployed from an articulating boom aboard the 
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72-ft F/V White Lightning. Upon recovery, sediment was released from the 
sampler onto a clean plastic tarp on deck. Sediment was then placed into 
numbered, clean, seawater-cured coolers, kept cool with blue ice, and 
transported to the refrigerated truck at the Crowley/Manson staging area. 
Point Reyes sediment samples were maintained at 4°C until being delivered to 
MSL in Sequim, Washington. 

2.3.3 Tomales Bay Sediment 

A sediment sample from the tideflats of Tomales Bay, California, was 
collected by shovel and bucket. This sediment is the native habitat for the 
test organism N. caecoides (polychaete) and was collected and shipped with 
the organisms in clean coolers. After the Nephtys were shipped to MSL, it 
was decided to make Tomales Bay a test sediment. Consequently, holding 
conditions were appropriate for the test organisms rather than sediment 
samples. This meant that sediment was held under aerated seawater at 
approximately 14'C until used for testing. 

2.4 SAMPLE PREPARATION FOR CHEMICAL, PHYSICAL. AND BIOLOGICAL TESTING 

2.4.1 Labware Cleaning 

All laboratory utensils and glassware were washed by hand with 
commercial detergent or by a Forma laboratory dishwasher with Forma Soap 
Solution 2, were rinsed five times with deionized water after washing, and 
were allowed to air-dry. Glass, Pyrex, plastic, titanium, and PVC 
containers and equipment were then soaked in a 5% nitric acid solution (HN03, 
Baker Instra-analyzed grade) for at least 4 h. After acid-cleaning, labware 
was rinsed five times with deionized water and again allowed to air-dry. 
Stainless-steel bowls, spoons, and spatulas were rinsed three times with 
methylene chloride (MeCl2l and allowed to dry. All labware was either st.ored 
in clean containers or used immediately. 

Large aquaria were washed by hand with soap and water, rinsed five times 
with deionized water, and filled with 5% nitric acid. The acid remained in 
the aquaria for a minimum of 4 h. The acid was then removed and the aquaria 
were rinsed five times with deionized water and placed upside-down atop water 

tables until used. 
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2.4.2 Test Sediment Preparation 

Sediment treatments for chemical, physical, and biological testing were 
prepared from Oakland Harbor core samples, Point Reyes grab and dredge 
samples, and Tomales Bay grab samples. Oakland Harbor core samples were 
cut in half longitudinally and examined by an MSL geologist and a USACE 
representative. Geological descriptions were performed according to the 
American Society for Testing and Materials (ASTM) Procedure 02488-84: 
"Standard Practice for Description and Identification of Soils {Visual-Manual 
Procedure)" (1984). This procedure is detailed in Appendix B, and results 
and interpretation of the geological analysis are presented in Section 3.2. 
The USACE representative would then determine the appropriate vertical 
section(s} of core to be composited into each sediment treatment. The 
compositing strategy was usually to separate the material between -38 and -44 
ft MLLW from the material shallower than -38 ft MLLW. 

Sediments from Point Reyes {PR-coarse and PR-fine} were used as 
uncontaminated sediment treatments to provide information on a range of 
variables arising from dredged-material texture (grain size} and to establish 
a basis for comparison of physical differences. The Tomales Bay sediments 
provided a third uncontaminated control to verify the health of the sensitive 
test organism H. Caecoides during the toxicity tests. All three control 
sediment treatments were sieved through a 0.5-mm Nytex screen to remove 
organisms before being composited. 

To composite, or mix, samples for chemical analysis, sediment from the 
appropriate segment of each core was removed from the core liner with a 
stainless-steel spatula and placed in a labeled, stainless-steel bowl. Care 
was taken to avoid removing sediment that had been in direct contact with the 
core liner or sediment containing flakes of liner resulting from the cutting 
process. Point Reyes and Tomales Bay control sediments were sieved directly 
into stainless-steel bowls. Sediment was mixed with stainless-steel spoons 
until the color and texture were homogenous. Subsamples were immediately 
transferred to appropriately labeled jars for the various chemical and 
physical analyses. The remaining sediment was covered with sheet Teflon, 
labeled, and stored at 4'C until needed for biological testing. 
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2.4.3 Preparation of Point Reyes Coarse (Reference) Sediment 

Medium-to-fine sand collected south of Point Reyes, California (Section 
2.3.2), was used as a coarse-grained, uncontaminated sediment on which all 
test treatments were layered in the Phase II toxicity tests. This material 
was also used as a negative control treatment during testing, because it 
closely approximates actual conditions at the disposal site and is similar 
to the Point Reyes material used in the Oakland -38-ft and Phase I toxicity 
tests. The coarse material was prepared first by screening the sediment 
through a 0.5-mm Nytex screen to remove all organisms present. This screen 
was integrated with a sieving tray designed by MSL and constructed of 
stainless-steel and wood. All surfaces of this tray were painted with 
several coats of a nontoxic epoxy paint to minimize sediment contamination 
from contact with wood and metal. The sieving tray was designed to discharge 
sieved sediment directly into a 55-gal aquarium. A submersible pump 

installed in the aquarium created a closed circulation system that recycled 
the seawater used for sieving. This reduced the amount of water needed for 

sieving and minimized loss of fine-grained material. After an aquarium was 

full of sieved sediment, it was removed from the sieving area, covered with a 

polyethylene sheet that did not touch the sediment or seawater, and allowed 
to settle for 6 h undisturbed. 

At the end of the settling period, the overlying water was removed with 
a siphon hose. The sediment was placed in a large epoxy-coated cement mixer 
using an epoxy-coated shovel. This mixer was used to thoroughly homogenize 
the sediment, a process that took about 6 min. Mixed sediment was returned 
to the aquarium, and aliquots for chemical analysis were immediately removed 
to clean, labeled jars. The aquarium was again covered with polyethylene and 
stored at ambient temperature {approximately l5°C) until used for biological 
testing (within 24 h). 
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2.5 CHEMICAL AND PHYSICAL ANALYTICAL PROCEDURES 

2.5.1 Polynuclear Aromatic Hydrocarbons (PAHs), Chlorinated Pesticides. 
and Polychlorinated Biphenyls (PCBsl 

Sixteen priority-pollutant PAH compounds (EPA Method 610 list), 15 
organochlorine pesticides (EPA Method 608 list), and four PCBs (Aroclors 
1242, 1248, 1254, and 1260) were measured in sediments and tissue samples by 
Battelle Ocean Sciences, Duxbury, Massachusetts, and Battelle Columbus 
laboratories, Columbus, Ohio, using standard laboratory techniques based on 
EPA SW846 and EPA CLP methods. Quality control procedures included analysis 
of National Oceanic and Atmospheric Administration (NOAA) reference materials 
SQ-1 (sediment) and Oyster-! (tissue), procedural blanks, matrix spikes, 
surrogate compounds, and duplicate samples. 

One aliquot of sediment was taken for dry-weight determination, and 
another 50-g aliquot (wet weight) was subsampled for analysis. Each sample 
was spiked with surrogate recovery materials (10 pg/sample each of 
naphthalene-d8, acenaphthene-d10 , phenanthrene-d 10 , chrysene-d 12 , and 
perylene-d12 ) and subsequently extracted with 1:1 methylene 
chloride:acetone. PAH analytes were not used in the matrix-spike assessment 
of analytical accuracy because of the extensive use of surrogate materials in 
the PAH analytical protocol. The extraction method was analogous to Contract 
Lab Protocol methods except that a 50-g (wet weight) sample was used, to 
lower detection limits, and the ambient temperature extraction was used 
instead of sonication (NAF Method, Macleod et al. !985). 

M. Nasuta tissue was homogenized in the laboratory and, where possible, 
a IS~g aliquot was removed for organics analysis. The tissue sample was 
macerated using a Tissuemizer and sodium sulfate and extracted repeatedly 
with methylene chloride (NAF Method, Macleod et al. 1985). All extracts were 
processed through a gel permeation chromatography (GPC) cleanup step using a 
Phenogel IOOA~size exclusion column prior to analysis. Performance criteria 
used to assure the quality of GPC data were analogous to those recommended in 
EPA Method 3640. Approximately one-third to one-half of each sample extract 
was processed through GPC. The remainder was archived for possible future 
analyses. 
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Samples were analyzed for PAH by gas chromatography/mass spectrometry 
(GC/MS) following MSL standard operating procedures, modeled after EPA 
Method 8270 but spectfic for PAH analysis only. The mass spectrometer was 
operated in the electron impact mode, using selected ion monitoring {SIM) to 
acquire individual PAH quantification and confirmation ions. SIM was 
required to meet project detection limits for tissue analyses and was also 
used for sediment analysis, so that data acquisition methods for both 
analyses would be identical. 

Samples were analyzed for pesticides and PCBs by gas chromatography 
using electron capture detection (GC/ECD). Analysis and quality assurance 
methods for GC/ECD analyses followed EPA Methods 8000 and 8080, except that 
high-resolution fused silica capillary chromatography columns were 
substituted for the packed chromatography columns specified in the method. 
GC/ECD analytes were confirmed by reanalysis of samples using a 
chromatography column of different polarity, as specified in EPA Method 8000. 
For pesticides and PCBs, the surrogate compounds added to each sample to 
assess extraction efficiency were dibutylchlorendate (600 ng/sample) and/or 
dibromooctafluorobiphenyl (200 ng/sample}. Analytical accuracy was assessed 
by matrix spikes of a subset of pesticide analytes, for which percent 
recovery was reported. 

2.5.2 Metals and Metalloids 

Metal and metalloid concentrations in sediment and tissue samples were 
determined using several procedures. Lead and zinc were measured by energy 
diffusive x-ray fluorescence (XRF}. Mercury was analyzed by cold-vapor 
atomic absorption spectrophotometry (CVAA). Antimony, arsenic, cadmium, 
chromium, copper, nickel, selenium, silver, and thallium were analyzed by 
Zeeman graphite-furnace atomic absorption spectrophotometry (GFAA). 

XRF Analysis 

Energy-diffusive XRF analysis was performed by PNL following the method 
of Nielson and Sanders (1983). Approximately 0.5 g of freeze-dried, ground 
sample was pressed into 2-cm-diameter pellets for the analysis. Lead and 
zinc were analyzed by this technique. The XRF technique is recognized by the 
National Bureau of Standards (NBS) for analyzing metals in geological and 
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biological matrices. For quality control of XRF measurements, duplicate 
samples and standard reference materials were analyzed. Reference materials 
included PACS-1, MESS, and NBS !646 sediments. Blank samples are not 
appropriate for XRF. The detection limit in sediment is approximately 
I ~/g, based on a twofold standard deviation of mean counts for a sample 
that contains low concentrations of an element {Nielson and Sanders 1983). 
Spike recoveries were not conducted for the metals analyzed by XRF, because 
it is not possible to mix solutions of metal homogeneously with dry sediment. 

Atomic Absorption Spectroscopy (AAl 

Atomic absorption spectroscopy was performed on sediment and tissue 
digestate to determine the concentrations of antimony, arsenic, cadmium, 
chromium, copper, mercury, nickel, selenium, silver, and thallium. Samples 
were freeze-dried and blended in a mixer-mill. Approximately 4 g of sample 
were then ground in a ceramic ball mill. Then, 0.2-g aliquots of this dried 
homogenate were digested with 4:1 nitric acid:perchloric acid in Teflon 
digestion bombs. After these samples were allowed to cool,·hydrofluoric acid 
was added and the digestion bombs were placed in a !30"C oven for 8 to 12 h. 
After cooling, solution volumes were determined and the solutions were stored 
in polyethylene bottles until the analysis was performed. 

Mercury concentrations were determined through cold-vapor atomic 
absorption using a laboratory Data Control (LDC) mercury monitor with a 30-cm 
cell as a detector, as indicated in EPA Protocol 7481 and modified by Bloom 
and Crecelius (1983). The remaining metals (antimony, arsenic, cadmium, 
chromium, copper, nickel, selenium, silver, and thallium) were analyzed on a 
Zeeman graphite-furnace atomic absorption spectrometer using Methods 7041, 
7060, 713!, 7191, 7210, 7520, 7740, 7760, 7841 (EPA !986). Duplicate 
samples, matrix spikes, procedural blanks, and the reference materials 
PACS-1, MESS, and NBS 1646 were analyzed for quality control of CVAA and GFAA 
analyses. 
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2.5.3 Orqanotins 

Extraction of sediments and tissues for organotin analysis followed the 
methods of Unger et al. (1986). Approximately 10 g (wet weight) of sample 
was weighed into a 125-ml solvent-cleaned glass jar and mixed thoroughly with 
approximately 100 g of anhydrous sodium sulfate to remove the water in the 
sample. Methylene chloride (110 mL) and tropolone (0.25 g) were then added 
to the container. This mixture was homogenized for 12 h and the liquid por
tion decanted through silanized glass wool to remove particles. The 
container was then rinsed three times with additional methylene chloride and 
the resulting fluid decanted, filtered through glass wool, and added to the 
original extract. 

The mono-, di-, and tri-butyltin compounds extracted from the sediment 
were derivatized with n-hexyl magnesium bromide to a less-volatile and 
thermally stable form than the organotin hydrides (Unger et al. 1986). 
derivative was in the tetra-alkyltin form and was quantified by GC/MS. 

more 
This 
The 

n-hexyl derivatives of butyltin species were separated, and the method was 
evaluated using tri-propyltin as a surrogate standard; recoveries were 
reported. 

2.5.4 Total Organic Carbon 

Total organic carbon (TOC) was measured in sediment samples only. TOC 
was determined by AMTest, Redmond, Washington, using a non-dispersive 
infrared measurement of carbon dioxide released from the organic carbon 
during combustion of the sediment. Inorganic carbonates were released from 
the sediment sample before combustion by using hydrochloride. A Dohrmann 
OC-180 analyzer was used to measure carbon dioxide. Duplicate samples were 
analyzed for quality control. This TOC method is consistent with PSEP (1986) 
and Standard Method 505 (Standard Methods 1975). 

2.5.5 Oil and Grease 

Total oil and grease was measured in sediment samples only. 
Approximately 20 g of sediment {wet weight) was weighed into a solvent
rinsed, 250-ml jar, and approximately 40 to 50 g of anhydrous sodium sulfate 
was added and homogenized with the sediment to absorb any water. Then, 50 ml 
of freon was stirred into this mixture and the jar was capped and 
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immediately placed on a rolling sample homogenizer for 16 h. After the 
sample was removed from the homogeniz~r, the freon was poured into a solvent
rinsed conical vial. An additional 50 ml of freon then was added to the 
sediment, and the sample was rolled an additional 6 h. This second 
extraction has been shown to ensure 90% extraction efficiency for various 
sediment matrices (Word et al. 1987). These two extracts were combined and 
measured to the nearest milliliter. Two separate scintillation vials were 
filled for analysis on a Beckman Acculab 4 Infrared Spectrophotometer (IR). 

The sample was scanned from 4000 to 600 cm-1, and the peak height was 
-I measured at 2930 em . This wavelength, which represents the -CH 2 

configurations of hydrocarbons, is the standard used to determine oil and 
grease. Oil and grease may include hydrocarbons, fats, fatty acids, soaps, 
waxes, oils, and any other carbon-hydrogen material that is extracted by the 
freon solvent. The relationship of peak height to the oil concentration was 
determined by regressing the peak height versus a known concentration of fuel 
oil (EPA-API Reference Oil WP 681). This method is consistent with Method 
502 B (Standard Methods 1975). 

2.5.6 Petroleum Hydrocarbons 

Petroleum hydrocarbons represent the mineral fraction of total oil and 
grease. The petroleum hydrocarbon analysis was performed on a portion of 
the oil and grease extract. A 50-ml aliquot of this extract was mixed with 
freon in a solvent-rinsed glass jar to provide 100 ml of sample . This 
mixture represents a 50% dilution, which is accounted for in the calculations 
of the concentrations of the petroleum fraction of the oil-and-grease 
measurement. This solution was then mixed on a homogenizer for 5 min with 
3 g of 200-mesh silica gel, Grade 922, to remove the polar materials (fatty 
acids) from the solution. The compounds not removed by the silica gel were 
considered hydrocarbons for this test and were quantified using the Beckman 
Acculab 4 Infrared Spectrophotometer. As with the oil and grease 
measurement, the sample was scanned from 4000 to 600 cm- 1, and the peak 
height was measured at 2930 cm· 1. 

To ensure that the silica-gel extraction of fatty acids was effective, 
this extraction was performed on a sample of American Petroleum Institute 
(API) crude petroleum and on a sample of corn oil. For the latter test, 
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1 ml of corn oil was dissolved in 100 ml of freon. This solution was diluted 
tenfold to obtain an appropriate reading on the infrared spectrophotometer. 
Thirty microliters of the API standard oil were diSsolved in 100 ml of freon. 
Both of these samples were analyzed on the infrared spectrophotometer, as 
indicated in the above procedure. The samples were then exposed to the 
silica-gel extraction procedure and re-analyzed on the infrared 
spectrophotometer. The procedure was effective. The corn ail was com
pletely removed from the extract while the petroleum hydrocarbon sample 
remained essentially unaffected. 

2.5.7 Grain Size 

Sediment samples were passed through a 62-~ sieve to separate the sand 
and mud fractions. Grain size distribution of the sand fractions were 
determined by weighing material collected on seven sieves (See Table 2.1). 
The fine fractions (<62 ~m) settled to 20, 10, or 7 em in a 1-L graduated 
cylinder at specific time periods. The size of the material either was 
larger than the specified sieve size opening or was determined for the 
pipette-collected material, based on Stokes Law (Table 2.1). Dried samples 
were weighed to the nearest 0.1 ~g on an electronic balance. Salt content 
was then accounted for. This method is consistent with PSEP methodology 
(PSEP 1986). 

2.6 TEST ORGANISM COLLECTION 

Selection of appropriate sensitive benthic marine organisms was 
consistent with Table F.l in Appendix F of the Implementation Manual 
(EPA/USACE 1977). Selected were a detrital-feeding, infaunal bivalve (Macoma 
nasuta)i a burrowing, deposit-feeding polychaete (Nephtys caecoides)i a tube
building, detrital-feeding, amphipod (Ampelisca abdita)i and a burrowing, 
detrital-feeding amphipod (Rhepoxynius abronius). Test organism collection 
was concurrent with sediment collection operations. Test organisms were 

obtained from uncontaminated sites, and all precautions were taken to 
minimize stress during collection and shipping. Upon arrival at MSL, 
organisms were kept in their native sediment whenever possible and were 
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TABLE 1.1. Sieve and Pipette Data for Analysis of Sediment Grain Size 

Time of Pipette 
Grain Size, Screen Pipette Depth, SamQling 

mm Phi Number em lL min sec 

3.35 -1.0 6 NA NA 

1.0 -1.0 10 NA NA 
]. 0 0 18 NA NA 

0.25 2.0 35 NA NA 
0.125 3.0 120 NA NA 
0.0625 4.0 230 10 0 0 10 

0.0480 4.5 NA 10 0 0 55 

0.0312 5.0 NA 10 0 I 55 

0.0230 5.5 NA 10 0 3 40 
0.0156 6.0 NA 10 0 7 41 

0.0078 7.0 NA 10 0 31 0 

0.0039 8.0 NA 10 2 3 0 
0.0019 9.0 NA 7 5 43 0 
0.000976 10.0 NA 7 22 53 0 
0.0004883 1!.0 NA 5 65 25 0 

NA = Not applicable 

gradually acclimated to laboratory holding conditions. Animals were fed, if 
required, before and during toxicity testing. Following is a summary of 
collection and handling procedures for each test species. 

2.6.1 Collection of Macoma nasuta 

The bent-nose clam, M. nasuta, was collected from Sequim Bay, Washington 
(40"03.80'N latitude, 123"00.25'W longitude), and Discovery Bay, Washington 
(48"02.80'N latitude, 123"50.00'W longitude). These embayments are near the 
MSL facility and are considered uncontaminated habitats for these clams (EPA 
1986). Clams were also collected in these areas for the previous -38-ft 
Oakland Inner Harbor sediment evaluation (Word et al. 1988) and Phase I of 
the follow-on study. Approximately 5000 individuals were collected for 
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testing. The clams were collected using bucket, shovel, and sieve. Care was 
taken to minimize shell breakage. The clams were stored in large tubs with 
sediment from the collection site and seawater and were kept cool throughout 
the collection period. The clams were transported to MSL on the collection 
day and placed in flow-through storage tanks at ambient salinity and !Soc 
until testing began. Salinity, temperature, dissolved oxygen (DO), and pH 
were monitored daily during the holding period, which did not exceed 2 weeks. 

2.6.2 Collection of Nephtys caecoides 

The polychaete~· caecoides was collected from mud flats 
Bay, California (38°!3.83'N latitude, 122°57.67'W longitude). 
of Brezina & Associates, Dillon Beach, California, performed 

in Tomales 
John Brezina 

the polychaete 
collections. The worms were collected using bucket, shovel, and sieve. 
Approximately 5000 polychaetes were collected for testing purposes. Animals 
were placed in clean coolers containing sediment from the collection site and 
seawater. Care was taken to avoid damage to the polychaetes during 
collection and transferral. The seawater in each cooler was supersaturated 
with oxygen (22 ppm) prior to shipment to MSL. The animals were shipped via 
commercial overnight delivery. 

Upon arrival at MSL, the shipping bags were placed in the holding water 
and were aerated to drive off excess oxygen. Holding water was gradually 
added to each bag until salinity, temperature, and pH were approximately 
equal to the holding~water conditions. The required acclimation period was 
about 6 h. Worms and sediment were then released into the holding tank by 
slitting the bottom of the bag and gently removing the plastic. Holding
water quality was monitored daily until all toxicity tests were initiated 
(within 2 weeks). 

2.6.3 Collection of Ampelisca abdita 

The amphipod A. abdita was collected from fine sediments in the shallow 
subtidal zone in the southern end of the Pettaquamscutt (Narrow) River, Rhode 
Island. These animals were collected by personnel from Science Applications 
International Corporation (SAIC) under the supervision of Or. John Scott. 
Approximately 10,000 amphipods were transported by air from Rhode Island to 
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MSL. Two separate deliveries were required to supply this large number of 
test animals. 

To obtain these animals, surface sediments {8 to 10 em} containing 
amphipods were scooped with a shovel into buckets and taken to the SAIC 
laboratory in Newport, Rhode Island, where they were sieved on a 0.5-mm mesh 
screen with flowing seawater maintained at the collection-site temperature 
and salinity. Animals retained on the screen were transferred to 8-oz 
microwave containers. Each container held about 200 organisms in native 
sediment covered with a small amount of water. The organisms were 
transported on ice to MSL, where they were gradually acclimated to MSL 
holding-water salinity, temperature, DO, and pH. The dishes were placed 
undisturbed in the bottom of the holding container. Water quality was 
monitored daily until test initiation. A. abdita were fed Phaeodactylum 
tricornutum twice before testing. Total holding time did not exceed 2 weeks. 

2.6.4 Collection of Rhepoxynius abronius 

The amphipod E. abronius was collected at water depths of -IS ft near 
West Beach, Whidbey Island, Washington (48'50.83'N latitude, l22'40.00'W 
longitude). An MSL-designed sediment dredge was deployed from the MSL 
research vessel to collect the amphipods at this site. Approximately 10,000 
amphipods were collected for testing. The amphipods were transferred from 
the dredge into large tubs filled with seawater and sediment from the 
collection site. The animals were kept cool in the field and transported to 
MSL on the collection day. Acclimation to holding conditions required 2 h. 
Animals were held in native sediment with flow-through seawater for less than 
2 weeks. Water quality was monitored daily until test initiation. Feeding 
of R. abronius was not required. 
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2.7 SOLID-PHASE TOXICOLOGICAL TESTING PROCEDURES 

2.7.1 Test Ob.iectives and Experimental Design 

The "solid phase" of dredged material is the portion of the material 
that is expected to settle to the bottom after disposal. The objectives of 
the solid phase toxicity tests were 1) to approximate exposure conditions 
that might be experienced by benthic organisms living in sediments near the 
boundary of a disposal site, and 2) to evaluate effects caused by the 
physical presence of dredged material and the toxicity of contaminants 
associated with it. These tests were not intended to evaluate the impact of 
dredged materials that might exist within a disposal site or directly beneath 
a disposal vessel. The toxicity tests described below were designed and 
performed to meet the objectives and to comply with the solid-phase testing 
requirements of the 40 CFR 227 as presented in the Implementation Manual 
prepared by the EPA/USACE Technical Committee on Criteria for Dredged and 
Fill Material (EPA/USACE 1977). Supplementary procedures developed for the 
amphipod toxicity tests were based on guidelines provided in the protocols of 
Scott and Redmond (personal communication) and Swartz et al. (1985). The 
following toxicity tests were conducted: 

• 10-day solid-phase flow-through tests for mortality of M. nasuta 
and N. caecoides as described in the Implementation Manual 
(EPA/USACE 1977). 

• 10-day solid-phase flow-through tests for mortality of~. abdita 
in accordance with manuscript method of Scott and Redmond (personal 
communication). 

• 10-day solid-phase static tests for mortality of 8. abdita 
in accordance with bioassay procedures for B. abronius of Swartz 
etal. (1985). 

• 10-day solid-phase flow-through tests for mortality of R. abronius 
in accordance with bioassay procedures of Scott and Redmond 
(persona 1 commun_i cation) . 

• 10-day solid-phase static test for mortality of R. abronius in 
accordance with bioassay procedures of Swartz et al. {1985). 

• Measurement of contaminant concentrations in the tissues of 
surviving M. nasuta that were exposed to the sediment treatments, 
for bioaccumulation. Specific contaminants are organotins, 
metals, PCBs, pesticides, and selected PAHs. 
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Specific effects, or endpoints, included both mortality of test 
organisms and accumulation of contaminants in tissues after 10 days of 
exposure to proposed dredge material. The selected test organisms allowed 
examination of observed effects in relation to differences in feeding and in 
life habits. Comparative data from tests performed on the two amphipods 
also will be useful in evaluating the relative sensitivities of these species 

under different testing scenarios. Table 2.2 summarizes the experimental 

design and test requirements for the Oakland Phase II solid-phase toxicity 
tests. 

In each test, 5 replicates of each sediment treatment were evaluated. 

Each replicate contained 20 individuals of the test organism, so that 100 
organisms were exposed to each sediment treatment. The clams and polychaete 
worms were tested together in the flow-through ~· nasuta/tt. caecoides 
toxicity test. The two amphipod species were tested together in both the 
flow-through and the static A· abdita/ R· abronius toxicity tests. 

The containers used for the flow-through ~· nasuta/li. caecoides test 
were 38-l (10-gal) glass aquaria, randomly placed on five water tables. An 
exception to the random design was the placement of the 5 replicate Tomales 
Bay aquaria. The addition of Tomales Bay sediment as a test treatment was 
requested after placement of the planned number of aquaria had been 
completed. Water delivery was regulated by a dripper-arm system designed to 
deliver a constant flow of 125 ml/min ~ 10 ml/min (Figure 2.3). Aeration 
was provided by air stones in the seawater reservoir and to each test 
container through a glass pipette connected to the overhead air manifold. 
One-liter glass Mason jars, randomly placed on two water tables, were used 
for the ~- abdita/R. abronius toxicity tests. Again, the late addition of 
Tomales Bay replicates made them exceptions from the random design. Aeration 
was provided to the static test jars by pipettes connected to an overhead 
air manifold (Figure 2.4). Jars for the flow-through test were modified to 
provide a subsurface water di'scharge and a screened overflow port (Figure 
2.4). This design regulated the water level in the container while 
minimizing impingement of floating amphipods on discharge screens. Aerated 
flow-through water was regulated by a dripper-arm system designed to deliver 
a constant flow of 40 • 5 mL/min. 
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TABLE 2.2. Experimental Design and Test Requirements 
(ST=sediment treatment; PR = Point Reyes) 

Species 

!!-~. 
fi. caeeoides 

(Tested SilfLILtaneously 

in sane containers) 

Ji. abronius 

~- atxli ta 

(Tested silfLILtaneously 

in same containers) 

a. abronius, 

a- abdita 
(Tested SilfLiltaneously 

in same containers) 

Species 

Ji. nasuta, 
!f.. caecoides 
(Tested Sillllltaneously 

in same containers) 

E.· abronius 

~- abdita 
(Tested simultaneously 

in same containers) 

]!. abronius, 

~· abdita 
(Tested Sif!JJltaneousty 

in same containers) 

Test 

Duration 

10-day 

10-day 

10-day 

Type Test 

Container 

10-ga\ 

aquariun 

1-qt 

Mason jar 

1-qt 

Mason jar 

Test Nunber Sediment 

Concli tions Treatments 

Flow-through; 23 oakland Harbor ST 

ST Layered on t PR·fine control 

PR-coarse. PR-coarse control 
Tomales Bay conrol 

Flow-through; 23 oakland Harbor ST 

ST Layered on t PR·fine control 

PR·coarse PR-coarse control 
Tomales Bay control 

Static; ST 23 oakland Harbor ST 

layered on 

PR·coarse; 

Containers 

aerated. 

water Quality 

Regui rements 

t 

Temp. = 15:t1'C; 

Sal. =Ambient 

:t1'/ •• ; D.O.! 

4.0 mg/L; pH = 

Al!bient ±0.4; 

Flow rate " 

125±10 tiL/min 

Temp. = 15±1'C; 

Sal. = Alrbient 

±1'/ •• ; o.o ~ 
Al!bient ±0.4 

Flow rate " 

40t5 mi./min 

Temp. = 15t'C; 

Sal. = Ambient 

±1'/,.; D.O.~ 

4.0 mg/L; PH = 
Arrbient t0.4 
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PR·fine control 

PR-coarse control 
Tomales Bay control 

Freq..~ency of 

Biological 

Colr!ts ard 
Water-Quality 

Monitorj09 

1/day 

1/day 

1/day 

'"""' Replicates 

per TreatmeMt 

5 

5 

5 

Appropriate 

Protocol 

EPA/USACE (1977) 

'"""' Animals per 

Replicate 

20 of each 

species 

20 of each 

species 

20 of each 

species 

Scott and Redoond 
(personal carm..mi cation>; 

EPA/USACE (1977) 

Word et a I. 1 989a 

S>~artz et al. (1985) 

EPA/USACE (1977) 



Seawater 
Flow-Through 
Control 

Water Manifol c 

I 

FIGURE 2.3. Experimental Set-up for M. nasuta/N. caecoides Test 
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I 
I 
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........... 

... _ 

FIGURE 2.4. Experimental Set-up for A. abdita/~. abronius Tests 
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Exposure conditions were simulated by layering 1.5 em of test treatment 
sediment (Section 2.4.3) on top of 3 em of Point Reyes (PR-coarse) sediment 

-. 
in seawater in each test container. Because of the large number of sediment 
treatments, initiation of the solid phase toxicity tests was staggered over 
3 days. To minimize holding time, sediment treatments were introduced to 
test containers in the order in which they were sampled and prepared. Each 
test container was first layered with 3 em of PR-coarse sediment and allowed 
to equilibrate for 2 days. Then, 1.5 em of test sediment was layered on top 
of the PR-coarse. Sediment treatments were initiated simultaneously in each 
of the three toxicity tests. The initiation steps, including the addition of 
test organisms, are detailed in the procedures for each test (Sections 2.7.3, 
2.7.4, and 2.7.5). The steps were the same for each treatment each day . 
Because the exposure period for each test was 10 days, test termination was 
also staggered over 3 days. Termination procedures are also detailed in the 
procedures for each test. 

2.7.2 Quality Assurance/Quality Control 

Test Organism Identification and Handling 

Organisms collected for exposure during sediment toxicity tests (Section 
2.6) were acclimated to laboratory conditions before tests were initiated. 
Water quality parameters were monitored daily to assure stable conditions, 
and holding times did not exceed 2 weeks. Test organism species identity 
was confirmed by a qualified taxonomist at MSL before use in toxicity tests. 
Twenty individuals of each species were introduced to appropriate test 
containers. Organisms were carefully transferred from holding tanks to test 
containers by pipetting, netting, or quantitative transfer. Animals were not 
touched by hand or exposed to air during transfer . 

Test Conditions 

During all toxicity tests, experimental conditions were monitored daily 
to ensure acceptability and consistency with the Implementation Manual 
(EPA/USACE 1977). Biological conditions included daily observations of test 
organisms for obvious mortalities, burrowing or tube formation, and unusual 
behavior patterns. Physical conditions included a stable temperature 
(± 2.0"C), minimum dissolved-oxygen concentration of 4.0 ppm, stable 
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salinity (± 2.0 °joo}, and 14 h of light per day. Water quality instruments 
were calibrated according to manufacturers' specifications or more-stringent 
PNL protocols. Instrument calibration information and schedules are 
presented in Appendix H. 

2.7.3 Procedures for Flow-Through Test with M. nasuta and N. caecoides 

Test containers (Figure 2.3) for the flow-through M. nasuta/H. 
caecoides toxicity test were labeled and placed in random order on water 
tables, then filled with 8 l of sand-filtered seawater. Eight treatments 
were initiated one day, 8 the next day, and 10 the third day. The following 
steps apply to initiation of each sediment treatment: A 3-cm layer of 
prepared PR-coarse sediment (Section 2.4.3) was added to each aquarium and 
allowed to settle for I h. After settling, the flow-through seawater system 

was turned on to deliver 125 ml/min. Two hours were allowed for the sediment 
and water to equilibrate before addition of 20M. nasuta to the aquaria. 
Equilibration continued for 2 days, during which time dead or nonburrowing 
clams were removed and replaced. At the end of the 2-day period, 75% of the 
water was drained from the aquaria by removing the standpipes. A 1.5-cm 
layer of test sediment (Section 2.4.3) was placed on top of the PR-coarse, 
and the standpipes were replaced so the aquaria could fill with water. Two 
hours after test sediment addition, 20 N. caecoides were added to each 
aquarium and the initiation time recorded. 

Throughout the 10-day exposure period, animal behavior (siphon exposure, 
burrowing, sediment avoidance) was monitored daily, as were water quality 
parameters (salinity, temperature, DO, pH, and flow rate). M. nasuta and N. 
caecoides were not fed during the test. Dead organisms were removed and 
preserved in individual containers with 10% buffered formalin. Each 
container was labeled with the sediment treatment, replicate, date, and time 
removed. 

Ten days (240 h) after the recorded test initiation, the contents of 
each aquarium were carefully passed through 0.5-mm Nytex sieves, and the 
remaining animals were counted and classified as alive or dead. Missing N. 
caecoides that were not removed during the test were assumed to have died and 
decomposed. Mortality inN. caecoides was determined by observing movement 
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and was confirmed by gentle probing of motionless worms. N. caecoides were 
then preserved in 10% buffered formalin. Mortality in ~· nasuta was 

determined by applying pressure to the bivalve shell. The clam was alive if 

it resisted opening its shell. If the clam's adductor muscle would no longer 
hold the valves together and the shell would open easily, the clam was 
considered dead. The surviving~- nasuta were placed in clean, labeled 
aquaria under flow-through conditions to depurate for 2 days in preparation 
for bioaccumulation studies. The complete procedure for obtaining tl· nasuta 
tissues for bioaccumulation is given in Section 2.7.6. 

2.7.4 Procedures for Flow-Through Test with A. abdita and R. abronius 

Flow-through Mason jars (Figure 2.4) were placed in random order on 
water tables and 200 ml of sand-filtered seawater were added. Again, 
treatments were initiated over a 3-day period. PR-coarse sediment was 
layered to a depth of 3 em and allowed to settle for 1 h. The flow-through 
seawater system was started and adjusted to deliver 40 ml/min. Sediment and 
water were allowed to equilibrate for 2 days, then the flow-through delivery 
was stopped and the water level in each jar carefully reduced by 75% with a 
suction pump. A 1.5-cm layer of test sediment was added on top of the PR
coarse and allowed to settle for 1 h before the flow-through water system 
was turned back on. After water had circulated for 2 h, 20 A· abdita and 
20 B· abronius were added to each test container and the test initiation time 
recorded. 

Throughout the 10-day exposure period, amphipod behavior (~. abdita 
tube formation, B· abronius reburrowing) was observed daily before water 
quality parameters (salinity, temperature, DO, pH, and flow rate) were 
monitored. Test organisms were not fed during the test. To avoid disturbing 
the test container, organisms that appeared to be dead were not removed. 

Ten days (240 h) after the test initiation, the contents of each jar 

were carefully passed through 0.5-mm Nytex sieves and placed in a glass 

culture dish. R. abronius recovered from a test jar were counted into a 

shallow petri dish containing seawater and scored for mortality based on the 

presence or absence of pleopod movement when probed (Swartz et al. 1985). 

Unrecovered B· abronius were assumed to have died and decomposed during 
testing. The A. abdita organisms and tubes remaining in the culture dish 
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were placed in a labeled 50-ml centrifuge tube containing 5% buffered 
formalin and rose-bengal dye. After 1 day of preservation, A. abdita were 
gently rescreened through a 0.25-mm Nytex sieve and transeferred to a shallow 
sorting dish for enumeration under a microscope. Tubes were gently probed 
open to ensure that all 8. abdita remaining were counted. 8. abdita 
mortality was determined by I) absence of individuals and 2) poor condition 
of preserved organisms. Due to their small size, 8. abdita that die during 
testing usually decompose in 1 to 2 days, so lost organisms were assumed 
dead. Recently dead organisms are usually in poor condition after 
preservation, indicating a test-related mortality. After scoring, both B. 
abronius and A. abdita were preserved in 40% ethanol. 

2.7.5 Procedures for Static Test with A. abdita and R. abronius 

Labeled Mason jars (Figure 2.4) were placed in random order on water 
tables and 200 ml of sand-filtered seawater were added to each. Over a 3-day 
period, in the order that sediment treatments were initiated, PR-coarse 
sediment was layered to a depth of 3 em and allowed to settle for I h. 
Sand-filtered seawater was added to fill each jar to the 800-ml mark, and the 
sediment and water were allowed to equilibrate for 2 days. After 1 day, 75% 
of the water was removed with a vacuum pump and replaced. At the end of the 
equilibration period, 75% of the water was again removed and a 1.5-cm layer 
of test sediment added on top of the PR-coarse. The jars were filled to the 
800-ml mark and the sediment allowed to settle for I h before 75% of the 
water was removed and replaced. Twenty 8. abdita and 20 B. abronius were 
added to each jar and the initiation time recorded. Aeration was provided 
to each jar by a glass pipette connected to the overhead air manifold. 

Daily observations of behavior and measurement of water quality 
parameters {salinity, temperature, DO, and pH} were recorded over the 10-day 
exposure period. Organisms were not fed during the test, and those that 
appeared to be dead were not removed. The overlying water in the static 
jars was replaced if 1) a comparison of static and flow-through water quality 
conditions in replicate jars indicated that water quality differences between 
tests exceeded one-half of the allowable range indicated in the 
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Implementation Manual (EPA/USACE 1977) or 2) if a pattern of difference was 
detected between the flow-through and static set-ups or within each of the 
static jars. 

At the end of the 10-day exposure period, the contents of each jar were 
carefully passed through a 0.5-mm Nytex sieve and placed in a glass culture 
dish. fi. abronius and 8. abdita were enumerated and scored for mortality as 
described in the previous section. After scoring, all organisms were 
preserved in 40% ethanol. 

2.7.6 Procedures for Obtaining M. nasuta Tissue Samples for Bioaccumulation 
Tests 

Following termination of the 10-day flow-through toxicity test with M. 
nasuta and N. caecoides, the surviving M. nasuta from each replicate were 
placed in clean, labeled flow-through aquaria (see Section 2.7.4). Clams 
were allowed to depurate in clean flowing seawater for" 2 days. Each day all 

fecal material was siphoned out of the aquaria. It is expected that 
contaminants bound to food or contained in the gut are excreted over the 
2-day period; consequently, the remaining contaminants are assumed to be 
those contained within and bioaccumulated by the clam tissues. The 2-day 
depuration period is consistent with the requirements of the Implementation 
Manual (EPA/USACE 1977). 

At the end of this period, individuals within a replicate were randomly 
allocated for trace metal, organotin, PCB, PAH, and pesticide analysis. 
Clams were carefully dissected with clean titanium scalpels. The entire 
clam tissue was separated from the shell and placed into the appropriate 
labeled container. Metal and organotin analyses were performed immediately 
at MSL. Samples for organics analysis were placed in solvent-rinsed glass 
jars and shipped on ice to the analytical laboratory the day of dissection. 
The analytical procedures for tissue bioaccumulation analysis are covered in 

Section 2.5. 
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2.8 STATISTICAL DESIGN AND DATA ANALYSIS 

Solid phase toxicity tests were designed to be completely random 
designs. Random water table positions 
using a separate random number tables. 
in LOTUS 123 was used for this purpose. 

were assigned to each test container 
The discrete random number generator 
Test organisms were randomly 

allocated to treatments at the initiation of each test. 

The purpose of statistical analysis was to determine the significance 
and magnitude of sediment treatment toxicity relative to PR-coarse. 
Statistical analysis was performed after a QA/QC review assured that the data 
were valid and that 10% mortality was not exceeded in the PR-coarse 
treatments. Toxicity was ranked based on test organism survival after a 
10-day exposure to sediment. 

After ascertaining that mortality in PR-coarse treatments did not 
exceed 10%, survival data from each of the flow-through and static toxicity 
tests were evaluated by analysis of variance (ANOVA) as recommended by the 
Implementation Manual (EPA/USACE 1977). The arcsine square root 
transformation wa-s used to assure homogeneity of variances within the data on 
mean proportion surviving for each test. If no significant difference in 
survival was detected by ANOVA, no further statistical analysis was 
performed. 

If survival was significantly different in at least one treatment in a 
test, all treatments in that test were compared using Tukey's Honestly 
Significant Difference (HSD) test (Steel and Torrie 1980). Tukey's HSD is a 
conservative test that uses an experiment-wide error rate and allows 
comparison between all possible treatment combinations. Information about a 
treatment significantly different from a reference is preserved, and 
additional information about significant differences from other treatments is 
provided. Comparison of treatments by Student's t-test was also done if 
significantly different survival was detected by ANOVA. However, when 
applied to comparisons between multiple test sediments and a reference, the 
t-test tends to propagate both type I and type II errors. Type I error 
declares significance when differences may not really be significant {when 
one of the means has very low variance). Type II error declares non
significance when differences are actually significant {when variances about 
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the compared means are large). The multiple range comparison tests of 
Student Newman-Keuls and Dunnett allow comparison of treatments to only one 
other treatment (reference) and give no information about other 
between-treatment comparisons that may be of interest. In addition, the 
possible causes of the toxicity were examined by jointly analyzing the 
contaminant levels in each treatment and the resultant toxicity ranking. 

The bioaccumulation of metals, organotins, pesticides, PCBs, and PAHs 
into the tissues of M. nasuta from each of the sediment treatments was also 
compared with ANOVA. Analysis was conducted on the natural logarithm of the 
concentration of each chemical component in order to stabilize the within
class variability. To determine whether or not significant differences 
existed between sediment concentration and bioaccumulation, the cross-product 
correlation between the concentration of each chemical component in the 
sediment and the average tissue concentration from the five replicate 
analyses was calculated. The correlation coefficient was also calculated 
using the sediment concentration normalized by the amount of total organic 

carbon. 
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3.0 RESULTS 

Results are presented in five sections of this chapter. The results of 
sediment collection and sample preparation are presented in Section 3.1; 
interpretation of geological descriptions of Oakland Harbor sediment cores 
is presented in Section 3.2; the results of chemical and physical analysis 
of sediment samples are presented in Section 3.3; the results of the solid
phase toxicity tests are summarized in Section 3.4; and the potential for 
bioaccumulation of contaminants into tissues of test organisms is summarized 
in Section 3.5. 

3.1 SEDIMENT COLLECTION AND SAMPLE PREPARATION 

3.1.1 Sediment Sample Collection 

Sediment sampling and storage procedures followed during Phase II were 
consistent with Appendices B and F in the Implementation Manual (EPA/USAGE 
1977). Approved samplers were used to collect sediments, and all sediments 
were stored in non-contaminating cellulose acetate butyrate (CAB) core liners 
with sealed end caps, or in clean, seawater-cured coolers. Sediment was 
maintained at 4°C from time of collection until time of use and was never 
frozen or dried. Sediment shipping and storage was kept as short as 
possible; most sediments were processed within 8 days of collection. A 
unique label was attached to each sample at the time of its collection. 
Chain-of-custody forms were developed and used to track samples through all 
steps from field collection through chemistry and toxicity test results. 

Oakland Inner and Outer Harbors 

Core sampling in Oakland Inner and Outer Harbors was conducted between 
September 27 and 29, 1988, using the equipment and procedures described in 
Section 2.3. Included in this sampling were stations that were not sampled 
to project depth during Phase I of the Oakland Harbor Program. All stations 
were successfully cored to ~-44ft MLLW depth during Phase II sampling. A 
total of 29 cores were collected from 21 locations in Oakland Harbor (Figure 
2.1). Core station positions, dates of sampling, water depths, and other 
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sampling information for Oakland Inner and Outer Harbors is summarized in 
Table 3.1. 

Point Reyes Sediment Collection 

Sampling at the two sediment sites south of Point Reyes (Figure 2.2) was 
successfully conducted October 2, 1988. At one site, approximately 1000 L of 
medium-to-fine sand, similar to sediment at the proposed disposal site, was 
collected as a reference material to layer in all test containers and also 
to serve as a coarse-grained, uncontaminated control sediment treatment {PR
coarse). At the other site, approximately 20 L of material, composed 

primarily of silt, was collected to serve as a fine-grained, uncontaminated 
control sediment treatment (PR-fine). A summary of the Point Reyes offshore 
sampling is presented in Table A.2 of Appendix A. 

Tomales Bay Sediment 

Sediment native to the test organism N. caecoides was collected on 
September 30, 1.988, from the mudflats of Tomales Bay, California. 
Approximately 15 L of this sediment was collected, shipped, and held with the 
organisms. On October 7, 1988, USACE requested that this sediment be 
included as a test treatment to verify the health of N. caecoides during the 
toxicity test. 

3.1.2 Sediment Sample Preparation 

A total of 27 sediment treatments were prepared from sediments from 
Oakland Harbor, from offshore of Point Reyes, and from Tomales Bay, 
California. Table 3.2 lists the treatments and the compositing strategy for 
each, including stations where multiple core samples were used to obtain 
enough sediment for biological testing. One Oakland Harbor treatment 
{01-TS-5 Merritt) was prepared as a special chemistry sample and was not 
tested biologically during Phase II. The 26 remaining treatments were 
prepared for both chemical and biological testing as described in Section 
2.4.2. Point Reyes coarse material for layering in all test containers and 
for use as a clean control treatment {PR-coarse} was sieved and composited as 
described in Section 2.4.3. All Phase II sediments for biological testing 
were used within 10 days from date of collection, well within the holding 
time of 14 days recommended in the Implementation Manual {EPA/USACE 1977). 
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TABLE 3.1. Summary of Sediment Collection in Oakland Harbor 

California St.at.e Required Collected 

Core Snple Date Zone III Coordinates later Depth Core length Core length 

Station Nu1ber IIU-DO-YY (X) East (Y) North (ft IoLLI) (ft) (ft) Co••ents 

OJ-CH-0 1 09-:29-88 1487300 .f80HI5 37.2 6.6 6.6 

00-CH-1 1 09-28-88 1.(64193 .(79:275 38.7 5 3 7.3 

00-CH-1 2 09-28-88 1.(6.(193 .(79275 38.7 5.3 NA Rejected- insufficient penetration 

00-CH-1 3 09-28-88 H6U93 .(79275 38.7 5.3 6.6 

00-CH-2 1 09-27-88 H673SO .(81285 33.8 10.2 11.5 

OI-CH-2A 1 09-U-88 H88800 .f79310 37.8 6.2 6.3 No vibrating action required 

OI-CH-2A 2 09-27-88 1.(68800 .(79310 37.6 6.2 6.0 No vibrating action required 

00-CH-3 1 09-28-88 1.(69705 .(82.(75 38.3 5. 7 6.6 

w 00-CH-3 2 09-28-68 H6U93 .(79275 38.3 5. 7 6.3 

w 00-CH-.f 1 09-28-68 l.f73378 .(82533 3.(.5 9.5 NA Rejected - insufficient penetration 

00-CH-.f 2 09-28-88 1.(73378 .(82533 3.(.5 9.5 NA Rejected - insufficient penetration 

00-CH-.f 1 09-29-88 1.(73378 .(82533 3.(.1 9.9 NA Rejected- insufficient penetration 

00-CH-.f 2 09-29-66 1.(73378 .(82533 3-t.l 9.9 10.0 

01-CH-.fA 1 09-27-88 H81315 .(75.(80 38.6 7.2 9. 7 Golden sand present 

00-CH-5 1 09-28-88 1.(75190 .(8.(725 38.0 6.0 9.4 

00-CH-5 2 09-28-88 1.(75190 .(6.(725 38.0 6.0 10.0 Hard sand, gray in color 

DO-CH-6 1 09-28-88 1.(75970 .(88135 38.0 6.0 6.0 Fine sand silt clay 

DI-CH-6A 1 09-27-88 1.(8.(255 .(75923 365 7.5 7.0 

00-CH-7 1 09-29-88 H765DO .(85730 39.1 4.9 6.6 

00-CH-7 2 09-29-88 H78500 .(85730 39.1 4.9 6.7 

00-CH-8 1 09-29-88 1.(77685 .(857.(5 35.2 6.6 NA Rejected insufficient penetration 

00-CH-8 2 09-29-88 1.(77685 .(867.(5 35.2 6 8 NA Rejected insufficient penetration 

00-CH-8 ' 09-29-88 H77885 .(857.(5 36.2 6.6 8.6 

DI-55-.fl 1 09-27-88 1.(83520 .(762.(5 2.f.2 19.8 21.2 

01-55-.fl 2 09-27-88 1483520 .(762.(5 2.f.2 19.8 22.0 Dark 1ud, then 16 feet of sand 

(NA = not applicable) 



TABLE 3.1. (contd) 

California St.ate Required Col lotted 
Core Sa.ple Date Zone III Coordinates later Depth Core length Core Length 

Station Nuaber IAI-00-YY (X) East (Y) North (ft. lUI) (ft) (ft.) Coeeents 

01-TS-SA I 09-27-88 1-483746 476426 28.3 15.7 12.0 Rejected - insufficient penetration 

01-TS-SA 2 09-27-88 1483746 475426 28.3 16.7 13.8 Rejected- insufficient penetration 

01-TS-SA 3 09-27-88 1483745 475U5 28.3 15.7 18.4 

01-TS-SA • 09-27-88 14831-45 476425 28.3 Ui.7 17.0 

01-WA-ll I 09-27-88 1485740 476380 20.8 23.2 23.0 Asphalt eaterial at bottoe of core 
01-WA-ll 2 09-27-88 HB57.f0 478360 20.8 23.2 23.3 
01-WA-2 I 09-27-88 1485765 478210 3Ui 12.5 12.8 
011-1-1 I 09-28-88 1485028 480325 28.1 17 .Iii " Rejected- eaterial too soft 

00-1-1 2 09-29-88 1466028 480326 29.' 14.1 16.4 
00-W-2 I 09-27-88 1485950 480878 32.9 11.1 13.9 
00-W-3 I 09-28-88 1471336 483385 33.3 10.7 " Reject.ed insufficient penetration 

w 00-1-3 2 09-28-88 1471336 483385 33.3 10.7 NA Rejected insufficient penetration ... 00-1-3 3 09-28-88 1471336 483385 32.8 11.2 IOJI 

00-1-4 I 09-28-88 1472230 483550 28.6 15.4 " Rejected- insufficient penetration 

00-1-4 2 09-28-88 1472230 483550 28.6 15.4 NA Rejected - insufficient penetration 

00-W-4 3 09-28-68 1472230 483550 28.8 15.4 " Rejected - insufficient penetration 

00-W-4 • 09-29-68 1472230 483550 28.9 Ui.l 15.6 

00-W-4 ' 09-28-86 1472230 483550 28.4 ... 6.0 Needed to collect only upper 6.0 ft 

of core. 

00-W-5 I 09-28-88 1474665 483543 41.0 3.0 " Rejected - insufficient penetration 

00-1-5 2 09-28-88 1474565 483543 41.0 3.0 3.8 Vibrating fro1 point of contact 

00-1-5 ' 09-28-88 1474565 483643 41.0 3.0 3.0 Vibrating fro1 point of contact 

(NA = not applicable) 



TABLE 3.2. Compositing Strategy and Sample Preparation Information 
for Phase II Sediment Treatments 

Origin of Sediment 
Vertical 

Sediment Water Depth Core Segment Number 
Treatment (ft MLLW) (ft MLLW) of Cores 

8I-EH-~ 
r-2 

r·2 to 44 I 0- H- r 8. 7 to 44 2 
30-EH-2 :H ~·~ to 44 I I- H-2A . to 44 2 
88:E~J jU jH· to 44 2 

. to 44 I 
8I-EH-4A jU jg·g to 44 I 
0- H-g . to 44 2 
0- H- jtg j~·g to 44 I 8I-~H- A . to 44 I 

88: ~=~ jU jR·I to 44 2 
.0 to 44 I 

8I-S~-4L 24.~ ~H·~ to 44 I I-T -SAU l . to 38( ) 2 
8I-T~-SAL ~ J 38.~ to 44 a 2 I-T- A Merritt(b) ~4 to 44 1 
8I-MA-IL jU j8.g to 44 1 I-MA-2U I. to 38 1 
8I-MA-2L ~u jH·8 to 44 1 0-W-1 • to 44 1 
88-W-2 HJ i~·8 to 44 1 -W-3 . to 44 1 
gg-w-4 ~u n to 44 1 -W-5 . to 44 3 
PR-Coarse Medium-to-fine sand, composited 

multiple grab samples 
from 

PR-Fine Silty material, composited from multiple 
grab samples 

Tomales Bay Sand from Tomales Bay, California, in 
which N. caecoides were shipped and held 

(a) Merritt Sand sample removed from TS-5A, core 3 (Table 3.1) 
(b) Merritt Sand sample for chemistry only (no biological testing) 
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3.2 GEOLOGIC ANALYSIS OF SEDIMENT SAMPLES 

The sediments within the Oakland Harbor are divided into two geologic 

units. These two units, the Older Bay Mud and Younger Bay Mud (USACE 1975a), 
are differentiated principally on the basis of color and consistency (i.e., 

firmness). Bedrock, consisting of consolidated deposits of the Franciscan 

Formation, lies at a depth of about 430ft below the MLLW surface and may be 
deeper under the Outer Harbor (USACE 1988). USACE (1988) divided the Older 

Bay Mud unit into three formations: the San Antonio, Alameda, and Posey 
formations. The characteristics used to differentiate these formations are 

unclear; therefore, for the purposes of this discussion, stratigraphic units 
are subdivided on the basis of the interpreted sedimentary environment (i.e., 
terrestrial [fluvial] or marine [estuarine]) (Figure 3.1). Terrestrial 

deposits display features indicative of subaerial weathering (e.g., root 
traces that extend and bifurcate downward, bleached and/or oxidized color). 
Marine deposits, an the ather hand, usually are dark-colored (because of 

reducing conditions) and contain mollusk shells. In general, because of the 
fluvial transport mechanisms involved, terrestrial sediments are coarser 
textured than marine deposits. Deposits, locally referred to as Merritt 

Sands, appear to be equivalent to coarse-grained terrestrial facies of the 
Older Bay Mud unit. 

Mast cores drilled during Phase II were collected from the Outer Harbor 
channel (Figure 3.2). Relationships between the Outer Oakland Harbor 

sediments are shown graphically in a geologic crass section (Figure 3.3) and 
in a fence diagram (Figure 3.4). For ease of display the sediments in Figure 
3.3 are divided into four groups: I) silty clay (CL), 2) poorly graded sand to 

well-graded sand or pebbly sand (SP/SW), 3) silty sand to sandy silt (SM/ML), 
and (4) a stiff, cohesive silt (ML). Essentially, the uppermost silty clay 
unit on these figures conforms to the Younger Bay Mud unit; deposits below 
this belong to the Older Bay Mud unit. The next twa sections describe the 

Older and Younger Bay Mud units, respectively. This is fallowed by a closer 

look at the geology in the vicinity of the Outer Harbor. 
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3.2.1 Older Bay Mud 

The Older Bay Mud unit consists of a wide range of deposits, from loose 
pebbly sands to stiff, cohesive silts and clays. The Older Bay Mud unit was 
deposited during the last interglacial period (USACE 1975b, 1979). 
Interglacial periods have occurred at approximately 100,000-year intervals 
over the last one million years or so (Stottlemyre et al. 1981); the most 
recent interglacial period ended about 125,000 years ago (CLIMAP 1984). 
Most of the Older Bay Mud unit was probably deposited during this time; 
however, some of the unit may have formed during previous interglacial 
periods. The top of the Older Bay Mud unit appears to represent an erosional 
surface but also may have been modified by past dredging activities; the 
uneven nature of this surface is apparent in Figure 3.3. 

The Older Bay Mud unit is distinguished by its firm to hard consistency 
and by its color. Color is particularly useful for the identification of 
terrestrial sediments, which consist of various shades of red, yellow, and 
brown. These colors are consistent with an oxidizing environment, associated 
with deposition by rivers and streams. The presence of deeply penetrating 
root traces is another indication of terrestrial conditions. The marine 
portions of the Older Bay Mud unit, on the other hand, consist of 
drab-colored shades of olive and gray. These colors, and the presence of 
whole mollusk shells, are indicative of a low-energy, reducing, estuarine 
environment. 

The high degree of consolidation, in combination with the weathered and 
often bleached appearance of the Older Bay Mud, suggests that this unit is 
much older than the overlying estuarine sediments belonging to the Younger 
Bay Mud unit. The highly oxidized and weathered appearance of the Older Bay 
Mud, in combination with the presence of root traces and calcium-carbonate 
nodules, suggests the Older Bay Mud unit underwent alteration during a period 
of subaerial soil development. Unlike the Younger Bay Mud unit, no 
distinctive odors were detected in the Older Bay Mud unit. This may be due 
to the compacted nature of the Older Bay Mud unit, which acts as a barrier 
preventing contaminants associated with the overlying Younger Bay Mud unit 
from penetrating downward. 
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3.2.2 Younger Bay Mud 

The Younger Bay Mud unit consists of mostly soft, dark-colored sediments 
deposited in an estuarine environment. These deposits were laid down as sea 
level rose following the last ice age, which ended approximately 12,000 
years ago (Barry 1983). The Younger Bay Mud unit forms a continuous blanket 
across the harbor bottom, except in a few areas where erosion or dredging 
have prevented them from being deposited. USACE (1975a) subdivided the 
Younger Bay Mud unit into a Semi-Consolidated Bay Mud member and an 
overlying Soft Bay Mud member. However, a sudden, characteristic change in 
consistency, reported by the USACE (1979), was not observed within the 
Younger Bay Mud unit in this study; therefore, it is assumed that the 
Semi-Consolidated Bay Mud member is not present. 

The Younger Bay Mud unit is mostly a very soft, silty clay. However, in 
places a soft sand to muddy sand is also present (Figure 3.4). All the 
Younger Bay Mud sediments are characteristically dark-colored, ranging from 
gray to dark gray and olive gray. The Younger Bay Mud unit is not restricted 
to the present bay area, but also lies, above sea level, a considerable 
distance inland (USACE 1975a). This suggests that sea level has been higher 
at times in the past. 

The physical and chemical characteristics of the uppermost 2 ft of the 
Younger Bay Mud unit were analyzed previously in a study by the USACE 
(1975b); some of the results of this study are presented in Figure 3.1. 
Accordingly, the Younger Bay Mud unit is classified as ranging from silty 
clay to clay, though it can contain as much as 30% fine sand (~phi of 3). 
Thin sand lenses were sometimes observed within the soft clayey muds; these 
probably represent deposition within tidal channels. The firmness of the 
Younger Bay Mud unit increases slightly with depth, probably as a result of 

compaction beneath the younger sediments. 

The dark color of the Younger Bay Mud unit and the frequent odor of 
rotten eggs (i.e., hydrogen sulfide) are indications of chemically reduced 
conditions. High-sulfide contents are corroborated in Table 1 by the 
presence of as much as 2760 ppm sulfide. Another test called for in the 
procedure for describing the sediments (Appendix B) was a test for calcium 
carbonate via reaction with hydrochloric acid. Results of this test almost 
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always indicated very low concentrations of calcium carbonate. This is also 
corroborated by the USACE {1975b) study, which reported carbonate contents of 
less than 1% (Table 3.1). 

3.2.3 Geology of the Outer Harbor 

A cross section of the Oakland Outer Harbor (Figure 3.3) reveals a 
relatively complex geologic history for the area, including periods of 
terrestrial sedimentation, marine sedimentation, and erosion. The Younger 
Bay Mud unit varies in thickness from about 20 ft in the vicinity of Station 
00-W-4 to being absent at Station 00-W-5 (Figure 3.3). The Younger Bay Mud 
unit thins to the west, near the entrance to the outer harbor (Figures 3.3 
and 3.4). The Younger Bay Mud unit in the outer harbor consists mostly of a 
soft, dark-colored, silty clay. An exception is the sediment at Station 00-
W-4 (Figures 3.3 and 3.4), where a sand lens lies near the base of the 
Younger Bay Mud unit. This probably represents deposition within a submarine 
paleochannel soon after marine transgression began at the end of the last ice 
age. Soft, dark-colored sands of the Younger Bay Mud unit are also present 
at Station 0!-CH-0 (Figure 3.4). The position of this station with respect 
to the shoreline and entrance to the harbors may result in stronger currents 
or wave activity, thus leading to deposition of the coarser material at this 
locality. 

The eroded, Older Bay Mud unit can be divided into three sediment types. 
One sediment type, a soft to firm, very homogeneous, gray, stiff and cohesive 
silt to clayey silt is present beneath a thin veneer of Younger Bay Mud along 
the west end of the outer harbor channel (Figures 3.3 and 3.4); this unit is 
thickest near Station 00-W-1. A second sediment type consists of an 
oxidized, soft to firm sand to pebbly sand, probably equivalent to the 
"Merritt Sands" mentioned previously. These sands overlie a third sediment 
type, a firm sandy silt to silty sand of probable terrestrial origin. This 
sediment type is thickest above the 44-ft level along the eastern end of the 
outer harbor at Stations 00-CH-6 and 00-CH-8 (Figures 3.3 and 3.4). 
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3.3 CHEMICAL AND PHYSICAL ANALYSIS OF SEDIMENT SAMPLES 

This section presents data for metals, organotins, conventional 

measurements, and priority-pollutant organic compounds analyzed in Oakland 
Harbor sediments. Included are data for 10 metals, total organic carbon, oil 
and grease, petroleum hydrocarbons, grain size, and 16 PAHs, 16 pesticides, 
4 PCBs (Aroclor formulations), and mono-, di-, and tributyltins. Quality 
assurance data are summarized in Appendix C. Metals and other inorganic 
analytes are present in all sedimentary material, but most PAHs and all 
butyltins, pesticides, and PCBs in Oakland Harbor sediments arise from human 
activities in or around the harbor. Although certain PAHs in harbor 
sediments may derive from natural sources (i.e., from natural petrogenic 
sources such as natural seepage of petroleum or the weathering of coal or 
from combustion sources such as forest fires or grass fires), the majority of 
PAHs and all of the synthetic organic contaminants in harbor sediments arise 
from other sources, including stormwater runoff and urban fallout, seepage 
from landfills, municipal was~ewater discharge, and inputs from port and 
harbor activities. Without specific information regarding point sources of 
these contaminants, it can be assumed that most of the organic contamination 
in the harbor originates from these multiple uses of the coastal zone and 
nearshore environment. 

3.3.1 Polynuclear Aromatic Hydrocarbons 

The quality assurance review of sediment PAH data included the target 
versus achieved detection limits, an evaluation of analytical precision 
through duplicate analysis and of analytical accuracy through the analysis of 
Standard Reference Materials (SRMs), a review of surrogate-standard recovery, 
and a review of the presence of organic compounds in procedural blanks. 
These data are summarized in Appendix C, Tables C.1 and C.2. 

The achieved detection limits for PAH analysis was 0.3 ng/g (dry wt) or 
less, which is below our target of 20 ng/g. Three samples were analyzed in 
duplicate for the 16 PAH compounds, resulting in 48 observations. The 
relative percent difference (RPD) ranged from 6 to 95% in these comparisons, 
with 19 observations above 25% (our QA limit). An SRM was measured twice 
for the 16 compounds to determine accuracy. Of the 32 total observations, 
the percent recovery of the standard ranged from 0 to 182%, with 11 
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observations greater than 120% recovery and 4 observations less than 40% 
recovery (our QA limits were 40 to 120%). The remainder were within range. 
The recovery of five surrogates was monitored in all 34 samples in place of 
spikes, resulting in 170 observations for the 16 compounds. Recovery of 
these compounds was very good, with all but two in our acceptable range of 40 
to 120%. Procedural blanks were run twice, resulting in 16 observations. 
Blanks showed nondetectable levels of most compounds. Although Fluoranthene, 
Phenanthrene, and Pyrene were present in levels above detection, they were 
present in concentrations below our original detection limit of 20 ng/g {dry 
wt). Our quality assurance review notes high RPDs associated with duplicate 
analysis, some samples outside of our acceptable range for SRMs, and good 
surrogate recovery. We believe these data are acceptable for analysis, based 
on detection limit and surrogate standard recovery, with poor duplicate and 
SRM performance requiring a qualification. 

PAH were found in all sediments in the study area and ranged from a high 
total concentration of 10,482 ng/g (dry wt) at Station OI-TS-5AU near Todd 
Shipyard to a low total concentration of <I ng/g at Station 00-W-5 in 
Oakland Outer Harbor (Table 3.3). Sediment from the proposed maneuvering 
area was relatively high in PAHs in the upper part of the core at Station 
OI-MA-2U (9816 ng/g) but relatively low in the lower part of the core at 
Station 01-MA-ll (26 ng/g). Similarly, Oakland Inner Harbor Channel provided 
mixed results. Relatively low values, <3 and 15 ngjg, were found in sediment 
consisting of Merritt sands at Stations OI-CH-4A and 01-CH-6A respectively; 
relatively high values--897, 448, and 540 ng/g--were found at Stations 
00-CH-4, 00-CH-5, and 00-CH-6, respectively. Similarly, mixed results were 
associated with Oakland Outer Harbor stations. Highest sediment PAH 
concentrations (2030 and 1471 ng/g) occurred at Stations OI-CH-2A and 00-
CH-3 respectively in the Oakland Outer Harbor Channel. 

Sources of PAH compounds in the sediments generally can be determined 
from the following criteria: petrogenic sources (coal, petroleum) are 
indicated by a high amount of alkylated naphthalenes, phenanthrenes, 
fluorenes, and dibenzothiophenes relative to the parent (unsubstituted) 
compounds; combustion sources are indicated by an equal or larger 
concentration of unsubstituted compounds relative to the alkyl-substituted 
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TABLE 3.3. Concentrations of PAHs in Oakland Outer Harbor Sediments 

PAH Concentrations (ng/g dry wt) 

Benzo(a) Benzo(b) Benzo Elenzo(k) 

Sediment Acenaph· Acenaph· Anthra· Anthra· Bem:o(a) flouran· (g,h,i) fluor an· 
Treatment thene thylene ~ ,~. cvrene thene perylene thene 

OI·CH-0 0.12 0.31 0.47 0.50 

OO·CH·1 5.00 10.86 18.92 15.79 17.06 10.60 

OO·CK-2 5.20 8.46 18.84 13.14 16.19 9.92 
OI-CH-2A 13.18 49.19 109.75 206.45 151.11 160.41 116.98 
00-CH-3 8.51 25.45 70.62 178.57 120.03 164.24 103.73 

OO·CH-4 12.57 34.79 41.43 75.68 56.10 63.76 54.15 

OI·CH·4A 0.13 0.19 

OO·CH·S 3.00 10.71 20.51 47.69 37.32 43.78 34.41 

00-CH-6 14.83 27.09 51.96 40.35 44.06 38.00 

OI-CH-6A 0.24 0.28 0.63 0.52 

OO·CH·7 3.30 7.59 15.10 12.08 12.93 12.68 

OO·CH·8 20.69 36.10 56.57 52.27 42.22 43.69 

OI·SS-4L 0.44 1.08 2.99 1.95 2.99 1.63 

OI·TS·SAU 104.89 220.43 571.80 1262.93 1317.74 730.79 672.87 

01· TS·5AL 18.96 30.13 48.90 100.08 74.95 75.69 56.34 

OI·TS·5 Merritt 0.35 0.67 2.11 1.78 1.40 1.n 

Ol·MA·1l 0.49 0.67 1.13 2.43 1.4<l 2.06 1.40 

Ol·MA·2U 60.73 170.09 392.14 1399.70 995.07 1089.62 

Ol·MA·2L 1.n 3.61 10.59 32.70 20.40 28.97 16.38 

OO·'W·1 0.87 1.12 3.95 1.14 3.95 

00-'W-2 0.52 1.88 7.94 25.70 17.73 22.21 12.65 

OO·'o.'-3 1.1!6 6.11 20.56 42.36 29.82 38.89 27.21 

00-'o.'-4 23.97 42.45 102.07 69.61 85.46 64.11 

CXHH 0.08 

PR·coarse 0.74 2.27 3.57 3.98 4.08 1.98 

PR·fine 0.57 1.94 3.39 3.79 4.47 2.27 

Tanales Bay 0.31 0.79 0.63 1.84 0.78 0.53 

- = Undetected 
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TABLE 3.3 (contd) 

PAH Concentrations (ng/g dry wt) 

Indeno-

Dibenzo (1,2,3· 
SediJrent ca,h) Fluor an· c,d) ltaphtha- '""""'" Treatment Chrvsene anthracene thene Fluorene """'"- lone threne Pvrene Total 

OI·CH-0 0.35 0.21 0.14 0.27 0.37 2.73 
00-CH·t 14.56 1.68 28.11 2.78 14.02 4.57 20.02 36.83 200.80 
OO·CH·2 10.91 0.97 27.37 1.99 12.54 3.09 13.00 36.92 178.54 
OI·CII-2A 132.67 9.82 288.98 15.76 128.41 18.10 142.30 487.36 2tl30.47 
OO·CH-3 96.16 10.62 174.32 8.56 133.71 12.92 69.67 293.68 1470.79 
00-CH-4 56.97 4.33 140.19 13.00 52.96 6.19 61.77 222.86 896.76 
OI·CH·4A 0.20 0.10 1.88 0.21 0.17 2.88 
OO·CH·S 28.39 3.51 50.32 4.06 33.78 27.02 103.59 448.08 
OO·CH·6 40.05 3.49 69.48 4.25 32.00 3.41 27.27 144.15 5«1.38 
OI-CH-6A 0.48 0.59 0.48 9.09 z.zo 0.57 15.08 
00-CH-7 10.06 1.03 15.02 1.24 10.44 5.99 40.71 148.18 
00-CH·B 53.81 3.49 77.22 4.93 32.42 2.76 33.53 180.41 640.11 

OI-SS·4L 1.25 2.65 0.26 2.44 2.94 1.02 5.91 27.54 

OI·TS·5AU 867.51 187.93 1077.09 93.85 762.90 50.07 515.10 2046.57 10482.47 
OI·TS·SAL 67.40 6.35 125.38 25.43 67.28 9.29 130.75 235.60 1072.53 
01-TS ·5 Merritt 1.22 1.32 0.41 1.24 2.49 1.09 2.82 18.68 

OHIA··1L 1. 74 5.07 1.40 2.12 6.00 25.91 
OHIA .. 2U 605.66 70.98 1189.66 36.01 957.32 92.14 453.41 2303.53 9816.06 
OHIA 2l 13.76 1.80 31.92 0.65 23.05 8.45 13.10 73.77 280.93 

00-W-1 2.58 2.82 1.60 4.06 3.54 25.63 
OCHI·2 11.32 1.50 20.08 0.79 18.59 6.60 28.96 176.47 
OO·W-3 28.39 2.86 44.63 2.23 34.96 1.43 16.59 64.11 362.02 
00-W-~ 61.11 4.89 141.84 7.13 67.70 0.83 55.95 226.66 953,76 
OCHI-5 0.08 

PR·coarse 3.97 6.42 1.63 2.67 9.49 7.52 48.31 
PR·fine 3.05 4.84 0.94 3.02 4.92 6.23 39.43 

Tomales Bay 3.60 1.78 2.32 0.39 4.40 17.63 2.66 37.65 

- = Undetected 
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compounds. Larger relative quantities of 4-, 5-, and 6-ring rather than 2-
and 3-ring PAHs can mean greater quantities of combusted materials, but they 
can also indicate weathered petroleum. Because concentrations of alkyl
substituted PAH were not determined in this study, it is difficult to 
estimate the relative amounts of petroleum-source PAHs compared with those 
resulting from combustion sources. However, most of the stations displayed 
relatively higher concentrations of 4-, 5-, and 6-ring PAHs {fluoranthene 
through benzo(g,h,i)perylene) relative to the 2- and 3-ring PAHs (naphthalene 
through anthracene). Thus, a significant amount of the sediment PAHs may 
have been either of combustion origin or a result of weathered petroleum. 

By comparison, five sediment sites in San Francisco Bay included in the 
Mussel Watch study showed mean total PAH concentrations ranging from 
1000 ng/g (near the San Mateo Bridge) to 5300 ng/g in the Oakland estuary 
(Battelle 1988). In comparison with two other coastal areas, the sediment 
PAH concentrations in the inner harbor sediments were similar to those found 
in the New York Bight, where concentrations range from 9,500.to 31,000 ng/g 
(NOAA 1983) and were less than those found in Boston Harbor, where 
concentrations range from 2,400 to 880,000 ng/g, with a geometric mean of 
180,000 ng/g, n=33 (Boehm 1984). 
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3.3.2 Pesticides 

Quality assurance review of sediment pesticide data was conducted in 
a si-nilar fashion to that of the PAHs. These quality assurance data are 

presented in Appendix C, Tables C.2 and C.4. The detection limit for 
pesticide analysis was 0.02 to 0.04 ng/g (dry wt), well below our target of 
2.5 ng/g. Duplicate analyses were conducted on three samples for the 16 

compounds, resulting in 48 observations. In most cases, the RPD could not be 
calculated as both values were below detection. RPOs ranged from 5 to 40% 
where they could be calculated, with high RPDs being associated with 
duplicate analysis of p' ,p'-DDT. An interim reference material (IRM) was 
measured twice to assess analytical accuracy. The concentrations in this IRM 
(SQ1) are known to be different from the stated concentrations. This may be 
due either to uncertainty concerning the actual concentrations of the 

reference material or to its age. Therefore, the actual values were not used 
as accuracy measures but as a precision measurement. The RPD for two 

measurements of this reference material ranged from not calculable because 
one or more values were less than detectable to 114, except for dBHC, which 

was detected in one sample at approximately 3 fog/kg and was undetected in the 
other sample. 

Surrogate recovery was monitored in all 34 samples, resulting in a 
percent recovery ranging from 39 to 118%. This was very good, as only 1 of 
34 surrogate recovery observation was outside our acceptable range of 40 to 

120%. Two procedural blanks were run, and these showed no contamination 

except for the presence of Aldrin in one blank at 2.3 ng/g (dry wt). Two 
samples were spiked for six pesticide compounds, including g-BHC, Heptachlor, 
Aldrin, Dieldrin, Endrin, and p' ,p'-DDT. Spike recoveries ranged from 62 to 
150% for these compounds, with high recoveries for DDT and Endrin. The 
recoveries in 9 of 12 observations, however, were within our quality 
assurance range of 40 to 120%. Our quality assurance assessment of the 
pesticide data is that these data are acceptable for use in analysis based on 

detection limit and surrogate-recovery data, though care must be taken when 
evaluating the DDT and Endrin concentrations, because high spike recoveries 
were observed. 
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The concentrations of measured pesticides were generally low compared 
other organics (Table 3.4). ODD, a metabolite of DDT, was found in sediments 
from 13 of 23 stations, with the highest value (g.55 ng/g dry weight) 
occurring at Station 00-CH-4. ODE, another metabolite of DDT, was detected 
in the same 13 stations as DOD, though at slightly lower levels. The highest 
level of ODE found (5.24 ng/g) was also found at Station 00-CH-4. The only 
other pesticide quantitated was BHC, which was detected at relatively low 
levels (<2.80 ng/g) at two stations (OI-TS-5AU/L, 00-W-4). 

The levels of ODD and DOE are lower than, but comparable to, levels 
found in sediments from San Francisco Bay analyzed by the Mussel Watch 
Project (NOAA 1987, 1989). Mussel Watch found 60 ng/g to not detected for 
DDO, and 12 ng/g to not detected for ODE. Because all pesticide 
concentrations quantitated in Phase II were low, and no "hot spots" were 
found, it can be assumed that sediment pesticide concentrations in the study 
area result from a general, nonpoint source rather than specific contaminant 
inputs. 
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TABL= 3.4. Concentrations of Pesticides in Oakland Outer Harbor Sediments 

Sedi1ent 
Treatlent I BHC 

01-CH-0 
00-CH-1 
00-CH-2 

00-CH-2A 
00-CH-3 
00-CH--4 

OI-CH-4A 
OD-CH-5 

00-CH-S 
01-CH-SA 
00-CH-7 

00-CH-8 

01-SS-~L 

01-TS-SAU 
01-TS-SAL 
01-TS-5 t.lerritt 

01-t.IA-:L 
01-t.IA-W 
Ol-t.IA-2L 

00-1-1 
00-1-2 
00-1-3 
00-1-4 
00-1-5 

PR-coarse 
PR-fine 

Toules Bay 

- = Undetected 

Pesticide Concentrations (ng/g dry wt) 

d BHC 

3.21 

p,p 
DOD 

1.85 
-4.81 

5. 77 
9.55 

2.16 

2.96 

0 .85 
2. 70 

p,p 
DDE 

2.20 
3.91 
5.24 

4.33 

1.03 

2. 27 

0.96 

1.87 

6.76 5.00 
1.06 0.88 

3.93 3.57 

0.92 0.78 
8.72 -4.00 

2.15 

2.36 

p,p 
DDT Dieldrin 

1.03 



Sedi1ent. 
Treat1ent 

01-CH-0 
00-CH-l 
00-CH-2 
OO-CH-2A 
00-CH-3 
00-CH-4 
OI-CH-4A 
00-CH-6 
00-CH-5 
01-CH-SA 
00-CH-7 
00-CH-8 

01-SS-4L 

01-TS-6AU 
01-TS-SAI... 
01-TS-S Werrit.t 

01-II.A-ll 
OI-II.A-2U 
01-II.A-21.. 

00-1-1 
00-W-2 
00-W-3 
00-W-4 

00-1-S 

PR-coarse 
PR-fine 

Toa.<~les Say 

- " Undetected 

Endo

sulhn I 

Endo

su I fan II 

TABLE 3.4 (contd) 

Pesticide Concent.nt.ions (ngjg dry wt.) 

Endo

sulhn 
sulht.a Endrin 

3.22 

Endrin 
Aldehyde 

2.28 
1.84 

2.80 

Hepta

chlor 

Hepta

chlor

Epox ide 



3.3.3 Polychlorinated Biphenyls 

The quality assurance summary for sediment PCBs, shown in Table C.6, 
produced an achieved analytical detection limit of 4.0 ng/g (dry wt). This 
is well below our target limit of 20.0 ng/g. Three samples were analyzed in 
duplicate to determine analytical precision for the four measured compounds. 
All but 2 of the 12 observations produced values below detection, thus most 
RPDs could not be calculated. In two samples for which RPDs could be 
calculated, the range was 4 to 17%. This is within our quality assurance 
range of ~25%. SRMs were analyzed twice, producing percent recoveries of 80 
to 85% for the four compounds. These were within our acceptable range of 40 
to 120%. (Surrogate recoveries were monitored with pesticides and are 
presented in that section.) Two procedural blanks were run. These resulted 
in nondetected levels of all compounds. Based on these evaluations, these 
data are considered acceptable for use in analysis. 

The PCB concentrations were highest at Station OI-TS-5AU (525.46 ng/g 
dry wt} and generally were lower in the channel stations·, ranging from not 
detected to 10!.26 ng/g (Table 3.5). Total PCBs in the maneuvering area 
station 01-MA-2 ranged from 211.73 ng/g dry wt in the upper portion of the 
core (OI-MA-2U) to 5.99 ng(g dry wt in the lower portion (10-MA-2L). At 
another maneuvering area station, 01-MA-ll, no total PCBs were detected. At 
9 of 23 Oakland Harbor stations, no PCBs were detected. 

PCB concentrations in the Inner Harbor sediments can be put in 
perspective by comparing them with other recent sediment data from Oakland 
Harbor and other coastal areas. The NOAA Mussel Watch project found PCB 
levels ranging from DQ! detected to 429 ng/g {PCB as level of chlorination} 
in the Oakland Estuary (Battelle 1988). PCB concentrations in New York Upper 
and Lower Bay were reported from 130 to 700 ng/g, whereas concentrations in 
Arthur Kill and Raritan Bay, New Jersey, ranged from 320 to 3000 ng/g (NOAA 
1983). PCB concentrations in Boston Harbor were similar, ranging from 2 to 
880 ng/g, mean concentration 180 ngjg, with n=33 (Boehm 1984). 

Although all the sediment samples were collected from within a 
relatively narrow geographical area in Oakland Harbor, PCB concentrations can 
be assumed to vary simply from variations in sedimentation rate. The fine
grained sediments found near Todd Shipyard and the maneuvering area can be 

3.23 



expected to contain higher PCB levels than those collected in the channels, 
which have a relatively higher sand content. 

There also appears to be a relationship to total organic carbon, as the 
highest levels of TOC (>1.00%) are generally associated with sediments 
containing the highest PCB levels. This is true for Stations OI-TS-5AU, 
OI-MA-2U, OI-CH-2A, 00-CH-4, and 00-W-4. 

TABLE 3.5. Concentrations of PCBs in Oakland Outer Harbor Sediments 

Sediment 
Treatment 

01-CH-0 
00-CH-1 
00-CH-2 
01 -CH-2A 
00-CH-3 
00-CH-4 
OI-CH-4A 
00-CH-5 
00-CH-6 
OI-CH-6A 
00-CH-7 
00-CH-8 

OI-SS-4L 

OI-TS-5AU 
01-TS-5AL 
01-TS-5 Merritt(a) 

01-MA-ll 
01-MA-2U 
OI-MA-2L 

00-W-1 
00-W-2 
00-W-3 
00-W-4 
00-W-5 

PR-coarse 
PR-fine 
Tomales Bay 

- = Undetected 

Aroclor 
1242 

12.05 

162.52 

PCB Concentrations (ng/g dry wt) 

A roc lor 
1248 

17.16 

12.18 

67.99 

3.24 

A roc lor 
1254 

42.78 
54.15 
71.08 
48.53 

14.22 
11.29 

1. 51 
13.72 

362.94 
41.91 

143.74 
5.99 

40.86 

A roc lor 
1260 

28.12 
15.78 
13.02 
16.05 

8.87 
9.67 

3.87 
6.61 

6.57 
14.89 

Total 

82.95 
69.93 

101.26 
64.58 

23.08 
20.97 

5.38 
20.34 

525.46 
54.08 

211.73 
5.99 

6.57 
55.75 



3.3.4 Metals and Metalloids 

Quallty assurance review of the metals/metalloid data, presented in 

Tables C.7 and C.8, show that target detection limits were met for all 10 
compounds. Duplicate analysis was performed on six samples, resulting in 60 
observations. The range of RPDs for these observations was 0 to 24%, within 
our acceptable range of $25%. A SRM was analyzed twice to determine 
analytical accuracy for eight metals. Most of the results fell within the SRM 
range, though there was one low value for Cr, one high value for Hg, and one 
high value for Ni. Metals outside the SRM range were within 10% of the limit. 
Two procedural blanks were run. These showed only the presence of Hg in both 
blanks, at levels of 0.036 to 0.045 ~/g (dry wt). Two samples were spiked 
for four metals, producing recoveries of 83 to 112%, within our acceptable 
range of 40 to 120%. The quality assurance evaluation of sediment metals 
shows that these data are acceptable for analysis. 

Analysis of metal concentrations in Oakland Harbor, Point Reyes, and 
Tomales Bay sediments revealed a sizeable range of values for most metals 
(Table 3.6). Examination of the data reveals that the highest concentrations 
of Ag, Cd, Cu, Hg, Pb, and As were found in sediment treatments OI-TS-SAU and 
OI-MA-2U from Oakland Inner Harbor. The highest concentrations of As, as well 
as the next highest concentrations of Ag, Cu, Hg, Pb, and Zn, were found at 
stations 00-W-3, 00-W-4, and 00-CH-4, a cluster of three stations north of the 
Seventh Street Complex in Oakland Outer Harbor. Although these concentrations 
appear high relative to those at other sites, this does not mean that the 
concentrations have been enhanced to levels of environmental concern. To 
assess the influence of Oakland Harbor sediments after disposal at the 
offshore site, the concentrations of Oakland sediment metals were compared 
with the coarse-sediment Point Reyes site and with typical shales (Krauskopf 
1967). The ratios of sediment metal concentrations to shale soil metal 
concentrations are presented in Table 3.7. Oakland Harbor metal concen
trations were also compared with disposal site concentrations (PR-coarse) to 
examine the relative difference between proposed dredged material and 
disposal-site sediments. The ratios of sediment metal concentrations to 
PR-coarse metal concentrations are presented in Table 3.8. 
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TABLE 3.6. Concentrations of Metals in Each Sediment Treatment and Average 
Crustal Abundance of Metals in Shale 

Sedi•ent 

Treat.ent 

OI-CH-0 

00-CH-1 

00-CH-2 

OI-CH-2A 

00-CH-3 

00-CH-4 

OI-CH-4A 

00-CH-5 

00-CH-6 

OI-CH-6A 

011-CH-7 

011-CH-6 

OI-SS-4L 

01-TS-5AU 

01-TS-SAL 

01-TS-5 t.lerritt 

Dl-t.IA-1L 

OI-t.IA-2U 

Ol-t.IA-2L 

00-W-1 

00-W-2 

00-W-3 

00-W-4 
00-W-5 

Tonles Bay 

PR-fine 

PR-couse 

Shale soil(a) 

(a) Krauskopf (1967) 

NA =Hot applicable 

NA 

0.05 

0.13 
0.09 

0.48 

0.09 
0.68 

0.05 

0. 22 

0.27 

0.04 

0.09 

0.26 

0.04 

0. 77 
0.14 

0.04 

0.09 
0.81 

0.14 

0.12 

0.11 

0.65 

0.60 

0.04 

0. 03 

0.03 

0.05 

0.10 

!.leta I Concentrations (}.la/g dry wt) 

As Cd 

10.3/ 0.29/ 

11.9 0.43 

4.98 0.04 

12.60 0.20 

2.31 0.07 

11.00 0.27 

4.80 0.03 

15.50 0.47 

3.31 0.02 

111.20 0.22 

6.63 0.19 

6.08 0.05 

3.67 0.13 

9.90 0.27 

3.55 0.02 

9.70 1.04 

4.84 0.17 

3.22 0.02 

3.42 0.56 

11.00 0.71 

6.03 0.12 

12.90 0.12 

10.61 0.17 

17.60 0.42 

49.10 0.45 

3.55 0.02 

4.72 0.15 

7.96 0.23 

5.87 2.00 

6.80 0.30 

,, 
73/ 
79 

1n.o 
214.0 

510.0 

247.0 

368.0 

253.0 

164.0 

284.0 

388.0 

689.0 

501.0 

273.0 

578.0 

444.0 

439.0 

5&2.0 

220.0 

301.0 

195.0 

283.0 

315.0 

229.0 

281.0 

408.0 

43.3 

456.0 

323.0 

100.0 

,, 
15/ 
21 

8.9 
43.8 

13.7 
58.1 

14.9 

56.5 

10.8 

27.6 

307 

144 

15.9 

38.9 

11.0 

261.0 

21.7 

10.7 

21.2 

94.0 

26.9 

45.8 

30.3 

59.1 

56.6 

8.9 
8.8 

9.5 

9.8 

57.0 

3.26 

0.051/ 

0.075 

0.028 

0.088 

0.117 

0.310 

0.065 

0.082 

0. 023 

0.126 

0.155 

0.018 

0.051 

0.169 

·a .o3o 

15.070 

0.426 

0. 045 

0. 075 

0.610 

0.060 

0.070 

0.093 

0.490 

0.456 

0.070 

0.110 

0.055 

0. 059 

0.4 

29/ 

" 
38.7 

117.1 

61.2 

118.9 
59.5 

118.8 

41.7 

66.1 

88.6 

65.7 

75.8 

111 .a 

57.3 

111.5 

58.9 

573 

75.9 

122.8 

73.6 

115.8 

75.4 

116.5 

115.8 

57.9 

28.8 

45.6 

43.2 

95.0 

Pb 

26.4/ 

30.0 

5.3 
10.4 

12.2 

33.0 

10.2 

48.8 

7.8 

10.2 

20.2 

3.5 

10.6 

19.3 

7.1 

147.1 

24.8 

7.0 

11.7 

89.9 

9.8 

12.0 

8.9 
44.4 

49.1 

7.4 

•• 
6.0 

72 

20.0 

s. 

NA 

021 
0.42 

0.21 

0.50 

0.25 

0.43 

0.18 

0.43 
0.32 

0.18 

0.28 

0.39 

0.11 

0.46 

0.18 

0.14 

0.29 

0.47 

0.32 

0.39 

0.32 

0.53 

0.57 

0.22 

0.21 

0.28 

D. 25 

0.60 

Zo 

132/ 

144 

39.7 

100.5 

45.0 

142.7 

47.6 

170.3 

33.7 

79." 
90.1 

50.5 

59.4 

102.9 

43.2 

326.0 

88.9 

43.9 

52.7 

230.0 

58.1 

105 8 

70.4 

166.1 

159.7 

36.8 

24.7 

48.4 

80.0 



TABLE 3.7. Ratios of Metal Concentrations for Each Sediment Treatment 

Sediment 
Treatment 

01-CH-0 

00-CH-1 

00-CH-2 

OI-CH·2A 

OO·CH·3 

OO·CH·4 

OI·CH·4A 

OO·CH·S 

OO·CH·6 

OI·CH-6A 

00-CH-7 

00-CH·B 

OI-SS-4L 

01-TS-SAU 

01-TS·SAL 

01-TS·S Merritt 

OI·MA·1L 

OI·MA·2U 

OI·MA·ZL 

OO·Iol-1 

OO·l.l-2 

OO·W-3 

OO·'oo'-4 

00-W-5 

Tanales say 

PR·fine 

PR-coarse 

Shale soil(a) 

to the Average Crustal Abundance of Metals and Metalloids Found 
in Shale Soils 

Metal Concentrations (Jtg/g dry wt) 

0.50 0.75 0.13 7.77 0.16 0.07 0.41 0.27 0.35 0.50 
1.30 1.91 0.67 2.14 o.n 0.22 1.23 0.52 0. 70 1.26 

0.90 0.35 0.23 5.10 0.24 0.29 0.64 0.61 0.35 0.56 

4.80 1.67 0.90 2.47 1.02 0.78 1.25 1.65 0.83 1.78 

0.90 0.73 0.10 3.68 0.26 0.16 0.63 0.51 0.42 0.60 
6.60 2.35 1.57 2.53 0.99 0.21 1.25 2.34 0.72 2.13 
0.50 0.50 0.07 1.64 0.19 0.06 0.44 0.38 0.30 0.42 
2.20 1.55 0.73 2.84 0.48 0.32 0.91 0.51 0.72 0.99 
2.70 1.34 0.63 3.88 0.54 0.39 0.93 1.01 0.53 1. t3 
0.40 0.92 0.17 6.69 0.25 0.05 0.69 0.18 0.30 0.63 
0.90 0.56 0.43 5.01 0.28 0.13 0.80 0.53 0.47 0. 74 
2.60 1.50 0.90 2.73 0.68 0.42 1.23 0.97 0.65 1.29 

0.40 0.54 0.07 5.78 0.19 0.08 0.60 0.36 0.18 0.54 

7.70 1.47 3.47 4.44 4.58 37.68 1.17 7.36 0.77 4.08 
1.40 0.73 0.57 4.39 0.38 1.07 0.62 1.23 0.30 0.86 
0.40 0.49 0.07 5.52 o. 19 0.11 0.60 0.35 0.23 0.55 

0.90 0.52 2.20 2.20 0.37 0.19 0.80 0.59 0.48 0.66 

a. to 1.67 2.37 3.01 1 .65 1.53 1.29 4.50 0.78 2.88 
1.40 0.91 0.40 1.9S 0.47 0.20 0. 77 0.49 0.53 0.73 

1.20 1.95 0.40 2.83 0.80 0.18 1.22 0.60 0.65 1.32 
1.10 1.61 0.57 3.15 0.53 0.23 0. 79 0.45 0.53 0.88 
6.50 2.67 1.40 2.29 1.04 1.23 1.23 2.22 0.88 2.08 
6.00 7.44 1.50 2.81 0.99 1.14 1.22 2.46 0.95 2.00 
0.40 0.54 0.07 4.08 0.16 0.18 0.61 0.37 0.37 0.46 
0.30 0.72 0.53 0.43 o. 12 0.28 0.30 0.22 0.35 0.31 

o.30 1.21 o.n 4.56 0.17 0.14 0.48 0.30 0.47 0.61 

0.50 0.89 6.67 3.23 0.17 0.15 0.45 0.36 0.42 0.60 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

(a) Krauskopf (1967) 
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TABLE 3.8. Ratios of Metal Concentrations for Each Sediment Treatment 
to Metal Concentrations for Point Reyes (coarse) Sediment 
Treatment 

Sedi1ent 
Treat11ent 

OI-CH-0 

00-CH-1 

00-CH-2 

OI-CH-2A 

00-CH-3 

00-CH-4 

OI-CH-4A 

00-CH-5 

00-CH-11 

01-CH-IIA 

00-CH-7 

00-CH-8 

OI-SS-4L 

01-TS-SAU 
01-TS-SAL 
01-TS-5 Werritt 

01-t.IA-lL 
OI-t.IA-2U 
Ol-t.IA-2L 

00-1-1 

00-1-2 

00-1-3 
00-1-4 
00-1-5 

Toules Bay 

PR-f i ne 

PR-coarse 

_lg_ As 

1.00 0.85 

2.110 2.15 

1.80 0.39 

9.110 1.87 

1.80 0.82 

13.20 2.64 

1.00 0.511 

4.40 1.74 

5.40 1.50 

0.60 1.04 

1.60 0.63 

5.20 1.119 

0.80 0.60 

15.40 1.115 

2.80 0.82 
0.60 0.55 

1.80 0.58 
16.20 1.87 

2.80 1.03 

2.40 2.20 

2.20 1.81 

13.00 3.00 
12.00 8.36 
0.80 0.110 

0.60 0.80 

0.60 1.36 

1.00 1.00 

loleta I Concentrations {J;g/g dry wt) 

Cd Cr Cu ___!!a_ Ni 

0.02 2.41 0.93 0.47 0.90 
0.10 0.611 4.511 1.49 2.71 
0.04 1.58 1.43 1.98 1.42 
0.14 0.711 6.05 5.25 2.75 
0.02 1.14 l. 55 1.10 1. 38 
0. 24 11.76 5.89 1.39 2.75 
0.01 0.51 1.13 0.39 0.97 

0.11 0.86 2.88 2.14 1.99 
0.10 1.20 3.20 2.63 2.05 
0.03 2.07 1.50 0.31 1.52 
0.07 1.55 1.66 0.86 1.75 
0.14 0.85 4.05 2.86 2 72 

0.01 1.79 1.15 0.51 1.33 

0.52 1.37 27.19 255.42 2.58 
0.09 1.36 2.28 7.22 1.36 
0.01 1.71 1.11 0.78 1.33 

0.33 0.68 2.21 1.27 1.76 
0.38 0.93 9.79 10.34 2.84 
0.08 0.60 2.80 1.36 1.70 

0.06 0.88 4.77 1.19 2.68 

0.09 0.98 3.111 1.58 1.75 
0.21 0.71 6.111 8.31 2.70 
0.23 0.87 5.90 773 268 
0.01 1.211 0.93 1.19 1.34 
0.06 0.13 0.69 1.86 0.87 

0.12 1.41 0.99 0.95 1.06 

1.00 1.00 1.00 1.00 1.00 
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Pb 

0.74 

1.44 

1.69 

4. 58 

1.42 

6.50 

1. 08 
1.42 

2.81 
0.49 

1.47 

2.68 

0.99 

20.43 
3.42 

0.97 

1.83 
12.49 
1.36 

1.87 

1. 24 

6.17 
6.82 
1. 03 

0.61 

0 B3 

1.00 

So 

0.84 

1.68 

0.84 

2.00 

1.00 

1. 72 

0.72 
1. 72 

1.28 
0.72 

1.12 

1.58 

0.44 

1.84 

D. 72 
0.56 

1.16 
1.88 

1.28 

1. 58 

1.28 

2.12 
2.28 
0.88 

0.84 

1.12 

1.00 

'" 
0.83 

2.09 

0.94 

2. 97 

0. 99 

3.54 

0.70 
1.65 

1.67 
1.05 

1.23 

2.14 

0.90 

6. 78 

1.43 
D. 91 

1.10 
4.78 

1. 21 

2.20 

1.46 

3.45 
3.32 
0.76 

0.51 

1 01 

1 00 



Silver conce'ntrations ranged from 0.03 to 0.81 ~g/g, or from 0.5 to 8.1 
times the average Ag concentration in shale. Nine treatments {OI-MA-2U, 
01-TS-SAU, 00-CH-4, 00-W-3, 00-W-4, 00-CH-2A, 00-CH-6, 00-CH-8, and 00-CH-5) 
had Ag concentrations greater than twice those in shale; most of these nine 
had 5 to 8 times the shale soil Ag concentration. The Ag concentration in 
PR-coarse was half the concentration found in shale. Therefore, relative to 
PR-coarse, Ag concentrations in several Oakland Harbor stations are higher by 
a factor of 10 or more. 

Arsenic concentrations do not appear to be greatly enhanced relative to 
shale except at 00-W-4 in Oakland Outer Harbor, where As is 7.4 times more 
concentrated in the sediment. Nearby Stations 00-W-3 and 00-CH-4 have the 
next highest As levels, but these levels are approximately 2.5 times the 
As concentration in shale. The As concentration in PR-coarse sediment is 
only slightly lower than in shale soils, and concentrations at most stations 
are higher by less than a factor of 2. In addition to the three stations 
named above, Stations 00-W-1 and 00-CH-1, west of the Seventh Street Complex, 
had slightly more than twice the As of PR-coarse. 

The highest cadmium concentration was found in the PR-coarse sediment; 
therefore, all Oakland Harbor sediment Cd levels have comparable PR-coarse. 
Only three treatments had more than twice the Cd of shale; Oakland Harbor 
sediments did not show highly elevated levels of Cd. 

Chromium concentrations were also higher in PR-coarse than in shale 
soils, so that although Cr appears elevated relative to shale soils, only 
three stations have more than twice the Cd found in PR-coarse, and most 
stations have similar or lower levels. 

Copper levels in Oakland Harbor sediments were near or below the 
average Cu level in shale, except for OI-TS-SAU, where Cu was enhanced by a 
factor of 4.6. However, the average Cu level in shale is 6 times higher than 
the Cu concentration found in PR-coarse, so a much greater difference between 
Oakland Harbor and PR-coarse Cu levels is apparent. Most treatments are 
enhanced 5 to 10 times relative to PR-coarse, and the highest {OI-TS-5AU) is 
enhanced by a factor of 27. These concentrations alone reveal little about 
the bioavailability of a metal to marine organisms or the possibility of a 
toxic effect and may or may not point to significant differences between 
dredged material and disposal-area sediments. 
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Mercury levels appear to be enhanced in very few sediment treatments 
relative to average shale Hg content, except for the extraordinary 
concentration of 15.070 "g/g found at OI-TS-5AU. This is nearly 40 times the 
Hg concentration found in shale and is 250 times the Hg in PR-coarse. The 
next-highest level, found at OI-MA-2U, was 0.610 "g/g, or about 1.5 times the 
Hg in shale and 10 times the Hg in PR-coarse. In previous sampling and 
analysis of nearby sites (-38-ft, Word et al. 1988; Oakland Phase I, Word et 
al. 1990), Hg levels were relatively high (I to 6 "g/g), but still not half 
as high as at OI-TS-5AU. Since this measurement was duplicated, it appears 
to be a valid concentration. These values therefore indicate a patchy 
distribution of high mercury contamination in an area of somewhat-elevated 
sediment mercury levels. 

Nickel concentrations in Oakland Harbor sediments are all very close to 
or lower than the average concentration of Ni in shale soils. The average Ni 
in shale is about twice the Ni concentration in PR-coarse sediment; 
therefore, though some Oakland sediments have up to 3 times the Ni of PR
coarse, these are probably not enhanced levels. 

Most lead concentrations were similar to or below the average for lead 
in shale. Exceptions were the cluster of three stations (00-W-3, 00-W-4, 
00-CH-4) north of the Seventh Street Complex in Oakland Outer Harbor with Pb 
concentrations more than twice the Pb in shale soils, and Inner Harbor 
Stations 01-TS-SAU and Ol-MA-2U, where Pb was elevated by factors of 7.4 and 
4.5, respectively. Because the average Pb level in shale soils is nearly 3 
times what was found in PR-coarse, these stations are enhanced in Pb by 
factors of >4.5 to >20. 

A similar pattern was observed for zinc in Oakland Harbor sediments. 
However, the highest Zn concentration (01-TS-SAU) was slightly more than 4 
times the average Zn in shale and was 6.78 times the PR-coarse Zn 
concentration. The other stations (OI-MA-2U, 00-CH-4, 00-W-3, and 00-W-4) 
with relatively high Zn concentrations were enhanced by factors of 2 or 3. 
Again, most stations had concentrations near or below the average found in 
shale and do not appear significantly enhanced in Zn relative to PR-coarse. 
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3.3.5 Organotins 

The quality assurance summary for sediment organotins is presented in 
Appendix C, Tables C.B and C.IO. The achieved detection limit for these 
analyses ranged from 0.32 to 0.46 ng/g (dry wt), well below the target 
detection limit of 10 ng/g. Duplicate analyses were run on three samples for 
the three compounds, resulting in nine observations. In six observations 
(two samples), values were below detection and RPDs could not be calculated. 
In the third sample, RPDs of 12%, 14%, and 101% were calculated for tri-, 
di-, and monobutyltin, respectively. SRMs were not available to evaluate 
analytical accuracy, but a surrogate (propyltin) was monitored for all 30 
samples. Surrogate recovery ranged from 48 to 12g%, with only one 
observation beyond our acceptable range of 40 to 120%. Two samples were 
spiked with tri-, di-, and monobutyltin, producing recoveries of 99% for 
tributyltin, Ill to 126% for dibutyltin, and 7 to II% for monobutyltin. 

Our assessment of the sediment organotin data is that tri- and 
dibutyltin data are acceptable for use in analysis. Because RPDs were high 
and recoveries in spikes were low, care should be used when evaluating the 
monobutyltin data. These low levels of recovery for manobutyltin are normal 
for this analyses (Unger et al. 1986). 

Total organotin (mono-, di-, and tributyltin} concentrations in Oakland 
Harbor sediments are presented in Table 3.9. As determined in Phase I, 
highest concentrations were near Todd Shipyard and in the maneuvering area. 
Sediments from Station 01-TS-SAU contained a high of 211 ng/g (dry wt), while 
sediment from Station OI-MA-2U contained the next-highest level, 76 ng/g. 
Organotins were not detected in sediments from ll other stations or in the 
reference sediments. Tri-butyltin was the predominant organotin species, 
ranging from 50 to !00% of the total concentration. At Station 01-TS-SAU, 
tributyltin accounted for 75% of the total; at Station OI-MA-2U, tributyltin 
accounted for only 50% of the total. 

By comparison, nine sediment sites in Puget Sound and two sediment sites 
in Lake Washington (Varanasi 1988) were found to contain tributyltin ranging 
from 6 to 3000 ngjg (dry wt). All sites were located in or near a boat 
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TABLE 3.9. Concentrations of Organotins in Sediment Treatments 

Drganotin Concentrations (ngjg dry wt) 

Dey orr 
Sediment Weight ~ight Propyl tin But~ltin Concentrations 
Treatment ..l!L "'"" X Recovery ___ltl_ ...QL ..!:!2o!L Total(a) 

01-CH-0 84 18.46 53 < 0.57 < 0.32 < 0.85 NA(b) 

OO·CH·1 57 12.92 61 0.84 < 0.46 < 1.20 0.84 
OO·CH·2 81 18.22 73 < 0.58 < 0.32 < 0.87 NA 
OI·CH·2A 47 11.05 64 6.60 1.30 < 1.42 7,90 

OO-CH·3 73 9.17 129 2.94 < 0.64 < 1.70 2.94 
00-CH-4 47 11.50 79 6.40 0.97 < 1 .40 7.37 
OI·CH·4A 83 21.85 60 < 0.48 < 0.27 < 0.72 NA 
OO·CH·S 68 19.16 49 1.10 < 0.31 < 0.82 1.10 
OO·CH-6 63 13.09 48 3.00 0.73 < 1.20 3.73 
OI-CH-6A 83 9.50 59 < 1.11 < 0.62 < 1.70 NA 
00-CH-7 n 18.05 56 0.94 < 0.75 < 0.35 0.94 
OO·CH·8 67 16.65 49 3.40 < 0.35 < 0.95 3.40 

OI·SS·4L 84 18.65 52 < 0.57 < 0.32 < 0.85 NA 

01-TS-SAU 51 7.18 88 211.00 57.00 11.00 279.00 
OI·TS·SAL 78 18.28 103 2.30 < 0.32 < 0.86 2.30 
OI·TS-5 Merritt 84 18.18 53 < 0.58 < 0.32 < 0.87 NA 

OI-MA-1L 83 8.99 51 < 1.20 < 0.66 < 1.80 NA 

OI-MA-2U 42 5.16 67 76.00 65.00 9.00 150.00 

OI·MA·2L 82 8.25 35 < 1.28 1.59 < 1.90 1.59 

00-W-1 58 10.71 51 < 0.63 < 1.00 < 0.46 NA 
00-W-2 67 9.27 62 < 1.14 < 0.64 < 1.70 NA 
OO-W-3 46 9.93 58 4.00 < 0.59 3.90 7.90 

00-W-4 48 11.22 81 1.80 0.58 < 1.40 2.38 

00-W·S 83 9.99 51 < 1.10 < 0.59 < 1.58 NA 

PR·coarse 67 16.90 84 < 0.63 < 0.35 < 0.93 NA 
PR·fine 74 19.74 63 < 0.46 < 0,73 < 0.34 NA 

Tanales Bay 85 18.83 102 < 0.56 < 0.31 < 0.84 NA 

,,, Totals include only values above detection. 
(b) ~=not applicable; all values are below detection. 
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marina. Previous work in the Oakland Inner Harbor area found concentrations 
of tributyltin ranging from nondetectable to 2600 ng/g (dry wt) (Word et al. 
1988; Word et al. l990b). The highest concentrations were associated with 
sediment collected from the vicinity of Todd Shipyard, in Inner Oakland 
Harbor. 

3.3.6 Total Organic Carbon 

Quality assurances associated with measurements of TOC are presented in 
Appendix C, Table C.l2. Inspection of these data shows that detection limit 
targets were met. Duplicate analyses were performed on eight samples, 
producing RPOs of 0 to 29%. Since there are no criteria for evaluation of 
this parameter, all data are considered acceptable for use in analysis. 

Total organic carbon values ranged from a low of 0.02% in the Merrit 
sand sediments at Station 01-CH-4A to a high of 1.39% in the silty, Younger 
Bay Muds at Station OJ-MA-2U. Other stations with nearly as high TOC values 
included 00-W-3 (1.18%), 01-CH-4 (1.09%), OI-TS-5AU (1.06%), OI-CH-2A 
(1.05%), and 00-W-4 (1.01%). By comparison, the reference sediments all 
contained between 0.28 and 0.35% TOC, and 12 of 23 other stations contained 
<0.35% TOC (Table 3.10). 

3.3.7 Oil and Grease 

Quality assurance associated with measurements of total oil and grease 
are presented in Appendix C, Table C.I2. Inspection of these data show that 
detection limit targets were met. Duplicate analysis was performed on eight 
samples and produced and RPD of 10% in the only pair of observations above 
detection. Since there are no criteria for evaluation of this parameter, all 
data are considered acceptable for use in analysis. 

Total oil and grease ranged from <20 to 1208 ~/g (dry weight), 
(Table 3.10). The reference sediments contained relatively low 
concentrations, generally <20 pgjg. The highest concentration of total oil 
and grease (1208 ~/g) was associated with Station OI-TS-5AU. Six other 
stations had concentrations of oil and grease >100 pgjg. These were OI-MA-2U 

(361 ~/g), 00-CH-4 (187 ~/g), 00-W-3 (171 ~/g), OI-TS-5AL (I47 ~/g), 
00-W-4 (124 ~/g), and OI-CH-2A (113 ~/g). As shown in Phase I studies 
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TABLE 3.10. Total Organic Carbon, Oil and Grease, and Petroleum Hydrocarbon 
Concentrations in Sediment Samples 

Total Petroleum 
Sediment Total Organic Oil and Grease Hydrocarbons 
Treatment Rep Carbon (%) (1~/g dry wt) (J.L!l/9 dry wt) 

0!-CH-0 I 0.05 < 20 < 20 
0!-CH-0 2 0.06 NO( a) NO 
00-CH-1 I 0.68 < 20 < 20 
00-CH-2 I 0.06 69 73 
00-CH-2 2 0.08 NO NO 
Ol-CH-2A I 1.05 113 95 
OI-CH-2A 2 1.05 NO NO 
00-CH-3 I 0.17 < 20 < 20 
00-CH-4 I 1.09 187 144 
Ol-CH-4A I 0.02 < 20 < 20 
00-CH-5 I 0.34 95 85 
00-CH-6 I 0.44 53 48 
Ol-CH-6A I 0.03 < 20 < 20 
00-CH-7 I 0.13 24 41 
00-CH-8 I 0.41 34 < 20 
OI-SS-4l I 0.01 < 20 < 20 

OI-TS-5AU I 1.06 1096 951 
Ol-TS-5AU 2 1.06 1208 NO 
Ol-TS-5Al I 0.13 147 110 
0!-TS-5 Merrit I 0.01 < 20 < 20 

0!-MA-Il I 0.07 < 20 < 20 
0!-MA-Il 2 NO < 20 NO 
OI-MA-2U I 1.39 361 271 
Ol-MA-2l I 0.11 < 20 < 20 
OI-MA-2l 2 ND < 20 ND 

00-W-1 I 0.62 28 25 
00-W-2 I 0.41 34 30 
00-W-3 I 1.18 171 152 
00-W-4 I 1.01 124 125 
00-W-5 I 0.04 < 20 < 20 

PR-coarse I 0.35 < 20 < 20 
PR-coarse 2 0.34 ND NO 
PR-fine I 0.30 < 20 < 20 
PR-fine 2 0.31 ND NO 
Tomales Bay I 0.28 < 20 < 20 

(a) ND = Data not available. 
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{Word et al. 1990b), highest concentrations were associated with sediments in 
the vicinity of Todd Shipyard and the maneuvering area. 

3.3.8 Petroleum Hydrocarbons 

Quality assurance information associated with measurements of total 
organic carbon is presented in Appendix C, Table C.12. Inspection of these 
data shows that detection limit targets were met. Duplicate analyses were 
not performed, since these had been evaluated for total oil and grease. 
Because no criteria for evaluation of this parameter exist, all data are 
considered acceptable for use in analysis. 

The distributions of total oil and grease and petroleum hydrocarbons 
were similar. Also, at stations with the six highest concentrations of total 
oil and grease, the concentration of petroleum hydrocarbons is 74% of the 
total oil and grease concentration or higher (Table 3.10). This indicates 
that the higher concentrations of 4- and 5-ring PAHs relative to 2- and 3-
rings PAHs (see Section 3.3.1) are likely a result of the weathering of the 
petroleum hydrocarbon fractions, not combustion products. 

3.3.9 Grain Size 

Quality assurance information for grain size analyses is presented in 
Appendix C, Tables C.13 and C.14. Duplicate analyses were performed on three 
samples, resulting in RPDs ranging from 0 to 100%. Most RPDs were below 30%, 
though high RPDs were associated with the gravel portion of the samples. 
Because criteria for evaluation of this parameter do not exist, all data are 
considered acceptable for use in analysis. 

Detailed grain size information on each sediment sample 
16 phi-size classes is contained in Appendix C, Table C.13. 
of sediment contained in major size fractions {gravel, sand, 
are summarized in Table 3.11. Ten stations inclusive of the 

for each of 
The percentages 
silt, and clay) 
reference 

sediments have a unimodal distribution of grain size, with greater than 80% 
of the sediment mass being sand or gravel. Another 10 stations have a 
unimodal distribution of grain size, where silt and clay represent 70% of the 
sediment mass. 
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TABLE 3 .II. Percent Sediment Weight Used in Each Sediment Treatment 
by Major Size Category 

Sediment (Percent dry wt) 

Sediment %Total Estimated Total 

Treatment ... Sol ids Recovery Gravel '""' Sitt Clay Recovered 

01-CH·O 84.44% 93.80X 0.44 85.61 9.22 4.74 100.01 

00-CH·l sa.m; ".""' 0.64 5.14 53.49 40.73 100.00 

OO·CH-2 80.09X 93.17'X 0.00 86.55 8.77 4.69 100.01 

OI·CII·2A 46.49X 91.04% 0.00 24.17 39.33 49.90 113.40 
00-CH-3 74.23% 94.65% 0.13 69.72 17.50 12.65 100.00 
00-CK-4 51.08% 91.13X 0.00 11.20 38.28 50.51 99.99 
OI-CH·4A 83.63% 94.37X o.oo 90.19 6.83 2.97 99.99 
OO·CH·S 72.03% 95.16% 5.98 57.39 17.28 19.34 99.99 
OO·CH-6 63.89X 91.38% 0.16 32.80 32.27 34.76 99.99 
O!-CH-6A 83.85% 95.53% 0.28 85.39 8.57 5. 75 99.99 
OO·CH·7 78.43% 95.34% 0.00 73.91 13.19 12.90 100,00 

OO·CH·8 67.61% 92.67X 0.20 24.82 41.92 33.08 100.02 

OI-SS-4L 84.25% 93.81% 0.00 88.64 7.66 3.70 100.00 

O!·SS·4L 2 84.36%. 92.81%. 0.04 87.46 9.45 3.04 99.99 

OJ- TS-5AU 55.88%. 93.71%. 0.85 28.66 39.23 31.28 100.02 

OJ- TS-5AU 2 55.94%. 97.21%. 0.68 30.11 29.95 39.25 99.99 
Ot • TS·5AL 80.33%. 93.96%. 0.62 83.03 8.85 7.51 100.01 

Ot·TS·5 Merritt 84.11% 92.74%. 0.12 90.76 6.69 2.45 100.02 

Ot·MA·1L 84.25% 94.94% 0.29 41.12 37.07 21.52 100,00 

Ot·MA·1L 2 84.85% 92.33% 0.38 40.75 39.91 18.96 100,00 

01-MA-2ll 45.74% 92.21n:. 0.00 6.15 36.96 56.87 99.98 

OI-MA-2L 82.413% 96.53%. 0.65 29.55 41.06 28.75 100.01 

00-IH 60.15% 91.69% 0.09 6.17 53.27 40.47 100.00 

00·\.1·2 65.20% 91.25% 2.30 39.48 31.48 26.74 100.00 

00-h'-3 46.87% 90.88"< 0.00 5.11 40.27 54.61 99.99 
00·\.1-4 51.83% 93.73% 0.00 14.90 39.63 45.46 99.99 
00-h'-5 84.26% 95.04% 0.00 88.50 7.87 3.63 100.00 

PR-coarse 67.89% 91.70% 0.00 81.64 13.82 4.51 99.97 

PR-fine 71.48% 91.85% 0.00 82.16 13.73 4.11 100.00 

Tomales ~ay 79.09% 94.07% 0.00 92.82 5.95 1.37 100.14 
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3.4 SOLID-PHASE TOXICITY TESTS 

Three solid-phase toxicity tests were conducted to evaluate a total of 
26 sediment treatments. The toxicity tests included a flow-through test of 

~ nasuta and~ caecoides (tested together); a flow-through test of~ 
abronius and~ abdita (tested together); and a static test of~ abronius 
and A. abdita (tested together). For the purpose of dredged-material 
analysis, the static R. abronius, flow-through A. abdita, and flow-through 
M. nasuta/~ caecoides are considered standard tests. The flow-through £. 
abronius and static 8. abdita are considered nonstandard tests. The data 
resulting from each test first were evaluated to ensure that they met QA/QC 
guidelines, which include survival in uncontaminated sediments, and 
acceptable water quality parameters. After QA/QC review, the data were then 
evaluated by ANOVA, and also through the use of Student's T-test, as 
recommended by the Implementation Manual. ANOVA was used to determine 
whether differences between any of the sediment treatments can be detected. 
If significant differences were detected, Tukey's HSD was used to make all 
possible pair-wise comparisons between sediments to determine which 
treatments are significantly different from the PR-coarse treatment. We 
also examined the differences in proportion survival between the PR-coarse 
sediment treatment and the other 25 treatments. The Student's T-test was 
used as another check to determine statistically significant differences 
between the PR-coarse sediment and all other sediment treatments. The 
results of these analyses and comparisons enabled us to evaluate the toxicity 
of the sediments to the test organisms, as required by the Implementation 
Manual. What follows is a summary of QA/QC results, followed by the results 
of a discussion of each toxicological test. 

3.4.1 Quality Assurance/Quality Control Results 

According to the Implementation Manual, data from a toxicological test 
can be evaluated if control mortalities are less than 10%. Additionally, the 
QA/QC limits set forth in MSL's Technical Work Plan to USACE state 
acceptable water quality ranges of 15 ± l.OoC, ambient salinity± 1.0 o;oo, 
dissolved oxygen levels of ~ 4.0 mg/L, pH of ambient ± 0.4, and flow rate (if 
applicable) of 125 ± 10 ml/min for Macoma/Nephtys and 40 ± 5.0 ml/min for 
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Ampelisca/Rhepoxynius. The following presents QA/QC summary information for 
each test, based upon the above criteria. 

Macoma/Nephtys Flow-Through Test 

Three uncontaminated sediments were evaluated during this test: coarse
grained material collected off Point Reyes, California (PR-coarse), finer
grained material collected off Point Reyes (PR-fine), and sediment native to 
N. caecoides (Tomales Bay). The PR-coarse material was used to simulate the 
grain size conditions expected at the proposed disposal area; the PR-fine 
material provided an uncontaminated fine-grained sediment, and the Tomales 

Bay material served as sediment native to N- caecoides. Survivals of~ 
nasuta and ~ caecoides were greater than 94% in these sediments (Table 
3.12). Water quality data (summarized in Appendix D, Table 0.5) show that 
dissolved oxygen, salinity, and flow parameters were within accepted limits 
during this test. Water temperature during the test exceeded acceptable 
ranges on one day, with recorded temperatures beyond the maximum of 16"C and 
pH values below our target limits in a few containers. This occurred near 
the end of the toxicological test and did not affeLt the test organisms, as 
evidenced by high survival in uncontaminated sediments. For this reason, 
these data are acceptable. 

Ampelisca/Rhepoxynius Flow-Through Test 

Amphipod survival in the three uncontaminated sediments ranged from 94 
to 100% (Table 3.12) and was thus acceptable for analysis. Water quality 
conditions were within acceptable ranges for all measured parameters except 
temperature, which was out of range by O.l"C on only one day, and one 
recorded flow rate, which exceeded our maximum by 3 mL/min. All data for 
these tests are summarized in Appendix E, Table E.5. 
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Ampelicsa/Rhepoxynius Static Test 

Amphipod survival in the three uncontaminated sediments ranged from 97 
to 100% (Table 3.12) and were thus acceptable for data analysis. Water 
quality conditions were within acceptable ranges for all parameters except pH 
(Appendix F, Table F.S). During the static test, it was necessary to remove 
and replace 75% of the overlying water to maintain acceptable pH ranges, and 

some values below our target limits were noted. This removal was performed 
on day 4 of the test and was not required thereafter. Since high survival 
was noted in uncontaminated sediment, these water quality parameters did not 
appear to affect the test. As a result, these data are acceptable. 

TABLE 3.12. 

F'unet.er 

Survival '" 

Quality Assurance/Quality Control Summary Information for 
Toxicity Tests 

Ranges of Flow-Through Flow-Through St.at.ic 
Accept.able ~A/~C lbco .. /Nepht.ys Mpe I i sca/Rhepoxyn ius A1pe I i sca/Rhepoxyn ius 

Uncont.aeinat.ed Sedieent ~ 901 "' 94 - 1001 97-1001 

Oisso•ved llxygen > 4.0 •g/L Within Range lith in Range > 4.0 •g/L 

pH ••bient ± 0.4 7.20- 7.95 Within Range 7.20- 8.20 

Salin,ty a1bient. ± 1.0 ofoo lit.hin Range Within Range Within Range 

Te1perature 14.0 - 18.0 oc u.s - 16.80C 14.2- 16.10C Within Range 

Flow (Aquaria) 115 - 135 1Lj1in Within Range 5- 48 ml/1in Not Applicable 

Flow (Jars) 35- 46 •L/•"•n Not Applicable Within Range Not Applicable 
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3.4.2 Macoma/Nephtys Flow-Through Test 

The survivals of M. nasuta and N. caecoides are presented in Table 3.13. 
These data show that~ nasuta survival was high in all sediment treatments, 
ranging from 96 to 100%. ANOVA for these data indicates that there is no 

significant difference (a = 0.05) between the sediment treatments (Table 
3.14). For this reason, no further analysis of these data are required. 
Survival of~ caecoides ranged from a low of 58% in sediment treatment OI
CH-4A to a high of 97% in sediment treatments Tomales Bay and 00-W-3 (Table 
3.13). Three sediment treatments produced~ caecoides survivals of less 
than 80% (OI-CH-4A, OI-SS-4L, and OI-TS-5AL), and survivals of less than 90% 
were noted in 11 of the 26 sediments tested. 

ANOVA of the~ caecoides data (Table 3.15) shows that there are 
significant differences between sediment treatments. Tukey 1 s HSD test 
produced the statistical groups depicted in Table 3.16. This test shows that 
sediment treatments OI-CH-4A, OI-SS-4L, and Ol-TS-5AL are significantly 
different from the PR-coarse sediment in that they belong to a different 
statistical group. This is illustrated by the 95% confidence intervals 
associated with the angular-transformed data (Figure 3.5). A comparison of 
~ caecoides percent survival shows that these three sediment treatments 
produced percent survivals ranging from 15 to 36% less than that recorded in 
the PR-coarse sediment (Table 3.16). In all, 5 of 25 sediment treatments 
produced percent survivals that were at least 10% less than that recorded in 
the PR-coarse sediment treatment. 

One-tailed independent t-tests of the survival of~ caecoides in the 
sediment treatments versus their survival in the PR-coarse sediment showed 
that a total of nine sediment treatments were significantly different (a ~ 

Q.OS) from the PR-coarse (Table 3.17). These treatments included the three 
mentioned above, as well as OI-CH-6A, OI-TS-5AU, OI-MA-2U, 0!-CH-0, OI-MA-2L, 
and 00-W-1. All of these treatments produced percent survivals of less than 
90% and survivals of at least 7% less than the PR-coarse treatment, whereas 

only the first two had survivals of at least 10% less than the PR-coarse 

sediment treatment. 
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TABLE 3.13. Mean and Percent Survival of M. nasuta and ~ caecoides 
After 10-day Flow-Through Exposure Based on Five Replicate 
Measurrnents per Sediment Treatment and 20 Individuals per 
Species in Each Replicate 

M. nasuta N. caeca ides 
Sediment Mean Percent Mean Percent 
Treatment Survival so Survival Survival .2Q_ Survival 

01-CH-0 19.8 0.45 99.0 17.2 1.64 86.0 
00-CH-1 19.8 0.45 99.0 19.2 1.10 96.0 
00-CH-2 20.0 0.00 100.0 17.4 1.67 87.0 
01-CH-2A 20.0 0.00 100.0 18.0 I. 22 90.0 
00-CH-3 20.0 0.00 100.0 17.2 1.92 86.0 
00-CH-4 20.0 0.00 100.0 19.0 !. 73 95.0 
OI-CH-4A 20.0 0.00 100.0 11.6 4. 77 58.0 
00-CH-5 20.0 0.00 100.0 19.0 1.00 95.0 
00-CH-6 19.8 0.45 99.0 18.6 1.34 93.0 
OI-CH-6A 20.0 0.00 100.0 16.6 1.67 83.0 
00-CH-7 19.2 1.10 96.0 18.0 0.00 90.0 
00-CH-8 20.0 0.00 100.0 18.2 1.30 91.0 

OI-SS-4L 19.8 0.45 99.0 15.2 1.64 76.0 

01-TS-5Au(a) 19.4 1.34 96.0 16.8 I. 79 84.0 
01-TS-SAL(a) 20.0 0.71 99.0 15.8 1.30 79.0 

OI-MA-1L 20.0 0.00 100.0 18.2 0.45 91.0 
OI-MA-2U 20.0 0.00 100.0 17.0 1.58 85.0 
OI-MA-2L 19.8 0.45 99.0 17.4 1.14 87.0 

oo-w .. 1 20.0 0.00 100.0 17.4 1.34 87.0 
00-W-2 20.0 0.00 100.0 18.0 0.71 90.0 
00-W-3 20.0 0.00 100.0 19.4 1.34 97.0 
00-W-4 19.8 0.45 99.0 19.0 !. 22 95.0 
00-W-5 20.0 0.00 100.0 18.2 0.84 91.0 

PR-coarse 20.0 0.00 100.0 18.8 0.84 94.0 
PR-fine 20.0 0.00 100.0 19.0 1.00 95.0 
Tomales Bay 20.0 0.00 100.0 19.4 0.89 97.0 

(a) One replicate contained 21 Macoma instead of 20 
SO = Standard deviation 
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TABLE 3.14. Balanced One-Way ANOVA for 26 Sediment Treatments Using the 
Arcsine (expressed in radians) Square Root of the Proportion of 
~ nasuta Surviving a 10-Day Flow-Through Exposure 

Source of Sum of Mean Significance 
Yarjatjon Squares d. f. Square F-Ratio Level 

Between Group 0.1737 25 0.0069 1.355 0.1461 

Within Groups 0.5333 104 0.0051 

Total (corrected) 0. 7070 129 

TABLE 3.15. Balanced One-Way ANOVA for 26 Sediment Treatments Using the 
Arcsine (expressed in radians) Square Root of the Proportion of 
~ caecoides Surviving a 10-Day Flow-Through Exposure 

Source of Sum of Mean Significance 
Varjatjon Squares d. f. Square F-Ratio Level 

Between Groups 2.3630 25 0.0945 4.661 0.0000 

Within Groups 2.1089 104 0.0203 

Total (corrected) 4.4719 129 
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TABLE 3.16. Comparison of~ caecoides Surviving for A11 Sediment 
Treatments 

Sediment 
Treatment 

Percent 
Survival 

Statist!' cal 
Group a) 

Change in Percent 
When Comparedbto 

PR-coarse { ) 

OO-CH-4A 
OI-SS-4L 
OI-TS-5AL 
01-CH-6A 
OI-TS-5AU 
OI-MA-2U 
01-CH-0 
OI-MA-2L 
00-W-1 
00-CH-2 
00-CH-3 
00-CH-7 
00-W-2 
OI-CH-2A 
OI-MA-1L 
00-W-5 
00-CH-B 
00-CH-6 
PR-coarse 
00-CH-5 
PR-fine 
OO-W··4 
00-CH-4 
00-CH-1 
Tomales Bay 
00-W-3 

5B.O 
76.0 
79.0 
B3.0 
B4.0 
B5.0 
B6.0 
B7.0 
B7.0 
B7.0 
B6.0 
90.0 
90.0 
90.0 
91.0 
91.0 
91.0 
93.0 
94.0 
95.0 
95.0 
95.0 
95.0 
96.0 
97.0 
97.0 

A 
AB 
ABC 
ABCD 
ABCD 
ABCD 
ABCD 
ABCD 
ABCD 
ABCD 

BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 
BCD 

CD 
D 
D 
D 

{a) Sediment treatments with the same statistical group are not 
significantly different from each other 

(b) Percentage of survival in PR-course minus percent survival 
in that treatment 
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36.0 
IB.O 
15.0 
11.0 
10.0 
9.0 
B.O 
7.0 
7.0 
7.0 
B.O 
4.0 
4.0 
4.0 
3.0 
3.0 
3.0 
1.0 
0.0 

-1.0 
-1.0 
-1.0 
-1.0 
-2.0 
-3.0 
-3.0 
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TABLE 3.17. One-Tailed Independent T-Tests of the Survival of N. caecoides 
in Various Sediment Treatments Versus the Survival in PR-
coarse Sediment Using the Arcsine Square Root of the Proportion 
Surviving a 10-day Flow Through Exposure 

Two-Sided 
Sediment -95% C! About 
Treatment Mean so T-Value d. f. Probability Mean Difference 

PR-coarse 1.352 0.13 

01-CH-0 1.200 0.12 l. 91 8.0 0.0462(a) (-0.03, 0.34) 

00-CH-1 1.442 0.18 -0.92 7.4 0.8071 (-0.32, 0.14) 

00-CH-2 1.217 0.13 1.65 8.0 0.0692 (-0.05, 0.32) 

Ol-CH-2A 1.259 0.10 1.27 7.4 0.1206 (-0.08, 0.26) 

00-CH-3 1.229 0.21 1.12 6.8 0.1469 (-0.14, 0.38) 

00-CH-4 1.433 0.21 -0.74 6.8 0.7598 (-0.34, 0.18) 

OI-CH-4A 0.887 0.28 3.33 5.6 0.0052(a) (0.12, 0.81) 

00-CH-5 1.397 0.16 -0.48 7.6 0.6782 (-0.26, 0.17) 

00-CH-6 1.363 0.19 -0.10 7 .I 0. 5395 (-0.26, 0.24) 

01 -CH-6A 1.157 0.12 2.42 8.0 0.0209(a) (0. 01' 0. 38) 

00-CH-7 1.249 0.00 l. 75 4.0 0.0592 (-0.06, 0. 27) 

00-CH-8 1.278 0.10 0.98 7.6 0.1782 (-0.10, 0.25) 

OI-SS-4L 1.063 0.10 3.96 7.3 0.002J(a) (0.12, 0.46) 

01-TS-5AU 1.169 0.12 2.32 8.0 0.0243(a) (0.00, 0.36) 

OI-TS-5AL 1.098 0.08 3.69 6.6 0.003J(a) (0.09, 0.42) 

01-MA-IL 1.268 0.04 1.35 4.8 0.1068 (-0.08, 0.24) 
01 -MA-2U 1.184 0.12 2.13 8.0 0.033J(a) (-0.01, 0.35) 

OI-MA-2L l. 210 0.09 1.99 7. I 0.0409(a) (-0.03, 0.31) 
00-W-1 l. 212 0.10 1.88 7.6 0.0486(a) (-0.03, 0. 31) 
00-W-2 1.253 0.06 !.52 5.7 0.0831 ( -0.06, 0.26) 
00-W-3 1.491 0.18 -1.41 7.4 0. 9017 (-0.37, 0.09) 
00-W-4 1.401 0.17 -0.51 7.5 0.6885 (-0.27, 0 .18) 
00-W-5 1.272 0.07 1.18 6.3 0.1358 (-0.08, 0.24) 

P.R. fine 1.397 0.16 -0.48 7.6 0.6782 ( -0.26, 0.17) 

Tomales Bay l. 461 0.15 -1.21 7.8 0.8696 (-0.32, 0.10) 

(a) SO = Significant at p ~ 0.05 
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3.4.3 Ampelisca/Rhepoxynius Flow-Through Test 

The survivals of~ abdita and~ abronius under flow-through conditions 
are summarized in Table 3.18. These data show that survival of~ abdita 
was high in all sediment treatments, ranging from a low of 87% in sediment 
treatment 00-CH-3 to a high of 100% in the Tomales Bay sediment treatment. 
Since ANOVA of these data show that sediment treatments do not differ 
significantly (Table 3.19), these data do not provide significant effects for 
discussion. 

The survival of~ abronius ranged from a low of 52% in sediment 
treatment 00-CH-8 to a high of 99% in sediment treatment PR-fine. A total 
of 12 of 26 treatments showed percent survival lower than 80, and a total of 
17 of 26 treatments showed mean survival lower than 90% (Tables 3.18 and 
3.20). ANOVA on these data showed that there were significant differences 
between sediment treatments (Table 3.21). Tukey's HSD test resulted in 15 of 
26 treatments grouping away from the PR-coarse treatment (Table 3.20 and 
Figure 3.6). The treatments grouping away from the PR-coarse exhibited a 
percent survival of at least 10% less than that recorded in the PR-coarse, 
and in 10 cases, the percent survival in these treatments was at least 20% 
less than that recorded in the PR-coarse sediment treatment (Table 3.22). 
One-tailed independent t-tests of the survival of B. abronius in the sediment 
showed that 15 sediment treatments were significantly different (a= 0.05) 
than the PR-coarse treatment (Table 3.22). 
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TABLE 3.18. Mean and Percent Survival of A. abdita and R. abronius 
After 10-day Flow-Through Exposure Based on-s Replicate 
Measurements Per Sediment Treatment and 20 Individuals per 
Species in Each Replicate 

A. abdita R. abronius 
Sediment Mean Percent Mean Percent 
Treatment Survival SD Survival Survival SD Survival 

01-CH-0 19.0 1.00 95.0 17.0 2.74 85.0 
00-CH-1 18.6 1.34 93.0 14.6 3.91 73.0 
00-CH-2 18.4 1.82 92.0 18.4 1.34 92.0 
OI-CH-2A 18.2 1.30 91.0 13.0 1.00 65.0 
00-CH-3 17.4 1.67 87.0 16.6 3.51 83.0 
00-CH-4 19.2 0.45 96.0 16.2 2.17 81.0 
OI-CH-4A 18.6 1.52 93.0 18.6 !.52 93.0 
00-CH-5 19.0 1.00 95.0 15.0 1.87 75.0 
00-CH-6 17.8 1.30 89.0 13.0 3.39 65.0 
01-CH-6A 19.6 0.55 98.0 18.8 0.84 94.0 
00-CH-7 18.6 0.89 93.0 12.4 2.88 62.0 
00-CH-8 18.0 1.22 90.0 10.4 I. 14 52.0 

OI-SS-4l 18.8 0.84 94.0 19.2 0.45 96.0 

OI-TS-5AU 18.4 0.55 92.0 12.6 2.41 63.0 
OI-TS-5AL 18.8 2.17 94.0 18.2 1.30 91.0 

01-MA-Il 18.8 0.84 94.0 13.0 0.71 65.0 
OI-MA-2U 18.6 !.52 93.0 15.0 1.00 75.0 
OI-MA-2l 19.0 1.00 95.0 16.4 1.14 82.0 

00-W-1 18.8 1.10 94.0 15.8 1.92 79.0 
00-W-2 18.2 1.92 91.0 14.8 1.64 74.0 
00-W-3 18.8 1.30 94.0 16.2 2.17 81.0 
00-W-4 17.8 1.48 89.0 15.8 0.84 79.0 
00-W-5 19.6 0.55 98.0 19.4 0.55 97.0 

PR-coarse 18.8 1.30 94.0 19.0 I. 41 95.0 
PR-fine I 9. 2 1.30 96.0 19.8 0.45 99.0 
Tomales Bay 20.0 0.00 100.0 19.4 0.89 97.0 
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TABLE 3.19. Balanced One-Way ANOVA for 26 Sediment Treatments Using the 
Arcsine (expressed in radians) Square Root of the Proportion of 
A. abdita Surviving a 10-Day Flow-Through Exposure 

Source of Sum of Mean Significance 
Varjatjon Squares d. f. Square F-Ratio Level 

Between Groups 0.7430 25 0.0297 1.204 0.254 

Within Groups 2.5663 104 0.0247 

Total (Corrected) 3.3092 129 
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TABLE 3.20. Comparison of All ~ abronius Surviving for All Flow-Through 
Treatments 

Change in Percent 
Sediment Percent statisticyl When Compare1 jo 
Treatment Survival Group a PR-coarse b 

00-CH-8 52.0 A 43.0 
00-CH-7 62.0 AB 33.0 
OI-TS-5AU 63.0 AB 32.0 
01-MA-IL 65.0 ABC 30.0 
OI-CH-2A 65.0 ABC 30.0 
00-CH-6 65.0 ABC 30.0 
00-CH-1 73.0 ABCO 22.0 
00-W-2 74.0 ABCD 21.0 
OI-MA-2U 75.0 ABCD 20.0 
00-CH-5 75.0 ABCD 20.0 
00-W-4 79.0 ABCDE 16.0 
00-W-1 79.0 ABC DE 16.0 
00-W-·3 81.0 ABCDEF 14.0 
DI-MA-2L 82.0 ABCDEF 13.0 
00-CH-4 81.0 BCDEF 14.0 
00-CH-3 83.0 BCDEFG 12.0 
01-CH-0 85.0 BCDEFG 10.0 
OI-TS-5AL 91.0 CDEFG 4.0 
00-CH-2 92.0 DEFG 3.0 
01 -CH-4A 93.0 DEFG 2.0 
01 -CH-6A 94.0 DEFG 1.0 
OI-SS-4L 96.0 DEFG -1.0 
PR-coarse 95.0 EFG 0.0 
00-W-5 97.0 EFG -2.0 
Tomales Bay 97.0 FG -2.0 
PR-f1ne 99.0 G -4.0 

(a) Sediment treatments with the same statistical 
significantly different from each other 

group are not 

(b) Percentage of survival 
in that treatment 

in PR-coarse minus percent survival 
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TABLE 3.21. Balanced One-Way ANOVA for 26 Sediment Treatments Using the 
Arcsine (expressed in radians) Square Root of the Proportion of 
R. abronius Surviving a 10-Day Flow-Through Exposure 

Source of Sum of Mean Significance 
VarigtjQn Sguares d.f. Sguare F-Ratio Level 
Between Groups 5.0060 25 0.2002 9.054 0.000 

Within Groups 2.3001 104 0.0221 

Total (Corrected) 7.306 129 
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TABLE 3.22. One-Tailed Independent T-Tests of the Survival of R. abronius 
in Various Sediment Treatments Versus the Survival in PR-coarse 
Sediment Using the Arcsine Square Root of the Proportion 
Surviving a 10-day Flow Through Exposure 

Two-Sided 
Sediment -95% Cl About 
Treatment Mean SD T-Value d. f. Probability Mean Difference 

PR-coarse 1.427 0.20 
01-CH-0 1.227 0.24 1.43 7.7 0.1904 (-0.12, 0.52) 
00-CH-1 1.043 0.22 2.88 8.0 0.0102(a) (0.08, 0.69) 
00-CH-2 1.322 0.16 0.91 7.7 0 .]935 (-0.16, 0 .37) 
01-CH-2A 0.938 0.05 5.31 4.6 0.0004(a) (0.24, 0. 73) 
00-CH-3 1.206 0.27 1.46 7.3 0.0917 (-0.13, 0.58) 
00-CH-4 1.164 0.23 1.94 7.8 0.0442(a) (-0.05, 0.58) 

OI-CH-4A 1.367 0.20 0.48 8.0 0.3224 (-0.23, 0.35) 

00-CH-5 1.053 0.11 3. 70 6.2 0.0030(a) (0.13, 0.62) 
00-CH-6 0.946 0.18 3.98 8.0 0.0020(a) (0. 20, 0.76) 
OI-CH-6A 1.352 0.13 0. 70 6.9 0.2508 (-0.18, 0.33) 
00-CH-7 0.9]0 0.15 4.66 7.4 0.0008(a) (0. 26, 0. 78) 

00-CH-8 0.806 0.06 6.71 4.7 O.OOOI(a) (0.38, 0.86) 

OI-SS-4L 1.390 0.10 0.37 5.9 0.3618 (-0.21, 0.28) 

OI-TS-5AU 0.920 0.13 4.82 6.7 0.0007(a) (0.26, 0. 76) 

OI-TS-5AL 1.278 0.10 !. 48 6.0 0.0888 (-0.10, 0. 39) 
01-MA-IL 0.938 0.04 5.40 4.3 0.0003(a) (0.24, 0. 73) 
OI-MA-2U 1.049 0.06 4.08 4.7 0.0018(a) (0.13, 0.62) 
OI-MA-2L 1.137 0.08 3.04 5.2 0.0080(a) (0.05, 0. 53) 

00-W-1 1.103 0.12 3.13 6.5 0.0070(a) (0.08, 0.57) 

00-W-2 1.039 0.09 3.97 5.6 0.002I(a) ( 0 .14. 0.63) 

00-W-3 1.135 0.15 2.63 7.4 0.015I(a) (0.03, 0. 55) 

00-W-4 1.096 0.05 3.59 4.6 0.0035(a) (0.09, 0. 57) 

00-W-5 1.435 0.12 -0.08 6.7 0.5317 (-0.26, 0. 24) 

PR-fine 1.526 0.10 -0.99 5.9 0.8246 (-0.34, 0.15) 

Tomales Bay 1.461 0 .IS -0.31 7.5 0.6164 (-0.30, 0.23) 

(a) SD • Significant at P ~ 0.05 
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3.4.4 Ampelisca/Rhepoxynius Static Test 

The results of the static test of~ abdita and ~ abronius are presented 
in Table 3.23. The percent survival of~ abdita ranged from a low of 47 
(OI-TS-5AL) to a high of 98 (Ol-CH-6A and Tomales Bay). Five sediment 
treatments displayed percent survivals of less than 90, and ANOVA of all data 
show that there are significant differences between sediment treatments (Table 
3.24). Tukey's HSD test indicates that two sediment treatments (OI-TS-5AL 
and Ol-TS-5AU) are grouped away from the PR-coarse treatment and are thus 
significantly different (Table 3.25 and Figure 3.7). The 47% survival 
recorded in sediment treatment Ol-TS-5AL is 50% less than that recorded in the 
PR-coarse treatment; sediment treatment 0!-TS-SAU displayed 25% less survival 
than the PR-coarse (Table 3.25). The one-tailed independent t-tests of 
survival of A. abdita in treatments versus the survival in the PR-coarse 
showed that a total of nine sediment treatments are significantly different 
from the PR-coarse (Table 3.26). The eight significant sediment treatments 
include the OI-TS-5AL and 0!-TS-5AU treatments, which were significant in the 
Tukey's analysis, and treatments 0!-CH-0, 00-CH-3, 00-CH-5, 00-CH-6, 00-CH-7, 
0!-MA-IL, and 00-W-2. 

The results of the static test of~ abronius shows that percent survival 
ranged from a low of 63 in the 0!-MA-IL treatment to a high of 100 in the 
Tomales Bay and PR-coarse treatments (Table 3.27). A total of nine 
treatments displayed a percent survival less than 90. ANOVA of these data 
indicate that sediment treatments differ significantly (Table 3.28), and the 
Tukey's HSD test only groups one sediment treatment, 01-MA-ll, away from the 
PR-coarse {Table 3.29 and Figure 3.8). The 01-MA-ll sediment treatment 
displayed a percent survival 37% less than that recorded in the PR-coarse 
treatment. The one-tail independent t-test on the survival of~ abronius in 
sediment treatments versus survival in the PR-coarse shows that a total of 21 
sediment treatments are significantly different from the PR-coarse (Table 
3.29). Sediment treatments not significantly different were the Merritt sand 
stations at 0!-CH-4A and O!-CH-6A, PR-fine and Tomales Bay. The t-test 
results indicate that any sediment treatment with less than 97% 
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TABLE 3.23. Mean and Percent Survival of~ abdita and~ abronius 
After 10-day Static Exposure Based on Five Replicate 
Measurements Per Sediment Treatment and 20 Individuals Per 
Species in Each Replicate 

A. abdita R. abroni us 
Sediment Mean Percent Mean Percent 
Treatment Survival SD Survival Survival SD Survival 

01-CH-0 18.2 0.84 91.0 18.4 1.14 92.0 
00-CH-1 18.4 I. 14 92.0 18.6 1.52 93.0 
00-CH-2 19.2 0.84 96.0 18.4 1.14 92.0 
OI-CH-2A 19.2 1.10 96.0 17.6 2.30 88.0 
00-CH-3 18.4 0.89 92.0 17.4 1.67 87.0 
00-CH-4 18.4 1.14 92.0 17.6 1.67 88.0 
OI-CH-4A 19.4 0.89 97.0 19.6 0.55 98.0 
00-CH-5 18.4 0.89 92.0 18.4 1.52 92.0 
00-CH-6 17.4 1.52 87.0 18.4 1.14 92.0 
OI-CH-6A 19.6 0.55 98.0 19.4 0.89 97.0 
00-CH-7 18.4 0.89 92.0 18.2 1.30 91.0 
00-CH-8 18.0 2.00 90.0 17.4 1.34 87.0 

OI-SS-4L 18.4 1.52 92.0 19.0 0. 71 95.0 

01-TS-SAU 14.4 1.52 72.0 16.0 3.61 80.0 
01-TS-SAL 9.4 2.07 47.0 17.6 2.07 88.0 

OI-MA-1L 17.8 1.30 89.0 12.6 2.70 63.0 
OI-MA-2U 19.4 0.89 97.0 17.2 0.84 86.0 
OI-MA-2L 19.0 1.00 95.0 18.4 1.52 92.0 

00-W-1 18.6 1.67 93.0 17.8 1.10 89.0 
00-W-2 17.6 I. 52 88.0 18.0 1.00 90.0 
00-W-3 18.4 1.14 92.0 18.6 1.14 93.0 
00-W-4 18.0 1.87 90.0 18.8 0.84 94.0 
00-W-5 19.0 1.41 95.0 19.0 1.22 95.0 

PR-coarse 19.4 0.89 97.0 20.0 0.00 100.0 
PR-fine 19.4 0.89 97.0 19.6 0.55 98.0 
Tomales Bay 19.6 0.55 98.0 20.0 0.00 100.0 
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survival is significantly different from the PR-coarse treatment, thus 
indicating a highly precise measurement. Only 10 of these significantly 
different stations also have a greater than 10% increase in mortality over the 
Point Reyes coarse. These sediments are 01-MA-IL, OI-TS-5AU, OI-MA-2U, 00-CH-

3, 00-CH-8, 00-CH-4, 00-CH-2A, OI-TS-5AL, 00-W-1, and 00-W-2. 

TABLE 3.24. Balanced One-Way ANOVA for 26 Sediment Treatments Using the 
Arcsine (expressed in radians) Square Root of the Proportion of 
A. abdita Surviving a 10-Day Static Exposure 

Source of Sum of Mean Significance 
Variation Squares d. f. Square F-Ratio Level 

Between Groups 3.0660 25 0.1226 5.539 0.000 

Within Groups 2.3027 !04 0.0221 

Total (Corrected) 5.3687 !29 
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TABLE 3.25. Comparison of~ abdita Surviving the 10-day Static Test 

Sediment 
Treatment 

Percent 
Survival 

Statistical 
Group ~a) 

Change in Percent 
When Compared ~j·th 

PR-coarse ( 

OI-TS-5AL 
OI-TS-5AU 
00-CH-6 
01-MA-ll 
00-W-2 
00-W-4 
00-CH-8 
01-CH-0 
00-CH-7 
OI-SS-4L 
00-CH-5 
00-W-3 
00-CH-4 
00-CH-3 
00-CH-1 
00-W-l 
00-W-5 
01 -MA-2L 
OI-CH-2A 
00-CH-2 
01 -MA-2U 
PR-coarse 
OI-CH-4A 
PR-fine 
OI-CH-6A 
Tomales Bay 

47.0 
72.0 
87.0 
89.0 
88.0 
90.0 
90.0 
91.0 
92.0 
92.0 
92.0 
92.0 
92.0 
92.0 
92.0 
93.0 
95.0 
95.0 
96.0 
96.0 
97.0 
97.0 
97.0 
97.0 
98.0 
98.0 

A 
AB 

BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

(a) Sediment treatments with the same statistical group are not 
significantly different from each other 

(b) Percentage of survival in PR-coarse minus percent survival 
in that treatment 

3.56 

50.0 
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TABLE 3.26. One-Tailed Independent T-Tests of the Survival of 8- abdita 
in Various Sediment Treatments Versus the Survival in PR-coarse 
Sediment Using the Arcsine Square Root of the Proportion 
Surviving a !0-day Static Exposure 

Two-Sided 
Sediment -95% CI About 
Treatment Mean SD T-Value d. f. Probability Mean Difference 

PR-coarse !.46! 0. !5 

0!-CH-0 !.272 0.07 2.48 5. 7 O.Ol90(a) (0.00, 0.38) 
00-CH-I !.3!7 0. !5 !.48 8.0 0.0889 (-0.08, 0.37) 
00-CH-2 !.4!6 0. !5 0.48 8.0 0.3237 (-0.!7, 0.26) 
OI-CH-2A !.442 0.!8 0. !8 8.0 0.4293 (-0.22, 0.26) 
00-CH-3 !.292 0.08 2.20 5.9 0.0295(a) (-0.02, 0.36) 
00-CH-4 !.3! 7 0. !5 !.48 8.0 0.0889 ( -0.08, 0.37) 
OI-CH-4A !.46! 0.15 0.00 8.0 0.5000 (-0.22, 0.22) 
00-CH-5 !.292 0.08 2.20 5.9 0.0295(a) (-0.02, 0.36) 
00-CH-6 !.213 0.11 2.93 7.3 0.0094(a) (0.05, 0.45) 

0! -CH-6A !.481 0.12 -0.22 7.6 0.5837 (-0.22, 0.19) 
00-CH-7 !.292 0.08 2.20 5.9 0.0295(a) (-0.02, 0.36) 

00-CH-8 !.321 0.24 !.12 6.9 0.1483 (-0.16, 0.44) 
OI-SS-4L !.324 0.17 !.35 8.0 0.1072 (-0.10, 0.37) 

OI-TS-5AU !.016 0.09 5.65 6.3 0.0002(a) (0.25, 0.64) 

Ol-TS-5AL o. 756 0.10 8.48 7 .I O.OOOO(a) (0. 51' 0.90) 
0!-MA-!L !.244 0.11 2.61 7 .! 0.0!56(a) (0.02, 0. 41) 
OI-MA-2U !.461 0.15 0.00 8.0 0.5000 (-0.22, 0. 22) 
OI-MA-2L !.397 0.16 0.64 8.0 0.2696 (-0.17, 0.30) 

00-W-1 !.369 0.20 0.81 7.5 0.2196 (-0.17, 0.36) 

00-W-2 !.255 0.18 !.93 7.8 0.0449(a) (-0.04, 0.46) 

00-W-3 !.317 0.15 !.48 8.0 0.0889 ( -0.08, 0.37) 

00-W-4 !.292 0.19 1. 55 7.7 0.0801 ( -0.08, 0.42) 

00-W-5 1. 427 0.20 0.31 7.5 0.3836 (-0.23, 0.30) 

PR-fine !.461 0.15 0.00 8.0 0.5000 (-0.22, 0. 22) 

Tomales Bay !.481 0.12 -0.22 7.6 0.5837 (-0.22, 0 .19) 

(a) SO = Significant at P ~ 0.05 
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TABLE 3.27. Comparison of£. abronius Surviving the 10-day Static Test 

Sediment 
Treatment 

Percent 
Survival 

Statisticol 
Group ~a) 

Change ;n Percent 
When Compared(S]'th 

PR-coarse 

01-MA-1L 
01-TS-5AU 
01-MA-2U 
00-CH-3 
00-CH-8 
00-CH-4 
OI-CH-2A 
01-TS-5AL 
00-W-1 
00-W-2 
00-CH-7 
01-CH-0 
00-CH-5 
00-CH-2 
00-CH-6 
01-MA-2L 
00-W-3 
00-CH-1 
00-W-4 
01 -SS-4L 
00-W-5 
01-CH-6A 
PR-fine 
OI-CH-4A 
Tomales Bay 
PR-coarse 

63.0 
80.0 
86.0 
87.0 
87.0 
88.0 
88.0 
88.0 
89.0 
90.0 
91.0 
92.0 
92.0 
92.0 
92.0 
92.0 
93.0 
93.0 
94.0 
95.0 
95.0 
97.0 
98.0 
98.0 

100.0 
100.0 

A 
AB 
AB 
ABC 
ABC 
ABC 
ABC 
ABC 
ABC 
ABC 

BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
c 
c 

(a) Sediment treatments with the same statistical group are not 
significantly different from each other 

(b) Percentage of survival in PR-coarse minus percent survival 
in that treatment 
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37.0 
20.0 
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8.0 
8.0 
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2.0 
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TABLE 3.28. Balanced One-Way ANOVA for 26 Sediment Treatments Using the 
Arcsine (Expressed in Radians) Square Root of the Proportion of 
R. abronius Surviving a 10-Day Static Exposure 

Source of Sum of Mean Significance 
Variation Squares d. f. Square F-Ratio Level 

Between Groups 2.2498 25 0.0900 3.750 0.000 

Within Groups 2.4956 104 0.0240 

Total (Corrected) 4.7454 129 
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TABLE 3.29. One-Tailed Independent T-Tests of the Survival of R. abronius 
in Various Sediment Treatments Versus the Survival in PR-coarse 
Sediment Using the Arcsine Square Root of the Proportion 
Surviving a 10-day Static Exposure 

Two-Sided 
Sediment -95% Cl About 
Treatment Mean SD T-Value d.f. Probabil i tv Mean Difference 

PR-coarse 1.571 0.00 
01-CH-0 !.317 0.15 -3.67 4.0 0.0107(a) (1.13, !. 51) 
00-CH-1 1.367 0.20 -2.29 4.0 0.0418(a) (1.12, !. 61) 
00-CH-2 1.317 0.15 -3.67 4.0 0.0107(a) ( 1.13' !. 51) 
OI-CH-2A 1.266 0.21 -3.18 4.0 0.0167(a) (!. 00' 1.53) 
00-CH-3 !. 241 0.19 -3.81 4.0 0.0095(a) (1.00, !. 48) 
00-CH-4 !. 232 0.13 -6.01 4.0 0.0019(a) (1.08, 1.39) 
OI-CH-4A 1.481 0.12 -1.63 4.0 0.0889 (!. 33' !. 63) 
00-CH-5 1.347 0.21 -2.42 4.0 0.0363(a) (1.09, 1.60) 
00-CH-6 1.317 0.15 -3.67 4.0 0.0107(a) ( 1.13' 1.51) 
OI-CH-6A 1.461 0.15 -!.59 4.0 0.0932 (!.27' 1.65) 
00-CH-7 1.302 0.17 -3.62 4.0 0.0112(a) (1.10, !. 51) 
00-CH-8 !. 212 0.10 -7.79 4.0 0.0007(a) (1.08, !. 34) 
OI-SS-4L 1.371 0.12 -3.75 4.0 O.OIOO(a) (!. 22' !. 52) 
01-TS-5AU 1.169 0.29 -3.11 4.0 0.0179(a) (0.81, 1. 53) 
OI-TS-5AL 1.264 0.21 -3.30 4.0 0.0149(a) (1.01, !. 52) 
OI-MA-1L 0.924 0.15 -9.61 4.0 0.0003(a) (0.74, 1.11) 
OI-MA-2U 1.190 0.06 -14.18 4.0 0.0001(a) (1.12, 1.27) 
OI-MA-2L 1.324 0.17 -3.27 4.0 0.0154(a) (1.11, 1. 53) 
00-W-1 !. 240 0.09 -8.69 4.0 0.0005(a) (1.13, 1.35) 
00-W-2 1.257 0.09 -8.14 4.0 0.0006(a) ( 1.15' 1.36) 
00-W-3 1.337 0.15 -3.50 4.0 0.0124(a) (1.15, !. 52) 
00-W-4 !. 352 0.13 -3.72 4.0 0.0102(a) (1.19, 1. 52) 
00-W-5 1.401 0.17 -2.23 4.0 0.0448(a) (1.19, 1. 61) 
PR-fine 1.481 0.12 -1.63 4.0 0.0889 ( 1. 33' 1. 63) 
Tomales Bay 1.571 0.00 

(a) SD = Significant at P ~ 0.05 

3.61 
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3.5 B!OACCUMULATION POTENTIAL 

This section contains the results of chemical analyses (metals, PAHs, 

PCBs, pesticides, organotins) of organisms {M. nasuta) surviving the solid
phase bioassays. This section also contains the results of quality assurance 

and statistical analyses to determine data suitability and the potential for 
enhanced bioaccumulation associated with dredged-material disposal. Raw data 

and quality assurance data are presented in Appendix G. 

3.5.1 Metals and Metalloids 

Quality assurance information for tissue metals analysis is presented in 
Appendix G, Tables G.IO to G.l2. These data show that our target detection 
limits were met for each metal. Duplicate analyses were 
samples for all 10 metals, resulting 
with these comparisons ranged from 0 
our limits of ~25% (for chromium). 

in 60 comparisons. 

performed on six 

The RPOs associated 
to 35%, with only one comparison beyond 

A Standard Reference Material was analyzed 4 times for the 10 metals to 
determine analytical accuracy. In 9 of the 40 observations, the reported 
value was out of the certified SRM range. Three observations were above 

range for As, three were 

two were below range for 

of the certified value. 

above range for Zn, one was below range 
Se. All observations out of range were 

These values are quite close and do not 
quality assurance problem. Four procedural blanks were analyzed 

for Cu, and 

within 10% 
constitute a 

for the 10 
metals, and in 3 of 4, Hg and Ni were detected. Hg was just above 

detection; Ni was approximately 20 to 40 times the detection limit. Four 

samples were spiked for 9 metals, resulting in 36 observations. The range of 
recoveries was 74 to 140%. Only the recovery of Ag in two samples (140 and 
132%) was above our quality assurance range of 40 to 120%. The results of 
the quality assurance summary indicate that these data are acceptable for use 
in analysis. The results of the data analysis follow. 

3.63 



Silver 

Mean concentrations of bioaccumulated silver ranged from a low of 
0.32 ~/g (dry wt) in the PR-fine reference sediment to a high of 1.1 ~/g in 
sediment treatment 00-CH-3 (Table 3.30). The other reference sediment 
(PR-coarse) and the new control both resulted in tissue concentrations in 
the middle of this distribution (0.63 and 0.67 ~/g respectively). However, 
the ANOVA showed no statistically significant differences (P = 0.05) among 
the sediment treatment means (Table 3.31). Figure 3.9 presents the 95% 
confidence intervals of the natural logarithm of bioaccumulated Ag (~/g dry 
wt) for these sediment treatments. 

Arsenic 

Mean concentrations of arsenic in clam tissues ranged from 24.40 to 
37.80 ~/g (dry wt). Tissues exposed to reference sediments fell at the 
high end of this distribution (Table 3.32); the PR-fine and PR-coarse 
sediments respectively resulted in the fourth- and third-highest levels of 
bioaccumulated As (31.20 and 31.60 ~/g). While ANOVA results indicated a 
significant difference (P = 0.0003) among the sediment treatment means 
(Table 3.33), examination of the statistical groupings indicates that no test 
sediment resulted in bioaccumulation higher than either of the reference 
sediments. Figure 3.10 presents the 95% confidence intervals of the natural 
log of As concentrations (~/g dry wt) for these data. 

Mean lead concentrations ranged between 1.7 and 6.40 ~/g (dry wt} 
(Table 3.34). Point Reyes reference sediments fell at the low end of this 
distribution. Table 3.35 indicates that ANOVA failed to detect any 
differences among the 26 sediment treatments. Figure 3.11 presents the 
natural logarithm of Pb concentrations in clam (M. nasuta) tissue (~/g dry 

wt) for each sediment treatment. 
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TABLE 3.30. Comparison of Concentrations of Silver Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentratiynl nuw Concentration, Statist l cr 1 
Treatment MQ/g dry wt a MQ/g dry wt so Group c 

PR-fine 0.0 0 .! 0.3 0.3 A 
00-W-2 0 .I 0.3 0.8 0.6 A 
Ol-CH-2A 0.5 0.5 0.6 0.3 A 
0!-TS-5AU 0.8 0. 7 0.5 0.4 A 
OJ-MA-2L 0.! 1.3 0.5 0.3 A 
00-CH-8 0.3 0.6 0.5 0.3 A 
00-CH-5 0.2 0.6 0.5 0.3 A 
Ol-MA-2U 0.8 0.6 0.5 0.2 A 
00-W-5 0.0 1.0 0.5 0.3 A 
PR-coarse 0.1 0 .I 0.6 0.4 A 
Ol-TS-5AL O.I !.I 0.6 O.I A 
00-W-4 0.6 0.6 0.8 0.5 A 
OJ-CH-4A O.I 2.5 0.8 0.6 A 
Tomales Bay 0.0 O.I 0.7 0.2 A 
00-CH-6 0.3 0.6 1.0 0.6 A 
0!-CH-0 O.I !.0 0.7 0.2 A 
Ol-CH-6A 0.0 1.3 0.7 0.2 A 
00-CH-7 O.I 0. 7 0.9 0.5 A 
OI-SS-4L 0.0 4.0 0.8 0.4 A 
0!-MA-IL 0 .I 1.3 0.9 0.5 A 
00-W-I 0 .I 0.2 0.8 0.3 A 
00-W-3 0.7 0.6 1.0 0.4 A 
00-CH-4 0. 7 0.6 0.9 O.I A 
00-CH-2 O.I !.5 1.0 0.4 A 
00-CH-I O.I 0.2 !.I 0.3 A 
00-CH-3 O.I 1.9 !.I 0.5 A 

(a) Not replicated 
(b) Sediment concentratton of silver as mg/kg dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.31. Balanced One-Way ANOVA of the Natural Logarithm of Siiver 
Concentrations in Tissues of M. nasuta after 10-day Exposure 
to Sediment Treatments 

Source of Sum of Significance 
Variation Squares d. f. Mean Square F-Ratio Level 

Between Groups 20.4514 25 0.8181 I. 0960 0.3608 

Within Groups 76.1186 !02 0.7463 

Total (corrected) 96.5700 127 

1. 3 

0.3 ... 

-0.7 

1 
l 

-1.7 

-2.7 

a~ N<C M.,. .. ~ 
"' <( ~"' ~0 ~~ ~0 ~N 

M.,. ~ ~ ~ >, 

' ' ' N ' ' .,. ' ' "' ' ' ~N N.,. <(<( ' ' ' ' ' ~ c ~ 
~~ 0: ' "'~ ' ~ 0: ' ~ 0: ' ' ' ' ~~ "'"' "'"' "' ~ ·~ "' uu u 0: uu 0: u u 0: uu """"' «~ ' ' ' ' ' ' ' ~ '>-

' ' ' u ' ' u ' ' u ' ' ::E::E "~ ~~ a a ao a 0 ' ~ -a 0 ' oa ' a 0 ' a a ' ' ' ' ,_,_ a a ao 0 u ~ 
a a o- a a -o a- ao -- -- ' ' I ~-0 0 0 a a a a -- ~ 

a a ~ ~ " 0 
~ 

,_ 

FIGURE 3.9. Natural Logarithm of Concentrations of Silver (mg/kg dry wt) in 
Tissues of M. nasuta After 10-day Exposure to Sediment Treatments 

3.66 



TABLE 3,32. Comparison of Concentrations of Arsenic Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentratiynl A~~~~w Concentration, Statist l cy 1 
Treatment .ug!g dry wt a uqlg dry wt so Group c 

01-CH-0 4.3 85.2 24.4 2.6 A 
OJ-CH-2A 11.0 7. 7 25.2 4.0 A 
00-CH-5 10.2 30.0 25.4 3.0 AB 
00-CH-6 8.8 20.1 25.6 3.4 AB 
00-CH-4 15.5 14.2 26.2 1.8 AB 
01-TS-SAU 9. 7 9.2 26.2 1.3 AB 
OJ-CH-6A 6.1 202.7 26.4 1.1 AB 
OJ-MA-2L 6.0 54.8 26.8 1.3 AB 
OJ-MA-1L 3.4 48.9 27.0 3.2 AB 
OJ-MA-2U 11.0 7.9 27.2 3.0 ABC 
00-W-1 12.9 20.8 27.2 2.8 ABC 
00-CH-1 12.6 18.5 27.4 1.7 ABC 
OJ-SS-4L 3.6 355.0 27.6 3.9 ABC 
Tomales Bay 4. 7 16.9 27.8 1.9 ABC 
OJ-TS-5AL 4.8 37.2 27.8 2.7 ABC 
00-CH-8 9.9 24.1 27.8 2.3 ABC 
00-CH-2 2.9 48.2 27.8 2.2 ABC 
00-W-5 3.6 88.8 28.5 5.2 ABC 
00-CH-3 4.8 28.2 28.8 2.3 ABC 
00-CH-7 3.7 28.2 29.0 2.5 ABC 
OJ-CH-4A 3.3 8.5 30.6 2.9 ABC 
00-W-4 49.1 48.6 32.6 11.3 ABC 
PR-fine 8.0 26.5 31.2 4.0 ABC 
PR-coarse 4.9 14.0 31.6 3.0 ABC 
00-W-2 10.6 25.9 35.8 9.3 BC 
00-W-3 17.6 14.9 37.8 5.0 c 

(a) Not replicated 
(b) Sediment concentration of arsenic as pg/g dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.33. Balanced One-Way ANOVA of the Natural Logarithm of Arsenic 
Concentrations in Tissues of M. nasuta after 10-day Exposure 
to Sediment Treatments 

Source of Sum of Slgnificance 
Variation Squares d. f. Mean Square F-Ratio Level 

Between Groups 1. 2506 25 0.0500 2.6480 0.0003 

Within Groups 1. 9270 102 0.0189 

Total (Corrected) 3.1776 127 
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FIGURE 3.10. Natural Logarithm of Concentrations of Arsenic (M9/9 dry wt) in 
Tissues of M· nasuta after 10-day Exposure to Sediment Treatments 
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TABLE 3.34. Comparison of Concentrations of Lead Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentrati?nJ Lea% Concentration, StatistiJal 
Treatment 1!!!19 dry wt a TOC ) 1!!!19 dry wt SD Group c 

00-W-5 7.4 138.7 1.7 0.9 A 
PR-fine 6.0 20.0 2.3 1.6 A 
PR-coarse 6.7 19.1 2.3 1.1 A 
OI-MA-2L 9.8 89.0 2.4 1.2 A 
01- TS-5AL 24.6 189.2 2.2 0.3 A 
OJ-CH-6A 3.5 116.6 2.5 1.2 A 
00-W-2 8.9 21.7 3 .I 2.5 A 
OJ-TS-5AU 147.1 138.7 2. 7 1.5 A 
00-CH-8 19.3 47.0 2.6 0.8 A 
OJ-CH-4A 7.6 380.0 3.0 1.6 A 
OJ-CH-2A 33.0 31.4 3.0 1.7 A 
00-W-4 49.1 48.6 3.2 2.3 A 
01-CH-0 6.5 130.0 2.9 1.1 A 
OJ-SS-4L 7 .I 710.0 3.0 1.1 A 
01-MA-IL 11.7 167.1 3.3 2.2 A 
01 -MA-2U 89.9 64.6 3.0 0. 9 A 
Tomales Bay 4.4 15.7 3.0 0.7 A 
00-CH-5 10.2 30.0 3.4 2 .I A 
00-CH-7 10.6 81.5 3.5 2.4 A 
00-W-3 44.4 37.6 3.4 0.9 A 
00-CH-4 46.4 42.5 3.5 0.9 A 
00-W-1 12.0 19.3 4.2 2.2 A 
00-CH-2 10.4 173.3 4.8 3 .I A 
00-CH-3 10.2 60.0 4.8 1.5 A 
00-CH-1 10.4 15.2 5.2 2 .I A 
00-CH-6 20.2 45.9 6.4 4.2 A 

(a) Not replicated 
(b) Sediment concentration of lead as ~/g dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.35. Balanced One-Way ANOVA of the Natural Logarithm of Lead 
Concentrations in Tissues of ~- nasuta after 10-day Exposure 
to Sediment Treatments 

Source of 
Variation 

Between Groups 

Within Groups 

Total (corrected) 
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FIGURE 3.11. Natural Logarithm of Concentrations of Lead ("gig dry wt) in 
Tissues of M. nasuta after 10-d Exposure to Sediment Treatments 
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Copper 

Copper bioaccumulation was highest (82.00 ~g/g dry wt) in sediments from 
stat,on CH-1; it was lowest (24.40 ~g/g) at station OI-TS-5AU (Table 3.36). 
Point Reyes reference sediments fell generally at the low end of this 
distribution. Because of the relatively wide range in concentrations of Cu 
bioaccumulated, a statistically significant difference (P = 0.0327) among 
the 26 sediment treatments was found when these data were subjected to ANOVA 
(Table 3.37). However, examination of the statistical groupings following 
analysis with Tukey 1 s HSD Multiple Comparison Test revealed that no test 
sediment resulted in bioaccumulation higher than either of the reference 

sediments. Figure 3.12 presents the 95% confidence intervals of the natural 
log of Cu (~g/g dry wt) for these data. 

Zinc 

Mean concentrations of zinc found in clam tissues ranged from a low of 
87.60 ~g/g (dry wt) at station OI-TS-5AU to a high of 166.80 ~g/g at station 
CH-3 (Table 3.38). The Point Reyes reference sediments fell generally at the 
low end of this distribution. Results of ANOVA indicated statistically 
significant differences (P = 0.0005) among the sediment treatment means 
(Table 3.39). Subsequently, Tukey's HSD multiple comparison test 
demonstrated that sediment from only one station (00-CH-3) resulted in 
bioaccumulation higher than measured in either reference sediment. Figure 
3.13 graphically presents these data. 

Nickel 

Mean concentrations of bioaccumulated nickel ranged from 2.60 ~g/g (dry 
wt) at station OI-TS-5AU to a high 4.96 ~g/g at station 00-CH-6 (Table 3.40). 
Reference sediments fell in the mid-region of this distribution. ANOVA 
demonstrated that statistically significant differences (P < 0.00001) 
occurred among the 26 sediment treatment means (Table 3.41). However, 
Tukey's HSD Multiple Comparison Test indicated that only one station (00-CH-
6) resulted in bioaccumulation higher than that measured in one of the 
reference sediments, in this case, PR-fine. Figure 3.14 presents the 95% 

confidence intervals of the natural log of Ni (~g/g dry wt) for these data. 
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TABLE 3.36. Comparison of Concentrations of Copper Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediernnt Mean Tissue 
Sediment Concentrati?"J ~g~~w Concentration, statisticrl 
Treatment ug/g drv wt a ug/g dry wt so Group c 

OI-TS-5AU 261.0 246.2 24.4 10.3 A 
00-W-5 8.9 222.5 27.5 12.0 AB 
PR-fine 9.5 31.6 31.2 18.9 AB 
OI-TS-5AL 21.7 166.9 30.6 11.8 AB 
OI-CH-4A 10.8 540.0 33.6 18.4 AB 
OI-MA-2L 26.9 244.5 30.0 7.0 AB 
00-CH-8 38.9 94.8 31.6 10.5 AB 
OI-CH-6A 14.4 480.0 31.4 9.8 AB 
01-MA-IL 21.2 302.8 37.2 30.8 AB 
00-CH-5 27.6 81.1 31.0 6.4 AB 
01 -CH-2A 58.1 55.3 33.4 8.5 AB 
PR-coarse 8.4 24.0 37.0 19.9 AB 
OI-SS-4L 11.0 1,100.0 38.2 14.4 AB 
Tomales Bay 6.6 23.5 37.0 6.1 AB 
00-W-2 30.3 73.9 42.2 17.0 AB 
00-W-4 56.6 56.0 49.8 29.6 AB 
00-CH-6 30.7 69.7 47.6 26 .I AB 
OI-MA-2U 94.0 67.6 54.4 50.7 AB 
00-W-1 45.8 73.8 43.6 15.1 AB 
01-CH-0 9.3 186.0 44.8 9. 7 AB 
00-CH-7 15.9 122.3 48.2 19.0 AB 
00-W-3 59.1 50.0 51.2 19.5 AB 
00-CH-4 56.5 51.8 49.6 11.0 AB 
00-CH-2 13.8 230.0 57.0 20.7 AS 
00-CH-3 14.9 87.6 60.2 19.0 AB 
00-CH-1 43.8 64.4 82.0 40.3 8 

(a) Not replicated 
(b) Sediment concentration of copper as ~/g dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.37. Balanced One-\llay ANOVA of the Natural logarithm of Copper 
Concentrations in Tissues of~- nasuta after 10-day Exposure 
to Sediment Treatments 

Source of Sum of Significance 
Variation Squares d.f. Mean Square F-Ratio leve 1 

Between Groups 9.5615 25 0.3825 1. 7090 0.0327 
Within Groups 22.8228 102 0.2238 
Total (corrected) 32.3844 127 
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FIGURE 3.12. Natural Logarithm of Concentrations of Copper (~g/g dry wt) in 
Tissues of M. nasuta after 10-day Exposure to Sediment 

Treatments 
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TABLE 3.38. Comparison of Concentrations of Zinc Contained in Tissues of 
M· nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentrat i ?") 

TW5) 
Concentration statist!crl 

Treatment ug!g dry wt a uq/g dry wt ~ Group c 

OI-TS-5AU 326.0 307.5 87.6 16.2 A 
OI-TS-5AL 6S.9 530.0 90.4 32.8 A 
OI-MA-2L 5S.I 52S.I 91.4 19.0 A 
PR-coarse 48.1 137.4 93.2 23 .I A 
00-W-3 166.1 140.7 92.2 16.0 A 
01-MA-IL 52.7 752.8 93.2 15.6 A 
PR-fine 4S.4 161.3 92.S 4.5 A 
OI-SS-4L 43.2 4,320.0 95.4 IS.6 AS 
01-CH-0 39.7 794.0 100.0 15.9 AS 
OI-CH-4A 33.7 1,685.0 104.0 36.0 AB 
00-W-2 70.4 171.7 105.0 30.5 AB 
00-CH-S 102.9 250.9 IOS.6 22 .I AB 
OI-MA-2U 230.0 165.4 108.S 19.S AB 
00-CH-4 170.3 1,562.0 IIO.S 22.5 A8 
00-CH-7 59.4 456.9 116.0 39.S AS 
00-W-5 36.6 915.0 113.0 24.2 AB 
Tomales Bay 24.7 8S.2 115.0 31.1 AB 
00-CH-5 79.4 233.5 116.0 24.3 AB 
OI-CH-6A 50.5 1,683.3 124.8 27.5 AB 
OI-CH-2A 142.7 135.9 131.6 42.S AB 
00-W-4 159.7 15S.I 130.6 27.3 AB 
00-CH-1 100.5 147.7 142.6 73 .I AB 
00-W-1 105.8 170.6 136.0 28.7 AB 
00-CH-2 45.0 750.0 135.6 20.5 AB 
00-CH-6 90 .I 204.7 138.4 22.3 AB 
00-CH-3 47.6 280.0 166.S 37.1 B 

(a) Not replicated 
(b) Sediment concentration of zinc as pgjg dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.39. Balanced One-Way ANOVA of the Natural Logarithm of Zinc 
Concentrations in Tissues of M. nasuta after 10-day Exposure 
to Sediment Treatments 

Source of Sum of Significance 
Variation Squares d.f. Mean Square f-Ratio Level 

Between Groups 3.5377 15 0.1415 1.5430 0.0005 
Within Groups 5.6749 102 0.0556 
Total (corrected) 9.2126 127 
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FIGURE 3.13. Natural Logarithm of Concentrations of Zinc (!L!J/g dry wt) in 
Tissues of M. nasuta after 10-day Exposure to Sediment Treatments 
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TABLE 3.40. Comparison of Concentrations of Nickel Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentrati?nJ ~6~f6)1 Concentration, Statisticyl 
Treatment ug!g dry wt a ug/g dry wt ~ Group c 

OJ-TS-5AU I II. 5 108.9 2.6 0.4 A 
Oi-MA-2L 73.6 669.0 2.8 0.6 AB 
01-MA-IL 75.9 1,084.2 2.8 0.7 AB 
OI-TS-5AL 58.9 453.0 2.8 0.3 AB 
OI-SS-4L 57.3 5,730.0 2.9 0.6 AB 
OJ-MA-2U 122.8 88.3 2.9 0.7 ABC 
00-W-3 116.5 98.7 3.0 0.7 ABC 
00-W-4 115.8 98.1 3. I 0.6 ABC 
PR-fine 45.6 !52 .0 3.1 0.6 ABC 
Oi-CH-4A 41.7 2,085.0 3.2 0.7 ABC 
OJ -CH-2A 118.9 113.2 3 .I 0.5 ABC 
00-CH-8 117.3 286.0 3.2 0.2 ABCD 
00-W-5 57.9 1,447.5 3.4 0.6 ABCD 
PR-coarse 39.7 113.4 3.4 0.5 ABCD 
00-W-1 115.8 186.7 3.4 0.5 ABCD 
00-CH-7 75.8 583.0 3.4 0.5 ABCD 
00-CH-5 86.1 253.2 3.5 0.6 ABCD 
Tomales Bay 28.8 102.8 3.6 0.8 ABCD 
00-CH-4 118.6 108.8 3.6 0.3 ABCD 
00-W-2 75.4 183.9 3. 7 0.4 ABCD 
OI-CH-6A 65.7 2,190.0 4.0 0.9 ABCD 
01-CH-0 40.5 810.0 4.1 0. I BCD 
00-CH-3 59.5 350.0 4.2 0.9 BCD 
00-CH-2 66.5 I ,108.3 4.2 0.9 BCD 
00-CH-1 117 .I 172.8 4.4 0.6 CD 
00-CH-6 88.6 201.3 5.0 !.I D 

(a) Not replicated 
(b) Sediment concentration of nickel as ~/9 dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.41. Balanced One-Way ANOVA of the Natural Logarithm of Nickel 
Concentrations in Tissues of M. nasuta after 10-day Exposure 
to Sediment Treatments 

Source of 
Variation 

Between Groups 
Within Groups 
Total (corrected) 
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FIGURE 3.14. Natural Logarithm of Concentrations of Nickel (1'9/9 dry wt) in 
Tissues of M. nasuta after 10-day Exposure to Sediment Treatments 
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Chromium 

Mean concentrations of chromium in clam tissues extend from 0.70 to 
1.58 ~/g (dry wt) (Table 3.42). Lowest values resulted from exposure of 
clams to sediments from station 00-CH-7. Highest values were associated with 
station 00-CH-3. Both reference sediments (PR-coarse and PR-fine) resulted 
in tissue concentrations at the low end of this distribution (0.96 and 
0.92 ~/g respectively), Although ANOVA demonstrated that statistically 
significant differences (P • 0.0003) occurred among the 26 treatment means 
(Table 3.43), the more conservative Tukey's HSD Multiple Comparison Test 
indicated that no test sediment resulted in enhanced bioaccumulation when 
compared with either reference sediment. These results are graphically 
presented in Figure 3.15. 

Cadmium 

Cadmium was bioaccumulated in clam tissue over a very narrow range, from 
0.23 to 0.42 ~/g (dry wt) (Table 3.44). Predictably, ANOVA showed no 
statistically significant difference (P • 0.05) among the sediment treatment 
means (Table 3.45). Figure 3.16 presents the natural logarithm of cadmium 
concentrations in clam {M. nasuta) tissue, ~/g dry wt for each sediment 
treatment. 

Mercury 

Like cadmium, mercury was also bioaccumulated over a very narrow range, 
from 0.1 to 0.21 ~/g (dry wt) (Table 3.46). Consequently, the ANOVA showed 
no statistically significant differences {P = 0.05) among the 26 sediment 
treatment means (Table 3.47). Figure 3.17 presents the natural logarithm of 
mercury concentrations in clam (M. nasuta) tissue (pg/g dry wt) for each 
sediment treatment. 
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TABLE 3.42. Comparison of Concentrations of Chromium Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentrati~nl c~~~~~ym/ Concentration, Statisti~al 
Treatment !LQ(g dry wt a !LQig dry wt so Group c 

00-CH-7 501.0 3,B53.B 0. 7 0.2 A 
01-CH-0 749.0 14,9BO.O 0. 7 0.1 A 
01-MA-IL 220.0 3,142.B 0.7 0.1 AB 
00-CH-B 273.0 665.B O.B 0.2 ABC 
00-W-3 229.0 194.0 O.B 0 .I ABC 
OI-CH-4A 164.0 B,200.0 O.B 0.2 ABC 
00-CH-5 2B4.0 B35.2 O.B 0.3 ABC 
OI-CH-2A 247.0 235.2 O.B 0.2 ABC 
00-CH-1 214.0 314.7 0.9 0.2 ABC 
00-W-4 2Bl.O 27B.2 0.9 0.1 ABC 
Tomales Bay 43.3 154.6 0.9 0.2 ABC 
00-CH-4 253.0 232.1 0.9 0.2 ABC 
OI-MA-2L 195.0 1,772.7 0.9 0.1 ABC 
PR-fine 456.0 1,520.0 0.9 0.2 ABC 
PR-coarse 314.0 B97 .I 1.0 0.3 ABC 
00-W-2 315.0 76B.2 1.0 0.2 ABC 
00-CH-2 4B4.0 B,066.6 1.0 0.3 ABC 
01 -MA-2U 301.0 216.5 1.1 0.2 ABC 
00-W-1 2B3.0 456.4 1.1 0.2 ABC 
OI-CH-6A 669.0 22,300.0 1.2 0.4 ABC 
00-W-5 40B.O 10,200.0 1.2 0.4 ABC 
OI-SS-4L 57B.O 57,BOO.O 1.1 0.2 ABC 
00-CH-6 3BB.O BBl.B 1.2 0.3 ABC 
OI-TS-5AL 439.0 3,376.9 1.4 O.B ABC 
OI-TS-5AU 444.0 41B.O 1.4 0.5 BC 
00-CH-3 36B.O 2,164.7 1.6 O.B c 

(a) Not replicated 
(b) Sediment concentration of chromium as ~/9 dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.43. Balanced One-Way ANOVA of the Natural Logarithm of Chromium 
Concentrations in Tissues of M. nasuta after 10-day Exposure 
to Sediment Treatments 

Source of Sum of Significance Variation Squares d.f. Mean Square F-Ratio Level 

Between Groups 4.g424 25 0.1977 2.6670 0.0003 
Within Groups 7.5613 102 0.0741 
Total (corrected) 12.5037 127 
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FIGURE 3.15. Natural Logarithm of Concentrations of Chromium (pg/g dry wt) 
in Tissues of M. nasuta after 10-day Exposure to Sediment 
Treatments 
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TABLE 3.44. Comparison of Concentrations of Cadmium Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment 
Treatment 

OI-TS-5AU 
00-W-2 
OI-MA-2L 
OI-MA-2U 
01-TS-5AL 
00-W-4 
00-W-5 
00-W-3 
00-CH-8 
01-MA-IL 
PR-fine 
01-CH-0 
OI-SS-4L 
00-CH-5 
00-CH-7 
Tomales Bay 
PR-coarse 
OI-CH-4A 
OI-CH-6A 
OI-CH-2A 
00-CH-4 
00-CH-2 
00-CH-6 
01-CH-1 
00-W-1 
00-CH-3 

Sediment 
ConcentratiQnJ 
IJQ/q dry wtta 

1.0 
0.2 
0.1 
0.7 
0.2 
0.5 
0.0 
0.4 
0.3 
0. 7 
0.2 
0.0 
0.0 
0.2 
0.1 
0.2 
2.0 
0.0 
0.1 
0.3 
0.5 
0.1 
0.2 
0.2 
0.1 
0.0 

(a) Not replicated 

1.0 
0.4 
!.I 
0.5 
1.3 
0.4 
0.5 
0.4 
0. 7 
9.4 
0.8 
0.8 
2.0 
0.6 
1.0 
0.6 
5.7 
1.0 
0.8 
0.3 
0.4 
1.2 
0.4 
0.3 
0.2 
0.2 

Mean Tissue 
Concentration, 

IJQ/q dry wt 

0.2 
0.2 
0.2 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 

0 .I 
0 .I 
0 .I 
0.0 
0.4 
0.1 
0.0 
0.0 
0.0 
0 .I 
0.0 
0.0 
0 .I 
0 .I 
0 .I 
0 .I 
0. I 
0 .I 
0 .I 
0 .I 
0 .I 
0 .I 
0 .I 
0 .I 
0 .I 
0 .I 

(b) Sediment concentration of cadmium as ~/g dry wt divided by the 
sediment concentration of total organic carbon as percent dry wt 

Statisti~al 
Group C) 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

(c) Sediment treatments in the same statistical group are not significantly 
different from each other 
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TABLE 3.45. Balanced One-Way ANOVA of the Natural Logarithm of Cadmium 
Concentrations in Tissues of M- nasuta after 10-day Exposure 
to Sediment Treatments 

Source of 
Variation 

Between Groups 
Within Groups 
Total (corrected) 
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FIGURE 3.16. Natural Logarithm of Concentrations of Cadmium (~/g dry wt) in 
Tissues of M- nasuta after 10-day Exposure to Sediment Treatments 
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TABLE 3.46. Comparison of Concentrations of Mercury Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentrati~n) M~~~~w Concentration, Statisticyl 
Treatment uq!g dry wt a !if!/9 dry wt SD Group c 

OI-CH-2A 0.3 0.3 0 .I 0.0 A 
01-CH-6A 0.0 0.3 0.1 0.0 A 
OI-MA-2U 0.6 0.4 0. I 0.0 A 
00-CH-8 0.2 0.4 0 .I 0.0 A 
01-MA-IL 0 .I 1.0 0.1 0 .I A 
OI-CH-4A 0.0 1.0 0.1 0.0 A 
OI-TS-5AU 15 .I 14.2 0 .I 0.0 A 
PR-coarse 0 .I 0 .I 0.1 0.0 A 
00-W-5 0.1 1.8 0.1 0.0 A 
01 -MA-2L 0 .I 0. 7 0 .I 0.0 A 
00-CH-5 0.1 0.4 0.1 0.0 A 
00-CH-7 0 .I 0.4 0.1 0.0 A 
01-CH-0 0.0 0.4 0.1 0.0 A 
OI-TS-5AL 0.4 3.2 0.1 0.0 A 
OI-SS-4L 0.0 3.0 0.1 0.0 A 
PR-fine 0.1 0.2 0.2 0.2 A 
00-CH-4 0.1 0.1 0.1 0.0 A 
00-CH-6 0.2 0.3 0.2 0 .1 A 
Tomales Bay 0 .I 0.4 0.1 0.0 A 
00-CH-3 0.1 0.4 0.2 0.0 A 
00-CH-2 0.1 1.8 0.2 0.1 A 
00-W-1 0 .I 0.1 0.2 0.0 A 
00-W-4 0.5 0.4 0.2 0 .1 A 
00-W-2 0.1 0.2 0.2 0.1 A 
00-CH-1 0 .1 0.1 0.2 0.1 A 
00-W-3 0.5 0.4 0.2 0. 1 A 

(a) Not rep 1 i cated 
(b) Sediment concentration of mercury as pg/g dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.47. Balanced One-Way ANOVA of the Natural Logarithm of Mercury 
Concentrations in Tissues of M- nasuta after 10-day Exposure 
to Sediment Treatments 

Source of 
Variation 

Between Groups 
Within Groups 
Total (corrected) 
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FIGURE 3.17. Natural Logarithm of Concentrations of Mercury (~/g dry wt) in 
Tissues of M. nasuta after 10-day Exposure to Sediment Treatments 
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Selenium 

The highest values of bioaccumulated selenium (5.28 ~g/g dry wt) 
resulted from exposure to sediment from station 00-W-3 (Table 3.48); lowest 
values (2.52 ~g/g) resulted from exposure to station 00-CH-5. Point Reyes
fine reference sediment fell at the low end of this distribution; PR-coarse 
fell at the high end. Although ANOVA (Table 3.49) results suggested 

statistically significant (P = 0.0471) differences among the sediment 
treatment means, the more conservative Tukey's HSD Multiple Comparison Test 
failed to detect any differences. The relatively narrow range of Se 
concentrations for the 26 sediment treatments are presented graphically in 
Figure 3.18. 

Relation to Sediment Metals Concentration 

As we determined in Phase I (Word et al. 1990), bioaccumulation of 
metals in clam tissue did not appear to be dependent upon sediment 
concentration. That is, sediment treatments with relatively high 
concentrations of metals (e.g., station 01-MA-2U for Ag, station 01-TS-5AU 
for Pb, station TS-5AU for Zn) did not always result in high bioaccumulation 
of metals in M· nasuta. In all regression analyses of sediment vs. tissue 
concentration, all correlation coefficients for the 10 metals studied in 
Phase II were statistically insignificant at the a= 0.05 level (Table 3.50). 
Normalization of the sediment metals concentration to sediment TOC 
concentration did not improve the relationship. 

Another way to show the lack of correlation between bioaccumulation and 
sediment concentration is to compare the variation in sediment concentration 
with the variation in tissue concentration. Table 3.50 shows sediment and 
mean tissue concentration variations as ratios of the highest sediment or 
mean tissue concentration to the lowest concentration. While sediment metals 
concentrations vary considerably (e.g., over BOO-fold for mercury), the 
corresponding tissue concentrations vary only slightly. Overall, the 
variation in metals concentration to clam tissues averages 2.5-fold, which is 
comparable to the observations made during Phase I of the Oakland Harbor 
Program (Word et al. !990). 
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TABLE 3.48. Comparison of Concentrations of Selenium Contained in Tissues of 
M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentrati?"J 
Treatment ug/g dry wt a 

Sele?iYm/ 
TOC b 

Concentration, StatistlcJl 
ug/g dry wt SD Grouo c 

00-CH-5 0.4 1.3 2.5 0.3 A 
0!-MA-IL 0.3 4. I 2.5 0.2 A 
PR-fine 0.3 0.9 2.6 0.5 A 
00-CH-8 0.4 1.0 2.7 0.4 A 
O!-TS-5AU 0.5 0.4 2.8 0.3 A 
O!-SS-4L 0 .I 11.0 2.8 0.2 A 
00-W-5 0.2 5.5 2.8 0.4 A 
00-CH-7 0.3 2.2 2.8 0.2 A 
O!-MA-2L 0.3 2.9 2.9 0.4 A 
O!-CH-6A 0.2 6.0 2.9 0.1 A 
O!-MA-2U 0.5 0.3 2.9 0. 3 A 
OI-CH-2A 0.5 0.5 3.0 0.3 A 
00-CH-4 0.4 0.4 3.0 0.3 A 
O!-CH-4A 0.2 9.0 3 .I 0.6 A 
Tomales Bay 0.2 0.8 3 .I 0.3 A 
00-W-4 0.6 0.6 3 .I 0.5 A 
00-W-1 0.4 0.6 3 .I 0.2 A 
00-CH-6 0.3 0. 7 3. I 0.2 A 
01-CH-0 0.2 4.2 3.2 0.4 A 
00-W-2 0.3 0.8 3.3 0.4 A 
00-CH-1 0.4 0.6 3.4 0.3 A 
00-CH-2 0.2 3.5 3.4 0.2 A 
00-CH-3 0.3 1.5 3.7 0.3 A 
OI-TS-5AL 0.2 1.4 4.8 4.0 A 
PR-coarse 0.3 0. 7 5 .I 4.4 A 
00-W-3 0.5 0.4 5.3 4.9 A 

(a) Not replicated 
(b) Sediment concentration of selenium as ~/g dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.49. Balanced One-Way ANOVA of the Natural Logarithm of Selenium 
Concentrations in Tissues of M. nasuta after 10-day Exposure 
to Sediment Treatments 

Source of 
Variation 

Between Groups 
Within Groups 

Total (corrected) 
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FIGURE 3.18. Natural Logarithm of Concentrations of Selenium (~/g dry wt) 
in Tissues of M. nasuta after 10-day Exposure to Sediment 
Treatments 
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TABLE 3.50. Comparison of Sediment and Mean M. nasuta Tissue Metals 
Concentrations {correlation and difference) 

Correlation Coefficient Difference Factor{a) 

TOC-Normalized 
Sediment Sediment 

Metal vs. Tissue vs. Tissue Sediment Tissue 

Ag -0.091 0.058 27.0 3.7 
As 0.335 -0.092 21.0 1.6 
Cd -0.244 -0 .160 100.0 2.0 
Cr 0.247 -0.116 17.9 2.3 
Cu -0.100 -0.241 39.5 3.4 
H9 -0.144 -0.205 837.0 2.0 
Ni -0.22 -0.122 4.3 1.9 
Pb -0.086 -0.176 33.4 3.8 
Se -0.006 -0.236 5.2 2 .I 
Zn -0.108 -0.199 13.2 1.9 

(a) Maximum sediment concentration divided by minimum sediment concentration or 
maximum mean tissue concentration divided by minimum tissue concentration 
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3.5.2 Priority-Pollutant Polynuclear Aromatic Hydrocarbons. Pesticides, and 
Polychlorinated Biphenyls 

Polynuclear Aromatic Hydrocarbons 

The quality assurance summary for tissue PAHs is presented in Appendix 
G, Tables G.! to G.3. These data show that the analytical detection limit 
for the 16 compounds ranged from 0.57 to 8.88 ~/kg (dry wt), well below our 
target of 20 ~/kg. Eight tissue samples were replicated for the 16 
compounds to determine analytical precision, resulting in a RPD range of 1 to 
93%. Of the 128 comparisons, 14 exceeded our quality assurance limit of 
s25% RPD. These included benzo(k)- and benzo(b)fluoranthene, chyrsene, 
benzo(k)anthracene, acenaphthene, fluroene, and naphthalene comparisons. Of 
the 128 comparisons, 114 were within acceptable RPD range. 

A standard reference material was measured four times for eight 
compounds to determine analytical accuracy, producing a range of recovery of 
27 to 159%. Three of 32 observations were below our target recovery minimum 
of 49%; nine were above our 120% maximum. High recoveries were assoicated 
with pyrene, chrysene, and fluoranthene compounds. Five surrogate compounds 
were measured for recovery in 141 samples, resulting in 705 observations. 
Five observations were below our 40% recovery minimum; nine were above our 
120% recovery maximum. low recoveries were associated with dB-Naphthalene; 
high recoveries were associated with d12-Chrysene. 

Six procedural blanks were analyzed for the presence of the 16 
compounds, and the following compounds were detected in at least one blank: 
benzo(a)pyrene, fluoranthene, fluorene, naphthalene, phenanthrene, and 
pyrene. All compounds except naphthalene were present at levels' below our 
target detection limit of 20 ~/kg. 

Our quality assurance evaluation indicates that these data are 
acceptable for use in analysis, given the low detection limit achieved, the 
results of duplicate analyses, and the good surrogate recovery. 
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The levels of total tissue PAHs were determined by summing all 16 PAH 
compounds. If a compound was not detected, one-half of the reported 
detection limit for the compound was'used in the summation and analysis. 

The comparison of mean concentrations of total PAHs accumulated in 
tissues of ~ nasuta showed a low of 63.43 ~/kg (dry wt) from Station 00-W-1 
and a high of 3533.61 ~/kg from Station OI-MA-2L. PR-coarse, PR-fine, and 
Tomales Bay sediments resulted in tissue concentrations generally at the low 
end of this distribution (Table 3.51). ANOVA results showed significant 
differences (P ~ 0.0001) among the tissues tested (Table 3.52), and 
examination of statistical groupings showed that four stations were 
statistically different and contained higher concentrations of PAHs than did 
PR-coarse. If the comparison was based on the cleanest reference sediment 
(PR-fine), then all stations were statistically different and contained 
elevated levels of PAHs. Figure 3.19 presents the 95% confidence intervals 
of the natural log of PAHs (~/kg dry weight) for these data. The figure 
shows enhanced levels of PAHs in tissues exposed to sediments from Stations 
OI-MA-1L, OI-MA-2U, OI-TS-5AL, and OI-TS-5AU when compared with tissues 
exposed to reference sediments. Comparison of PAH sediment concentrations 
with tissue levels of PAH reveals no distinct pattern (Table 3.51). 
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TABLE 3.51. Comparison of Concentrations of Total PAHs Contained in Tissues of 
M. nasuta After 10-day Exposure to Sediment Treatments 

Sediment Sediment Mean Tissue 
Sediment Concentratio~, T6~%) Concentratio~,) Statis[~~al 
Treatment u.g/kg dry wt a) u.g/kg dry wt c so Group 

00-W-1 15.6 41.3 63.4 9.9 A 
PR-fine 39.4 131.4 70.0 11.9 AB 
O!-CH-6A 15.1 502.7 86.2 42.2 ABC 
O!-CH-4A 2.9 144.0 81.2 14.2 ABCD 
00-W-5 0.1 2.0 85.5 !8.1 ABCD 
00-CH-5 448.1 I ,435.5 !02.3 !8.4 ABCD 
00-W-2 176.5 430.4 106.3 37.3 ABCD 
01-CH-0 2. 7 54.6 113.6 50.3 ABCD 
Tomales Bay 37.7 134.5 114.3 26.7 ABC DE 
00-CH-1 200.8 295.3 113.6 20.6 ABCDE 
00-CH-7 148.2 1,139.8 127.3 23.7 ABCDE 
Ol-MA-2L 1,072.5 8,250.2 140.4 48.6 ABCDEF 
O!-SS-4L 25.9 370.1 139.8 22.1 ABCDEF 
00-CH-3 1,470.8 8,651. 7 171.9 151.6 BCDEF 
00-CH-2 178.5 2,975.7 159.4 71.6 BCDEF 
0! -CH-2A 2,030.5 1,933.8 157.0 38.9 CDEF 
PR-coarse 48.3 123.7 175.7 92.6 CDEFG 
00-W-3 362.0 306.8 178.8 60.7 DEFG 
00-W-4 953.8 944.3 230.9 25.7 EFGH 
00-CH-4 896.8 822.7 185.1 35.5 FGH 
00-CH-6 540.4 1,228.1 289.8 29.0 FGH 
00-CH-8 640.1 1,561.2 354.9 64.5 GH 
0!-MA-IL 17.5 2,754.0 439.1 152.6 H 
O!-MA-2U 10,482.5 9,889.1 1,146.1 518.4 I 
O!-TS-5AL 9,816.1 7,061.9 1,798.4 178.0 I 
0!-TS-5AU 180.9 1,553.9 3,533.6 851.9 I 

(a) Not replicated 
(b) Sediment concentration of PAHs as P9/kg dry wt divided by the 

sediment concentration of total organic carbon as percent dry wt 
(c) One-half of the reported detection limit was used for undetected 

compounds 
(d) Sediment treatments in the same statistical group are not significantly 

different from each other 
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TABLE 3.52. Balanced One-Way ANOVA of the Natural Logarithm of Total PAHs 
in Tissues of M. nasuta After 10-day Exposure to Sediment 
Treatments 

Source of 
Variation 

Between Groups 
Within Groups 
Total (corrected) 
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FIGURE 3.19. Natural Logarithm of Concentrations of PAHs (~/kg dry wt) 
in Tissues of M- nasuta After 10-day Exposure to Sediment 
Treatments 
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Pesticides 

Quality assurance information pertaining to tissue pesticides is 
presented in Appendix G, Tables G.4 to G.6. Detection limits for the 17 
compounds exceeded our target limits by one to five times. This was 
primarily due to the tissue mass available. Duplicate analysis was run on 
six samples for the 17 compounds to determine analytical precision, resulting 
in a total of 102 observations. We were unable to calculate RPDs, because 
all compounds were below detection. An SRM was analyzed four times for the 
17 compounds to determine analytical accuracy. The range of recovery of the 
compounds was 0 to 1245%, with the highest recoveries associated with 4' ,4'
DDE, 4' ,4'-DDT, and heptachlor. low recoveries were associated with 4',4'
DDD, 4' ,4'-DDT, and dieldrin. There is some uncertainty concerning our 
measurements and the certified results of this SRM, so these quality 
assurance results are questionable. 

Surrogate sample 
DBOFB in 60 samples. 

recovery was monitored for DBC in 67 samples and for 
DBC recoveries ranged from 2 to 62%, with 9 of 67 below 

our quality assurance limit of 40%. DBOFB surrogate recovery ranged from 54 
to 105%, a range within our acceptable limits of 40 to 120%. Six procedural 
blanks were analyzed for the 17 compounds, and all were below detection. 

Based on the results of this quality assurance review, we believe these 
data can be used for analysis, but with caution. Although the actual levels 
present in the SRM need additional verification. This data acceptance is 
based, at this time, on good DBOFB surrogate recovery, and clean procedural 
blanks. The higher detection limits should also be noted when examining the 
data. 

The only pesticide detected in the clam tissues was DOE. For the 
purpose of data analysis and interpretation, mean ODE concentrations in each 
sediment treatment determined from either detected values or one-half of the 
reported detection limit in the tissue sample when ODE was not detected. 
Mean concentrations of detectable ODE pesticides in tissues of M. nasuta 
ranged from a low of 2.6 ~/kg (dry wt) in the Tomales Bay reference sediment 
to a high of 9.4 ~/kg at Station Ol-TS-5AU (Table 3.53), at an analytical 
detection limit for this compound of 3.8 ngjg (dry wt) for an individual 
sample. Although the levels of ODE were extremely low, ANOVA results showed 
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TABLE 3.53. Comparison of Concentrations of DOE Contained in Tissues of 
M. nasuta After 10-day Exposure to Test Sediments 

Sediment 
Treatment 

01-CH-0 
00-CH-1 
OI-CH-2A 
00-CH-3 
00-CH-4 
01 -CH-4A 
00-CH-5 
00-CH-6 
01 -CH-6A 
00-CH-7 
00-CH-8 
OI-MA-2L 
00-W-1 
00-W-2 
00-W-5 
Tomales Say 
01 -SS-4L 
00-CH-2 
01-MA-IL 
PR-coarse 
PR-fine 
00-W-3 
00-W-4 
OI-MA-2U 
OI-TS-5AL 
OI-TS-5AU 

Sediment 
ConcentratiQnl 

ug/kq dry wt ~a 

ND 
ND 

3.9 
5.2 
4.3 

ND 
1.0 
2.3 

ND 
1.0 
1.9 

ND 
ND 
ND 
ND 
ND 
ND 

2.2 
ND 

2.2 
2.4 
0.8 
4.0 
3.6 
0.9 
5.0 

(a) Not replicated 

Sediment 

T~~lb) 

NA(e) 
NA 
3.7 

30.8 
4.0 
NA 
3.0 
6.7 
NA 
7.4 
4.6 
NA 
NA 
NA 
NA 
NA 
NA 

36.7 
NA 
6.1 
7.9 
0.7 
4.0 
2.6 
6.8 
4.7 

Mean Tissue 
Concentratiol),) 
U!J/kg dry wtlC 

No(f) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
2.6 
2.8 
4.2 
4.3 
4.0 
4.8 
5 .I 
5.6 
6.9 
7.0 
9.4 

0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
!.I 
5 .I 
5.5 
0.5 
0.6 
1.2 
0. 7 
0. 9 
0.9 
2.4 

(b) Sediment concentrations of DDE as pg/kg dry wt divided by the 
sediment concentration of total organic carbon as percent dry wt 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
AB 
ABC 
ABC 
ABC 
ABCD 
ABCDE 
ABC DE 
ABCDEF 
B DEFG 

EFGH 
EFGH 

FGH 
GH 
GH 
H 

(c) One-half of the reported detection limit was used for undetected compounds. 
(d) Sediment treatments in the same statistical group are not significantly 

different from each other 
(e) Not applicable 
(f) Undetected in all five replicates; one-half the detection limit of 

3.8 pg/kg was used in ANOVA 
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that significant differences {P : <0.0001) occurred among the means of the 26 
sediment treatments {Table 3.54). Clams exposed to the reference sediments 
(PR-coarse, PR-fine) and to sediments from Stations 00-W-3, 00-W-4, OI-MA-2U, 
OI-TS-5Al, and OI-TS-5AU were statistically different and contained higher 
concentrations of ODE than clams exposed to the Tomales Bay reference 
sediment. Clams exposed to sediments from these same five stations, however, 
were indistinguishable from clams exposed to the two other reference sediments 
(PR-coarse, PR-fine). Figure 3.20 shows the 95% confidence intervals of the 
natural log of ODE (pgjkg dry weight) for these data. The figure indicates 
that higher levels of tissue ODE resulted from exposure to five sediment 
treatments and two reference sediments (PR-coarse, PR-fine) compared with the 
Tomales Bay reference sediment. Importantly, in Phase I of the -42-Foot 
Project {Word et al. 1990}, chemical analyses of the PR-fine reference 
sediment also revealed a low but detectable (-2.00 pg/kg) signal for DOE. 
Comparison of pesticide sediment concentrations to tissue levels of pesticides 

reveals no distinct patterns (Table 3.53). 

Polychlorinated Bipheriyls 

Quality assurance for PCBs is presented in Appendix G, Tables G.7 to G.9. 
Our target detection limit of 10 ~g/kg (dry wt) was exceeded by six times in 
these analysis, primarily due to low tissue mass. Duplicate analyses were 
performed on six samples for the four compounds (24 comparisons), resulting in 
non-calculatable RPOs in all but one sample, due to nondetectable quantities. 
In the one comparison where RPO calculation was possible, it was 35%. A 
reference was analyzed four times, but certified values were not available to 
measure analytical accuracy. The four values for Aroclor 1254 averaged 1541 
~g/kg {dry wt), with a standard deviation of 235). Six procedural-blank 
analyses produced nondetectable levels of the four PCBs. The results of this 
quality assurance analysis are that these data are acceptable for use in 
analysis, though the higher detection limits should be taken into account for 
undetected samples. 

The only PCB detected in tissues was Aroclor 1254. This PCB was detected 
in at least one of five replicate samples only six sediment treatments. For 
the purpose of analysis, we used one-half of the detection limit (32 M9/kg) 
as a mean concentration when Aroclor 1254 was not detected in one or more 
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TABLE 3.54. Balanced One-Way ANOVA of the Natural Logarithm of ODE 
Concentrations in Tissues of M. nasuta After 10-day Exposure to 
Sediment Treatments 

Source of Sum of Mean Significance 
Variation Squares d. f. Square F-Ratio Level 

Between groups 31.4523 25 I. 2581 15.7890 <0.0001 
Within groups 7.9681 100 0.0797 
Total (corrected) 39.4205 125 
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FIGURE 3.20. Natural Logarithm of Concentrations of DOE (pg/kg dry wt) 
in Tissues of M. nasuta After 10-day Exposure to Sediment 
Treatments 
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replicates, the mean concentration was calculated using detected values or 
one-half detection limit, for nondetected values. 

Mean concentrations of detectable PCBs (only Arochlor 1254 was detected 
in tissues} ranged from undetected in 20 sediment treatments to a high of 
195 "g/kg in tissues exposed to sediment from Station OI-TS-5AU. The achieved 
analytical detection limit for this compound (each individual sample} was 63 
"g/kg (dry wt). ANOVA results showed significant differences (P s 0.0001) 
among sediment treatments (Table 3.55}. Examination of statistical groups 
showed that four sediment treatments were statistically different and resulted 
in a higher concentration of PCBs in tissues than did the reference sediments. 
Figure 3.21 presents the 95% confidence intervals of the natural log of PCBs 
("g/k9 dry wt) for these data. This graph shows enhanced levels of PCBs in 
tissues under exposure to sediment treatments 00-CH-2, OI-TS-5AL, OI-MA-2U, 
and OI-TS-5AU compared with the reference sediment treatments. Comparison of 
sediment PCB levels to tissue concentrations reveals no clear patterns 
(Table 3.56). 
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TABLE 3.55. Balanced One-Way ANOVA of the Natural Logarithm of PCB 
(Aroclor 1254) Concentrations in Tissues of f:1. nasuta 
After 10-day Exposure to Sediment Treatments 

Source of Sum of Mean Significance 
Variation Squares d. f. 

Between Groups 
Within Groups 
Total 

5.6 

5.2 

4.9 

4.4 

4 

3.6 

3.2 

(corrected) 

a~ 

' ' "' "' uu 
' ' -a a a 

M.., 
' ' 
"' "' uu 
' ' a a 

a a 

28.9916 
4.0646 

33.0563 

25 
100 
125 

I 
~"' ' ' "' "' uu 
' ' a a 

a a 

l 

~~ 

"'"' '~ 
~' 
~~ 

'~ -' a-a 

Square 

1.1597 
0.4065 

I 

~~ 

'""~' 

''"" ~>= 
~' '-a 
0 

I 

~~ 
NN 

' ' '""'"" "'"' ' ' 
a a 

F-Ratio 

28.5310 

I 
~.., 

' ' 33 
' ' a a ao 

Level 

<0.0001 

FIGURE 3.21. Natural Logarithm of Concentrations of PCBs ("g/kg dry wt) 
in Tissues of f:1. nasuta After 10-day Exposure to Sediment 
Treatments 
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TABLE 3.56. Comparison of Concentrations of PCBs (Aroclor 1254) Contained in 
in Tissues of M· nasuta After 10-day Exposure to Test Sediments 

Sediment Sediment Mean Tissue 
Sediment Concentratiynj 12(4) Concentration, statistlcyl 
Treatment !!Q/kg dry wt a TOC b !!Q/kg dry wt SD Group c 

01-CH-0 ND NA(e) No(d) 0.0 A 
00-CH-1 ND NA NO 0.0 A 
OI-CH-2A 54.2 51.6 NO 0.0 A 
00-CH-3 71.1 418 .I ND 0.0 A 
00-CH-4 48.5 44.5 ND 0.0 A 
OJ -CH-4A ND NA NO 0.0 A 
00-CH-5 14.2 41.8 NO 0.0 A 
00-CH-6 11.3 25.7 ND 0.0 A 
OI-CH-6A ND NA ND 0.0 A 
00-CH-7 1.5 11.6 ND 0.0 A 
01-MA-IL ND NA NO 0.0 A 
00-W-1 ND NA NO 0.0 A 
00-W-2 NO NA NO 0.0 A 
00-W-3 NO NA ND 0.0 A 
00-W-5 ND NA ND 0.0 A 
PR-fine ND NA NO 0.0 A 
Tomales Bay NO NA NO 0.0 A 
OI-SS-4L NO NA NO 0.0 A 
01-MA-2L 6.0 54.5 ND 0.0 A 
PR-coarse ND NA NO 0.0 A 
OD-W-4 40.9 40.5 40.2 18.4 AB 
00-CH-8 13.7 33.5 52.2 45.2 AB 
00-CH-2 42.8 713.0 67.6 34.4 B 
OI-TS-5AL 41.9 322.4 105.3 11.4 c 
01 -MA-2U 143.7 103.4 139.5 23.8 CD 
OI-TS-5AU 362.9 342.4 195.3 60.4 D 

(a) Not replicated 
(b) Sediment concentration of PCBs (Aroclor 1254) as ~/kg dry wt divided 

by sediment concentration of total organic carbon as percent dry wt 
(c) Sediment treatments in the same statistical group are not significantly 

different from each other 
(d) Undetected in all five replicates; one-half of the detection limit of 

63 ~/kg was used in ANOVA 
(e) Not applicable 
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3.5.3 Orqanotins 

Quality assurance 
Tables G.13 to G.15. 

data for tissue organotins is presented in Appendix G, 
Target detection limits were met for all three measured 

compounds. Duplicate analyses were performed on seven samples, producing an 
RPD range of 8 to 42%, with only one observation above our 25% maximum RPD 
limit {tributyltin). Surrogate recovery of propyltin was monitored in all 
samples, and recoveries ranged from 57 to 113%. This is within our target 
recovery range of 40 to 120%. Five samples were spiked for tri-, di- and 
monobutyltin, and recoveries ranged from 16 to 98%, with good recoveries for 
tri- and di-butyltins and low recoveries for monobutyltins. Based on these 
results, these data are acceptable for use in analysis, though care should be 
taken when evaluating monobutyltin concentrations, since surrogate recoveries 
associated with these samples were low. 

Mean organotin concentrations were calculated for each compound using 
detected concentrations. If a compound was not detected, the mean of all 
undetected values for a compound was used in the calculation. The reason for 
using this mean of undetected values rather than one-half of the detection 
limit was the observation of numerous concentrations near the analytical 
detection limit. Chemical analyses of organotin in tissues of M. nasuta after a 
10-d exposure to sediment treatments showed that tributyltin concentrations 
ranged from 12.2 to 37.5 ~/kg (dry wt} (Table 3.57}. Oibutyltin concentrations 
were slightly higher, ranging from 22.4 to 66.4 ~/kg (Table 3.57). 
Concentrations of monobutyltin were the lowest, ranging from 6.2 to 9.20 pgjkg 
(Table 3.57}. 

For tributyltins, ANOVA showed significant differences {P s O.OOQ01) among 
the sediments tested (Table 3.58). Examination of statistical groupings showed 
that only one station {01-TS-SAU) resulted in bioaccumulation that was 
statistically different (P s 0.00001) than either of the Point Reyes reference 
sediments. Figure 3.22 shows the 95% confidence intervals of the natural log of 
tributyltin for these data. Although they are not shown in this report, ANOVA 
results showed no differences in dibutyltin and monobutyltin bioaccumulation 

among the 26 sediment treatments. 
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TABLE 3.57. Comparison of Concentrations of Butyltins Contained in Tissues 
of M. nasuta after 10-day Exposure to Sediment Treatments 

Sediment 
Treatment 

00-CH-2 
01-CH-0 
00-CH-1 
00-CH-3 
00-W-1 
00-W-2 
00-W-4 
00-W-5 
Tomales Bay 
00-W-3 
OI-TS-5AL 
OI-MA-2L 
00-CH-5 
00-CH-4 
OI-SS-4L 
OI-CH-2A 
PR-fine 
OI-CH-6A 
PR-coarse 
00-CH-8 
OI-CH-4A 
00-CH-7 
01-MA-IL 
00-CH-6 
01-MA-2U 
01-TS-5AU 

Monobutyltin 
Mean Tissue 
Concentration, 
1!9/kg dry wt 

NO(cJ 
NO 
NO 
NO 

6.9 
6.4 

NO 
6.5 
6.9 
7.2 

NO 
NO 

9.2 
NO 
NO 
NO 

7. I 
NO 

7.4 
6.4 

NO 
6.2 

NO 
NO 
NO 
NO 

Dibutyltin 
Mean Tissue 
Concentration, 
w/kg dry wt 

35.1 
33.0 
29.0 
41.2 
49.6 
42.6 
29.2 
49.6 
26.6 
58.4 
30.2 
44.0 
48.3 
34.2 
66.4 
40.4 
41.2 
22.4 
59.0 
37.2 
39.2 
39.6 
43.0 
34.7 
60.6 
41.2 

Tributyltin 
Mean Tissue 
Concentration, 
1!9/kg dry wt SD 

12.2 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

13.0 
13 .4 
13.5 
13.6 
14.0 
14.0 
14.5 
14.4 
15.4 
15.6 
15 .I 
15.8 
17.5 
17.8 
21.3 
22.9 
37.5 

0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.7 
2.6 
1.6 
2.0 
3.9 
2.3 
3.3 
2.9 
7 .I 
5.9 
2.7 
6.4 
8.2 
3 .I 
5.5 

11.2 
15.0 

Statistjc0l 
GrouplCJ 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

.A 
A 
A 
A 
A 
A 
A 
AB 
AB 

8 

(a) 

(b) 
(c) 

When compound was undetected, the mean value of all detection limits for that 
compound was used in calculating mean concentration 
Sediment treatments in same statistical group 
Not detected 
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TABLE 3.58. Balanced One-way ANOVA of the Natural Logarithm of Tributyltin 
Concentrations in Tissues of M. nasuta after 10-day Exposure to 
Sediment Treatments 

Source of Sum of Mean Significance 
Variation Squares d. f. Square F-Ratio Level 

Between Groups 6. 5736 25 0. 2629 4.7480 ~0.00001 

Within Groups 5.7593 104 0.0554 

Total (corrected) 12.3329 129 
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4.0 DISCUSSION AND CONCLUSIONS 

During the Oakland Harbor Phase II sediment evaluation program, the 

vibratory-hammer core was developed, tested, and used to collect sediment 
samples from Inner and Outer Oakland Harbors for the purposes of describing 
the geology and measuring physical and chemical sediment properties to 

maintenance (-38 ft MLLW) and new project (-42 ft MLLW) depths. The sediments 
from these cores were also tested for acute toxicity using four sensitive 
marine invertebrates (2 amphipods, 1 annelid, and 1 pelecypod) under 

standardized testing protocols. In addition, two nonstandard testing 
protocols were evaluated using the two amphipod species. Finally, the 
bioaccumulation potentials of sediment contaminants into tissues of the 
bivalve mollusk Macoma nasuta were measured. 

4.1 VIBRATORY-HAMMER CORE 

The vibratory-hammer core developed by the Battelle/Marine Sciences 

laboratory and Manson Construction (Word et al. 1989b) effectively sampled to 
project depth at all locations within Outer and Inner Oakland Harbors. This 

samp1er pushed 4-in.-dia cores into hard-packed sands and silts to a depth of 

at least 23 ft. During a companion program it pushed 12-in.-dia cores to a 

depth of at least 16 ft. The apparatus has proven highly successful during 

these and other programs in the San Francisco Bay area (Brown et al. 1990; 

\•lord and Kahn 1989). It has proven effective even in the highly compacted 

sediment, known locally as Merritt Sands. 

4.2 GEOLOGY OF PROPOSED DREDGED SEDIMENTS 

Most cores taken during Phase II were collected from the outer harbor 

channel. A cross section of the outer harbor is characterized by an upper 
soft and semi-consolidated Younger Bay Mud and a lower, more consolidated 

Older Bay Mud. The Younger Bay Mud was thickest (16 ft) near Station 00-W-4 

but was absent in the vicinity of Station 00-W-5 and again in the west near 

the entrance to the outer harbor at station OI-CH-1. For the most part, the 

Younger Bay Mud of the outer harbor consisted of soft, dark-colored, silty 

clay. The Older Bay Mud unit consisted of three sediment types 1) a soft to 
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firm, homogeneous, gray, stiff and cohesive silt to clayey silt, 2) an 
oxidized soft to firm sand to pebbly sand {equivalent to Merritt Sands), and 
3) an underlying sandy silt to silty sand of probable terrestrial origin. 
The Older Bay Mud unit is thickest (_14 ft) in the vicinity of Station 
00-W-1. The high degree of consolidation and the weathered and often 
bleached appearance of the Older Bay Mud suggested that this unit is much 
older than the overlying estuarine sediments of the Younger Bay unit. 

4.3 TOXICITY OF PROPOSED DREDGED SEDIMENTS 
A major portion of our evaluation was determining the potential toxicity 

of the solid phase of proposed dredged material. Evaluation, in this case, 
was based on survival of Macoma nasuta, Nephtys caecoides, Rhepoxynius 
abronius, and Ampelisca abdita in test sediments compared with their survival 
in reference sediments. A sediment was considered valid if survival was 
greater than 90% in the reference sediment. 

In this analysis, sediments were grouped into the following five 

categories: 

1. Stations showing no statistically significant decreases in survival 
(t-tests) and also showing no increases in mortality greater than 
10% of the reference site values. 

2. Stations showing no statistically significant decreases in survival 
(t-tests) but showing increases in mortality that exceed reference 
sediment values by 10% or more. 

3. Stations showing statistically significant decreases in survival 
{t-tests) equal to or greater than 10% of reference sediments. 

4. Stations showing statistically significant decreases in survival 
(t-tests) that are a minimum of 10% less than survival in 
reference sediments. 

5. Stations showing statistically significant differences in survival 
based on group comparisons with reference statistics (ANOVA and HSD 
groupings) and including ~lower survival compared with reference 
survival. 

Under guidelines of the Implementation Manual (EPA/USACE 1977), all 
category 1, 2, and 3 sediments would be acceptable for open-ocean disposal. 
In applying the guidelines for the species tested under the accepted 
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protocols, we found one station (00-CH-1) that fits the first category. No 
stations were found that fit the second category. Nine stations (OI-CH-0, 
00-CH-2, 00-CH-5, 00-CH-6, 00-CH-7, 0!-MA-2L, 00-W-3, 00-W-4, and 00-W-5) 
fit the third category . Sediments from the remaining 13 sediment 
treatments (Ol-CH-2A, 00-CH-3, 00-CH-4, Ol-CH-4A, OI-CH-6A, 00-CH-8, 
OI-SS-4L, 0!-TS-SAU, 0!-TS-SAL, 0!-MA-IL, OI-MA-2U, 00-W-1, and 00-W-2) fit 
the fourth and fifth categories. Under current guidelines, sediment dredged 
from stations which tested in categories 4 and 5 would be considered 
unacceptable for ocean disposal. 

Sediments were not all equally toxic to the four test species, nor were 
they equally toxic to a single species tested under different protocols 
(Table 4.1). None of the sediment treatments influenced survival of M. 
nasuta or 8. abdita under the accepted flow-through protocols, and therefore 
these tests did not provide useful information for evaluating the 
appropriateness of ocean disposal. N. caecoides and B. abronius under 
accepted testing protocols did show significant decreases in survival that 
allowed evaluation of the appropriateness for ocean disposal. Although 
meeting the acceptance criteria for reference survival, the survival of B. 
abronius and 8. abdita during use of the nonstandard testing protocols was 
less than their survival during testing under accepted protocols. 
Comparisons between the two species of amphipods show that tests using the 
nonstandard protocols resulted in greater mortality for each species than 
occurred under the standard protocols. The reasons for the decreased 
survival under nonstandard testing protocols are unknown. Therefore, these 
test should not be used to characterize the acceptability of sediments for 
ocean disposal. 
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TABLE 4.1. Summary of Geological, Physical, and Chemical Properties of Oakland Harbor Sediments 

Sedi1ent. Characteristics (a) 

Geology Layer Thickness Grill in Size(b) 

Stat. ion Core Depth (ft.) Youn~ Older Bay 0 i I and Grease Petroleue HC's TOC Gravel Sand Si It ..iJ.!l 

01-CH-D 37-46 8 0 1.0 • 
00-CH-1 39-45 0.0 7.0 • 
00-CH-2 34-46 2 0 111.0 • • • 
OI-CH-2A 38-4-4 8 0 0.0 • • • • 
OG-CH-3 38-47 3.0 8.0 • 
00-CH-4 34-44 10.0 0.0 • • • 
!li-CH-4A 37-47 0 0 10.0 • 
00-CH-5 38-48 2.0 8 0 • • • 
00-CH-6 36-44 ... 3 6 • • • • • 
Ol-CH-6A 37-47 0.0 lB.D • 
DB-CH-7 39-48 2.0 6.0 • • 
00-CH-8 35-44 ... ... • 

"'" OI-SS-4L 24-44(dl ll.D 9.0 • 
"'" OI-TS-5AU 28-38 10.0 0.0 [u] [u) • • 

OI-TS-6Al 38-4-4 2.0 4.0 • • • 
01-WA-ll 21-44 (d) 15.11 8.0 • • 
DI-14A-2U 32-38 6.0 0.0 .. .. 1•1 • 
OI-WA-2L 38-.t-4 u " • 
00-1-1 30-45 1.0 14.0 • 
00-1-2 33-47 2 0 12.0 • 
Q0-1-3 33-44 11.0 0.0 • • • • 
00-1-4 29-45 160 0.0 • • • 
00-1-5 41-48 0.0 6.0 • 

PRC NJA(c) ,,, ,,, • 
PRF ,,, ,,, "' • 
TB ,,, ,,, .,, • 

C•l x = ;:>: 2x PR Coarse; 2x "~lOx PR Coarse; 3x - :?: IODx PR Coarse; 4x " :?: IDODx PR Couse, [ ] " Highest Concentration 

Col • =Dominant Gra1n Size (51 greater than other fractions) 
(<) N/A =Not Applicable 
(d) -38 Ft to -44 Ft Evaluated 



IABLE 4.1. Summary of Geological, Physical, and Chemical Properties of Oakland Harbor Sediments (Cont'd) 

Sedilent Che1istry Results(a) 
St~t ion __.!> ,. Cd __lc '" --"' ,; _2£ 2 __E! PAN PCB DDT TBT Su1 (b) 

01-CH-0 [•] 2 

00-CH-1 • • • • ' • • 
00-CH-2 • • .. • ' OI-CH-2A • • • • • • • ... .. • .. 15 
00-CH-3 ... ... • • • 
00-CH-4 .. • • • • • .. • [•] .. " DI-CH-4A D 
00--CH-5 • • • • • .. .. • 
00-CH-6 • • • • .. .. • • !D 
OI-CH-6A • 
00-CH-7 • • 2 

00-CH-8 • • ' • • • .. .. • • 12 

OI-SS-4L(c) D 

+> 
[xx] (xx] [u] [4x] [xxx] [•] [ux] !JI-TS-6AU [xx] [xu] • 32 

~ 
01-TS-5AL • • • • ... .. • ID 

01-t.IA-ll(c) • I 

OHIA-2U [u] • .. [•] .. • •• ... • .. 21 
DI-r.IA-2l • • • • • 
00-W-1 • • • • • 5 
00-W-2 • • • ' 00-W-3 .. • • • • • • • • • • 12 
OD-W--4 .. [•] • • • • • • .. . .. [•] • " 00-W-5 D 

PRC D 
PRF D 
T8 D 

l•l x "'~ 2x PR Coarse, 2x - ~lOx PR Coarse; 3x - 2: IOOx PR Coarse; -4x = 2: lOOOx PR Coarse, [ ] = Highest Concentration 
(b] Su1 is the nu•ber of x's. An additional 1 is added for each [ ]. 
(o) -38Ft to -44Ft Evaluated. 



I Allll 4.1. 
--~-----

Summary of Geological, Physical, and Chemical Properties of Oakland Harbor Sediments (Co"t' d) 

To~icological Response (a) 
Station lt. nasuta It caecoides R. ilbronius (Flow) A. abdita (Flow) R. abronius (Static) A. abdita (Static) Suw (b) 

01-CH-D .. • .. .. 7 

00-CH-1 [•u] .. 6 

00-CH-2 .. 2 

OI-CH-2A [n•] ... 7 

00-Cil-3 • ... .. 6 

00-CH-4 ... ... 6 

0I-CH-4A [n•J • 
00-CH-5 [•u] .. .. 6 

00-CH-6 [•"] .. ... 9 

DI-CH-6A ... 3 

011-CH-7 [nt] .. .. 6 

00-CH-8 [tu) ... 7 

DI-SS-4l(c) ... .. 5 
..,. 
~ 01-TS-SAU ... (n•] [•n] [•n] 15 

DI-TS-SAL ... ... [u•J 10 

01-llA-lL(c) [•n] (n•] .. 10 

0HIA-2U .. {•u] [•n] 10 
DHIA-2l .. ... .. 7 

00-111-1 .. ... ... 8 

00-W-2 [ut] ... .. 9 

00-W-3 ... .. 5 

00-W-4 ... .. 5 

00-W-5 .. 2 

PRC 0 
p~ 0 
g 0 

(a) • =!: 10,; Wort.ality, n =Statistically Significant;!!..!= St.at.istical Significance+ 101; [•n] =Different Statistical Group • 101 
(b) Suw is the nu•ber of •'s An additional 1 is added for each [ ] . 

(c) -38Ft to -44 Ft Enluated. 
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TABLE 4.1. Summary of Geological, Physical, and Chemical Properties of Oakland Harbor Sediments (Cont'd) 

St.at. ion 

01-CH-0 
00-CH-1 
00-CH-2 
OI-CH-2A 
00-CH-3 
00-CH-4 
OI-CIHA 
00-CH-5 
00-CH-6 
OI-CH-6A 
00-CH-7 
00-CH-6 

OI-SS-4l(b) 

01-TS-SAU 
OI-TS-5Al 

01-WA-ll 
OI-WA-2U 
OI-WA-2l 

00-1-l(b) 
00-1-2 
00-1-3 
00-W--4 
00-1-5 

PRC 
PRF 
TB 

Bioaccu•ulation Pot.ent.ial(a) 

--"' '" Cd Cr Cu ___!!a Ni Pb Se 

• 

(a) Statistically different. fro• reference at. p .S 0.05. 
(b) -36Ft t.o --44Ft Evaluated. 

Zo PAH PCB ODE TBT 

~(a) 

• 

• • • 
• • 

' 
• • 



4.4 RELATIONSHIP OF SEDIMENT TOXICITY TO SEDIMENT CONTAMINANT CONCENTRATION 

As determined in Phase I of the -42-ft project (Word et al. l99Db), 
elevated concentrations of contaminants in sediments did not always 
correspond to increases in mortality during the biological tests. Biological 
effects were also observed in sediments with relatively low levels of 
chemical contaminants. For these discussions we will refer only to the 
results of biological testing using the standard toxicity protocols. 
Additionally, these discussions will center only on those biological tests 
where significant increases showed at least 10% more mortality than reference 
sites. The tests showing no significant mortality differences included those 
forM. nasuta and A. abdita. The N. caecoides and R. abronius procedures 
revealed significant levels of toxicity at certain stations. 

The bioassays conducted with the polychaete N. caecoides showed 
significant mortality in five sediment treatments (OI-CH-4A, OI-CH-6A, 
O!-SS-4L, 01-TS-SAL, and 01-TS-SAU). Although the upper portion of 0!-TS-SA 
had the highest concentrations of metals and organic contaminants of all the 
sediment treatments, polychaete survival was actually better in this upper, 
more-contaminated section of the core than in any of the other sediment 
treatments showing significant mortality. In fact, stations OI-CH-4A, OI-CH-
6A, and OI-SS-4L, which had the highest polychaete mortalities, also had the 
lowest contaminant concentrations, the lowest organic carbon contents, and 
the greatest percentages of Merritt Sands. These sediments are probably the 
least anthropogenically affected of all the stations. Whereas all other 
sediments of comparable grain size had normal survival, the stations with 
significant quantities of Merritt Sands showed decreased survival in N. 
caecoides for an unknown reason that was not related to chemical-contaminant 
concentrations or to grain size of the sediments. 

The reasons for these apparently aberrant observations are unknown. 
However, anecdotal observations of polychaete behavior during the testing 
indicated an apparent sediment-avoidance reaction coupled with observations 
of bleeding from the proboscis (mouth) of some of the organisms exposed to 
Merritt Sands during the tests. These observations may indicate a physical 
avoidance response by polychaete, possibly because Merritt Sand may lacerate 
soft tissue. 
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A better cause-and-effect-relationship between contaminants and toxicity 
can be established using the ft. abronius amphipod data, though some 
ambiguity still exists here. The toxicity resulting from exposure of ft. 
abronius to sediment from Stations O!-MA-2U and 01-TS-SAU is probably 
attributable to the relatively high levels of metals and organics. Sediments 
from Stations OI-MA-2U and 01-TS-SAU contained the highest levels of metals 
and organics encountered during Phase II. PAH levels at these stations were 
also ~1000 times the concentrations observed in the reference sediments. 
Relatively high metals and organics contents existed at stations OI-CH-2A, 
00-CH-4, 00-CH-8, and 01-TS-SAL and at two other stations where only high 
metals (00-W-1) or high organic contaminants (00-CH-3) were found. These 
elevated levels are probably also associated with the cause of the observed 
toxicity. 

The ambiguity is that Station MA-1-L, although consisting of sediments 
with few contaminant levels of significance, had the highest mortality among 
these test sediments. Swartz et al. (1985) indicate that R. abronius 
survives normally in sediments with volatile solids concentrations of up to 
18.2%, which would be equivalent to about 9.6% total organic carbon. In the 
present study, the concentrations of organic carbon at stations resulting in 
toxicity of ft. abronius were all less than 1.39 mg/kg, which is well below 
the concentration that could affect survival. It is not likely that total 
organic carbon was sufficiently large to cause any mortality in the 
sediments studied. Another factor shown to affect survival of amphipods is 
grain size. Swartz et al. (1985) found that survival in fine-grained 
sediment {9.7% sand, 36.8% silt, 53.5% clay) was significantly decreased 
(P 5 0.01). Dewitt et al. {1988) stated that survival in uncontaminated 
sediment that is ~0% fines (silt plus clay) was 15% lower than in the 
control. In the present study, seven stations (00-CH-l, OO-CH-2A, 00-CH-4, 
OI-MA-2U, 00-WOl, 00-W-3, and 00-W-4) consisted of sediments with ~80% fines, 
but in only two stations (OI-MA-2U and 00-W-1) was survival decreased 
statistically plus more than 10% greater toxicity detected. The 41% sand, 
37% silt, and 21% clay grain size is not sufficiently fine to explain the 
additional mortality seen at station MA-l-L. The reason for the mortality in 
this sediment, therefore, is still not clear. 
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4.5 BIOACCUMULATION POTENTIAL OF PROPOSED DREDGED MATERIALS 

Relatively few data are available that relate bioaccumulation of metals 

and organic compounds to biological effects within a marine species. Also, 
human health standards based on tissue concentrations in edible fish and 

shellfish tissues are generally not available for all metals and organic 
compounds measured in dredged sediments. For these reasons, then, the 

Implementation Manual (EPA/USACE 1977) adopts the relatively conservative 
approach of assuming that any statistically significant (P ~ 0.05) difference 
in chemical concentration between reference and test sediment is potential 

cause for concern. 

4.5.1 Polynuclear Aromatic Hydrocarbons 

In contrast to the apparent metals regulation, total PAHs in Oakland 
Harbor Phase II sediments were bioaccumulated in tissues of M. nasuta over a 
range from 63 to 3533 ~g/kg (dry wt). Clams exposed to the three reference 
sediments generally fell at the low end of this distribution. Analysis of 
variance and Tukey•s HSD Multiple Comparison Test demonstrated that 11 

stations resulted in significant bioaccumulation of total PAHs (Table 3.51 and 
4.1) if the comparison is made on the basis of the cleanest reference sediment 
(PR-fine). If the comparison is based on the reference sediment containing 

the highest levels of PAHs (PR-coarse), then only four stations (OI-MA-lL, OI
MA-2U, OI-TS-SAL, and OI-TS-5AU) resulted in significant bioaccumulation of 

PAHs. 

For comparison, bioaccumulation studies in Inner Oakland Harbor using the 
same species and experimental techniques resulted in a range of 255 to 43,495 
~g/kg (dry wt) of PAH in tissues, with the concentrations of PAH in tissues of 
clams exposed to reference sediments averaging approximately 350 ~g/kg (dry 
wt) (Word et al. 199Gb). Only tissues of clams exposed to three sediments 

(OI-MA-2U, OI-TS-5AL, and OI-TS-5AU) had significant bio- accumulation of 
total PAHs that exceeded the values found in bivalves from the reference areas 

in the earlier Oakland study (Word et al. 1990b) and in Puget Sound (Malins et 

al. 1982). The PAHs contained in sediments from these three stations were 

available for uptake into the tissues of these clams. 
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4.5.2 Polychlorinated Biphenyls 

Mean concentrations of PCBs (only Aroclor 1254 was detected) in tissues 
of M. nasuta exposed to Oakland Harbor Phase II sediments ranged from a low 
of undetected to a high of 195.3 ~/kg (dry wt). Aroclor 1254 was not 
detected in tissues exposed to 20 of the sediments, including the 3 reference 
sediments. As shown in Table 4.1, statistical analyses indicated that only 
four stations (00-CH-2, OI-TS-5AL, 01-MA-2U, and 01-TS-5AU) resulted in 
significant bioaccumulation. The sediment and tissues from the Inner Oakland 
Harbor Study (Word et al. 1990b) showed similar distributions of PCBs in that 
only 1254 was detected and the levels of concentration only ranged slightly 
higher, to approximately 350 ~/kg (dry wt). 

4.5.3 Pesticides 

Mean concentrations of total pesticides (only DOE was detected) in M. 
nasuta exposed to the 26 sediments ranged from undetectable concentrations 
at 15 stations to 9.4 ~/kg (dry wt) at station 01-TS-5AU. Pesticide 
bioaccumulation from the Tomales Bay station was barely quantifiable. The 
other two reference sediments, as well as five other stations (00-W-3, 
00-W-4, OI-MA-2U, OI-TS-5AL, OI-TS-5AU), resulted in significantly greater 
bioaccumulation than occurred in the Tomales Bay reference sediment (Table 
4.1). For comparison, Word et al. (1990b) reported that clams exposed to 
sediment from the Inner Oakland Harbor area had relatively comparable levels 
of DOE in tissues, with the maximum concentration being 13.6 ~/kg (dry wt). 

4.5.4 Metals 

Based on ANOVA and Tukey's HSD Multiple Comparison Test, only two metals 
(Zn, Ni) were bioaccumulated in tissues of M. nasuta to levels higher than 
were found in clams exposed to the cleanest of three reference sediments. 
Clams exposed to sediments from Station 00-CH-3 showed 1.8-fold enhancment in 
Zn (166.8 mg/kg dry wt), while clams exposed to sediments from 
Station 00-CH-6 showed 1.6-fold enhancement in Ni (4.9 mg/kg dry wt; Table 
4.1). In each case, however, if the comparisons were made with other than 
the cleanest of three reference sediments, no test sediment resulted in 
enhanced metals bioaccumulation. 
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The lack of metals uptake into clams from sediments with elevated metals 
levels leads to one of two conclusions: 1) that the metals in these 
sediments are not bioavailable over the length of these tests or 2) that the 
clam regulates the levels of each metal within a relatively narrow band. The 
range of individual metal concentrations in sediment spans a factor ranging 
from 4.3 to nearly 837 {Hg), while the range in tissues spans a factor range 
of 1.9 to 3.7 with an average of 2.5, which is not substantially different 
from the factor of 1.9 that was determined during the Phase I studies of 
Inner Oakland Harbor. It appears that metals bioaccumulation from sediments 
with these ranges of concentrations are regulated within fairly narrow 
bounds. 

4.5.5 Orqanotins 

Tributyltin was bioaccumulated in M. nasuta over a range of values from 
less than detectable to 37 ~/kg (dry wt). Clams exposed to the three 
reference sediments bioaccumulated between less than detectable to 15 M9/kg 
{dry wt). Statistical analyses demonstrated that sediments from only one 
station {OI-TS-SAU) resulted in enhanced bioaccumulation compared with the 
reference sediments {Table 4.1). For comparison, clams exposed to sediment 
collected during the Inner Oakland Harbor program (Word et al. 1989) 
bioaccumulated higher concentrations of tributyltin {5 319 M9/kg, dry wt). 

Dibutyltin was bioaccumulated in M. nasuta over a range of values from 
22 to 66 M9/kg (dry wt). Clams exposed to the three reference sediments 
bioaccumulated between 27 and 59 M9/kg (dry wt). Statistical analyses 
demonstrated that none of the levels of bioaccumulated dibutyltin were 
statistically different when compared with any of the reference sediments 
{Table 4.1). Clams exposed to sediment collected during the Inner Oakland 
Harbor program {Word et al. 1989) bioaccumulated much lower levels of 
dibutyltin (6.7 to 23.4 ~/kg, dry wt). 

This difference in levels of dibutyltin tissue concentrations between 
comparable testing programs is substantial. Because of this difference, a 
search of our methods was initiated to determine potential causes for 
contamination. The chemical-analytical testing procedures and methods were 
carefully examined and were not found to be a contributor to the 
contamination. Seawater collected near the intake of our water system was 
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clean, but water collected after being heated and transported through our 
laboratory plumbing system had minor levels of dibutyltin, approximately 20 to 
30 ng/l. Using the bioconcentration factor of 3,000 applied to butyltin 
results provides an estimate of 40 to 60 ~/kg in the tissues of exposed 
clams. These predicted tissue values based entirely on the levels of 
dibutyltin in the water from the flow-through system are very close to the 
concentration of the actual dibutyltin concentrations in the tissues of the 
clams. We believe that the concentrations of dibutyltin in the tissues of 
clams are essentially the result of contamination in our plumbing system. 

Monobutyltin was bioaccumulated in M. nasuta over a range of values from 
less than detectable to 9 ~/kg (dry wt). Clams exposed to the three 
reference sediments bioaccumulated between less than detectable to 7 ~/kg 
(dry wt). Statistical analyses demonstrated no significant differences in 
bioaccumulation relative to the organisms exposed to reference sediments 
(Table 4.1). Clams exposed to sediment collected during the Inner Oakland 
Harbor program (Word et al. 1989) bioaccumulated essentially the same levels 
of monobutyltin (~ 17 ~/kg, dry wt). 

4.6 CONCLUSIONS 

Sed!m~nts.that rna~ be unacceptable for ocean disposal, based on 
tox1c1ty 1nformat1on and current Implementation Manual guidelines 
are 01-CH-4A, OI-CH-6A, OI-SS-4L, 01-TS-SU, 00-CH-3, 00-CH-4, 
00-CH-8, OI-CH-2A, 00-W-1, 00-W-2, OI-MA-1L, OI-MA-2U, 01-TS-SL, 
00-CH-2, 00-W-3, and 00-W-4. The toxicity at stations OI-CH-4A, 

O!-CH-6A, OI-SS-4l, 01-TS-Sl, and 01-MA-L does not appear to be contaminant
related but is probably associated with the physical nature of Merritt Sands. 
Since the Implementation Manual guidelines are designed to protect the 
environment from damage by contaminants, it is possible that these sediments 
are acceptable for ocean disposal. The remaining stations (01-CH-0, 01-CH-1, 
00-CH-5, 00-CH-6, 00-CH-7, and 00-W-5) are acceptable for ocean disposal. 

4.13 



, 



5.0 REFERENCES 

40 CFR 227. 1990. U.S. Environmental Protection Agency. "Ocean Dumping." U.S. 
Code of Federal Regulations. 

American Society for Testing and Materials (ASTM). 1984. Standard Practice 
for Descri tion and Identification of Soils Visual-Manual Procedure 
D-2488-84, American Society for Testing and Materials, P iladelp ia. 

Barry, R. G. 1983. Late-Pleistocene Climatology: late Quaternary Envi
ronments of the United States. University of Minnesota Press, Minneapolis. 

Battelle. 1988. Collection of Bivalves and Surficial Sediments From Coastal 
U.S. Atlantic and Pacific Locations and Anal sis for Or anic Chemicals and 
Trace Elements. Phase 2 Final Report Contract No. 50-DGNC-5-002 3 to U.S. 
Department of Commerce, National Oceanic and Atmospheric Administration, 
Rockville, Maryland. p. 321. 

Bloom, N. S., and E. A. Crecelius. 
Seawater at Nub-Nanogram per Liter 

1983. "Determination of Mercury in 
Levels." Mar. Chern. 14:49-59. 

Boehm, Paul D., William Steinhauer, and John Brown. 1984. Organic Pollutant 
Biogeochemistry Studies Northeast U.S. Marine Environment. Final Report 
Contract No. NA-83-FA-C-00022 to u.S. Department of Commerce, National Oceanic 
and Atmospheric Administration, Rockville, Maryland. p. 61. 

Brown, B., N. P. Kahn, J. A. Ward, and B. N. Bjornstad. 1990. Environmental 
Evaluations for Deepening of Richmond Harbor and Santa Fe Channels. Task 4: 
Chemistry Program. PNL-7614. Pacific Northwest Laboratory, Richland, 
Washington. 

Climate, Long-Range Investigation, Mapping, and Prediction Project (CLIMAP). 
1984. The Last Interglacial Ocean: Quat. Res. 21:123-224. 

DeWitt, T. H .. G. R. Ditsworth, and R. C. Swartz. 1988. "Effects of Natural 
Sediment Features on Survival of the Phoxocephalid Amphipod, Rhepoxynius 
Abronius." Mar. Environ. Res. 25:99-124. 

Ginn, T. C., and R. C. Barrick. 1988. "Bioaccumulation of Toxic Substances 
in Puget Sound Organisms." In Oceanic Processes in Marine Pollution, Vol
ume 5 - Urban Wastes in Coastal Marine Environments, eds. D. A. \~olfe and 
T. P. O'Connor. Robert E. Krieger Publishing Company, Malabar, Florida. 

Krauskopf, K. 1967. Introduction to Geochemistry. McGraw-Hill International 
Series in the Earth and Planetary Sciences, McGraw-Hill, New York. 

Macleod, Vi. D., Jr., D. W. Brown, A. J. Friedman, D. G. Burrows, 0. Maynes, 
R. W. Pearce. C. A. Wigren, and R. G. Bogart. 1985. NOAA Technical 
Memorandum. NMFS F/NWC-92, 121 pp. National Technical Information Service, 
Department of Commerce, Springfield, Virginia. 

5 .1 



Malins, D. C., B. B. McCain, D. W. Brown, A. K. Sparks, H. 0. Hodgins, and 
S. Chan. 1982. Chemical Contaminants and Abnormalities in Fish and Inverte
brates from Puget Sound. NOAA Technical Memorandum 0~1PA-l9, National Oceanic 
and Atmospheric Administration, Office of Marine Pollution Assessment, 
Boulder, Colorado. 

Marine Bioassay Laboratories (MBL). 1987. Bioassay/Bioaccumulation Assess
ment for Proposed Disposal of Dredged Material from Oakland Innerr Oakland 
Outer and Richmond Inner Harbors. Final Report. Prepared for the San 
Francisco District, Army Corps of Engineers, San Francisco, California. 

National Oceanic and Atmospheric Administration (NOAA). 1983. Chemical 
Contaminants in Northeast United States Marine Sediments. NOAA Technical 
Report NOS 99. U.S. Department of Commerce, National Oceanic and Atmospheric 
Administration, Rockville, Maryland. p. 81. 

National Oceanic and Atmospheric Administration (NOAA). 1985. Standard 
Anal tical Procedures of the NOAA National Anal tical Facilit 1985-6: 
Extractable Toxic Com ounds second edition . NOAA Technical Memorandum NMFS 
F NWC-92. p. 121. 

National Oceanic and Atmospheric Administration (NOAA). 1987. National 
Status and Trends Program for Marine Quality. Progress Report. A Summary of 
Selected Data on Chemical Contaminants in Tissues Collected During 1984, 1985, 
and 1986. NOAA Technical Memorandum NOS OMA 38. U.S. Department of Commerce, 
National Oceanic and Atmospheric Administration, National Ocean Service, 
Rockville, M.D. 

National Oceanic and Atmospheric Administration (NOAA). 1989. National 
Status and Trends Pro ram for Marine Environmental ualit . Pro ress Re art. 
A Summar of Data on Tissue Contamination from the First Three Years 1986-
1988 of the Mussel Watch Pro'ect. NOAA Technical Memorandum NOS OMA 49. 
U.S. Department of Commerce, National Oceanic and Atmospheric Administration, 
National Ocean Service, Rockville, M.D. 

Nielson, K. K., and R. W. Sanders. 1983. ''Multielement Analysis of Unweighed 
Biological and Geological Samples Using Backscatter and Fundamental 
Parameters." Adv. in X-ray Anal. 26:385-390. 

Puget Sound Estuary Program (PSEP). 1986. Recommended· Protocols for 
Measuring Selected Environmental Variables in Puget Sound. Prepared by Tetra
Tech, Inc. for the Puget Sound Estuary Program. Volumes 1 and 2, Bellevue, 
\olashington. 

Robinson, A. M., J. 0. Lamberson, F. A. Cole, and R. C. Swartz. 1988. 
Effects of Culture Conditions on the Sensitivity of a Phoxocephalid Amphipod, 
Rhepoxynius Abronius, To Cadmium in Sediment. Environmental Toxicology and 
Chemistry, Vol 7, 953-959. 

5.2 



Short, J. W., and F. D. Thrower. 1986. "Tri-m-butyltin-Caused Mortality of 
Chinook Salmon, Oncorhynchus tshawytscha, on Transfer to a TBT-Treated Marine 
Net Pen." In Oceans 86 Proceedings, Volume 4- Organotin Symposium. Marine 
Technology Society, Washington, D.C. 

Standard Methods. 1975. Standard Methods for the Examination of ~later and 
~lastewater. 14th ed. American Public Health Association (APHA), American 
Water Works Association (AWWA) , Water Po 11 uti on Contra 1 Federation (VIPCF). 
Washington, D.C. p. 11g3, 

Steel, R. G. D., and J. H. Terrie. 1980. Principles and Procedures of 
~S.ot ,_at=.'". s,.,t'-'i-"c"'s.:... _,A"-'B'-'i"o"m"e"t r,_,'-'· c,_,a02l--"A"p"p r'-'o"a"c"'h . MeG raw- H i 11 , New Yo r k . 

Stottlemyre, J. A., G. M. Petrie, G. L. Benson, and J. T. Zellmer. 1981. A 
Conceptual Model for Release Scenario Analysis of a Hypothetical Site in 
Columbia Plateau Basalts. PNL-2892, Pacific Northwest Laboratory, Richland, 
Washington. 

Swartz, R. C., W. A. DeBen, J. K. P. Jones, J. 0. Lamberson, and F. A. Cole. 
1984. Phoxocephalid Amphipod Bioassay for Marine Sediment Toxicity. American 
Society for Testing and Materials, Philadelphia, Pennsylvania. 

Swartz, R. C., G. R. Ditsworth, D. W. Schults, and J. 0. Lamberson. 1g35, 
Sediment Toxicity to a Marine Infaunal Amphipod: Cadmium and its Interaction 
with Sewage Sludge. Marine Environmental Research, 18 133-153. 

Unger, M.A., w. G. Macintyre, J. Greaves, and R. J. Huggett. Jg86. "GC 
Determination of Butyltins in Natural Waters by Flame Photometric Detection of 
Hexyl Derivatives with Mass Spectrometric Confirmation." Chemosphere 
15(4):461-470. 

United States Army Corps of Engineers (USACE). 
San Francisco Bay and Estuary. U.S. Army Corps 
District, San Francisco, California. 

1975a. Dredge Disposal Study: 
of Engineers, San Francisco 

United States Army Corps of Engineers (USACE). 1975b. Maintenance Dredging: 
Existing Navigation Projects, San Francisco Bay Region, California. U.S. Army 
Corps of Engineers, San Francisco District, San Francisco, California. 
United States Army Corps of Engineers (USACE). 1977. Oakland Outer Harbor 
Feasibi 1 ity Report: Deep-Draft Navigation Improvements (Appendices). U.S. 
Army Corps of Engineers, San Francisco District, San Francisco, California. 

United States Army Corps of Engineers (USACE). 1979. Dredge Disposal Study: 
San Francisco Bay and Estuary, Appendix B: Pollutant Distribution. U.S. Army 
Corps of Engineers, San Francisco District, San Francisco, California. 

United States Army Corps of Engineers (USACE). 
Draft Navigation Improvements Design Memorandum 
Corps of Engineers, San Francisco District, San 

5.3 

1988. Oakland Harbor: Deep 
1, General Design. U.S. Army 
Francisco, California. 



United States Army Corps of Engineers (USACE). 1988 
Assessment of Tributyltin in Puget Sound Sediments. 
Engineers, Seattle District, Seattle, Washington. 

Aquatic Ecological 
U.S. Army Corps of 

Risk 

U.S. Environmental Protection Agency/Corps of Engineers Technical Committee on 
Criteria for Dredged and Fill Material (EPA/USACE). 1977. Ecological 
Evaluation of Pro osed Dischar e of Dred ed Material into Ocean Waters: 
Im ementatian Manua far Section 103 a Pub ic Law 92-532 Marine Protec
tion Research and Sanctuaries Act of 1972 . Environmental Effects Labora
tory, U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi. 

U.S. Environmental Protection Agency (EPA). 1986. Test Methods for 
Evaluating Solid Waste: Physical/Chemical Methods. EPA-955-001-00000. U.S. 
Environmental Protection Agency, Government Printing Office, Washington, D.C. 

Varanasi, U., C. A. Krone, D. W. Brown, D. G. Burrows, and S. L. Chan. 1988. 
Analysis of Butyltins in Puget Sound Sediments Initial Survey. Prepared for 
U.S. Army Corps of Engineers, Seattle District, by National Marine Fisheries 
Center, National Oceanic and Atmospheric Administration, Seattle. 

Word, J. Q., W. H. Pearson, J. R. Skalski, J. M. Gurtisen, R. B. Lucke and 
J. A. Strand. 1987. Reconnaissance of Petroleum Contamination from the ARCO 
AN C H 0 RAG E 0 i 1 S p i 1 1 a t"*P o'Cr'Ot"'-"A'='n-"g-"e \"1 e="s"-','-i'wC:a"si:-h O'i n='9='t'-'o:"n.::, "':ca n='d:r-il"'t"'s""I "-n ?f l"u"e'cnc'c':'e-""o"n ":sC'eo,lc'e'CcS't"e d 
Areas of the Strait of Juan de Fuca. Prepared for ARCO Marine, Inc., by 
Battelle/Marine Research laboratory, Sequim, Washington. 

Word, J. Q., J. A. Ward, C. V. Apts, D. L. Woodruff, M. E. Barrows, V. I. 
Cullinan, J. l. Hyland, and J. F. Campbell. 1988. Confirmatory Sediment 
Analysis and Solid and Suspended Particulate Phase Bioassays on Sediment from 
Oakland Inner Harbor San Francisco California. PNL-6794. Pacific 14orthwest 
Laboratory, Richland, Washington. 

Word, J. Q., J. A. Ward, and D. L. Woodruff. 1990a. ~R"e"su~l,_t"s~o;.:f~B'Cu,lk;__oS;ce'-"d"i.::
ment Analysis and Bioassay Testing on Selected Sediments from Oakland Inner 
Harbor and Alcatraz Disposal Site San Francisco, California. PNL-7686. 
Pacific Northwest Laboratory, Richland, Washington. 

Word, J. Q., J. A. Ward, J. A. Strand, V. I. Cullinan, E. A. Crecelius, W. 
Steinhauer, J. l. Hyland. 199Gb. Ecolo ical Evaluation of Pro osed Dischar e 
of Dred ed Material from Oakland Harbor into Ocean Waters Phase I of -42 Foot 
Pro'ect . PNL-7484, Pacific Northwest Laboratory, Richland, Washington. 

fiord, J. Q., J. A. Ward, B. Brown, B. D. Walls, and S. 
"Relative Sensitivity and Cost of Amphipod Bioassays." 
Oceans '89. pp. 467-473, IEEE Publ. No. 89 CH2780-5. 
Seattle. 

5.4 

Leml ich. 1989a. 
In Proceedings of 

September 18-21, 1989. 



Word, J. Q., J. C. Coley, and J. A. Ward. 1989b. "The Design and Use of An 
Electrically Driven Core Sampler Capable of Obtaining ~1arine Sediment Cores 
Through Dense Substrates. Presented at "Oceans '89" Sympos i urn. September 18-
21, 1989. Seattle. 

Word, J.Q., and N. P. Kohn. 1990. 
Ship Channel Sediment. PNL-7486. 
Washington. 

Chemical Evaluations of John F. Baldwin 
Pacific Northwest laboratory, Richland, 

5.5 





APPENDIX A 

FIELD SAMPLING DATA 



TABLE A.l. Summary of Sediment Collection in Oakland Harbor (NA=not applicable) 

California State Required Collected 

Core Saeple Date, Zone III Coordinates liter Depth, Core Length, Core length, 

Station Nu11ber t.II.I-DD-YY (X) Eilst J!2 ltorth Yllft. ft ft co .. ents 

01-TS-SA 1 119-27-88 1483745 475425 28.3 16.7 12.1 Rejected - insufficient penetration 

01-TS-SA 2 119-27-88 1-483].45 -(75425 283 IS. 7 13 8 Rejected - insufficient penetration 

01-TS-SA 3 89-27-88 14837-45 -HS-425 28.3 15.7 18.4 

OI-TS-5A • 89-27-88 1483745 475US 28.3 15.7 17 .I 

01 -SS-4L 1 119-27-88 1-4635211 476245 24.2 19.8 21.2 

OI-SS-4L 2 119-27-88 14835211 476245 24.2 19.8 22 .I Dark 1ud, then 15 feet of sand 

01-t.IA-lL 1 09-27-88 14857411 4763811 28.8 23.2 23.1 ~phalt eaterial at bottoe of core 

:t:> 01-r.IA-ll 2 89-27-88 1485748 476388 28.8 23.2 23.3 

OI-.IIA-2 1 89-27-88 1485755 476218 31.5 12.5 12.6 

OI-CH-BA 1 119-27-88 1484255 475923 '" 7.5 1.0 

OI-CH-4A 1 89-27-88 1481315 475488 36.8 7.2 9.7 Golden sand present 

OI-CH-2A 1 89-27-86 1468888 479318 37.8 8.2 8.3 Ho vibra~ing action required 

OI-CH-2A 2 69-27-68 1468888 479318 37.8 8.2 ' 8 No vibrating action required 

00-CH-2 1 89-27-88 1467358 481285 33.8 11.2 11.5 

00-W-2 1 89-27-88 1465958 488678 32.9 11.1 13.9 

00-W-1 1 69-26-88 1465826 488325 26.1 17.9 NA Rejected 1aterial too soft 

00-CH-1 1 09-26-86 1464193 479275 36.7 6.3 7.3 

00-CH-1 2 09-28-66 1464193 479275 36.7 5.3 NA Rejected- insufficient penetration 

00-CIJ-1 3 69-26-88 1464193 479275 38.7 6.3 ' 8 



TABLE A. I. (contd) 

California State Required Co llect.ed 

Core Saeple Date, Zone III Coordinates later Depth, Core length, Core Length, 

Station Nu1ber IAI-00-YY (X) East ill North tulft ft ft co .. ent.s 

00-CH-3 I 89-28-88 14697116 482475 38.3 •. 7 8.8 

00-CH-3 2 19-28-88 1464193 479275 38.3 6.7 8.3 

00-IH I 89-28-88 l-Hl336 483385 33.3 18.7 " Rejected insufficient penetration 

00-1-3 2 119-28-88 1471336 483366 333 111.7 "' Rejected insufficient penetration 

00-1-3 3 89-28-88 1471336 483385 32.8 11 2 111.9 

00-l-4 I 119-28-88 14722311 483558 28.6 15.4 " Rejected - insufficient penetration 

00-1-4 2 89-28-88 1472238 483551 28.8 15.4 NA Rejected insufficient penetration 

00-1-4 3 119-28-88 1-472238 483551 288 16.4 NA Rejected insufficient penetration , 
N 00-CH-4 I 19-28-88 1473378 482533 "' " NA Rejected insufficient penetration 

00-CH-4 2 119-28-88 1473378 482S33 34.S ••• .. Rejected insufficient penetration 

00-W-S I 119-28-88 UHS65 483543 U.l 3.1 " Rejected insufficient penetration 

00-W-5 2 119-28-88 1474585 483543 411 3.1 3.8 Vibrating fro. point of contact 

00-J-5 3 19-28-88 1474565 483543 41.111 3.1 3.1 Vibrating frol point of contact 

00-CH-5 I 19-28-88 147H9111 484725 38.1 8.0 ••• 
00-CH-5 2 19-28-88 147519il 484725 38.1 8 • 11.111 Hard sand, gray in color 

00-CH-6 I i19-28-88 1475978 486135 308 8.1 8.1 Fine sand si It clay 

00-CH-8 I 19-29-88 1477685 485745 35.2 8.8 .. Rejected- insufficient penetration 

00-CH-8 2 119-29-88 1477685 4857.(5 36.2 8.8 NA Rejected insufficient penetration 

00-CH-6 3 19-29-88 1477685 485745 362 8.8 8.8 

00-CH-7 I i19-29-88 14765811 4857311 39.1 .. 8.6 



TABLE A.!. (contd) 

California State Required Coli ect.ed 
Core Sa111ple !>ate, Zone III Coordinates bter Depth, Core Length, Core Length, 

Station Nu11ber loi,I-00-YY (X) Ent .Q'2 Horth Alii ft ft ft Co11ents 

00-CH-7 ' 09-29-88 14765011 485731 39.1 • 9 6. 7 

00-CH-4 1 119-29-88 1473378 482533 34.1 9.9 " Rejected - insufficient penetration 

00-CH-4 ' 89-29-88 1473378 482533 34.1 9.9 HIJ.II 

00-W-4 • 89-29-88 14722311 .(83551 28.9 16.1 156 

00-W-1 ' 119-29-88 14651128 481325 29.9 H.l 15..4 

OI-cH-1 1 89-29-88 1467318 481135 37.2 6.6 6.6 

00-W-4 ' 119-28-88 1-472231 4835611 28.4 " ' . Needed to collect only upper 5.1!1 ft of 

core , 
w 



TABLE A.2. Summary of Samples and Positions for Offshore Point Reyes 
Sediment Collection 

Stat1on 

Number 

2 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

Grab Date and Latitude/ 

Nu1ber Tile Sampled Longitude 

1 119-28-88 NA(a) 

2 

1 

2 

3 

1 

2 

3 

• 
5 

6 

7 

6 

1135 

119-29-88 

1335 1230iJ1 55 'W 

1!9-29-88 

14011 1230iJ1.26'W 

119-29-88 

15211 

111-112-88 

11!11! 

111-02-88 

1155 

111-112-88 

12115 

111-112-88 

370511.82'~ 

123Cifliii.79'W 

37°52.2-4' N 

1230iJ1.47'W 

37°53.ll'N 

123Ciflil.II1'W 

37o55.84'N 

123Cifli3 52'1 

37°52.611'N 

122°59.96 11 

37°52.75'N 

122°59.87'1 

12211 122°59.71 '1 

111-112-88 

1234 

111-112-88 

12511 

37°53.18'N 

122°59.89'1 

37°53 22'N 

122°59 94'1 

(a) NA"' No Data Avai I able 

(b) Yeloc = WSL-Oesigned Yeloc Sand Dredge 

(c) VVG =VanVeen Grab Supler 

(d) PO= Pipe Dredge 

Water Cooler 

Oepth 1 ft Sa111pler Nu1ber 

252 Yeloc(b) 27 

276 

276 

276 

266 

294 ,,, 
264 ,,, 
264 

264 

264 

"' 
264 

A.4 

VVG(c) 

Yeloc 

Yeloc 

YVG 

PD(d) 

PO 
saved 

PO 
saved 

PO 

PO 

PO 

PO 

PO 

12 

22,1 

n,5 

41l,13 

13,16 

Cornments 

Fine gra1ned sand 

Not for use in tests 

No sn.p I e co II ect.ed 

Cruise aborted 

No sa11p I e co II ected 

No sa lip I e co II ected 

No sa•ple collected 

Water grab 

Fine grained sedi111ent 

for control 

Sedi11ent too fine 

Sedi111ent too fine 

Coarse sedi•ent for 

coarse control 

!.lost washed out. 

Coarse sed i 1ent 

Pipe 2/3 full 

Coarse sediment 

Coarse sed i11ent 

Cooler 13 partially 

f i lied 

Coarse sedi111ent 

Cooler 15 partially 

fi lied 



TABLE A.2. (contd) 

Stat. ion Grab D~te and latitude/ Water Cooler 

Number Nu111ber Time Sa11pled Longitude Depth, ft Snpl er Number Comments 

2 9 11Hl2·88 J70SJ.30'N 264 PO 16,17,35 Coarse sed i m~~nt 

1301 122°59.83'1 

2 10 11-02-88 37o53.Sl'N 264 PO 38,21 Coarse sediment 

1323 122059.31 'W 

, ll HHI2-88 J70SJ.3-4'N 264 PO 34,9 Coarse sed i unt 
1348 122°58.95'1 

' 12 UHI2-88 J7053.39'N 264 PO 14,30 (Qarse sedinent 

14113 122058.91'1 Pipe 1/2 full 

2 " UHJ2-88 J7053.38'N 264 PO 31 Very little coarse 

1421 122°58. 71'1 sedi11ent collect.ed 

2 ,. liJ-32-88 J7D53.4S'N 252 PO U,42 Coar15e sed i 1ent 
1438 122058.57'1 Cooler 42 partially filled 

2 15 UHII2-88 J70SJ.32'N 262 PO " Coarse sed i11ent 
15111 122°58.411'1 

2 16 Ul-112-88 J70SJ.31'N 252 PO 20,24 Coarse sedinumt 

1515 122055.28 'I Cooler 24 parit.ally f i lied 

' 17 UH!12-88 37o53.24'N 252 PO 24, Ul Coarse sedi11ent. 

1538 122°58.11 'I 

2 18 UJ-32-68 37°53.29'N 252 PO 22,15 Coarse sediment 

1555 122058.85'1 

2 19 13-32-88 37°53.29'N 240 PO • Coarse sedi111ent 

1615 122056 73''11 

2 " 111-82-86 37°53 34'N 240 PO 2,18 Coarse sed i ~~ant. 

1648 122058.23'1 

2 21 13-32-88 37°53.I3'N 240 PO 39,18 Coarse sediment 

1657 122°56.33 'I 

2 22 1il-32-68 37053 il5 'N "' PO 35,26,5 Coarse sed i 1ent 

172il 122°55.8il''ll Cooler 5 is 1/2 full 

1•1 NA"' No Data Aui I able 

(b) Yeloc "' I.ISL-Designed Yeloc Sand Dredge 

(o) VVQ "' Van Veen Grab Sampler 

(d) PO . Pipe Dredge 

A.S 



Table A.3. Field Collection Personnel 

Task Participating Personnel 

Oakland Inner Harbor 
Sample Collection Battelle 

A.6 

Jack Word 
James Coley 
James Young 
Steve Keisser 
Valerie Eikelman 
Elaine Byer 
Roy Kropp 
Christie Oolstra 

U.S. Army Corps of Engineers, 
San Francisco District 

Brian Walls 
Tom Chase 

Manson Pacific Construction and 
Engineering Company 

Randy Morgan 
Gary Bacha 1 
Gary Baker 
Ruben Virgel 

Land and Sea Surveys 

Robin Villa 
John Corona 
Robert Gilard 

Crowley Marine 

Captain 
Deckhand 



Table A.3. (contd) 

Task Participating Personnel 

Offshore Point Reyes Collection Battelle 

Nephtys caecoides Collection 

Ampelisca abdita Collection 

A./ 

Jack Word 
James Coley 
James Young 
Steve Kei sser 
Valerie Eikelman 
Elaine Byers 
Roy Kropp 

FV White Lightning 

Leif Olson 
Bill Richards 
Ron Westman 
Anne Penberthy 

Battelle 

Jeff Ward 
Pat Fallon 
Mike Barrows 
Jeff Anderson 
Rob Cuello 

R. Gunstone and Associates 

Field Crew 

Brezina & Associates 
John Brezina 
Assistants 

Science Applications 
International Corporation 

Dr. John Scott 
Michele Redmond 
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APPENDIX B 

MATERIALS AND METHODS USED FOR THE DESCRIPTION OF 
SEDIMENT CORE 

B.l MATERIALS 

The following is a checklist of items and materials useful for the 

examination and description of sediment cores. 
• ASTM Procedure D 2488-84 
• Stainless-steel knife 

• Hand lens (lOX magnification) 
• 10 N Hydrochloric acid (HCl) 
• Ruler (scaled in 0.1-foot increments) 
• Blank log forms (see Figure B.l) 

• Clipboard 
• AGI Data Sheets 
• Munse 11 Co 1 or Charts 

In addition, the charts and/or reference materials listed in Table 8.1 
are useful in the description of specific sediment characteristics. 

B. 2 11ETHOOS 

Descriptions of the physical, chemical, and biological features 
preserved in sediments aid in the interpretation of the types of geologic 

processes active both during and after the sediment was deposited. A total of 

17 sediment characteristics, outlined in ASTM (1984), are commonly used to 
describe inorganic soils. These are listed in Table 8.1. 

Two features, moisture condition and dry strength was not routinely 

logged, because of the saturated nature of the sediments. Furthermore, since 

particles were rarely larger than coarse sand, characteristics of angularity, 
particle shape, range in particle size, and hardness also were not logged. 

For this reason, these sediment characteristics were not included in the log 

form for the description of Oakland Harbor sediments (Figure B. 1). However, 

in tre few instances where these characteristics did apply, they were 

described under the "COMMENTS" column. 
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Core 1: 
Data: 
Paga_ of_ 

~ 
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l -
I ! j 
I I 

-1 ' 

J I 

II ~ II 

! 

I I I I I I I 

FIGURE B.l. Form for Logging Oakland Harbor Sediment Data 
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TABLE B.1. Sediment Characteristics Identified in 
ASTM Procedure 02488-84. 

I) angularity (1) 
2) particle shape (1) 
3) color 
4) odor 
5) moisture condition 
6) HCI reaction 
7) consistency (i.e., firmness) 
8) cementation (1) 
9) structure 
10) sediment classification type (i.e., 1 ithology) 
11) ranqe of Darticle sizes (1) 
12) maximum particle size 
13) hardness (1) 
14) dry strength (2) 
15) dilatancy (2) 
16) toughness (2) 
17) plasticity (2) 

(1) Applies to coarse-grained sediment (sand and larger particles) 

(2) Applies to fine-grained sediment of mostly silt and/or clay 

The definition of "soil" from the engineer's standpoint (ASTM, 1984), 

includes any unconsolidated sediment. The geologic definition of soil 
is slightly different and restricts soils to those sedimentary deposits that 
have undergone alteration near the land's surface by either physical, 
chemical, and/or biological processes; therefore, in a strict sense, not all 
sediments are soils. For the purposes of this discussion, however, "soils" and 
"sediments" will be used synonymously. 

It is sometimes helpful to provide an estimate of the relative 
proportions of different constituents in sediments (e.g. light- versus 
darkcolored minerals). This is made easier and more accurate by using a 
percentage estimate chart, which provides a graphic reference with varying 
concentrations of a particular constituent. 

The criteria used to describe each of the 17 sediment characteristics 
identified in ASTM (1984) are discussed below. 
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B.2.1 Angularity 

The angularity of sedimentary particles is a reflection of the 
sedimentary environment and of the amount of time that has elapsed before 

deposition and burial. A range of angularity may be stated, such as: 
subrounded to rounded. Because the description of angularity only applies to 

coarse-grained sediments, it was not normally noted in the logs for this 
project. The few pebbles that were present were classified as angular, 
indicating they were not transported far from their source before being 
deposited. 

B.2.2 Shape 
Shapes of sedimentary particles often reflect the internal 

characteristics of the material (e.g., preferential parting). Sometimes 
shapes reflects the type of sedimentary environment. For example gravel 
clasts deposited in high-energy environments, such as beaches and river 

bottoms, are often worn flat. 

Gravel-sized clasts may be described in one of four ways. First, if the 
ratio of the clast's width to thickness is >3, it is classified as flat. 
Second, if the ratio of the clast's length to width is >3, the clast is 

elongate. Third, if both criteria apply the clast is both flat and elongate. 
Finally, if none of the criteria apply, then shape is not mentioned. The logs 

indicated the fraction of the clasts that have the sape, e.g., one-third of 
gravel clasts are flat. Particle shape did not apply to most of the sediments 
logged during this project, and the few pebbles that were observed were 
neither flat nor elongate. 

B.2.3 Color 

Color was often a useful criterion for differentiating Younger Bay Mud 
from Older Bay Mud. Sediment color was determined by comparing the wet 

sediment with standard sediment colors given in Munsell (1975). The advantage 
of using the Munsell soil color system is that it provides a consistent, 
standardized method for describing color and that subjectivity is minimized. 

The Munsell color notation consists of three simple variables that 

combine to describe all colors known in the Munsell soil color system. The 
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three variables are: hue, value, and chroma. The hue notation indicates the 
sediment color with respect to red, yellow, green, blue and purple; the value 
notation indicates its lightness; and the chroma notation indicates its 
strength (i.e., intensity). 

Color can be described either by the Munsell notation (e.g., SYR 5/3, 
hue=SYR, value=S, chroma=3) or by its equivalent color name (e.g., reddish 
brown). Both the color name and Munsell notation were recorded on core logs. 
Only rarely was there not a reasonable match between the true calor of the 
core sediment and one of the colors on a Munsell calor chart. 

8.2.4 Odor 

Odors may indicate the presence of contaminants or may be the result of 

the eochemical environment. Odors most frequently noted were the odors of 
petroleum hydrocarbons and the smell of rotten eggs (an indication of the 
presence of hydrogen sulfide). Both of these odors were restricted to the 
Younger Bay Mud unit. Petroleum odors may be the result of contamination of 
sediments by shipping spills or by industrial waste or maybe perhaps are 
derived from the abundant decaying organic matter present in these sediments. 
Hydrogen sulfide is a common natural by-product in chemically reducing 
environments such as the Oakland Harbor estuary. 

B.2.5 Moisture Condition 

Moisture condition is described as either dry, moist, or wet according 
to the following criteria: 

ORY Absence of moisture, dry to the touch 

MOIST Damp but no visible water 

WET Visible free water, usually sail is below water table 
(i.e. ,saturated) 

All the sediments logged for this project were taken from below sea 
level and did not lose any significant moisture between the time they were 
drilled and logged. Therefore, they are all classified as wet. 

8.2.6 HCl Reaction 

The reaction (i.e., effervescence) of sedimentary material as a result 
of adding dilute hydrochloric acid is an indication of the presence of calcium 
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carbonate. Calcium carbonate in sediments may be derived from a variety of 

sources, including 1) physical disintegration of preexisting carbonate rocks 
(e.g., limestone, marble), 2) biogenic precipitation (e.g., shell, bone), and 

3) soil development. In the last example, calcium carbonate concentrations, 
often referred to as caliche or calcrete, may accumulate over time near the 
land's surface in arid climates. Where calcium carbonate 
concentrations occur in combination with other evidence for soil development, 

such as root traces and oxidation, then a pedogenic (soil forming) or1g1n is 
favored. Criteria for describing the reaction with 10 N HCl are as follows: 

NONE 

WEAK 

STRONG 

No visible reaction 

Some reaction, with bubbles forming slowly 

Violent reaction, with bubbles forming immediately 

A solution of 10 N HCl is obtained by slowly adding one part of 
concentrated hydrochloric acid to three parts of distilled water. 

8.2.7 Consistency 

Consistency is a measure of the firmness or consolidation of sedimentary 

material. In general, there is a direct relationship between consistency and 
age of the deposit (i.e., older deposits are usually more firm because of 
compaction and/or cementation). Consistency is most applicable to 
fine-grained sediments and least applicable to sediments that contain 

significant amounts of gravel. The criteria used to determine consistency are 
as follows: 

VERY SOFT 

SOFT 

FIRM 

HARD 

VERY HARD 

8.2.8 Cementation 

Thumb will penetrate soil more than 1 inch {25 mm) 

Thumb will penetrate soil about 1 inch (25 mm) 

Thumb will indent soil about 1/4 inch (6 mm) 

Thumb will not indent soil but is readily 
indented with thumbnail 

Thumbnail will not indent soil 

Often sedimentary particles are held together with a binding cement. 

Three common natural cements are calcium carbonate (lime), silica, and 
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ironoxide compounds. Particles cemented with calcium carbonate effervesce in 
the presence of hydrochloric acid (see Section 8.2.6 above). Sediments 
cemented with iron oxide are usually some shade of red, yellow, or brown. 
Usually there is a relationship between consistency (Section 8.2.7) and 
cementation, in that strongly cemented depositS are also hard to very hard. 
Criteria used to describe the degree of cementation are as follows: 

WEAK Crumbles or breaks with handling or light finger pressure 

MODERATE Crumbles or breaks with considerable finger pressure 

STRONG Will not crumble or break with finger pressure 

8.2.9 Structure 

Structures are features that originate within the layers of sediment or 
at the sediment/water interface in response to various physical, biological 
and/or chemical processes. Structures may be classified into two categories: 
primary and secondary. Primary structures form as the sediment is being 
deposited (e.g., lamination, stratification). Secondary structures form after 
deposition, often as a result of compaction or other stresses (e.g., fissured, 
slickensided), biological activity (e.g., root traces, mottling), and soil 
development (e.g., homogeneous, blocky, mottled). The following are some 
common structures observed in sedimentary deposits. 

PRIMARY STRUCTURES 

STRATIFIED 

LAMINATED 

LENSED 

SECONDARY STRUCTURES 

FISSURED 

SLICKENSIDED 

Alternating layers of varying material or color with 
layers at least 6 mm thick 

Alternating layers of varying material or color with the 
layers less than 6 mm thick 

Inclusion of small pockets of different sediment type, 
such as small lenses of sand scattered through a mass of 
clay. (This type of structure may also be secondary) 

Breaks along definite planes of fracture with little 
resistance to fracturing 

Fracture planes appear polished or glossy, sometimes 
striated 
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BLOCKY 

MOTTLED 

HOMOGENEOUS 

Cohesive soil that can be broken down into small angular 
lumps which resist further breakdovm 

Variation in color of sediments as represented by 
localized spots or blotches of color or shades of color 

Same color and appearance throughout 

8.2.10 Sediment Classification Type 

The classification method used in this study is the Unified Soil 

Classification System (AGI 1982) which consists of a two-letter designation 
for most soils (i.e., unconsolidated sediments). According to this 

classification system, coarse-grained sediments are classified based on 

grain-size distribution and grading (i.e., sorting), while fine-grained 
sediments are classified on the basis of grain size and liquid limit vs. 
plasticity. 

Particle-size distribution may be determined with precision using 
pipette or laboratory methods (e.g., sieving of sand and coarser 

hydrometer analysis of silt and clay). Because these 
particles; 

methods are expensive 
and time-consuming, it is more desirable to estimate grain size using rapid 
visual-manual techniques. For example, sand and coarser particles are most 
easily identified via comparison with standard charts of grain size. 
Fine-grained soils, consisting of mostly silt and/or clay, on the other hand, 
are identified based on manual tests of their dry strength, dilatancy, 
toughness, and plasticity (Figure 8.2). 

In the Unified Soil Classification System, the first letter of the 
sediment-type symbol represents the predominant grain-size interval, gravel 
(G), sand (S), silt (M), or clay (C). For coarsegrained sediments, the first 

letter (i.e., G or S) may be followed by a descriptor of grading, either W 
(well graded) or P (poorly graded), or a secondary grain-size descriptor (M or 
C). The definition of grading is opposite that of sorting, a common geologic 

term. For example, a clean, well-sorted sand, consisting of particles over a 

narrow range in grain size, is referred to as poorly graded in the Unified 
Soil Classification System and would receive the designation "SP". The second 

letter in the fine-grained soil designation consists of either l (low liquid 

limit) or H (high liquid limit). 
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The lithology column on the geologic log (Fig. B.l) essentially 
represents a graphic display of sediment type. The graphic displays of 
lithology, utilized for quick, easy reference and comparison between different 
cores, thus make interpretations easier. Examples of other lithologic symbols 
in common use can be found in Last and Liikala (1987). Additional symbols may 
be used as long as they are graphically representative of the feature and are 
specifically defined and identified in a key that accompanies lithologic logs. 
8.2.11 Range of Particle Sizes 

For gravel- and sand-sized particles, the range of particle sizes 
within each component is defined (e.g., 20% fine to coarse gravel, 40% fine to 
coarse sand). 
B.2.12 Maximum Particle Size 

Maximum particle size is significant because it gives a general 
indication of the amount of turbulence or energy associated with deposition. 
If the maximum particle size is sand, it should be described as either fine, 
medium, or coarse sand. If the maximum particle size is in the gravel range, 
the largest particle is measured and its width along the narrowest axis is 
recorded. 

The maximum grain size observed for the Younger Bay Muds ranged from 
silt to medium sand, while the Older Bay Mud usually ranged from fine sand to 
coarse sand. The largest particles observed anywhere were fine pebbles in the 
Older Bay Mud unit, the largest of which had a small diamter of about .5 mm. 

8.2.13 Hardness 

To determine harndess, the condition of the coarse sand and larger 
particles after being struck by a hard object, suach as a hammer, is 
described. Particles that do not fracture easily or resist a hammer blow are 
described as hard. Particles that crumble or break under the hammer blow are 
described accordingly. 

Hardness was not applicable to this study because of the paucity of 
coarse sand and larger particles. The few pebbles that were present were 
composed exclusively of a very hard chert-like rock fragments. 
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B.2.14 Dry Strength 

Dry strength, dilatancy, toughness, and plasticity are physical 
characteristics used to distinguish fine-grained inorganic soils, consisting 
of mostly silt and/or clay. The more clay present in a soil the greater its 
dry strength (Fig. B.2). To perform a manual test of dry strength, enough 
material must be selected in order to mold the material into a ball about 1 
in. in diameter. The material is molded until it has the consistency of 
putty, adding water if necessary. From the molded material, at least three 
test specimens each about 1/2 in. in diameter are made. The specimens are 
allowed to dry in air, in sun, or by artificial means, as long as the 
temperature does not exceed 60C (ASTM 1984). The criteria for determining 
dry strength are as follows: 

NONE 

LOW 

MEDIUM 

HIGH 

The dry specimen crumbles into powder with mere pressure of 
handling 

The dry specimen crumbles into powder with light finger 
pressure 

The dry specimen breaks into pieces or crumbles with 
considerable finger pressure 
The dry specimen cannot be broken with finger pressure; 
specimen will break into pieces between thumb and a hard 
surface 

VERY HIGH The dry specimen cannot be broken between the thumb and a hard 
surface 

The dry strength of the silt/clay fraction could not be determined for 
the Oakland Harbor sediments because there was not enough time between logging 
of the core and compositing. In the future, this physical property can and 
shou ld be evaluated by sampling selected intervals where the silt/clay ratio 
is uncertain. The dry strength of these samples (and the relative amount of 
clay) could be determined at a later time (several days or more), after the 
samp les have been allowed to dry. 

B.2. 15 Dilatancy 

Dilatancy is a measure of how easily a soil gives up water when shaken. 
For example, some clays have the ability to absorb and retain large amounts of 
water in their crystal lattice. "Fat" clays tend to retain their water even 
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under stress, whereas "lean" clays and silts tend to release water when 

shaken. 

To test for dilatancy enough material to mold into a ball about 1/2 in. 
1n aiameter. 
soft, but not 
the hand with 

The material is molded, with water if 
sticky consistency. The soil ball is 
a blade of a knife or small spatula. 

necessary, unt i 1 it has a 
smoothed in the palm of 
Then it is shaken 

horizontally by striking the side of the hand vigorously against the other 
several times. The reaction of water appearing on the surface of the soil is 
noted. Finally, the sample is squeezed by closing the hand or pinching the 
soil between the fingers. Specimens with high dilatancy will quickly yield 
water when shaken and absorb water when squeezed. The criteria for describing 
di 1 atancy are: 

NONE No visible change in the specimen 

SLOW Water appears slowly on the surface of the specimen during 
shaking and does not disappear or disappears slowly upon 
squeezing 

RAP[O Water appears quickly on the surface of the specimen during 
shaking and disappears quickly upon squeezing 

The range of dilatancy for the different fine-grained sediment types 
is shown in Figure B.2 where it is apparent that dilatancy decreases with 
decreasing grain size. 

8.2.16 Toughness 

After completion of the dilatancy test, the same specimen is shaped into 
an elongated pat and rolled by hand on a smooth surface or between the palms 
into a thread about 1/8 in. (3 mm) in diameter. (If the sample is too wet to 
roll easily, it should be spread into a thin layer and allowed to lose some 
water by evaporation.) The sample threads are folded and the sample is 
rerolled repeatedly until the thread crumbles at a diameter of about 1/8 in. 
The thread will crumble at a diameter of 1/8 in. when the soil is near the 
plastic limit. After the thread crumbles, the pieces are lumped together and 
kneaded until the lump crumbles. The toughness of the material during kneading 
is noted and the sample is classified into one of the following categories: 
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LOW Only slight pressure is required to roll the thread near the 
plastic limit. The thread and lump are weak and soft. 

MEDIUM Medium pressure is required to roll the thread to near the 
plastic limit. The thread and lump have medium stiffness. 

HIGH Considerable pressure is required to roll the thread to near 
the plastic limit. The thread and the lump have very high 
stiffness. 

The range of toughness for the different fine-grained sediment types 
is shown in Figure 8.2, from which it is clear that toughness increases with a 
decrease in particle size. 

8.2.17 Plasticity 

On the basis of observations made during the toughness test, the 
plasticity of the material is described according to the following criteria: 

NONPLAST!C 

LOW 

MEDIUM 

HIGH 

A 1/8 in. thread cannot be rolled at any water content. 

The thread can barely be rolled and the lump cannot be 
formed when drier than the plastic limit. 

The thread is easy to roll and not much time is 
required to reach the plastic limit. The thread cannot 
be rerolled after reaching the plastic limit. The lump 
crumbles when drier than the plastic limit. 
It takes considerable time rolling and kneading to 
reach the plastic limit. The thread can be rerolled 
several times after reaching the plastic limit. The 
lump can be formed without crumbling when drier than the 
plastic limit. 

The range of plasticity for the different fine-grained sediment types is 
shown in Figure 8.2. From this figure it is apparent that an increase in 
plasticity accompanies a decrease in grain size. 
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Kev to Co~ Log: After ASTM Procedure 02488-84 

Clay to Clayey Silt 

Concentrated Organic 
Maner 

Mollusk Shells {Manne) 

Color: According to Munsell Soil Color 
Chart (All colors are wet) 

Consistencv: 
vs : very soft 
s = soft 
F : firm 
H : hard 

VH = very hard 

Concentration: 
h :c no: cemented 
1-1 = weakly cemented 
~ = moderately cemented 
S "' s:r-ongly cemented 

[;Co"': 
S = sulfide 
P"' pe:ro1eum 
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Tvoe: 
---,ee ASTM 02488-84 

Dilatancy: 
N -= none 
S "' slow 
R = rapid 

Touahness: 
l : ow 
M = medium 
H = high 

Pl ast i ci tv: 
N = none 
L = low 
M = medium 
H = high 

Structure: 
S "' stratified 
L "' laminated 
F = fissured 

Sl = slickensided 
Ln "' ·1 en sed 
Bl = blocky 
M = mottled 
H = homogeneous 

H:::l R:eac::ic~: 

1\ - none 
W = weak 
S = s~ron~ 

Maximum Par:ic"1e Size: 
C.S = coa;se sana 
~~ "'meCium sand 
::-c = ~~n~ sene 

' = si':: 
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APPENDIX C 

SEDIMENT CHEMISTRY AND 
QUALITY ASSURANCE DATA 



TABLE C.l. Concentrations of PAHs in Sediment Treatments, Dry Weight 

Sediment 
Treatment 

Target DL 
Achieved DL 

01-CH-Il 

00-CH-1 

00-CH-2 

OI-CH-2A 

00-CH-3 

00-CH-4 

OI-CH-4A 
00-CH-5 

00-CH-5 

OI-C!--5A 
00-C~-7 

00-C!--8 

01-SS-4-L 
OI-SS-4-L OUP 

01-TS-5AU 
01-TS-SAU DUP 

01-TS-5Al 
OI- TS-5 Merritt 

01-I.IA-ll 

01-t.!A-ll DUP 
Ol-MA-2U 

OI-t.!A-2l 

00-W-1 

00-W-2 

00-W-3 

00-W-4 

00-W-5 

PR-coarse 
PR-fine 

iom~les Bay 

U = Undetected. 

Acenaph
thene 

21!1.1! 

B.B7 

B.B7U 

ll B7U 

0 07U 

13.18 

8.51 

12.57 

IU7U 

3.1!0 

ll.ll7U 

il il7U 

ll B7U 

il.ll7U 

0.1l7U 

1!.61 

1il4.69 

126.15 

16 96 

il ii7U 

11.49 

il.6il 

60.73 

1.77 

il.ii7U 

1!.52 

1.86 

il.II7U 

0 B7U 

il.il7U 

ll 07U 

il !!7U 

Acenaph
thylene 

20.1! 

B.il7 

0.1l7U 

il B7U 

0.il7U 

il.i17U 

il.il7U 

0 il7U 

il.ll7U 

il B7U 

il.il7U 

0.07U 

il.II7U 

ll.il7U 

il.II7U 

11.117U 

il.il7U 

0.1l7U 

11.117U 

0 ll7U 

11.117U 

ll.ll7U 

il.B7U 

i1.07U 

0.1l7U 

il.07U 

il.II7U 

11.07U 

11.07U 

0.07U 

il i17U 

ll i17U 

PAH Concentrations (ngfg dry wt) 

Anthra

~ 

2B.II 

B.ll9 

B.l2 

"' "' 49.19 

25 45 

34.79 

ll.il9U 

10 71 

14.83 

il. 24 

3.30 

21!.69 

11.44 

0.52 

220.43 

278.78 

30.13 

1!.35 

0.57 

11.52 

171!.09 

3.51 

il.87 

1.88 

6.11 

23.97 

11.1!8 

il. 74 

B. 57 

1!.31 

Benzo(a) 
Anthra- Benzo(a) 

cane pyrene 

211.11 211.11 

0.118 0.15 

B.BBU B.31 

19.85 16.92 

846 1884 

11!9.75 21!5.45 

71!.62 176.57 

41.43 75.66 

11.13 ll.l9 

21!.51 47 59 

27.1!9 51.96 

11.28 11.15U 

7.59 15.111 

38.111 58.57 

1.98 2.99 

ll.U 1.34 

671.611 1262.93 

719.29 1493.92 

48.91! lllil.llB 

11.67 2.11 

1.13 2.43 

11.40 1.32 

392.14 1399.711 

111.69 32.71! 

1.12 11.16U 

7.94 25.71! 

21!.56 42.36 

42.45 182.117 

0.08U ll.15U 

2.27 3.57 

1.94 3 39 

11 79 " 63 

J =An estinated value when result is less than specified detection li111it. 

c .1 

Benzo(b) 
flouran

thene 

20.1! 

B.33 

11.47 

15.79 

13 14 
151.11 

1211.113 

56 Ill 

0.19J 

37.32 

411 35 

11.53 

12.il8 

52.27 

1.95 

11.91 

1317.74 

1454.116 

74.95 

1.76 

1.41! 

'" 996.07 

20.4B 

3.95 

17.73 

29.82 

69.51 

11.33U 

3.98 

3. 79 

'" 

Benzo 
(g,h, i) 
pery I ene 

2B.I1 

B.35 

0.5B 

17.116 

16.19 

1611.41 

184.24 

63.76 

0 19J 

43.76 

44.118 

0.52 

12.93 

42.22 

2.99 

1.42 

730.79 

925.70 

75.69 

1.411 

2.il8 

1.411 

11!89.62 

26.97 

1.14 

22.21 

38.89 

85.46 

0 35U 

4.1!8 

4.47 

0.78 

Benzo(k) 
fluoran

thene 

2B.II 

0.33 

II. 20J 

Ill. 6il 

9.92 

116.96 

11!3. 73 

54.15 

0.13J 

34.41 

38.il0 

0. 20J 

12.68 

43.69 

1.83 

11.73 

672.87 

967.76 

55.34 

1.77 

1.41! 

072 

ll.33U 

16.36 

3.95 

12.65 

27.21 

64.11 

0. 33U 

198 
2.27 

il.53 



TABLE C.l. (Contd) 

D i benzo 

(a, h) 

PAH Concentrations (ngfg dry wt) 

Fluoran-

lndeno
(1,2,3-

c,d) Napht.ha- Phen;m-Sedinent 
Treat~~ent Chrysene anthrac:ene thane Fluorene ~ lene t.hrene Pyrene 

Target Dl 

Achieved DL 

01-CK-B 

00-CH-1 
00-CH-2 
OI-CH-2A 

00-CH-3 
00-CK-4 
OI-CK-4A 

00-CH-5 
00-CH-6 

01-CH-SA 
00-CH-7 
00-CH-8 

OI-SS-4-L 

01-SS-4-l OUP 

01-TS-SAU 
OI-TS-SAU Di.JP 

01- TS-SAL 
01-TS-5 Merritt 

OH~A-lL 

OI-f,jA-ll DUP 

OI-MA-2U 

OI-MA-2L 

00-lf-1 

00-111-2 
00-1-3 
00-'11'-4 
00-1-5 

PR-coarse 

PR-f1ne 

Tomales Bay 

2B.B 

1!.12 

0.35 

14.56 
li!. 91 

132.67 
96.16 

56.97 

IL20 

28 39 

4B BS 

11.48 

19.06 

53.81 

125 
1.18 

887.51 

1!!67. 56 

67 411 

1.22 

1. 74 

116 

5115.66 

13.78 

2.58 

11.32 

28.39 

61 11 

ll 12U 

397 

3 " 

"' 

21Ut 

liJ.54 

ii.54U 

1.68 

B.97 

9.82 

11!1. 82 
4.33 

II. 54U 

3.51 

3.49 

ii.54U 

1.113 

3.49 

II. 28J 
0. 54U 

187.93 

239.84 

6.35 

B. 54U 

il. 54U 

e. s•u 
76.98 

1.80 

B. 54U 

1. 56 

2.88 

4 " 
0 54U 

B 26J 

0 35J 

0 13J 

26.6 

6.11 

21.1.1 

6.64 

liJ.21 6.14 

28.11 2.78 

27 37 1.99 

288.98 15.76 

174.32 8.56 

143.19 13.68 

11.16 1.04U 

56.32 4.06 

69.48 4.25 

6.59 0.48 

15.62 1.24 

77.22 4.93 

2.65 3.26 

3.37 6.34U 

1677.69 93.85 

1283.81 115.11 

125.38 25.43 

1.32 6.41 

5.37 6.64U 

3.32 B.B4U 

11B9.66 36.Sl 

81.92 0.65 

2.82 1 86 

26.68 3.79 

44.63 2.23 

Hl.84 7.13 

B.llU 6 34U 

6.42 1.63 

4 84 6.94 

1.78 2 32 

C.2 

28.3 

6.23 

B. 27 

14 62 

12 54 

128.41 

183.71 

52.96 

3.23U 

38.78 

82.00 

0.23U 

10.44 

32.42 

'" 
1.06 

782 96 

939.85 

87.28 

1. z• 

"' 1.05 

957.32 

23 65 

3 23U 

18 59 

34 96 

67 70 

3 23U 

257 

"' 
"' 

26.1 

1.14 

21.6 

1.19 

8.B4U 3.39U 

4.57 21.il2 

3.19 13 Bil 

18.16 142.38 

12 92 69.67 

6.19 61.77 

1.88 1.21 

il.il4U 27.il2 

3.41 27.27 

9.il9 2. 2il 

il.il.U 5.99 

2.78 33.53 

2.94 1.82 

0 04U 1. 92 

5il.il7 515.1il 

6il.95 562.67 

9.29 138 75 

2.49 1 39 

8.84U 2.12 

8il4U 187 

92.14 453.41 

8 •5 13.lfl 

IJ 84U 4.86 

IJ.IJ4U 6.6il 

1 •3 16.59 

0 83 55.95 

ll.IJ4U ll.IJ9U 

0.04U 9.49 

IJ IJ4U 4.92 

4.4il 17.63 

21Ul 

'" 
11.37 

38.83 

35.92 

487.36 

293.68 

222.88 

0.17 

lil3.59 

144.15 

e. 57 

40 71 
180.41 

5.91 

4.113 

2il46. 57 

2386 811 

235. 8il 

2.82 

'" 3. 98 

2383. 53 

73.77 

3.54 

28.96 

64.11 

226.56 

8.87U 

7.52 

6.23 

2.66 

Tot.a I 

2.73 

2118.811 

178.54 

28311.47 

1478.79 

896.78 

2.88 

448.38 

5411.38 

15.il8 

148 18 

6411.11 

27.54 

17 51 

111482 47 

12622.24 

11172.53 

18.68 

25.91 

17 23 

9816.118 

2811.93 

25.63 

176.47 

382 82 

953 75 

'" 
46 31 

39 .• 3 

37.65 



TABLE C.2. Quality Assurance Summary for Sediment PAHs 

Measurements of Precision: Dup 1 i cate Results 

(ng/g dry wt) 

Benzo(a) Benzo(b) Benzo Benzo(k) 

Sediment Ac::enaph- Acenaph- Anthra- Anthra- Benzo(a) flouran- (g,h, i) fluoran-

Treatment thene thylene ~ cene pyrene thene perylene thane 

OI-55-4-L fl.07U B.ii7U 1.44 1.08 2. 99 1. 95 '" 1.63 

OI-SS-4-l DUP 11.61 IUI?U 1.52 11.41 1.34 091 1.42 0.73 
I-Stat N/A N/A 0.8 0 5 '·' 0.4 0.4 " RPD N/A N/A 17 " 78 73 71 78 

01-TS-SAU 11!4.89 l.ii7U 2211.43 571.8il 1262.93 1317 H 7311.79 672.87 

OI-TS-SAU DUP 128.15 B.B7U 278.78 719.29 1493.92 1454.116 925.71!1 967 76 

I-Stat 0.1 N/A 0.1 0 1 0.1 

RPD 18 N/A " " 17 

01-MA-lL 0.49 0.07U 1!1.87 1.13 '" 140 2.06 1. 41!1 

01-I.IA-ll DUP 11.611 Ill i!7U 11.52 8.411 1.32 il.9il 140 11.72 

1-Stat 0.1 N/A 0.1 0.5 ' 3 0.2 0.2 0.3 
RPD " N/A " 95 59 " 38 " 

(ngjg dry wt) 

Indeno-

Dibenzo (1,2,3-

Sedi1ent (a ,h) Fluoran- c' d) Naphtha- Phenan-

Treahent Chrysene anthracene thene Fluorene Pl!..!!.!!.!... lene threne Pyrene Tota I 

01-SS-4-l 1. 25 B.26J 2.65 B. 26 2. 44 2. 94 1. B2 5.91 27.54 

OI-SS-4-l DUP 1 18 B.S4U 3.37 B.B4U l.B6 B.UU 1. 92 Ul3 17 51 

!-Stat 0.0 N/A 0.1 N/A 0.4 NfA " 
.., 0.2 

RPD 8 N/A " N/A 79 N/A 81 38 45 

01-TS-SAU 867.51 167 93 1B77 .09 93.85 762. 9B SB B7 515 111 2!!46. 57 1B482.47 

OI-TS-5AU DUP 1!!67 56 239.84 1283.81 115 11 939 85 6B 95 582.57 2386.8!! 12622 24 

1-Stat 0. 1 ' ' 1 
.., 0.1 0.1 0.0 0.1 0.1 

RPD " " 18 " " " g 15 10 

OH~A-lL 74 B.54U 5.ll7 ll.04U 1.4!! l!.i14U 2.12 6.lJB 25 91 
01-l.IA-ll DUP 1.16 0 54U 3.32 B.B4U l.BS B.B4U 187 3.98 17.23 

l-Stat 0 ' N/A 0 ' N/A 0.1 NjA 0.1 . ' 0.2 
RPD " N/A ., N/A 20 NfA 17 " " 

u ' Jndetected. 

N/A = Not Applicable 

J ' '" est1rnated value when resu It " less than specified detection I irnit. 

C.3 



TABLE C.2. (Contd) 

Measurements of Accuracy: Standard Reference Materials (SRMs) 

(ngfg dry wt) 

Benzo(a) Benzo(b) 
Sediment Ac~naph- Acenaph- Anthra- Anthra- Benzo(a) f lou ran-
Treatm~~nt thene thx lene ~ cene py rene thene 

Certified 

Value (Sq-1) 120 "' 1" "' 130 188 (a) 

FZ11 SRM 188.73 il.ii7U 138.43 157.18 189.59 182.56 

Percent Recovery .. ' 138 143 "' 182 

FZ13 SRM 93.74 II.B7U 189.47 122.18 156.411 133.84 

Percent Recovery 78 ' 110 1ll 120 134 

(ng/g dry weight) 

Indeno-
Dibenzo (1,2,3-

Sedi111ent (a,h) Fluoran- c,d) Naphtha- Ph en an-

Treahent Ch rysene anthracene thene Fluorene ~!!ill.!_ _jene threne 

Certified 

Va I ue (SQ.-1) 158 " 130 120 1" 99 130 

FZ11 SR!.I 176.71 125.83 184.88 113.83 6.62 ~9.53 157 48 
Percent Recovery 118 167 142 " 7 50 121 

FZl3 SRI.! 134 " 9:2.8:2 147.15 11!11.55 4.34 47.79 133 55 

Percent Recovery " 125 ll3 85 • .. 1" 

U = Undetected. 
(a} Values are the SUI of Benzo(b)fluoranthene and Benzo(k)fluroanthene 

SRM reported as the value of Benzo(b)fluoranthene 

C.4 

Benzo Benzo(k) 

(g,h, i) fluoran-

pery lene thene 

1" 1" 

146.38 ND (a) 

"' "' 
116.38 NO (a) 

118 "' 

Pyrene Tot.al 

"' 
167 :23 1895.97 

152 

134 39 15:24.43 

122 



TABLo C.Z. ( Contd) 

Surngate Recoveries 

Sediment 
Treatment d8-Naph dU-~cen dlZ-Chry d12-Pery dH!-Phen 

01-CI-l-~ 48 " 75 59 61 
00-CH-1 .. 58 82 " 71 
00-CH-2 52 61 " 59 " Ol-CH-2A " " 58 57 74 
00-CH-3 " 61 " 87 75 
00-CH-4 " " " " 73 
OI-CH-4A 58 82 79 " " 00-CH-5 41 " " " 59 
00-CH-6 " 53 52 45 " Ol-CH-6A 78 77 78 " " 00-CH-7 " " " " 61 
00-CH-8 " " 58 " " 
01-SS-4-l " 53 78 71 58 
01-SS-.4-l DUP " " 69 59 54 

OI-TS-5AU " 10 57 " 73 
01-TS-SAU DUP 51 77 " " 77 
OI-TS-5AL " " " 58 " DI-TS-5 ~erritt 53 82 66 73 61 

OH~II-ll 26 26 52 " 37 
01-l.tA-ll DUP 51 52 " 57 53 
OI-I.tA-2U 56 " " 82 75 
Ol-lo!A-2L 52 59 78 " 65 

00-W-1 " 58 75 82 " 00-11-2 46 " 69 58 58 
00-W-3 41 45 69 55 51 
00-W-4 39 56 41 36 " 00-1-5 37 41 57 54 " 
PR-coarse 55 " 75 59 76 
PR-fine 52 66 77 65 71 

Tomales Bay " 67 " 54 64 

FZll SRI.t 53 66 63 72 69 
FZ13 SRM 52 66 77 66 66 
FZ12 PB " 66 76 66 64 
FZ14 PB 75 " 76 " 74 

PB- Procedural 81 ank 

c.s 



TABLE C.2. (Contd) 

Procedural Blanks (PBs) 

Sediment. 

Treatment 

FZ12 PB 

FZ14 PB 

Acenaph-

thene 

ii.II7U 

IU!7U 

Acenaph-
thy lene 

il.ilBU 

il.ii8U 

Dibenzo 

(ng/g dry 

Anthra-

~ 

IUI9U 

IJ.Il9U 

weight) 

Benzo(a) Benzo(b) 
Anthra- Benzo(a) f lou ran-

cene pyrene thene 

11.86 IUSL 1.33U 

ii.IISU IUSU B.33U 

(ng/g dry weight) 

Indeno-
(1,2,3-

Sedrment 
Treahent 

(i,h) Fluorom- c,d) Naphtha- Phenan-
Chr~sene anthracene thene Fluorene ~ _l_e!J!........ th rene 

FZ12 PB ll.12U ii.54U 11.38 il.il4U B.23U 12.31! 1. 74 

FZ 14 PB i!.12U i1 54U 1!1.26 B.ll4U i1.23U 1. 911 1!1.51 

U " Undet.ected. 

Spikes and Recoveries 

PERFORMED AS SURROGATE SPIKES/RECOVERIES 

C.6 

Benzo Benzo(k) 
(g,h, i) fluoran-

pery I eM thene 

il.35U i1.33U 

lil.3SU ll.33U 

P~ rene 

11.31 

1!.26 



TABLE C.3. Concentrations of Pesticides in Sediment Treatments, Dry Weight 

Sed1ment 

Treatment 

Target OL 
Achieved Dl 

OI-CH-1!1 

00-CH-1 

00-CH-2 

OO-CH-2A 

00-CH-3 

00-CH-4 

OI-CH-4A 

00-CH-5 

00-CH-6 

OI-CH-6A 

00-CH-7 

00-Cft-6 

OI-SS-·L 
OI-SS-4L DUP 

OI-TS-5AU 

OI-TS-5AU OUP 

OI-TS-5AL 

OI-TS-5 l.lerritt 

0 I -MA-lL 

OI-MA-lL OUP 

0 I -MA- 2U 

OI-MA-2L 

00-'11-1 
00-'11-2 
00-'11-3 
00-'11-4 
00-'11-5 

PR-coarse 

PR-fine 

Tomales Bay 

U = Undetected. 

2.50 

0.02 

B.B2U 

1!1.112U 

0.112U 

B.B2U 

11.02U 

1!1.112U 

II.B2U 

II. il2U 

0.02U 

0.02U 

1!1.112U 

1!1 1!12U 

11.112U 

0.il2U 

0. il2U 

0.B2U 

0.02U 

1!1.02U 

1!1.02U 

0.02U 

0 02U 

0 02U 

0 02U 

0.02U 

0 02U 

B.B2U 

1!1 B2U 

1!1 B2U 

B. B2U 

0 B2U 

2. 50 

0.32 

B.B2U 

11.112U 

0.112U 

1!1.12U 

11.112U 

11.112U 

I 12U 

0.i12U 

B.B2U 

0.B2U 

ll.il2U 

il.il2U 

0.il2U 

0.112U 

0 02U 

iJ.I2U 

0.02U 

iJ.02U 

0.02U 

0.02U 

0.02U 

l!l.B2U 

e e2u 
1!1 l!l2U 

1!1 02U 

1!1 B2U 

a e2u 

B. 1!12U 

ll.II2U 

1!1 1!12U 

Pesticide Concentrations (ngfg dry wt)· 

2.50 

S.ll2 

0.i12U 

0.1J2U 

11.02U 

il.i12U 

ll.i12U 

B.i12U 

II.B2U 

B.ll2U 

8.1!12U 

il.i12U 

0.02U 

ll.02U 

1!1 i12U 

B.B2U 

8.1!12U 

8.82U 

11.02U 

11.82U 

8 82U 

8.82U 

ii.II2U 

8.82U 

8.82U 

0.82U 

8.82U 

B.B2U 

l!l.82U 

0.112U 

B.B2U 

8.1l2U 

C.7 

2.51!1 

11.03 

0.03U 

0.03U 

11.03U 

0.113U 

IUJU 

11.03U 

ll.ll3U 

II.IIJU 

II.IIJU 

il.i13U 

IUJU 

f.i13U 

ll.ll3U 

11.113U 

8.1!13U 

11.1!13U 

8.113U 

8.83U 

ii.83U 

8.113U 

11.113U 

0.83U 

ii.B3U 

II B3U 

11.83U 

11.113U 

ii.83U 

8.83U 

8.113U 

B.B3U 

PoP 
...QQ!L 

2.58 

1!1.1!14 

0.04U 

11.84U 

1.85 

4.81 

5. 77 

9.55 

11.04U 

2.16 

2.96 

il.ii.U 

8.85 

2.70 

IU14U 

11.04U 

6. 76 

4.52 

1.08 

8.84U 

8.04U 

0.04U 

3. 93 

II 1!14U 

0 1!4U 

ii.1!4U 

'" 8.72 
8.84U 

ii.I!4U 

1!1 1!14U 

11.04U 

P.P 
DOE 

2.50 

0.03 

ll.03U 

8.1!3U 

2. 21 

3.91 

5.24 

4.33 

B.B3U 

1.03 

2.27 
0.i13U 

1!1.96 

1.87 

8.1!3U 

B.i13U 

5.1l.IJ 

4.22 

0.86 

I!.IIJU 

Ul3U 

1!.113U 

3.57 

11.113U 

II il3U 

0.113U 

11.78 

4.111!1 

e.eau 

2.15 

2.36 

il.il3U 

'·' DDT 

2.50 

"' 
ll.ll2U 

ii.II2U 

il.II2U 

I!.B2U 

11.112U 

B.I!2U 

il.il2U 

0.112U 

I!.B2U 

0.1!l2U 

11.02U 

8.82U 

0.02U 

0.il2U 

B.II2U 

1!. B2U 

11.02U 

l!.il2U 

1!1 1!12U 

B. 1!12U 

0.il2U 

1!1.1!12U 

1!1 02U 

1!1 1!12U 

B.B2U 

ll.ll2U 

1!1 112U 

11.112U 

II 112U 

ll.ll2U 

Dieldrin 

2. 50 

11.112 

11.1!2U 

11.112U 

1.03 

8.112U 

11.1!2U 

ll.!l2U 

ll.ll2U 

8.112U 

8.82U 

11.112U 

0.112U 

ll.ll2U 

11.02U 

ll.02U 

II ll2U 

ll.02U 

0.1l2U 

ll 1!12U 

0.B2U 

1!1 .B2U 

II !l2U 

B.B2U 

0.1!12U 

0.02U 

II 02U 

0 112U 

B.II2U 

11.112U 

!l.!l2U 

11.02U 



TABLE C.3. (Contd) 

Sediment 
Treatment 

Target Dl 

Achieved Dl 

OI-CH-0 

00-CK-1 
00-CH-2 
OO-CH-2A 

00-CH-3 
00-CH-4 

OI-CH-4A 
00-CH-5 

00-CH-6 
OI-CH-6A 
00-CH-7 
00-CH-8 

OI-SS-4L 
OI-SS-4L OUP 

OI-TS-5AU 
OI-TS-SAU OUP 

01-TS-SAL 

OI-TS-5 Merritt 

01-MA-lL 
OH.!A-lL DUP 

OI-MA-2U 
01-MA-2l 

00-1-1 

00-W-2 
00-W-3 
00-W-4 

00-1-5 

PR-coarse 

PR-f 1 ne 

Tomales Bay 

Endo

sulhn I 

2.511 

ll.lr12 

ll.i12U 

i!.ii2U 

a 112u 
IU!l2U 

I! 02U 

ll.I!2U 

ll.i12U 

l!.ll2U 

i!.i!2U 
ll.i12U 

e.e:zu 
B B2U 

ii.II2U 

B.i12U 

0.112U 

1!1.1!2U 

il.ll2U 

i!.i!2U 

il.ll2U 
iJ.02U 

ll ll2U 
1!.02U 

ll.II2U 

ll.i!2U 

11.112U 

i!.i12U 

il.ll2U 

ll.ll2U 

e 02u 

U "' Undetected 

Endo

su I fan II 

2.511 

IU2 

IU2U 

0.112U 

B.II2U 

0 ll2U 
e 112u 
il.ll2U 

!l.02U 

1!.1!2U 

B.II2U 

IU2U 

IJ.I!2U 

ll.I2U 

0 i!2U 
ll.ll2U 

il.ll2U 

il.i!2U 

I! il2U 
11.1!2U 

iUI2U 

ll.I!2U 

B.ll2U 

ll.ll2U 

ll.ll2U 

ll.ll2U 

ll.ll2U 

ll.ll2U 

ll.ll2U 

ll.ll2U 

ll.ll2U 

ll.ll2U 

Pesticide Concentrations (ng/g dry wt) 

En do~ 

sui fan 
sulht.e 

2.511 

1Ul4 

l.ll4U 

l.ll4U 

ll.ll4U 

ll.ll4U 

ll ll4U 

ll.ll4U 

ll.ll4U 

ll.ll4U 

ll.ll4U 

ll.ll4U 

1.14U 

1.14U 

1.14U 

1.14U 

l.ll4U 

B.B4U 

I. B4U 

1.14U 

1.14U 

1.14U 

B.B4U 

B.B4U 

B.ll4U 

I.B4U 

I. B4U 

1.14U 

1.14U 

11.114U 

1.14U 

I 14U 

c.s 

2.511 

1.16 

il.ii6U 

ll.ilSU 

il ilSU 

il.ilSU 

il.ilSU 

l.ilSU 

il.i!SU 

il.IISU 

ii.IISU 

II ilSU 

il.il6U 

B.i16U 

1.16U 

I.IISU 

I.ISU 

il il6U 

il.iiSU 

il BSU 

I. il6U 

IJ.ISU 

ii.ISU 

IJ.IISU 

ii.IJSU 

1.16U 

B.IISU 

B.ilSU 

I.IISU 

il.BSU 

I IISU 

il llSU 

Endrin 
Aldehyde 

2.511 

1.15 

t.il5U 

il.il5U 

B.B5U 

ll.llSU 

ll.llSU 

B.BSU 

ll.IISU 

II.IISU 

B.BSU 

il.ilSU 

l.ilSU 

il.BSU 

IJ.IJ5U 

B.il5U 

ll.II5U 

ll.IISU 

il BSU 

I.BSU 

11.115U 

I.ISU 

B.BSU 

I.ISU 

il.ilSU 

B.BSU 

IUSU 

I BSU 

ll.!l5U 

I !lSU 

l.!lSU 

I BSU 

2.51 

1.13 

1.13U 

1.13U 

ll 113U 

IJ.Il3U 

IJ.IJ3U 

IJ.IJ3U 

1.13U 

1.113U 

I.IJ3U 

l.ii3U 

ii.IJ3U 

ii.II3U 

B.B3U 

il.ii3U 

2.28 

2.18 

1.84 

B.B3U 

iU3U 

B. IJ3U 

il.B3U 

iJ 13U 

1.113U 

il.ii3U 

1.13U 

2.81 

IJ.B3U 

11.113U 

II B3U 

!l !l3U 

2.511 

1.12 

II 112U 

fl.!l2U 

!l 112U 

II 112U 

B.B2U 

il.i12U 

II.B2U 

ii.B2U 

B.B2U 

B.il2U 

B.IJ2U 

I.B2U 

I.B2U 

l.!l2U 

II.B2U 

!l.B2U 

B.ll2U 

il ii2U 

!l. 112U 

1.12U 

1.112U 

I B2U 

ll ll2U 

IJ.B2U 

B.B2U 

il.il2U 

il.ll2U 

0.i12U 

B B2U 

Hept.a~ 

chlor~ 

Epoxide 

2.51 

1.112 

B.112U 

II 112U 

B.!l2U 

B.II2U 

B.B2U 

B.fl2U 

ll.B2U 

ii.B2U 

ii.B2U 

1.02U 

IJ.il2U 

11.112U 

B.B2U 

il.B2U 

0. !l2U 

t !l2U 

t.ii2U 

ll.ll2U 

t.IJ2U 

l.!l2U 

11.112U 
!l.!l2U 

il.ll2U 

IJ.Il2U 

il.ll2U 

IJ.!l2U 

IJ.!l2U 

!l !l2U 

ll.!l2U 

ll !l2U 



TABLE C.4. Quality Assurance Summary for Sediment Pesticides 

Measurements of Precision: Duplicate Results 

(ng/g dry wt.) 

Sediment PoP PoP PoP 
Treahent a BHC Aldrin b BHC d BHC DDO ODE _j).QI__ Dieldrin 

OI-SS-4L il.il:ZU il.il2U IU2U iUI3U B.B4U fl.fl3U B.B2U 1Ul2U 

OI-SS-4L DUP a.e:zu B.i12U ll.il2U il.il3U 0 IJ4U il il3U IJ il2U il.i12U 

I-Stat N/A NfA NfA N/A N/A N/A N/A N/A 
RPO N/A N/A N/A N/A N/A N/A N/A NfA 

01-TS-5AU l.il2U B.i12U il.i12U il.ii3U S. 76 5.110 IJ.II2U 0.i12U 
01-TS-SAU DUP il.i12U 1.02U il.i12U iU3U 4.52 4.22 ll.il2U 1.12U 

!-Stat N/A N/A N/A N/A 0.2 0.1 N/A ,,, 
RPO ,,, ,,, ,,, ,,, 

" 17 ,,, ,,, 
01-t.IA-lL 0.1!12U IJ.il2U il.il2U l.i13U ii.I4U 1.!!13U IJ.I2U t.i12U 
01-MA-lL DUP il.il2U I.IJ2U B.i12U il.i13U ll.i14U IJ.II3U 1.12U 1.12U 

1-Stat. ,,, ,,, ,,, ,,, ,,, ,,, ,,, ,,, 
RPO ,,, ,,, N/A ,,, ,,, ,,, N/A ,,, 

(ng/g dry wt) 

Endo- Hept.a-
Sedi~ent Endo- En do- sulfan Endrin Heph- chi or-
Treahent sulfan I sulfan II sulfate Endrin Aldehyde !l...ID!f ch lor Epox ide 

OI-SS-4l IU!2U ll.il2U II 114U il.il6U ll.llSU il.il3U il.il2U ll.ll2U 
OI-SS-4l DUP ll.il2U ll.ll2U ll.ll4U il.ll6U ll.llSU ll.ll3U il.ll2U ll.il2U 

1-Sht. ,,, ,,, ,,, ,,, ,,, ,,, ,,, N/A 
RPO ,,, ,,, ,,, ,,, ,,, N/A N/A ,,, 

OI- TS-SAU 9.1l2U ll.92U il.ll4U ll ll6U e.esu 2.28 ll ll2U il.il2U 
OI-TS-SAU DUP 9.il2U I! il2U il.il4U il.il6U il il5U 2.18 il ll2U il.B2U 

I-Stat N/A NfA N/A N/A ,,, ... N/A N/A 
RPD N/A ,,, N/A NfA ,,, 5 N/A N/A 

OI-~A-ll il.ll2U il il2U e il4U ll.B6U il ilSU e.eJu il.B2U B.B2U 
OI-~A-ll DUP il.B2U il 02U 0.04U 0.06U e esu ll.ll3U ll.il2U ll ll2U 

!-Stat N/A ,,, ,,, ,,, N/A N/A N/A N/A 
RPO NfA N/A N/A ,,, N/A N/A N/A ,,, 

U = Undetected 

c. 9 



TABLE C.4. (Contd) 

Measurements of Precision on Interim Reference Materials 

(ngfg dry wt.) 

Sed irnent. ,,, 
"' "' Treabent a BHC Aldrin b BHC d BHC DDO DDE __QQL_ Dieldrin 

FZll SRM 2.69 1. 93 ll.ll2U 2.88 2.18 2.28 ll 112U 2.58 

FZ13 SRI.! "' '"' 8.8:2U iUJ3U 5.11-4 5.8-4 B.II2U 5.119 

RPD 59.1111 81.1!11 8.118 ,,, 79.118 75.118 IUlB 65.81 

(ng/g dry wt.) 

En do- Hepta-
Sediment En do- En do- suI fan Endrin Hept3- ch lor-

Treatment sulhn I sulfan II sulhte Endrin Aldehyde g BHC ~ Epoxide 

FZll SRI.! 39 82 311 62 IJ.Il-4U 2.88 8.ii5U 358 8.1l2U 2.48 

FZ13 SRI.! 58 81 47.88 !l.84U 11!.59 B fiSU 5.79 !1.82U 4.52 

RPD 38.011 42.811 8.88 114.8!! "' 47.88 B.88 58.88 

C.!O 



TABLE C.4. Quality Assurance Summary for Sediment Pesticides/PCB (Cont'd). 

Surrogate Recoveries 

Sediment 
Treatment DBOFB 

01-CH-0 63 
00-CH-1 68 
00-CH-2 62 
01-CH-ZA 76 
00-CH-3 70 
00-CH-4 118 
01-CH-4A 69 
00-CH-5 59 
00-CH-6 86 
01-CH-6A 80 
00-CH-7 69 
00-CH-8 74 

01-SS-4-L 51 
01-SS-4-L DUP 49 

01- TS-5AU 74 
01- TS-5AU DUP 82 
OI-TS-5AL 67 
01-TS-5 Merritt 52 

01-MA-ll 39 
01-MA-ll OUP 56 
01-MA-ZU 68 
01-MA-ZL 59 

00-W-1 73 
00-W-2 62 
00-W-3 49 
00-W-4 61 
00-W-5 39 

PR-coarse 82 
PR-fine 76 

Tomales Bay 74 

FZll SRM 118 
FZ13 SRM 101 
FZ12 PB 58 
FZ14 PB 56 

SRM is Standard Reference Material 
PB is Procedural Blank 

C.ll 



TABLE C.4. (Contd) 

Procedura 1 Blanks 
(ng/g dry ~rt) 

Sediment '·' p,p p,p 
Treatment a BHC Aldrin b BHC d BHC DOD DDE _QQL_ Dieldrin 

FZ12 PB 0.0'2U 11.112U IJ.82U I.IJ3U B.I4U !U13U II 1!2U B 112U 

FZ14 PB 11.112U 2.34 ll.i12U il.ii3U il.il4U i!.il3U B.IJ2U 11.12U 

(ngfg dry ..t) 

Endo- Hept.a-

Sed '1 ment Endo- En do- sulhn Endrin Hepta- chlor-

Treatment sulhn I sulfan II sulfate Endrin Aldehyde g BHC chi or Eeox ide 

FZ12 PB 11.02U il.i12U IJ lJ4U il.ii6U I!.I!SU il.ll3U IJ.Il2U IUJ2U 

FZl-4 PB il.ll2U 1!.1!2U B.B4U 11.1!6U l!.llSU il.i!3U I! i12U ii.B2U 

Spikes and Recoveries 

Sediment Treatment OI-CH-6A 

Spiked A•ount A11ount Percent 
Compound Spiked (ng) Recovered (ng) Recovery 

g-BHC "' 156 7B 

Heptachlor '" 122 61 
Aldrin "' 142 71 

Dieldrin 5 .. 425 85 

Endrin 5 .. '" 97 

p' ,p'-DOT 5 .. 676 135 

Sediment Treat11ent 00-1-2 

Sp1ked A111ount Mount Percent 

Compound Sp1ked (ng) Recovered (ngl Recovery 

g-SHC '" 170 as 
Heptachlor '" 12< 62 

Aldrin '" 142 71 

D1eldr•n 5 .. 525 105 

Endnn 5 .. '" 129 

p' ,p'-DDT 5 .. 750 !50 

(.12 



TABL= c.s. Concentrations of PCBs in Sediment Treatments, Dry Weight 

PCB Concentrations (ng/g dry wt) 

Sed1ment Aroclor Aroclor Arcclor Aroclor 
Treatment __illL ...ill!_ ~ ____!_g§L_ Tota I 

Target DL 211.!'! 211.11 211.1! 211.11 2B.il 
Achieved DL ••• ... ' ' ... ' ' 
01-CH-1!1 4.11BU 4.iii!IU 4.1li1U 4 .lli!U IUlil 
00-CH-1 4.1111U Ul0U 4.0ilU 4.011U B.I!IB 
00-CH-2 12.85 4.1JilU 42.78 28.12 82.95 
OI-CH-2A 4 BBU 4.ili1U 54.15 15.78 59.93 
00-CH-3 4 .IH!U 17.16 11.88 13.112 HH.26 
00-CK-4 4 ~IIU UlilU 48.53 16.115 64 58 
01-CH-4A 4.11BU 4.BfiU 4.BIIU 4 llfiU fi.0B 

00-CH-5 4 l!IIIU 4.1li!U 14.22 6.67 23.118 
00-CH-6 4.BilU 4.08U 11.29 9.67 26.97 
OI-CH-BA 4 IIIU 4.0BU 4.1111U • seu lUll! 
00-CH-7 4 lUlU 4.1!16U 1. 51 3.87 538 
00-CH-8 4.0i!U 4.110U 13.72 6.61 28.34 

OI-SS-4L 4.fi8U 4.68U 4.011U 4.iJBU ''"''" OI-SS-4l DUP 4.16U 4.611U 4.1J0U 4.00U "·"" 
OI-TS-5AU 162.52 4.10U 362.94 0.80 525.46 
OI-TS-SAU DUP 192.72 4.00U 349 22 4.011U 541.95 
OI-TS-5Al 4.00U 12.18 41.91 4.1111U 5Ul8 
OI-TS-5 t.lerrit.t. 4.116U 4.06U 4.116U 4.1111U 11.66 

OI-t.IA-ll 4.116U 4.011U 4 00U 4.1111U il.il6 
OI-t.IA-1L DUP 4.110U 4.1111U 4.06U 4.1111U 0.116 
OI-t.IA-2U 4 00U 67 99 143.74 4.1111U 211 73 
OI-t.IA-2l 4.00U 4.011U 5. 99 4.011U 5. 99 

00-'11-1 4 IIIIU 4.1111U 4.011U 4.1111U 11.00 
00-W-2 4.011U 4 110U 4 00U 4.00U 0.1lll 
00-'11-3 4.01JU 4 llllU 4 IIIJU 6.57 5.57 
00-'11-4 4 01JU 4.1l0U 40 es 14.89 55 75 
00-'11-5 4.00U 4.1l0U 4 llllU 4 01JU "' 
f'R-coarse 4 i11lU 4.0i!U 4.i!IJU 4 il0U "' PR-fi~e 4 i10U 4 0i!U 4.B0U 4.il0U '" 
Tomales Bay 4.il0U 4.0BU 4.00U 4.0i!U "' 
U = Urdetected 

C.l3 



TABLE c .6. Quality Assurance Summary for Sediment PCBs. 

Measurements of Precision: Dup 1 i cate Results 

(ng/g dry 11t) 

Sedi~ent A roc lor A roc lor Arcclor A roc I cr 

Treat11ent ___l1!L_ __lli__L ..ill!_ _11M_ Tot.al 

01-SS-4l 4.il!!JU 4.i!i1U 4.1lllU 4 i10U lUll 

OI-SS-4L DI.JP 4 ililU 4 lUlU UlilU U!BU 11.119 

I-Stat N/A N/A N/A N/A N/A 
RPO 

OI-TS-SAU 162.52 4.ili!U 362.94 I!I.B0 525.46 

01-TS-SAU DUP 192 72 4.0ilU 349.22 4.00U 541.95 

!-Stat • 1 N/A ••• N/A • •• 
RPD 17 N/A 4 N/A 3 

01-MA-lL 4.iliiU 4 i10U 4.iliiU 4.9i1U ILilil 

01-t.IA-ll DUP 4 i10U 4.110U 4.iii!U 4.09U IUJ0 

I-Stat N/A N/A N/A N/A ,,, 
RPD N/A N/A N/A N/A N/A 
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TABLE C.6. Quality Assurance Summary for Sediment PCBs. 

Measurements of Accuracy: Standard Reference Materials (SRMs) 

(ng/g dry wt) 

Sed1ment Aroclor Aroclor Aroc lor Aroc lor 
Treatment __illL ..J1.1L ~ ~ Total 

Cert1fied 

Value (S~-1) No Data No Data "' No Data No Data 

FZU SRr.l • ll0U 4.111JU 80.411 •.eeu 811.411 
Percent Reco~ery N/A N/A " N/A N/A 

FZ13 SRr.l 4.01lU 4.1lllU 84.59 4.BIJU 84.59 
Percent Recovery N/A N/A 85 N/A N/A 

Surrogate Recovery 

Documented in Pesticide ~uality Assurance Su1nry (Table C 4) 

Procedural Blanks 

{ng/g dry wt) 

Sediment Aroclor Aroc lor Aroclor Aroclor 
Treatment __illL ...illL ..ll§.L _ill!_ Tota I 

FZ12 P8 4.01JU 4.1l0U 4.1lllU 4 01lU il.lllt 

FZ14 P8 4.1lllU 4.1l0U 4.0ilU 4 illlU il.illl 

'J ~ Undetected 

Spikes and Recoveries 

SR~ data used in pl11ce of spikes. 

C.!S 



TABLE C.7. Concentrations of Metals and Metalloids in Sediment Treatments, 
Dry Weight 

Sediment 

Treatment 

Target DL 
Achieved DL 

OI-CH-0 

01-CH-0 DUP 
00-CIH 

00-CH-2 

00-CH-2 DUP 
01-CH-2A 

00-CH-3 

00-CH-4 

OI-CH-4A 

00-CH-5 

00-CH-6 

OI-CH-6A 

00-CH-7 

00-CH-8 

01-SS-4L 
01-SS-4L DUP 

OI-TS-SAU 
01- TS-SAU DI.JP 
OI-TS-5AL 

01-TS-5 l.lerritt 

OI-t.IA-lL 

OI-t.IA-ll OUP 

OI-t.IA-2U 

OI-t.IA-2L 

00-11-1 

00-11-2 

00-11-3 

00-11-4 

00-11-5 

PR-couse 

PR-coa rse OUP 

PR-fine 

Tomales Bay 

Dey l.letal and l.let.alloid ConcentratiMs (JJIJ/g dry wt) 

Weight 
__l!Lk---.M___.f!!_____£c____QJ___!!g___l!L____fL__k____1!!__ 

" 
57 

" 
" 73 

" 83 

sa 
S3 

S3 

77 
57 

" 
51 

78 

" 
S3 

42 

82 

56 

" 46 
46 
83 

57 

85 

11.115 

11.13 

.. 9 

4.28 11.04 749.11 

4.98 777.1 

12.61 11.21 214.1 

2.89 1.17 484.1 

2.31 511.1 

il.48 lUll 8.27 247.8 

8.119 4.88 8.113 368.8 

0.68 15.58 1.47 253.8 

8.85 3.31 0.82 184.8 

11.22 18.28 8.22 284.8 

fl.27 8.83 11.19 388.8 

8.84 6.08 9.85 669.8 

fl.89 3.67 8.13 511.11 

1.26 9.911 1.27 273.1 

8.114 3.55 8.82 576.fl 

8.84 

'" 1.84 

0.14 

8.84 

1.19 

11.19 

'" 11.14 

0.12 

8.11 

8.65 

8.60 

8.84 

0.05 

557 
.. 3 

11.113 

0.82 

9.78 1.114 

0.99 

4.84 11.17 

3 22 8.82 

3.42 11.56 

063 
11.118 11.71 

6 113 11.12 

12.98 II 12 

111.61 II 17 

17.68 IJ.42 

49.18 IJ 45 

3.55 8 82 

4 91 2.88 

323 II 

7 96 8.23 

4 72 8.16 

444.0 

439.11 

552.11 

220.1 

381.11 

196.11 

283 .II 

315.8 

229 8 

281.11 

41!8.0 

314 .II 

9.5 

456.11 

43.3 

9.3 

5 9 
43.8 

13.8 

13.7 

58.1 

14.9 

56.5 

18.8 

275 
30.7 

14.4 

15.9 

38.9 

11.8 

261.11 

21.7 

lB. 7 

21.2 

94 .II 

26.9 

45.8 
311.3 

59.1 

56.6 

5 9 

5.4 

95 

56 

ll.l!l28 

11.1188 

11.117 

48.5 

36.7 

117 1 
86.5 

81.2 

11.3111 118.9 

8.1165 59.5 

11.1182 118.6 

II 123 41.7 
11.126 88.1 

0.155 88.5 

0.1118 65.7 

11.1151 75.8 

11.159 117.3 

11.1130 57.3 

0.028 

15.1170 

13.980 

II 426 

ll 145 

11.075 

8 881 

8.5111 

8.11811 

11.871 

8.1193 

8.4911 

0.456 

1.1170 

II. 059 

" 2 
a ess 

II 111! 

111 5 

589 

57.3 

75.9 

122.8 

73.6 

115.8 

75.4 
116.5 

115.8 

57.9 

39.7 

7 2 
45.6 

28.8 

8.5 0.21 

5.3 

111.4 8.42 

18.4 11.21 

12.2 

397 
375 

1011 5 

"' 
45.5 

33.11 0.511 142.7 

10.2 1!.25 47.6 

46.8 0.43 170 3 

7.6 8.18 33.7 

111.2 fl43 794 

2fl.2 8.32 9fl.l 

3.5 8.18 511.5 

1fl.6 11.28 59.4 

19.3 11.39 1112.9 

7.1 8.11 43.2 

' " 
147.1 

245 

7 ' 

117 

89.9 

9.8 

12.fl 

8.9 

44.4 

49.1 

7.4 

" 

'" 8 . .(3 

11.18 

11.14 

11.29 

'" '" 8.32 

039 

'" 11.53 

057 

0.22 

8.25 

45.6 
8.28 

11.21 

326.8 

68.9 

.(3. 9 

527 

2311.11 

58.1 

1115 a 
704 

166 1 

159 7 

36.6 

48.1 

48.4 

24.7 

DUP Dupl kate 
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TABLe c.s. ---- Quality Assurance Summary for Sediment Metals 

Measurements of Precision: Dup 1 i cate (DUP) Results 

Dey (J.r,Jjg dry wt) 

Sedi111ent Weight 
Treatment (!) Ag ,, Cd Cc '" Hg ,; Pb 5o '" 
Target DL 11.111 2.1111 l!l.lll 2.8 2.8 il.il31il 2 0 2.0 ll.Ul 2.0 
Ac::h1e~ed Dl Ull 2.118 11.1!1 2.0 2.8 11.11311 2.0 " 0.114 2.0 

OI~CH-il .. lUIS 4. 26 11.114 749.11 g 3 ll.il28 48.5 6.5 11.21 39.7 

OI-CH-11 DUP 4. 98 777 .B 6. g 38.7 5 3 376 
I-Stat N/A " N/A 8 0 N/A 0 .1 N/A 8 ' 
RPO H/A 16.1!11 H/A 4.8 4.8 H/A 5.0 21UI H/A 5.0 

00-CH-2 81 li!I.B9 2.89 !1.87 484.8 13.8 11.117 68.5 11.4 11.21 45.11 

00-CH-2 OUP 2.31 !iUUl 13.7 81.2 12.2 45.5 

1 -Stat N/A 11 H/A 0 0 H/A 0 1 H/A 0 
RPD H/A 22.08 H/A 5.0 " H/A 8.0 16.8 H/A 0 

OI-SS-4L " 11.84 3.55 11.82 578.8 11.11 8.11311 57.3 7.1 11.11 43.2 

Ol-SS-4l DUP iU4 6.112 8.826 8.14 
~-Stat 0 H/A 0 H/A H/A 11.111111 H/A H/A 11.10 H/A 
RPD 0 H/A 0 H/A H/A 1.( !IBB H/A H/A 24.116 H/A 

OI-TS--5AU 51 II. 77 9.70 1.!14 444.6 261.11 15.8711 111.5 147.1 11.46 326.11 
OI-TS-SAU DUP ll.84 "' 13.988 11.43 

:.-Stat " H/A " H/A H/A 0.0 N/A N/A 0.0 N/A 
RPO g H/A 5 H/A N/A 8 H/A H/A 7.0 N/A 

01-MA-ll 83 IUJ9 3.42 8.66 221UJ 21.2 11.1175 75.9 11.7 11.29 52.7 

0!-~A-lL OUP 11.119 1.63 ll.il8il 11.32 
I-Stat 0 N/A 0.0 H/A H/A 8.0 H/A N/A 0.1 N/A 
RPD 0 H/A 5 H/A H/A 7 N/A N/A " N/A 

PR-coarse 67 '" 491 
2 " 314.11 8.4 il.il59 397 67 ll'.25 481 

PR-Coarse DUP 5 87 323.il 9.6 43.2 7 ' 458 
1-Stat N/A " H/A 3.0 13.0 N/A .. " N/A 0.0 

RPD N/4 0 H/A ' ' N/A ' ' N/A 5.0 
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TABLE C.B. (Contd) 

Measurements of Accuracy: Standard Reference Materials (SRMs) 

(;la/g dry .t) 
Sedinent. 

Treatment Ag ,. Cd ,, 
'" Hg Ni Pb So Zo 

Target OL il. Ul 2.119 il. UJ 2.0 2 • 11.1130 2.8 2.8 1!.10 2 • 
Ach1eved Dl fUH 2.118 IUU 2.8 2.8 11.030 2.8 2.8 ''""'" 2 • 

SR~ 1646 Rep 1 il.ll lil 30 9.37 72.3 18.4 0.1179 38.11 26.8 IJ. 57 135.3 

SRM 1546 Rep 2 • 11 11 511 1!.36 76.11 211.3 8.1175 33.4 21 .a 11.61 132 1 

1646 Certified Va I ue None 11.6 IJ.36 78.1T lB.Il 11.1163 3Ul 28.2 138.0 

±1.3 :HI.Il7 ..... ..... :!:il.il12 ..... ±l.B "' .. 
Rep 1 Within Range? , .. , .. "' , .. "' "' , .. H/A , .. 
Rep 2 Within Range? , .. , .. , .. , .. , .. , .. , .. H/A , .. 

Surrogate Recovery 

Not App I icab I e 

Procedural Blanks (PBs) 

(;.r;;fg dry .t) 

Treat~ent ,, ,, Cd ,, 
'" Hg Ni Pb So Zo 

PB Rep 1 (11.111 (ll .Ill 1Ul'38 (11.84 

PB Rep 2 (1!1 ill (0.111 0.845 (11.84 

C.IS 



TABLE C.B. (Contd) 

Spikes and Recoveries 

,,, (;Jgfg dry wt) 

Sediment. Ieight 
Treatment {I) Ag As Cd ,, 

'" Hg N; Pb So '" 
Target Dl 1!.18 2.0 lUll 2.0 2 0 8.831 2.0 2 0 lUll 2.0 
Achieved DL B.Bl 2.0 IUJl 2.0 2 0 1.130 2.0 2.0 004 2.0 

OI-CH~SA 83 IUJ-4 11.115 11.1118 IJ.lB 51!1.5 

01-CH-SA • SPIKE 83 1!.611 1.118 1.492 Ull 
CH-SA ~ SPI - CH-6A 11.56 1.113 IJ 474 083 
Allount Spiked 11.511 1.!11 " 5i11J l.Bil 

Percent. Recovery 112 103 95 83 

00-1-2 57 ll.ll 11.17 1!.1!93 11.32 711.4 
00-1-2 • SPIKE 57 0.64 1.17 !1.646 '" W-2 • SPI - 1-2 !1.53 1.111 11.553 il. 94 
Amount Spiked !J.Sil Ulil ii.Silil UIB 
Percent Recovery '" '" lll " 
-=Oat~ Mt available. 

C.19 



TABLE C.9. Concentrations of Organotins in Sediment Treatments, Dry Weight 

Sed1ment 

Treatment 

Target DL 

Achieved DL (lowest) 

OI-Cft-0 

00-CH-1 
00-CH-2 
OI-CH-2A 
00-CH-3 
00-CH-4 
OI-CH-4A 
00-CH-5 
00-CH-8 
OI-CH-8A 
QO-CH-7 
00-CH-8 

OI-SS-4L 

01-SS-4L DUP 

OI-TS-SAU 

OI-TS-SAU DUP 

OI-TS-SAL 

01-TS-5 Merritt 

01-I.IA-IL 

OI-I.IA-1L OUP 

OI-I.IA-2U 
OI-MA-2L 

00-11'-1 

00-11'-2 

00-11'-3 

00-W-4 

00-11'-5 

PR-coa rse 

PR-fine 

Tomales Bay 

Dry Dry 
Weight 

_l!L 

" 57 

S1 

" 73 

" 83 
68 

83 

83 
77 

57 

.. 
51 

78 

" 
83 

" " 
58 

57 
46 

46 

83 

57 

74 

85 

Weight 

Used 

18.46 
12 92 

18.22 

ll.fl5 

9.17 

11. Sf! 

21.85 
19.18 

13.fl9 

9.50 

18.06 

16.65 

18.85 

1g.55 

7.18 

11.96 

18.28 

18.18 

8_gg 

16.57 

5.16 

8.25 

1fl. 71 

g_27 

9.93 

11.22 
9.99 

18. gfl 

19 74 

18 83 

(a) Totals 1nclude only values above detection 

Propylt1n 

If Recovery 

53 
S1 

73 

" 129 
79 

" " .. 
" 58 

" 
52 

92 

88 

"' 103 

53 

51 
71 

57 

35 

51 

" 58 

S1 

51 

84 
83 

"' 

Organot1n Concentrations (ng/g dry wt) 

HJ.0 

( 0 46 

( 0.57 

'" ( 8.58 

6.88 
2. 94 

6.48 

< il. 48 
1.111 

3.01 

( 1.11 

If. 94 
3.48 

( 1!1.57 

( 8.54 

211.88 
187.88 

2.38 
< 8.58 

< 1.28 

< 8 64 
76.118 

< 1. 28 

( 8.63 

( 1.14 
4.118 
1. 88 

( 1.1fl 

< e. ss 

Butyltin Concentrations 
_.Qi__ 

:s.fl 

< IJ.32 

( 8.32 

( " 46 
< IJ.32 

1.38 
( ll.84 

8.97 
( IJ.27 

( " 31 
8.73 

'" fl.75 
( IJ.JS 

( IJ.32 

(IUS 

57.88 
43.88 

( 8.32 
< 8.32 

( 8.66 
( 8.36 

S5.1J8 
59 

( t.ell 
< IJ.64 
< 8.59 

8. 58 
( 8.59 

( 0 35 

< e. 73 

( ~.31 

1oa 
< 8.35 

< 8.85 
( 1. 2fl 

< IJ.87 

< 1 42 
< 1. 78 

< 1. 41J 
( 8.72 
( 8.82 
( 1. 21J 
( 1. 78 

< " 35 
( 0. 95 

( IJ.86 

( 8.81 

11.08 
3.61!1 

( 8.86 
( IJ.87 

( l.SIJ 
( 8.96 

9.81J 
< 1.98 

( 11.46 

( 1 78 

"' < 1.41J 

( 1 58 

( IJ. 93 

( 0. 34 

( IJ 84 

(b) NA is not applicable; all values are below detection 

C.20 

NA(b) 

"' NA 

7.911 
2. 94 

7.37 

NA 
1.18 
3.73 

NA 

'" 3.41J 

279.1JIJ 
233.68 

2.31J 

NA 

NA 
NA 

158.86 
59 

NA 
NA 

7 90 

2.38 

NA 

NA 

NA 



TABLE c .10. Quality Assurance Summary for Sediment Organotins 

Measurements Of Precision~ Duplicate Results 

Dey Dey 

Sedi1ent Ieight Waight Propyltin Butyltin Concentrations (nglg drr •tl 
Treatment. __m_ """' I Recovery ____T!:j__ _D_·,_ ~ Total 

OI-f,jA-ll 83 8.99 51 < 1.21! ( 1.86 { l.BIJ NA 

OI-MA-lL OUP 18.57 71 { 1.84 ( IUS ( 11.95 NA 

I-Stat N/A N/A N/A N/A N/A N{A N/A 
RPD N/A N{A N/A N/A N/A N/A N/A 

OI-SS-4L " 18.65 52 { il. 57 ( 11.32 ( II 85 NA 
OI-SS-4L DUP 19.55 92 ( 11.54 ( " 30 ( ll 81 NA 

:-Stat N/A N/A N/A N/A N/A N/A N/A 
RPD N/A N/A N/A N/A N/A N/A N/A 

OI-TS-5AU 51 7.18 88 211.1111 57 .liB ll.iliJ 279.1\liJ 

OI-TS-5AU DUP 11.95 "' 187.1!11 43.111 3.611 233.60 

:-Stat N/A N/A N{A ... 0.1 0.5 0.1 

RPD N{A N/A N/A " 14 101 18 

Measurements of Accuracy: Standard Reference Materials (SRMs) 

No SRIII's are available 

C.21 



TABLE C.IO. (Contd) 

Surrogate Recoveries 

Included tn all Tables as Propyltin ll' recovery 

procedural Blanks 

,,, ,,, Sed i1ent Ieight Weight Propyltin 
But~ It in Concentrations (ng[g dr~ wt) 

Treatment _ill_ Used II' Recovery ___lt:j__ __ D_i _ ~ Total 

81 ani! Rep 1 " 11 ~fl < 5. 9iJ ( Hl.iliJ ll.iiB 

Blank Rep 2 " 3.211 < s. 98 ( lS.iJB 3.28 

Blank Rep 3 76 ( ll.iliJ ( s. 9il ( 16.110 NA 

Spikes and Recoveries 

(ng/g dry weight) ,,, ,,, Sedi1ent Weight We 'rght Propyl tin 
But~ltin Concentrations (nglg dr~ •tl 

Treatment _ill_ Used I RecoverY ___lt:j__ __ D_i_ ~ Tota I 

OI-CH-6A " 9.56 59 {1.11 ( IJ.62 < 1. 711 NA 

01-CH-SA SPIKE " Hl.32 " -45.-48 51.1111 4.911 Hll.JB 

Amount Spiked " 46.111 46.118 46.BIJ NA 

Percent Recovt~ry 99.111 Ul.iliJ 11.110 NA 

00-W-2 67 9.27 " ( 1.14 ( lt. 64 ( 1. 711 NA 
00-11-2 SPIKE 67 5.57 " 133.08 171.1lil 9. 4il 313.411 

Amount Spiked 13S 135.011 135.i'li'l 135.i'li'l NA 
Percent Recovery 99 .i'li'l 126.i'li'l 7.i'li'l NA 

- ~ D~ta not av~i lable. 

NA: Not appl ic~ble. 

C.22 



!ABLE C.11. Total Organic Carbon, Oil and Grease, 
Concentrations in Sediment Samples 

and Petroleum Hydrocarbon 

Total Petroleum 
Sediment Total Organic Oi 1 and Grease Hydrocarbons 
Treatment Rep Carbon (%) (pg/g dry wt) (pg/g dry wt) 

Target DL 0.1 < 20 < 20 
Achieved Dl 0.1 < 20 < 20 

01-CH-0 1 0.05 < 20 < 20 
0!-CH-0 2 0.06 ND NO 
00-CH-1 1 0.68 < 20 < 20 
00-CH-2 1 0.06 69 73 
00-CH-2 2 0.08 NO ND 
Ol-CH-2A 1 1.05 113 95 
Ol-CH-2A 2 1.05 NO ND 
00-CH-3 1 0.17 < 20 < 20 
00-CH-4 1 1.09 187 144 
Ol-CH-4A 1 0.02 < 20 < 20 
00-CH-5 1 0.34 95 85 
00-CH-6 1 0.44 53 48 
OI-CH-6A 1 0.03 < 20 < 20 
00-CH-7 1 0.13 24 41 
00-CH-8 1 0.41 34 < 20 
OI-SS-4L 1 0.01 < 20 < 20 
OI-TS-SAU 1 1.06 1096 951 
OI-TS-5AU 2 1.06 1208 ND 
OI-TS-5AL 1 0.13 147 110 
OI-TS-5 Merrit 1 0.01 < 20 < 20 
OI-MA-1L 1 0.07 < 20 < 20 
OI-MA-1L 2 ND < 20 ND 
OI-MA-2U 1 1.39 361 271 
OI-MA-2L 1 0.11 < 20 < 20 
OI-MA-2L 2 ND < 20 NO 
00-W-1 1 0.62 28 25 
00-W-2 1 0.41 34 30 
00-W-3 1 1.18 171 152 
00-W-4 1 1.01 124 I25 
00-W-5 I 0.04 < 20 < 20 
PR-coarse I 0.35 < 20 < 20 
PR-coarse 2 0.34 NO ND 
PR-fine 1 0.30 < 20 < 20 
PR-fine 2 0.31 ND NO 
Tomales Bay 1 0.28 < 20 < 20 

C.23 



TABLE C.l2. Quality Assurance Summary for Total Organic Carbon, 

Measurements of 

Oil and Grease, and Petroleum Hydrocarbon Concentrations 
in Sediment Samples. 

Precision: Duplicate Results 

Sedi111ent. Tot.a I Organic Carbon Total Oi I and Greasa Pet.rolau111 H~drocarbons 

Treat.lllent. ""' ill_ I-Stat. RPD ,Us/g dn wt.} I-St.at. _ill'.!l (w/g dry wt.l 1-St.at RPD 

OI-CH-11 1 il.llS 
( " '" OI-CH-11 2 II.IJ6 ' 1 1B N/A N/A N/A N{A 

00-CH-2 1 IJ.II6 " 73 

00-CH-2 2 IUJS S.1 29 N/A N/A N/A N/A 

OI-CH-2A 1 1.115 113 95 

OI-CH-2A 2 l.IJS ' B N/A N/A N/A N/A 

01-TS-SAU Ul6 11196 951 

OI-TS-5AU 2 1.118 ' ' 12118 S.1 1B N/A N/A 

DI-I.IA-lL IJ.IJ7 "' ( " 
01-MA-1L 2 ND N/A N/A 

( " N/A N/A N/A N/A 

OI-!.IA-2L ' 11 ( " ( " 
OI-I.IA-2L 2 ND N/A N/A 

( " N/A N/A N/A N/A 

PR-coarse 11.35 
( " ( " 

PR-coarse 2 8.34 ' ' 3 N/A N/A N/A N/A 

PR-fine 1 11.31J 
( " ( " 

PR-fine 2 IJ.31 " 3 N/A N/A N/A N/A 

N/A " Not. Applicable 

Measurements of Accuracy: Standard Reference Materia ·1 s 

Not Applicable 

Surrogate Recovery 

Not Applicable 

Procedura 1 Blanks 

Not Applicable 

Spikes and Recoveries 

Not Applicable 
C.24 
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TABLE C.14. Quality Assurance for Grain Size Data 

Sedi1ent Treat1ent 

01- 01- 01-
01- SS·4l SS-4l 01- TS-5AU TS-5AU »A-ll »A-ll 

Grain SieYe Size, II SS-4l IXJP I-Stat RPO TS-6AU OUP 1-Stat RPO »A-ll OOP I-Stat RPO 

Total Gravel 0.00 0.04 1.0 100 0.86 0.88 0.1 , 0.29 0.38 0.1 27 

Tota I Sand 88.64 87.46 0.0 I 28.68 30.11 0.0 ' 41.12 40.76 0.0 0 

Total Si It "' 9.45 0.1 " 39.23 29.95 0.1 27 37.07 39.91 0.0 7 

n Total Chy 3.70 3.04 0.1 20 31.28 39.25 0.1 23 21.62 18.96 0.1 13 
N 
~ 

I Total Solids (I dry wt) 84.25 84.36 0.0 0 66.86 65.94 0.0 0 64.26 84.86 0.0 I 





APPENDIX D 

BIOASSAY RESULTS FOR MACOMA/NEPHTYS TEST 



TABLE D.! Bioassay Results for Macoma nasuta 
Proportion 

Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

0!-CH-0 I 20 0 
2 19 I 
3 20 0 
4 20 0 
5 20 0 0.99 

00-CH-1 I 19 I 
2 20 0 
3 20 0 
4 20 0 
5 20 0 0.99 

00-CH-2 I 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

OI-CH-2A I 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

00-CH-3 I 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

00-CH-4 I 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

OI-CH-4A I 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

D .I 



TABLE 0.1 (Contd) 

Sediment 
Proportion 
Surviving 

Treatment Rep Alive Dead in All Reps 

00-CH-5 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

00-CH-6 1 19 1 
2 20 0 
3 20 0 
4 20 0 
5 20 0 0.99 

OI-CH-6A 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

00-CH-7 1 18 2 
2 20 0 
3 20 0 
4 20 0 
5 18 2 0.96 

00-CH-8 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

OI-MA-1L 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

OI-MA-2U 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

0.2 



TABLE 0.1 (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

01-MA-2L 1 19 1 
2 20 0 
3 20 0 
4 20 0 
5 20 0 0.99 

01-SS-4L 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 19 1 0.99 

01-TS-5AL 1 20 0 
2 20 0 
3 21 0 
4 20 0 
5 19 1 0.99 

01-TS-5AU 1 21 0 
2 20 0 
3 18 2 
4 18 2 
5 20 0 0.96 

00-W-1 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

00-W-2 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

00-W-3 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

0.3 



TABLE D.! (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep A 1 i ve Dead in All Reps 

00-W-4 1 19 1 
2 20 0 
3 20 0 
4 20 0 
5 20 0 0.99 

00-W-5 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

PR-coarse 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

PR-fi ne 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

Tomales Bay 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

D .4 



X 

TABLE 0.2 Bioassay Results for Macoma nasutar Rank Order Based 
on Proportion Surviving the 10-Day'Exposure\ 

Sediment Proportion Surviving 
Treatment (all replicates) 

·~::;o 

00-CH-7 0.96 
OI-TS-5AU 0.96 
01-CH-0 0.99 
00-CH-1 0.99 
00-CH-6 0.99 
01-MA-2L 0.99 
OI-SS-4L 0.99 
01-TS-5AL 0.99 
00-W-4 0.99 
00-CH-2 1.00 
OI-CH-2A 1.00 
00-CH-3 1.00 
00-CH-4 1.00 
01-CH-4A 1.00 
00-CH-5 1.00 
01 -CH-6A 1.00 
00-CH-8 1.00 
01-MA-IL 1.00 
OI-MA-2U 1.00 
00-W-1 1.00 
00-W-2 1.00 
00-W-3 1.00 
00-W-5 1.00 
Tomales Bay 1.00 
PR-coarse 1.00 
PR-fine 1.00 

0.5 



TABLE 0.3 Bioassay Results for Nephtys caecoides 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

OI-CH-0 I I9 I 
2 18 2 
3 15 5 
4 16 4 
5 18 2 0.86 

00-CH-1 1 20 0 
2 18 2 
3 18 2 
4 20 0 
5 20 0 0.96 

00-CH-2 1 19 1 
2 17 3 
3 17 3 
4 15 5 
5 19 1 0.87 

OI -CH-2A 1 18 2 
2 18 2 
3 19 1 
4 16 4 
5 19 1 0.90 

00-CH-3 1 16 4 
2 15 5 
3 20 0 
4 17 3 
5 18 2 0.86 

00-CH-4 1 16 4 
2 20 0 
3 20 0 
4 19 1 
5 20 0 0.95 

OI-CH-4A 1 8 12 
2 19 1 
3 13 7 
4 11 9 
5 7 13 0.58 

0.6 



TABLE 0.3 (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep A 1 ive Dead in All Reps 

00-CH-5 1 20 0 
2 18 2 
3 20 0 
4 19 1 
5 18 2 0.95 

00-CH-6 1 18 2 
2 20 0 
3 17 3 
4 20 D 
5 18 2 0.93 

0!-CH-6A 1 15 5 
2 17 3 
3 17 3 
4 19 1 
5 15 5 0.83 

00-CH-7 1 18 2 
2 18 2 
3 18 2 
4 18 2 
5 18 2 0.90 

00-CH-8 1 19 1 
2 18 2 
3 19 1 
4 19 1 
5 16 4 0. 91 

0!-MA-1l 1 18 2 
2 18 2 
3 18 2 
4 19 1 
5 18 2 0.91 

O!-MA-2U 1 19 1 
2 16 4 
3 18 2 
4 15 5 
5 17 3 0.85 

0.7 



TABLE 0.3 (Contd) 

Proportion 
Sediment Survivi'ng 
Treatment Rep Alive Dead in All Reps 

OI-MA-2L 1 16 4 
2 19 1 
3 17 3 
4 17 3 
5 18 2 0.87 

OI-SS-4L 1 16 4 
2 16 4 
3 13 7 
4 17 3 
5 14 6 0.76 

OI-TS-5AL 1 17 3 
2 14 6 
3 16 4 
4 15 5 
5 17 3 0.79 

DI-TS-5AU 1 16 4 
2 18 2 
3 18 2 
4 14 6 
5 18 2 0.84 

OD-W-1 1 18 2 
2 16 4 
3 19 1 
4 16 4 
5 18 2 0.87 

00-W-2 1 18 2 
2 17 3 
3 18 2 
4 18 2 
5 19 1 0.90 

00-W-3 1 17 3 
2 20 0 
3 20 D 
4 20 D 
5 20 D 0.97 

0.8 



TABLE 0.3 (Contd) 

Proportion 
Sediment Surviving 
Treatment ~ A 1 ive Dead in All Reps 

00-W-4 1 20 0 
2 19 1 
3 17 3 
4 19 1 
5 20 0 0.95 

00-W-5 1 19 1 
2 18 2 
3 18 2 
4 19 1 
5 17 3 0.91 

PR-coarse 1 19 1 
2 20 0 
3 19 1 
4 18 2 
5 18 2 0.94 

PR-fi"ne 1 18 2 
2 20 0 
3 18 2 
4 20 0 
5 19 1 0.95 

Tomales Bay 1 20 0 
2 18 2 
3 19 1 
4 20 0 
5 20 0 0.97 

0.9 



TABLE 0.4 

Sediment 
Treatment 

OI-CH-4A 
OI-SS-4L 
OI-TS-5AL 
OI-CH-6A 
01-TS-5AU 
OI-MA-2U 
01-CH-0 
00-CH-3 
00-CH-2 
OI-MA-2L 
00-W-1 
OI-CH-2A 
00-CH-7 
00-W-2 
00-CH-8 
01-MA-1L 
00-W-5 
00-CH-6 
PR-coarse 
00-CH-4 
00-CH-5 
PR-fine 
00-W-4 
00-CH-1 
Tomales Bay 
00-W-3 

Bioassay Results for Nephtys caecoides(~ank Order 
Based on Proportion Surviving the 10-Day Exposure 

Proportion Surviving 
(all replicates) 

0.58 
0.76 
0. 79 
0.83 
0.84 
0.85 
0.86 
0.86 
0.87 
0.87 
0.87 
0.90 
0.90 
0.90 
0.91 
0.91 
0.91 
0.93 
0.94 
0.95 
0.95 
0.95 
0.95 
0.96 
0.97 
0.97 

0.10 



TABLE 0.5 Macoma/Nephtys: Water Quality Summary 

Temperature 
I "C) 

T reatrnent ~ '-lin 

Acceptable Range 

01-CH-0 
DI-CH-0 
01-CH-0 
01-CH-0 
01-CH-0 

00-CH-1 

00-CH-1 

00-CH-1 

00-CH-1 
00-CH-1 

00-CH-2 

00-CH-2 
00-CH-2 
DO-CH-2 
00-CH-2 

OI-CH-2A 
OI-CH-2A 
DI-CH-2A 
Dl-CH-2A 
OI-CH-2A 

00-CH-3 
00-CH-3 

00-CH-3 
00-CH-3 

00-CH-3 

00-CH--4 
00-CH-4 

00-CH-4 

00-CH-~ 

00-CH-4 

OO-CH-4A 
00-CH-4A 
00-CH-4A 
00-CH-4A 

OO-CH-4A 

1 

2 
3 

' 
5 

1 

2 

3 

' 5 

1 

' 3 

' 5 

1 

' 3 

' 5 

1 

' 3 

' 5 

1 

' 3 

' 
5 

1 

2 

3 

' 
5 

14.0 15.0 

14.8 15.8 

14.8 15.8 

14.5 15.7 

14.7 15.8 

14.8 15.7 

14.9 18.9• 
14.8 15.7 

14.7 15.6 

14 5 15.6 
14.7 15.7 

l-4.7 15.7 
14.8 15.7 
14 9 16.0 

14.8 15.8 
14.8 15.7 

14 .a 1s .a. 

14.8 15.6 

14.7 15.8 

14.8 15.7 

14.7 15.7 

14.9 18.h 
l-4.8 15.9 

14.6 15.7 

14.7 15.8 

14.7 15.7 

14.9 lS.h 

14.8 18.0 

l-4.8 15.8 

14.8 15.8 

l-4. 7 15.9 

15.0 15.9 

14.7 15.7 

148 157 

14.7 15.7 

15.0 15.9 

• Out of Acceptable Ran9e 

Dissolved Oxygen 

(lllg/l) 

Min '" 
' 0 

7.0 7.8 

6.5 7.4 

8.9 7 8 

8. 7 7 -4 

7.0 7 5 

7.2 7. 7 

7.2 7.8 

8.9 7.8 

8. 9 7.8 

8.8 7. 7 

7.2 7.7 
8.8 7.7 

8. 7 7.8 

8.8 7.-4 

8.8 7. 7 

6.1 7.5 

7.0 7.8 

6.-4 7.5 

6.5 7.7 

8.9 7 7 

7.-4 7.8 

8.9 7.7 
8.8 7. 7 

8.-4 7.-4 

8.8 7.7 

8.8 7.4 

7. 2 7.6 

6.6 7 6 

6.8 7 7 

6.6 7 5 

5.2 7 -4 
7 0 7. 7 

6.1 7.-4 

6.2 7.3 

8.6 7.6 

D.ll 

pH 

'" 
7.30 8.10 

7.82 7.96 

7.78 7.95 

7.74 7.96 

775 795 

7.80 7.94 

7.78 7.88 

7.78 7.98 

7 77 7.97 

7.72 7.93 

7.57 7.95 

7.80 7.95 

7.77 7.9-4 

7.7-4 7.92 

7.6-4 7 88 

7.70 7.92 

7.7-4 7.93 

7 78 7.93 

7.71 7.91 

7.85 7.92 

7.52 7.9-4 

7.79 7.96 

7.75 7.9-4 

7.71 7.98 

7.87 7.89 

7.65 7.91 

7.71 7.9-4 

7.75 7.95 

7.75 7.91 

7.72 7 69 

7 71 7.90 

7.75 7.92 

7 68 7.89 

7.58 7 88 

7.58 7.68 

7.78 7 98 

s~l-1n·1ty 

( 0 /oo) 

Min '" 
32.0 3-4.0 

32.0 34.0 

32.0 33.0 

32.0 33.0 

32.0 3-4.0 

32.0 3-4.0 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 3-4.0 

32.0 33.0 

32.0 3-4.0 

32.0 33.0 

32.0 32.5 

32.0 32.5 

32.0 3-4.0 

32.0 3-4.0 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 3-4.0 

32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 3-4.0 

32.0 3-4 0 

32 0 33.0 

32 0 34.0 

32.0 3-4.0 

32.0 3-4.0 

32.0 3-4.0 

Flow Rate 

(~l/~in) 

Min Max 

115 135 

118 130 

115 13-4 

118 130 

118 128 

115 126 

115 128 

116 128 

118 129 

116 130 

118 132 

12-4 13-4 

115 125 

116 132 

115 132 

115 124 

117 128 

115 132 

118 131 

120 130 

116 128 

120 129 

120 135 

118 132 

118 132 

116 126 

115 135 

116 130 

117 13-4 

122 135 

118 132 

118 135 

118 126 

118 13-4 

12-4 132 

120 133 



TABLE 0.5 

Treatl!ient 

Acceptable Range 

00-CH-5 

00-CH-5 

00-CH-5 

00-CH-5 

00-CH-5 

00-CH-8 

00-CH-6 

00-CH-6 

00-CH-6 

00-CH-6 

OI-CH-6A 

OI-CH-6A 

OI-CH-6A 

OI-CH-6A 

OI-CH-6A 

00-CH-7 

00-CH-7 

00-CH-7 

00-CH-7 

00-CH-7 

00-CH-8 

00-CH-8 

00-CH-8 

00-CH-8 

00-CH-8 

01-t.IA-lL 
DI-t.IA-1L 
OI-t.IA-1L 
OI-t.IA-1L 
OI-IIIA-lL 

OI-t.IA-2U 
01-t.IA-2U 
Ol-t.IA-2U 
OI-WA-2U 
OI-~A-2U 

1 

2 

3 

• 
5 

1 

2 
3 

• 
5 

1 

2 
3 

• 
5 

1 

2 
3 

• 
5 

1 

2 
3 

• 
5 

2 

3 

• 
5 

1 

2 

3 

• 
5 

(Contd) 

Temperature 

("C) 

'" 
14.0 16.0 

14.8 16.4• 
15.0 18.0 

14.9 15.8 

14.6 15.8 

14.8 15.7 

14.9 16.2• 

14.8 18.0 

14.8 15.7 

14.5 15.7 

14.7 15.7 

14.7 16 2• 

14.9 15.9 

14.7 15.6 

14.8 15.7 

15.0 15.8 

14.9 16.h 

14.8 16.0 

15.0 16.0 

14 a 1&.9 

14.7 15.8 

14.9 16.5• 

14.8 18.h 

14.8 16.0 

14.6 15.7 

14 8 15.8 

14.7 15.7 

14.7 15.7 

14.7 15.7 

15.0 15.7 

15.0 16.0 

15.0 16.0 

14.6 16 0 

14.8 15.8 

14 9 16.0 

14.8 15.8 

0 i sso I ved Oxygen 

(111g/L) 

~in '" 
4.0 

7. 2 7. 7 

7. 2 7 8 

8.3 7.3 

7.0 7 8 

7.0 7.5 

7.5 7.9 

7 0 7.8 

8.1 7 7 

8.8 7.5 

8.9 7.8 

7.4 7.9 

8.5 7.5 

8.0 7.5 

7.0 7.8 

8.2 7. 4 

8.5 7.4 

6.9 7 8 

6. 7 7 4 

6.9 7.7 

7.1 7. 7 

6.8 7.6 

7.3 7.8 

6.6 7.6 

7.1 7.7 

6.4 7.7 

6.4 7.8 

6.9 7.4 

7.0 7 5 

8.2 7.5 

7 0 7.6 

8. 9 7 5 

6.9 7.8 

8.6 7 3 

8.2 7.3 

6.7 7.5 

D .12 

pH 

''" '" 
7.30 8.10 

7.78 7.97 

7.65 7.97 

7.69 7 98 

7 79 7.92 

7.80 7.93 

7.80 7.99 

7.78 7 93 

7.78 7.94 

7.78 7 99 

7.78 7.93 

7 70 7.99 

7 68 7.95 

7 81 7.94 

7.71 7 96 

7.77 7.95 

7.64 7 95 

7 68 7.99 

7.76 7.91 

7.81 7 96 

7.76 7 95 

7.75 7.96 

7.79 7.98 

7 75 7.98 

7.79 7 92 

7.76 7.95 

763 796 

7.68 7.97 

7.71 7 95 

7.71 7.95 

7.79 7 98 

7.68 7.95 

7.51 7.96 

7 62 7.89 

7 62 7.92 
765 790 

Salinity 

( 0 /oo) 

Min '" 
32.0 

" 0 

32.0 33.0 

32.0 34.0 

32.0 34.0 

32.0 34.0 

32.0 34.0 

32.0 32.5 

32.0 33.0 

32.0 34.0 

32.0 34.0 

32.0 34.0 

32.0 32.5 

32.0 34 0 

32.0 34 0 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 33.0 

32.0 34.0 

32.0 24.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33 0 

32.0 34.0 

32.0 34.0 

32.0 32.5 

32.0 32.5 

Flo• Rate 

(mL/m in) 

!.lin '" 
115 135 

115 135 

115 130 

118 133 

115 123 

116 132 

118 130 

118 135 

120 130 

115 128 

115 126 

116 133 

115 135 

118 130 

118 134 

115 135 

115 130 

116 130 

118 132 

119 128 

118 132 

115 133 

115 130 

117 125 
122 135 

120 130 

117 134 

116 130 

120 132 

118 132 

117 130 

115 130 

118 135 

116 127 
118 128 

116 130 



TABLE D.S (Contd) 

Tertperature 

("C) 

Treahent ~ Min 

Acteptable Range 

OI-WA-2l 

OI-WA-2l 

OI-I.IA-2l 

Ol-t.IA-2l 

OI-WA-2l 

01-SS-4l 

OI-SS-4L 

OI-SS-4l 

OI-SS-4l 

OI-SS-4L 

OI-TS-5Al 

OI-TS-5AL 

01-TS-SAL 

DI-TS-SAL 

OI-TS-5Al 

01-TS-5AU 

OI-TS-SAU 

OI-TS-5AU 

01-TS-SAU 

OI-TS-5AU 

00-1-1 

00-1-1 

00-W-1 

00-W-1 

00-W-1 

00-W-2 

00-W-2 

00-W-2 

00-1-2 

00-W-2 

00-W-3 

00-W-3 

00-W-3 

00-W-3 

00-W-3 

1 

2 

' • 
5 

1 

2 

' • 
5 
1 
2 

' • 
5 

1 

2 

' • 
5 

1 
2 

' • 
5 

1 

2 

' • 
5 

1 

2 

' 4 
5 

14.0 16.0 

14.9 15.7 

14.8 15.7 

14.9 15.6 

14.8 15.9 

14.8 16.1 

14 8 18.h 

14.7 15.8 

14.6 15.7 

14.9 16.0 

14.6 15.7 

14.6 16.0 

14.8 15.7 

14.9 15.7 

14.8 15.8 

15.2 16.h 

15.0 16.0 

15.0 15.8 

14.6 16.7 

14.5 15.7 

14.7 15.7 

14.9 15.7 

14.9 16.h 

15.0 16.0 

14.6 15.8 

14.8 15.8 

14.9 16.6• 

14.9 18.3• 

14.9 18.h 

14.9 16.0 

14.5 15.6 

14.7 18.2• 

14.5 15.8 

14.5 15.8 

14.8 18.0 

14.7 15.8 

Dissolved Oxygen 

(mgfl) 

4.0 

7 .I 7.7 
7.4 7. 7 

8. 5 7 8 

6.3 7.5 

6.6 7 5 

7.3 7.9 

6. 7 7.8 

6.3 7.6 

6.7 7.5 

6. 7 7.8 

8.6 7.4 

7.0 7.4 

6.9 7.5 

6.8 7.8 

7.1 7.6 

6.3 7 3 

6.4 7.6 

6.2 7.4 

6.8 7.4 

6.1 7 5 

7. 2 7. 7 
7.1 7.7 

6.4 7.6 

6.8 7.6 

6.7 7.5 

7.0 7.6 

7.2 7 8 

7.2 7 6 

6. 0 7 5 
6.5 7.8 

6.8 1 .a 
8.9 7.4 

6.8 7 a 
8 7 7. 5 

8. 5 7 5 

0.13 

pH 

Min '" 
7.30 8.10 

7.75 7.97 

7.67 7.98 

7.57 7 91 

7.57 7.96 

7.20• 7.95 

7.88 7.98 

7.82 7.93 

7.58 7.95 

7.85 7.91 

787 7.94 

7.80 7.94 

7.88 7.97 

772 7.95 

7.69 7.94 

7.75 7.94 

7.66 7.94 

7.75 7.93 

7.82 7.93 

7.66 7.92 

7.59 7 99 

7.78 7.99 

7.80 7.98 

771 796 

7.72 792 

7.71 7.92 

7.84 7.98 

779 7.98 

7.79 7.97 

7.78 7.97 

7.25• 7.88 

7.71 7.93 

7.74 7.99 

774 7.91 

7.73 7.88 

7.56 7.88 

Salinity 
(O/oo) 

Min '" 
32.0 34.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 34.0 

32.0 34.0 

32.0 34.0 

32.0 33.0 

32.0 34 0 

32 0 33.0 

32.0 33.() 

32.0 33.0 

32.0 34.0 

32.0 33.0 

32.0 34.0 

32.0 34.0 

32.0 34.0 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 32.5 

32.0 32.5 

32.0 32.5 

32.0 33.0 

32 0 32.5 

32.0 33.0 

32.0 34 0 

32.0 33.0 

32.0 34.0 

320 340 

Flow Rate 

(Ill/min) 

115 135 

117 128 

120 130 

116 122 

118 128 

117 130 

118 134 

116 129 

118 135 

ll8 130 

117 132 

118 130 

118 128 

116 126 

116 132 

116 132 

115 135 

116 130 

118 128 

122 130 

ll8 126 

115 128 

116 130 

120 131 

115 128 

116 130 

115 134 

118 130 

115 128 

116 134 

118 126 

115 125 

115 130 

120 132 

120 135 

118 128 



TABLE 0.5 (Contd) 

Tenperat1.1re 

("C) 

Treat11ent ~ llin "" 
Acceptable Range 

00·1·4 

00·1·4 

00·1·4 

00·1·4 

00·1·4 

00·1·5 

00·1·5 

00·1·5 

00·1·6 

00·1·6 

PR·coarse 
PR·coarse 
PR·coarse 
PR·coarse 
PR·coane 

PR·fine 
PR·fine 
PR·fine 
PR·fine 
PR-fine 

Toules Bay 
Tonles Bay 
Tonales Bay 
Ton les Bay 
Toules Bay 

' 
' 
' 5 

' 
' 
' 5 

1 

' 
' 
' 
' 
1 

' 
' 
' 
' 
1 

' 
' 
' 
' 

14.0 16.0 

14.11 16.3• 

14.7 16.7 

14.9 16.9 

14.5 15.11 

14.8 16.9 

14.8 111.3• 

14.8 111.h 

14.7 15.7 
14.7 15.11 

14.8 15.7 

14.8 111.0 

14.7 16.7 

14.7 15.11 

14.8 15.7 

14.7 15.7 

14.9 111.8• 

15.0 111.2• 
14.8 15.8 
14.7 15.7 

14.7 15.9 

14.9 15.8 

14.8 15.8 
14.8 15.8 
14.8 15.8 
15.1 18.1• 

D i sso I ved Oxygen 

(mg/L) 

!.lin "" 
7.3 7.8 

6. 2 7. 7 

8. 2 7. 7 

6 2 7.7 

6.9 7. 5 

7.5 7.9 

7.0 7.8 

8.6 7.6 

6.9 7.4 
6.6 7.7 

6.2 7.7 
6.8 7.5 

6.3 7.5 

11.4 7.4 

11.7 7.5 

7.3 7.6 

7.3 7.9 

8.6 7.7 
6.3 7.7 

7.0 7.4 

7. 0 7.9 

6. 2 7. 5 
6. 7 7.3 

6.8 7.7 

8. 7 7 7 

0.14 

pH 

loli n "" 
7.30 8.10 

7.77 7.95 

7.711 7.94 

7.73 7.93 

773 792 

7.74 7.94 

7.78 7.99 

7.74 7 97 

7.71 7.93 

7.73 7.93 
7.74 7.92 

7 1111 7.9-4 

7.119 7.93 

7.116 7.90 
7.67 7.90 

7.116 7.94 

7.77 7.99 

7.80 7.98 

7 81 7.97 

7.79 7.95 
7.78 7.94 

7 80 7.97 

7.77 1 9-4 
7.74 7.94 
7.77 7 94 
7.80 7.9-4 

Salinity 
(Of co) 

l.lin "" 
32.0 3-4.0 

32.0 33.0 

32.0 33.0 

32.0 33 0 

32.0 32.0 

32.0 3-4.0 

32.0 32.5 

32.0 33.0 

32.0 3-4.0 

32.0 3-4.0 

32.0 33.0 

32.0 33.0 

32.0 3-4.0 

32 0 3-4.0 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 32.5 
32.0 3-4.0 

32.0 3-4.0 

32.0 3-4.0 

32.0 34.0 

32.0 3-4.0 
32.0 RO 
32.0 3-4 0 
32.0 33.0 

Flow Rate 
(111l{min) 

!.lin "" 
115 135 

118 132 

115 130 

116 132 

115 128 

120 130 

us 133 

116 1211 

118 132 

1111 13-4 

118 126 

116 126 
115 130 

118 130 

115 130 

120 130 

1111 128 

115 124 

115 124 

118 135 
120 128 

us 13-4 

117 134 
120 129 

123 132 
116 130 



TABLE 0.6 Summary of Observations far Macoma Test 

Sedi~ent Nu1ber on Seditent Surface 
Treat•ent f!!E. ld 2d 3d 4d !id 6d 7d Bd 9d lDd 

01-CH-0 

OI-CH-0 
01-CH-0 
01-CH-0 
DI-CH-0 

00-CH-1 
DIJ-CH-1 

DO-CH-1 
00-CH-1 
00-CH-1 

00-CH-2 
00-CH-2 
00-CH-2 
DD-CH-2 
00-CH-2 

DI-CH-2A 
OI-CH-2A 

OI-CH-2A 
OI-CH-2A 
OI-CH-2A 
00-CH-3 

00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 

1 0 0 0 0 0 0 0 0 0 
2 0 

3 

' ' 5 0 

0 
0 
0 

0 

1 0 0 

2 0 0 
3 0 0 

' 0 0 
5 0 0 

1 0 1 

2 0 0 
3 0 0 

' 0 0 
5 0 0 

0 0 
0 
0 1 

0 0 

0 
0 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 

0 
0 

1 D 0 0 
2 0 0 0 
3 0 0 0 

0 0 
0 0 
0 0 

4 D 0 0 

s 0 0 0 
1 0 0 0 
2 0 0 0 

3 0 0 0 
4 0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 1 

1 0 

0 0 

1 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 
0 

0 
0 

0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 .. 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

1 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 

0 

0 
0 

0 

0 
0 
0 

0 
1 
0 

0 
0 

5 0 0 0 0 0 0 0 0 0 

BL = Not Data Avai I able 

0 
0 

1 

0 

0 
0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

D.IS 

Seditent Nu11ber of Siphons Exposed 

Treatlent !!.!£ ld 2d 3d -4d 5d 6d ?d 8d 9d lOd 

01-CH-0 

Dl-CH-0 
DI-CH-0 
01-CH-0 

01-CH-D 

00-CH-1 
00-CH-1 

00-CH-1 
00-CH-1 
00-CH-1 

00-CH-2 

00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 

OI-CH-2A 

OI-CH-2A 
01-CH-2A 
OI-CH-2A 
DI-CH-2A 
00-CH-3 

00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 

4 5 3 0 6 

2 3 
3 8 

' 8 
5 1 

1 1 

2 0 
3 1 

' 2 

' ' 

8 2 

' 3 
7 3 
8 5 

1 

2 1 

5 1 
1 3 

2 

8 8 
3 3 

' 11 
3 8 

' 2 

5 

1 

2 

0 

' 1 

1 1 

0 0 
1 0 
1 2 

2 1 

0 1 
2 3 8 

3 8 8 

4. 3 6 

' 3 2 

1 ' 0 
1 2 4 2 
0 0 0 2 

3 3 7 
4 1 4 4 

2 

3 

' 
' 1 
2 
3 

' 

0 

1 

0 
3 

2 

1 

1 

1 1 

1 3 

0 2 

1 ' 
2 0 
0 0 

' 8 
5 1 
0 0 

0 
2 

2 

3 

0 

1 
0 
0 

0 

' 1 

2 
0 
0 
5 
0 

1 

0 
0 
0 
0 

0 

2 
1 
0 

2 4 5 7 
2 
2 
7 

2 

0 
1 
0 
2 
0 

6 ' 
2 ' 

' 13 
2 2 

2 ' 
0 2 
0 5 

1 ' 
2 2 

2 1 5 

' 3 8 

' 1 ' 
5 0 2 

' 10 

1 0 7 

' 2 ' 
1 2 1 

0 0 ' 
3 1 ' 
0 3 

3 ' ' 
2 2 ' 
0 1 2 

14 

11 

10 
6 

3 

3 

13 
18 

3 

3 

' 11 

5 

16 

8 

' 
' 14 

5 

2 

' 11 

' 51152032048 



TABLE 0.6 (Contd) 

Sed i 1ent. Nu1ber on Sed i 1ent Surface 

Treatment ~ ld 2d 3d 4d 5d 6d 7d Bd 9d lOd 

00-CH-4 
00-CH-4 
DD-CH-4 
00-CH-4 
00-CH-4 

01-CH-4.4. 
01-CH-4.4. 
01-CH-U 

DI-CH-4A 
OI-CH-4A 

00-CH-5 
00-CH-5 

00-CH-5 
00-CH-5 
00-CH-S 

00-CH-6 
00-CH-6 
00-CH-6 
00-CH-6 
00-CH-6 

01-CH-BA 
01-CH-BA 

01-CH-BA 
01-CH-BA 
01-CIHlA 

1 0 

2 0 
3 0 

0 
0 
1 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

a o o a 
o o a a 
a o a o 

• 1 o a a o 
5 0 a a o a 

1 0 
2 0 
3 0 
• 0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
1 
0 
0 
0 

a a a a 

5 0 

1 1 0 
0 0 0 0 
0 0 0 0 
a a a a 

l 0 0 0 0 0 0 
2 a a o a a 1 
3 0 0 0 0 0 0 
4000000 

0 0 

0 0 
0 0 
0 0 

0 
0 

0 
0 

s a a a a a a o a a 

1 o a a a a o 
2 a o a a a a 
3 0 0 0 0 0 0 
• o o o a o o 
SOODDDO 

1 a a a a a o 
2 a o a o o a 
3 0 0 0 1 0 0 
4 0 0 0 0 0 0 
5000000 

0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 
0 

Sed i •ent Number of Siphons Exposed 
Treatlent &2 ld 2d 3d 4d 5d 6d 7d 8d 9d lDd 

00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 

01-CH-4.4. 
Ol-CH-4A 
DI-CH-4.4. 

OI-CH-4A 
OI-CH-4A 

00-CH-S 
00-CH-5 

00-CH-5 
00-CH-5 
00-CH-6 

00-CH-6 

00-CH-6 
00-CH-6 
00-CH-6 
00-CH-6 

OI-CH-6A 
OI-CH-6A 
OI-CH-6A 
OI-CH-6A 
OI-CH-6A 

1 

2 
3 

• 
5 

1 

2 

3 

• 
5 

1 

2 

3 

• 
5 

1 

2 
3 

• 
5 

1 

2 

3 

• 
5 

11 (I 3 

3 3 2 c 1 

3 0 0 0 l 1 
1 1 1 1 1 0 0 
1 0 1 1 0 0 0 

3 2 2 3 1 0 0 
3 2 3 0 4 0 0 
4 9 4 s 2 s 1 
4 2 3 0 2 1 0 
6 6 3 3 3 3 0 

• 
3 

10 
2 

2 2 
2 • 

1 2 
3 0 

0 2 
• 3 

2 ' 
1 3 

' 2 

7 

3 

2 
3 

3 

2 

11 

2 5 
3 

2 2 
3 9 

1 2 
2 

5 3 

2 • 
2 7 

2 • 
7 

2 12 

3 3 

9 

0 

1 

s 
11 

0 

0 

' 
9 

0 

0 
s 

lS 

• 
2310321419 

5 

2 
0 
0 
1 

3 

0 

• 
0 

1 

0 
0 
0 
2 

2 
0 
0 
2 

0 

0 

3 

0 
1 

0 
5 

1 

2 

0 

2 

0 
0 

2 

1 

0 

2 
0 
1 

2 

0 

0 
0 
1 

1 3 3 
2 • 3 
3 • 1 

2 2 
2 1 

1 

2 

1 
1 
1 

0 2 
1 0 

0 5 

5 s 
9 lS 

0 1 
2 3 
2 2 
1 0 
0 0 

3 

9 

s 
1 

3 

1 

0 

2 
s 

10 

0 
0 

0 

9 

0 

0.16 



TABLE 0.6 (Contd) 

Sedi111ent Number on Sediftent Surface Sed i ftent Number of Siphons Exposed 

Treatment ~ ld 2d 3d 4d 5d 6d 7d 13d 9d lOd Treat111ent ~ ld 2d 3d 4d Sd 5d 7d 8d 9d lOd 

00-CH-7 
00-CH-7 
00-CH-7 

00-CH-7 
00-CH-7 

00-CH-8 
00-CH-8 
00-CH-8 
00-CH-8 
00-CH-8 
01-WA-lL 
01-WA-lL 
DI-WA-1L 
01-WA-lL 

1 0 
2 0 
3 0 
• 0 

' 0 

1 0 
2 0 
3 0 
• 0 

' 1 
1 0 
2 0 
3 0 
• 0 

0 1 0 
0 
0 
0 
0 

1 1 0 0 0 
0 1 0 0 0 0 

0 0 

0 0 
0 0 

0 0 0 1 0 
0 0 0 0 0 

2 2 1 1 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 

1 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

01-!.IA-lL 5 0 0 0 0 0 0 0 0 0 0 

OI-WA-2U 
OI-IIIA-2U 
01-WA-2U 
01-WA-2U 
OI-WA-2U 
01-t.IA-2L 
OI-t.IA-2L 
Ol-t.IA-2L 
OI-IIIA-2L 
01-t.IA-2L 

0 

2 0 
3 0 
• 0 
5 0 
1 0 
2 0 
3 0 
• 0 
5 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 ' 
0 0 0 
0 0 0 
0 1 0 
0 0 0 

0 0 
1 0 
0 0 
0 0 
0 0 
1 1 

0 0 
0 0 
0 0 
0 0 

0 
0 
0 
0 
0 
1 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 

0 
0 
0 

0.17 

00-CH-7 
00-CH-7 

00-CH-7 
00-CH-7 
00-CH-7 

00-CH-13 

00-CH-13 
00-CH-8 
00-CH-8 
00-CH-8 
01-!.IA-lL 

01-MA-lL 
OI-t.IA-1L 
01-t.IA-1L 
01-t.IA.-lL 

01-t.IA-2U 
OI-t.IA-2U 
OI-!.IA-2U 
OI-t.IA-2U 
OI-t.IA-2U 
OI-!.IA-2L 
01-t.IA-2L 
OI-t.IA-2L 
01-WA-2L 
OI-t.IA-2L 

1 10 12 4 1 6 2 • 
3 3 

2 7 

1 1 

3 ' 

2 5 5 3 2 0 2 1 
3 5 0 0 0 0 1 0 
4 3 3 2 1 2 2 1 

5 10 a • 4 2 2 

1 3 

' 3 
3 7 

• • 
5 5 

1 ' 

' 3 1 

• 1 

2 1 3 

1 1 1 
0 0 2 

0 0 0 

1 1 ' 

' . 
1 ' 
3 1 

3 1 

3 1 

' 5 
1 0 

' 1 
• 0 
3 2 

' 3 
3 0 
10. 

0 0 1 

3 

0 3 ' 
1 1 ' 
1 ' 9 
2 2 12 

5 ' 5 

3 ' 0 
3 0 3 

5 0 3 3 4 2 3 • 4 

1 1 
2 0 
3 0 
• 1 

5 ' 
1 3 

2 ' 
3 ' 
• 3 

5 1 

• 0 

• • 
0 1 
0 0 
3 0 

3 ' 

' . 
2 0 
1 

• 0 

0 2 1 0 

2 0 0 1 5 

6 0 4 1 2 1 
1 2 0 0 1 0 
0 0 0 0 2 
2 1 3 3 4 5 
3 0 2 3 2 
0 2 0 2 1 7 
1 6 0 1 7 7 

3 1 7 0 6 

' 
' 5 

• 
7 

4 

3 

0 

' 
' 0 

10 
3 

8 

0 

0 
0 
0 

• 
3 

0 
0 
0 
0 

0 



TABLE 0.6 (Contd) 

Sedi•ent. Nu~ber on Sedi~ent Surface Sedi•ent Number of Siphons Exposed 

Treahent. ~ ld 2d 3d 4d Sd Bd 7d Bd 9d lOd Treahent ~ ld 2d 3d 4d Sd Sd 7d Bd 9d 1Dd 

!II-SS-4L 
01-SS-4L 
DI-SS-4L 
OI-SS-4l 

01-SS-4l 

01-TS-SAL 
01-TS-SAL 
01-TS-SAL 
DI-TS-SAL 
01-TS-SAL 

01-TS-SAU 
01-TS-SAU 

01-TS-SA.U 
01-TS-SAU 
01-TS-SAU 

00-1-1 
00-1-1 

00-1-1 
00-1-1 
00-J-1 

00-1-2 
00-1-2 
00-J-2 
00-1-2 

00-J-2 

I C 

2 ' 
3 ' . ' 
5 ' 

I C 

2 ' 
3 ' . ' 
5 I 

' 
' 
' ' 
' 
I 

' 
' ' 
' 

I C C 

2 ' ' 
3 ' ' . ' ' 
5 ' ' 

I 

' 
' 
' ' 
' ' 
' ' 
' 
' 
' 
' 
' 
' 

' 
' 
' 
' 
' 
' ' 
' ' I 

' 
' 
' 
' ' 

' 
' 
' 
' 
' 
' ' 
' ' 
' 

' 
' 
' 
' 
' 
' 
' 
' 
' 
' 

' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 

' 
' 
' 
' 
' 
' 
' 
' 
' 
' 

0 0 0 0 0 
0 0 0 0 0 
0 1 1 0 0 
0 0 0 0 0 
0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 
2 D 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
" o o a a a o o o 
5 0 0 0 0 0 0 0 0 0 

' 
' 
' 
' 
' 
' 
' ' 
' 
' 
' 
' 
' I 
' 
' 
' 
' 
' 
' 
' 
' 
' 

OI-SS-4L 1 3 3 1 2 1 5 

OI-SS-4L 2 5 7 2 5 4 3 3 

OI-SS-4L 3 0 3 4 0 0 0 2 
OI-SS-4l 4 1 1 2 3 D 0 
OI-SS-4l 5 6 3 6 6 3 4 5 

01-TS-SA 1 1 3 1 3 3 2 

01-TS-SAL 2 1 2 0 0 3 3 

01-TS-SAL 3 3 5 3 3 5 3 2 

01-TS-SAL 4 2 2 3 5 2 5 3 

01-TS-SAL 5 1 5 4 4 5 3 2 

01-TS-SAU 1 0 
OI-TS-SAU 2 0 
OI-TS-SAU 3 4 
OI-TS-5AU 4 0 
OI-TS-SAU 5 2 

I I 

2 I C 

C I I 

5 3 7 
I I I 

C 3 I 

I C 

' 2 
5 2 
I 3 

' 
4 I 3 00-W-1 

00-W-1 
00-1-1 
00-1-1 
00-1-1 

2 I C 
3 I I 

I C C 
C C I 

I 

' 
' 
' I . ' ' 

5 4 I 

C 3 I 

I 

2 • 
3 2 
4 I 

5 6 2 

' 
3 ' 
2 
I I 

• 3 6 

2 ' ' 
2 2 
C C I 

2 

' • 
3 

I 

' 
' I 
3 

I 

' 3 

' 2 
5 6 
2 I 

I C 
2 2 

2 ' 

' ' 2 2 

' 11 

2 12 
6 

2 7 
5 • 

I 

' 
' I 
2 

• 
2 

2 

3 

' 5 

I 11 

I 4 

' . 
2 6 

5 

' 
' • 
6 

' 6 

7 

6 

' 
' 
' 
' 5 

" 
I 

2 
5 
6 

12 
2 

I 
5 ' ' 

00-1-2 
00-1-2 
00-W-2 
00-1-2 
00-1-2 5 2 1 3 2 1 1 0 0 s 14 

0.18 



TABLE 0.6 (Contd) 

Sediment. Nu1ber on Sedi~ent. Surface Sed i 11ent Number of Siphons Exposed 

Treahent. E!P. ld 2d 3d .td Sd Sd 7d Sd 9d lOd Treahent B:e ld 2d 3d 4d Sd Sd 7d Bd 9d lOd 

00-1-3 

00-1-3 

00-1-3 

00-1-3 

00-1-3 

n n o n 
n o 

o n n 0 0 
0 0 2 n o o n o 

3 o n 0 0 n o o n o 
• 0 0 o n o n n o n 
5 o n 0 0 n n n 0 0 

1 0 0 0 D D 0 
2 D 0 D 0 D 0 
3 0 0 D 0 D 0 
4 0 0 0 
S 0 II 0 
1 0 0 0 
2 2 0 0 
3 0 0 0 
.t 0 D 0 

0 0 0 
n n o 
n o o 
n o 1 

n o 1 

n o n 

0 0 0 
o o n 
0 0 0 
0 0 
n o 
1 1 
1 0 

0 
o n 

0 

n 
1 

n 
n 
0 

0 

0 
n 
0 
n 

0 
0 
0 
0 
0 

1 
0 
0 

0 

00-1-4 
00-W-4 
00-W-4 
00-W-4 
Oll-W-4 
00-W-5 
00-W-6 
00-1-5 
00-1-S 
00-1-5 50000001000 

PR-coarse 1 

PR-coarse 2 

PR-coarse 3 

PR-coa rse .t 

PR-coa rse 5 

0 0 
0 0 

0 0 
0 0 
0 0 

0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

PR-fine 

PR-fine 

PR-fine 

PR-fine 

PR-fine 

1 0 0 0 0 0 
0 0 

0 0 

2 0 0 0 
3 0 0 0 

4 0 0 0 
s 0 0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
n o 

0 
0 

0 
0 
0 

0 
0 
0 

1 
0 

0 0 

0 0 
0 0 
0 0 
0 0 

0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0.19 

011-W-3 
00-1-3 
00-1-3 
00-1-3 
00-1-3 

1 

2 

' • 
5 

7 n 
0 

1 2 

• 
1 

1 2 1 2 
n o 1 

D 1 1 1 1 

2 1 1 1 0 
0 4 0 2 0 

n 8 

2 12 

5 5 

5 ' 
5 15 

1 3 1 1 o n 
2 3 

2 0 

0 ' 2 
2 10 0 2 

3 " 0 0 
• o n 
5 1 

1 2 1 

2 9 2 
3 • 

• 0 2 

n 3 

2 • 
0 0 
3 2 
0 1 

0 

• 
2 

' 1 

• 

' 0 
n 
2 

1 

2 

2 

1 

1 • 12 

7 0 10 

2 

1 

2 
0 

2 
2 

7 12 

' 5 
2 8 

' ' • 5 

8 8 

11 

' 5 

" 7 

' 7 
15 

" 8 

1 

2 
9 

15 

00-'11-.t 

00-W-.t 

00-1-4 
00-'11-4 

00-1-4 

00-1-S 
00-W-5 
00-W-5 
00-W-5 
00-W-6 5 3 1 3 2 3 2 7 8 12 

PR-coarse 

PR-coarse 2 

PR-coarse 3 

PR-coarse .t 

PR-coarse 5 

5 • 

1 2 

' " 2 2 

2 ' 

1 

2 
2 
n 
5 

• ' 2 PR-fine 

PR-fine 

PR-fine 

PR-fine 

PR-fine 

2 -4 2 4 

3 3 -4 1 
-4 5 5 5 
5 2 3 -4 

7 

2 
0 

2 
2 

2 
0 
1 

2 

1 

• 
2 

7 

• 
' 

2 

5 

1 

2 

2 
5 
2 

' 0 

• 9 

' 5 
7 15 

5 " 
1 8 

1 3 3 11 
1 1 1 6 

4 1 0 2 2 
2 2 4 2 5 
1 4 3 2 3 

• 
15 

14 
16 
10 

6 
2 

6 

" 5 



TABLE 0.6 (Contd) 

Sediumt Number on Sediment Surface Sedi11ent Nunber of Si~hons Ex2osed 
Treat.llent ~ ld 2d 3d " 5d Bd 7d Bd Od 10d Tr!!ahent. ~ 1d 2d 3d " 5d Sd 7d Bd Od 10d 

Tonl11s Bay 0 0 0 0 0 0 0 0 0 0 Tonles Bay 1 3 5 6 1 , 1 3 10 5 • 
Tonles Bay , 0 0 0 0 0 0 0 0 0 0 Tonles Bay , ' 5 1 , 0 1 , 12 ' 6 

To1ales Bay 3 0 0 0 1 , 0 1 0 0 0 Ton lea Bay ' ' , 5 6 0 1 ' 12 s 7 
Ton lee Bay ' 0 0 0 1 0 0 0 0 0 0 Toules Bay ' ' s , 5 ' 0 1 ' , ' Tonles Bay 5 0 0 0 0 0 0 0 0 0 Tonles Bay 5 ' , , , 5 ' s , , 

' 

0.20 



TABLE 0.7 Summary of Observations for Nephtys Test 

Sedi~ent Number on Sediment Surface Sedi~ent Nu1ber of Heads Exposed 
Treatment ~ 1d 2d 3d 4d Sd Sd 7d 6d 9d lOd Treat11ent ~ 1d 2d 3d 4d 5d Sd 7d 8d 9d lOd 

01-CH-0 
01-CH-0 
OI-CH-0 
ai-CH-0 
ai-CH-0 

00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 

00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 

OO-CH-2A 
ai-CH-2A 
01-CH-2A 
01-CH-2A 
OI-CH-2A 

00-CH-3 
00-CH-3 
00-CH-a 
00-CH-a 
00-CH-a 

1 0 0 0 0 
2 o a o o 
3 0 0 0 0 
4 0 0 0 0 
5 o o o a 

1 0 0 0 0 

2 o a o o 
3 0 0 0 0 
4 0 0 0 0 
5 0 0 0 0 

0 0 0 0 
2 0 0 0 0 
a o o o o 
4 1 0 0 0 
5 0 0 0 0 

1 0 0 0 
2 0 0 0 0 
a o o o o 
4 0 0 0 0 
5 0 0 0 0 

1 0 0 0 1 
2 0 0 0 0 
a o a o o 
4 0 0 0 0 
5 0 0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
1 0 
1 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 
0 
0 

0 

0 
0 
0 

0 

0 

0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 
1 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

0 
0 

0 
0 

0 
0 
0 

0.21 

01-CH-0 
01-CH-0 
01-CH-0 
01-CH-0 
01-CH-0 

00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 

00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 

OI-CH-2A 
01-CH-2A 
OI-CH-2A 
01-CH-2A 
OI-CH-2A 

00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 

1 0 

2 0 
3 0 
• 0 
5 0 

1 0 

2 0 
3 

• 0 
5 0 

1 0 

2 0 
3 0 
• 0 
5 0 

1 0 
2 0 
3 0 
• 0 
5 0 

1 0 
2 0 
3 0 
• 0 
5 0 

0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 

0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 1 
1 0 
0 0 
0 0 
0 0 

0 0 

0 
0 0 
0 0 
0 0 

0 0 
0 

0 0 
0 0 
0 0 

1 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

0 

0 
0 

0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
0 
0 

3 

0 

0 
0 

• 
1 
0 

0 

0 

0 
0 

0 

1 
0 
0 
0 
0 

0 
0 

2 

1 

0 



TABLE 0.7 (Contd) 

Sedia~ent. Number on Sediment Surface 

Treatment ~ ld 2d 3d 4d Sd 6d 7d Sd 9d lOd 

00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 

DI-CH-4A 
OI-CH-4A 
OI-CH-4A 
OI-CH-4A 
OI-CH-4A 

00-CH-5 
00-CH-5 
00-CH-5 
00-CH-5 
00-CH-6 

00-CH-6 
00-CH-6 

011-CH-6 

00-CH-6 
00-CH-6 

DD-CH-6A 
01-CH-IIA 

OI-CH-6A 
OI-CH-6A 
OI-CH-6A 

1 0 0 

2 0 0 
3 0 0 

• 0 0 

5 0 0 

1 8 3 

2 0 0 
3 1 2 

• 1 ' 
' 8 2 

1 0 0 

2 0 0 

3 0 0 

• 0 0 

' 0 0 

0 0 
2 0 0 

' 0 0 
• 0 0 

' 0 0 

1 0 0 
2 0 0 
3 1 0 
• 0 0 
5 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

1 1 2 0 0 

0 0 0 0 0 
1 0 0 0 0 

1 1 1 0 0 
1 2 1 (I D 

D 0 0 0 0 
0 D 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
11 a a o o 
0 0 1 0 0 

0 0 D 0 0 

0 0 0 0 0 

0 0 0 0 0 
0 0 1 0 D 
0 0 II 0 0 
0 0 0 D 0 
0 0 0 0 0 

0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 2 

0 0 
0 0 
0 0 
0 0 
0 0 

3 

0 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
7 

0 
0 

0 
0 
0 

Sedia~ent Number of Heads Exposed 

Treat!Aent ~ td 2d 3d 4d Sd 6d 7d 8d 9d lDd 

00-CH-4 

00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 

OI-CH-4A 
OI-CH-4A 

OI-CH-4A 
OI-CH-4A 
OI-CH-4A 

00-CH-S 
00-CH-5 

00-CH-5 

00-CH-5 

00-CH-6 

00-CH-6 
00-CH-6 
00-CH-6 
00-CH-6 
00-CH-6 

O!-CH-6A 
OI-CH-5A 
01 -CH-6A 
01-CH-6A 
01-CH-SA 

1 

2 

3 

• 
5 

2 

3 

• 
5 

1 

2 
3 

• 
5 

2 

3 

• 
5 

2 

3 

• 
5 

0 
0 

0 
0 
0 

3 

0 
0 
0 

2 

0 
0 
0 
0 

0 

0 
0 

0 
0 
0 

1 

1 

1 

0 
0 

0 

0 
1 

0 
0 

• 
0 

• 
1 
1 

0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

1 

0 

0 
1 

0 

0 
0 
0 
0 
0 

1 
0 
0 
1 

0 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

1 

0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
0 

0 

0 
1 

0 
0 
1 

0 

0 

1 

1 

0 

0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

0 
0 
0 

0 

0 
0 
0 

0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

1 

0 
0 
0 
0 

0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 

1 

0 
0 

0 
0 
0 

0 
1 

0 

0 

0 
0 
0 

0 
0 

0 
0 

0 

0 
0 
0 
0 
0 

0 
0 

0 

0 

0 

0 

0 
0 

1 

0 
0 
0 

0 
0 

0.22 



TABLE 0.7 (Contd) 

Sedi•ent. Number on Sedi1ent Surface 

T reahent ~ ld 2d 3d 4d Sd 6d ?d Bd 9d lOd 

00-CH-7 
00-CH-7 

00-CH-7 
00-CH-7 
DD-CH-7 

00-CH-8 
DD-CH-8 
DD-CH-8 
00-CH-8 
00-CH-8 

01-IU.-ll 
01-tu.-ll 
01-IU.-ll 
01-11..\-ll 
01-WA-ll 

DI-IU.-2U 

OI-IIIA-2U 

OI-WA-2U 
Ol-t.IA-2U 

OI-MA-2U 

OI-WA-2l 
01-WA-2L 

OI-ItiA-2L 

Dl-t.IA-2L 

OI-MA-2l 

1 o a o 1 o a o 
2 0 0 0 0 0 0 0 
3 0 0 l 0 0 0 0 
4 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 
2 o o o a o o a 
3 0 D D 1 0 0 
.. 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 D 

0 D D 0 
2 0 0 0 0 
3 0 0 0 0 
4 0 D D 0 
5 0 0 0 0 

0 0 0 
1 0 0 
0 1 0 
0 ._ 0 

0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

0 0 
0 0 
0 0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
1 

0 
0 
0 
0 
0 

lOOODOODOO·a 

2 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 1 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 
aoooooooooo 
4 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 

0.23 

Sedi1ent Nu.,ber of Heads Exposed 
Treahent ~ ld 2d 3d 4d Sd Bd 7d Bd 9d lOd 

00-CH-7 
00-Cfl-7 

00-CH-7 
00-CH-7 
DD-CH-7 

00-CH-8 
00-CH-8 
00-CH-8 

DD-CH-8 
00-CH-8 

01-WA-lL 
01-MA-lL 

01-MA-lL 

01-t.IA-lL 

01-t.IA-1L 

OI-t.IA-2U 

OI-t.IA-2U 

OI-IIA-2U 

OI-IIA-2U 

OI-MA-2U 

OI-MA-2L 

OI-!.IA-2L 

OI-t.IA-2l 

OI-t.IA-2L 

OI-t.IA-2L 

1 0 
2 0 

' 0 
• 0 

5 0 

1 0 

2 0 

' 0 
• 0 
5 0 

1 

2 

' • 
5 

1 

0 
0 
0 

0 

0 

0 
0 
0 
0 

0 

1 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

0 
0 

0 
0 
1 
0 
0 

0 
0 

0 

0 
0 

0 
1 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

1 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 

0 

0 0 0 
0 0 0 
0 0 0 
0 ._ 0 

0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 2 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 

0 
0 
1 

1 

0 
0 
0 
0 

0 

oooooooooo 
21000000000 

3 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 1 0 0 0 0 0 0 

1 2 0 0 0 0 0 0 0 0 0 
2000000000!! 
31 01000000 

4 0 0 1 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 



TABLE D.? (Contd) 

Sedi11ent Nu11ber on Sedi1ent Surhce Sedi .. ent Nu11ber of Heads Exposed 
Treatment ~ ld 2d 3d 4d Sd Sd 7d Sd 9d lOd Trntllent ~ ld 2d 3d 4d Sd 6d 7d 8d 9d lOd 

OI-SS-4l 
OI-SS-4L 

OI-SS-4L 
OI-SS-4l 

OI-SS-4l 

01-TS-SAL 

01-TS-SAL 
01-TS-SAL 
01-TS-SAL 
01-TS-SAL 

DI-TS-SAU 
01-TS-SAU 
01-TS-SAU 

01-TS-!iAU 
01- TS-SAU 

00-1-1 
00-1-1 
00-1-1 
00-1-1 
00-1-1 

00-1-2 
00-1-2 
00-1-2 

00-J-2 
00-J-2 

1 0 0 0 

2 1 0 0 

3 0 0 0 
4 1 0 0 

5 1 0 0 

1 0 0 0 
2 0 0 0 
3 0 1 0 

4 0 0 0 
s 0 0 0 

1 1 0 0 

2 0 0 0 

' u u 
4 I) 0 0 

5 0 0 0 

1 u u 
2 0 0 D 
3 ll 0 0 

4 0 0 0 
5 (I 0 0 

1 0 1 0 
2 0 0 0 
3 0 0 0 
4 0 0 0 
s 0 0 0 

u u u 
u u u 
u u u 
u u u 
u u u 

u u u 
u u u 
u u u 
u u u 
u u u 

u 1 u 
1 u 

u u u 
u u u 
1 u u 

u u u 
u u u 
u u u 
u u u 
u u u 

u u u 
1 u u 
u u u 
u u u 
u u u 

u u u 
u u u 
u u u 
u u u 
u u u 

u u u 
u u u 
u u u 
u u u 
u u u 

u u u 
u u u 
u u u 
u u u 
u u u 

u u u 
u u u 
u u u 
u u u 
u u u 

u u u 
u u u 
u u u 
u u u 
u u u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
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OI-SS-4L 
OI-SS-4L 
OI-SS-4L 
OI-SS-4L 
OI-SS-4L 

01-TS-SAL 
01-TS-SAL 
01-TS-5AL 
01-TS-SAL 
01-TS-SAL 

01-TS-SAU 
01-TS-SAU 

01-TS-SAU 

01-TS-SAU 
01-TS-SAU 

00-1-1 
00-J-1 
00-J-1 

00-1-1 
00-1-1 

00-1-2 
00-1-2 
00-1-2 
00-1-2 

00-1-2 

2 u 

' u 
' u 
5 u 

1 u 
2 u 
' u 
' u 
5 u 

1 u 
2 u 
3 u 
' 5 

' u 

u 
2 u 
3 u 
' u 
5 u 

u 
2 1 
3 u 
' u 
5 u 

u 
u 
u 
u 
u 

u 

u 
u 

u 
1 
u 
u 
1 

u 
u 
u 
u 
u 

u 
u 
u 
1 

u 

u 
u 
u 
u 
u 

u 
u 
u 
u 

u 
u 
u 
u 

1 

u 
u 
u 

u 
u 
u 
1 

u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
1 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
1 

u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u u 
u u 
u u 
u u 
u u 

u u 
u u 
u u 
u u 
u u 

u u 
u u 
u u 
u u 
u u 

u u 
u u 
u u 
u u 
u u 

u u 
u u 
u u 
u u 
u u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
1 

u 
u 
u 
u 
1 

u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

u 
u 
u , 
u 



TABLE 0.7 (Contd) 

Sediment Nu111ber on Sedi111ent Surface Sediment Number of Heads Exposed 

Treahent !!!£ ld 2d 3d 4d Sd Sd 7d Sd 9d lDd Treahent ~ ld 2d 3d 4d Sd Sd 7d Sd 9d lOd 

00-11-3 
00-'11-3 

00-11-3 
00-'11-3 
00-11-3 

00-1-4 
00-1-4 
00-11-.4 

00-11-4 
00-1-4 

00-11-5 
00-1-5 
00-1-6 
00-11-5 
00-1-5 

PR-co;nse 

PR-coa rse 

PR-coarse 

PR-coarse 

PR-coarse 

PR-fine 
PR-fine 
PR-fine 
PR-f i ne 

PR-fine 

10000000003 

2 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 
5 0 0 D 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 
2 0 0 D 0 0 0 D 0 1 
3 D 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 D 0 0 D 

1 0 0 D 0 0 0 0 0 0 

0 

0 
0 
0 

0 
0 
1 

3 
0 

0 
2 0 D 0 0 0 D D D 0 0 
30000000000 

4 0 0 0 0 0 0 0 0 0 1 
50000000002 

1 0 

2 0 
3 0 
• 0 
5 0 

0 1 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 

0 
0 

1 

0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 0 0 0 0 0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 

0 
0 

2 0 0 II 
3 0 0 0 
4 0 Q 0 
5 0 0 D 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 

0 
0 
0 

0 

0 

0 
0 
1 

0 

0.25 

00-11-3 
00-11-3 

00-1-3 
00-11-3 

00-1-3 

00-1-4 
00-1-4 
00-1-4 
00-1-4 
00-1-4 

0 0 0 0 0 0 0 0 0 
2 0 

' 0 
• 0 
5 0 

0 
2 0 
3 0 

• 0 
5 0 

0 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 1 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 D 1 
1 0 0 1 0 1 1 2 

0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 

0 
0 

0 
0 

2 

0 
1 

• 
1 

1 

00-1-5 
00-1-5 
00-1-5 
00-1-5 
00-11-6 

0000000000 

20000000000 

30000000000 

40000000002 

60000000021 

PR-coarse ·1 
PR-coarse 2 
PR-coarse 3 

0 

1 
0 
0 

0 

PR-eoarse 4 

PR-coarse S 

PR-fine 

PR-fine 

PR-fine 

PR-fine 

PR-fine 

1 0 
2 0 

' 0 
• 0 
5 0 

1 

0 
0 
1 
0 

0 
0 

0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 

1 0 
0 0 
1 0 

0 0 
0 0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 0 0 

0 
0 
0 
0 

0 0 
0 0 
0 0 

0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 

2 
2 

1 

0 
0 
0 

0 
0 



TABLE 0.7 (Contd) 

Sedi1ent Nu~ber on Sediment Surface Sedi .. ent Number of Heads Exeosed 
T n~at111ent ~ ld 2d 3d " 5d 5d 7d 8d 9d !Od Treat11ent ~ ld 2d 3d .. 5d 8d 7d 8d 9d !Od 

Toaales Bay l 0 0 0 0 0 0 0 0 0 0 Ton les Bay l 0 0 0 0 0 0 0 0 0 0 
Tomales Bay 2 0 2 0 0 0 0 0 0 0 2 Ton les Bay 2 0 0 0 0 0 0 0 0 0 0 
Toules Bay 3 0 0 0 0 0 0 0 0 0 0 Tonles Bay 3 0 0 0 0 0 0 0 0 0 0 
Toules Bay ' 0 0 0 0 0 0 0 0 0 0 Toules Bay ' 0 0 0 0 0 0 0 0 0 0 

Tou!es Bay 5 0 0 0 0 0 0 0 0 0 0 Toules Bay 5 0 0 0 0 0 0 0 0 0 0 

0.26 



APPENDIX E 

BIOASSAY RESULTS FOR FLOW-THROUGH 
AMPEL!SCA)RHEPOXYN!US TEST 



TABLE E.! Bioassay Results for Ampelisca abdita Flow-Through 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

01-CH-0 1 18 2 
2 19 1 
3 21 0 
4 18 2 
5 20 0 0.95 

00-CH-1 1 17 3 
2 20 0 
3 20 0 
4 18 2 
5 18 2 0.93 

00-CH-2 1 19 I 
2 20 0 
3 16 4 
4 20 0 
5 17 3 0.92 

01-CH-2A I 20 0 
2 19 I 
3 18 2 
4 17 3 
5 17 3 0.91 

00-CH-3 I 16 4 
2 17 3 
3 18 2 
4 16 4 
5 20 0 0.87 

01-CH-4 I 19 I 
2 19 I 
3 19 1 
4 20 0 
5 19 I 0.96 

OI-CH-4A I 20 0 
2 16 4 
3 19 I 
4 19 I 
5 19 I 0.93 

00-CH-5 I 19 I 
2 20 0 
3 18 2 
4 20 0 
5 18 2 0.95 

E .I 



TABLE E.1 (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep A 1 i ve Dead in All Reps 

00-CH-6 1 17 3 
2 16 4 
3 19 1 
4 19 1 
5 18 2 0.89 

Ol-CH-6A 1 20 0 
2 20 D 
3 20 0 
4 19 1 
5 19 1 0.98 

00-CH-7 1 18 2 
2 21 0 
3 19 1 
4 18 2 
5 18 2 0.93 

00-CH-8 1 18 2 
2 18 2 
3 19 1 
4 16 4 
5 19 1 0.90 

OI-MA-1L 1 19 1 
2 18 2 
3 20 0 
4 19 1 
5 18 2 0.94 

OI-MA-2U 1 19 1 
2 19 1 
3 16 4 
4 20 0 
5 19 1 0.93 

OI-MA-2L 1 18 2 
2 21 0 
3 20 0 
4 19 1 
5 18 2 0.95 

OI-SS-4L 1 19 1 
2 18 2 
3 20 0 
4 19 1 
5 18 2 0.94 

E.2 



TABLE E.! (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

01-TS-SAL I 19 I 
2 15 5 
3 20 0 
4 20 0 
5 20 0 0.94 

OI-TS-5AU I 19 I 
2 18 2 
3 19 I 
4 18 2 
5 18 2 0.92 

00-W-1 I 19 I 
2 19 I 
3 17 3 
4 19 I 
5 20 0 0.94 

00-W-2 I 19 I 
2 15 5 
3 20 0 
4 19 I 
5 18 2 0.91 

00-W-3 I 17 3 
2 18 2 
3 20 0 
4 20 0 
5 19 I 0.94 

00-W-4 I 18 2 
2 17 3 
3 16 4 
4 18 2 
5 20 0 0.89 

00-W-5 I 20 0 
2 19 I 
3 19 I 
4 20 0 
5 21 0 0.98 

E.3 



TABLE E.! (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep A 1 ive Dead in A 11 Reps 

PR-coarse I 20 0 
2 18 2 
3 17 3 
4 19 I 
5 20 0 0.94 

PR-fine I 20 0 
2 19 I 
3 17 3 
4 20 0 
5 20 0 0.96 

Tomales Bay I 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

E.4 



TABLE E.2 

Sediment 
Treatment 

00-CH-3 
00-CH-6 
00-W-4 
00-CH-8 
00-W-2 
01-CH-2A 
01-TS-5AU 
00-CH-2 
OI-MA-2U 
OI-CH-4A 
00-CH-7 
00-CH-1 
00-W-1 
PR-coarse 
OI-MA-1L 
01-SS-4L 
OI-TS-5AL 
00-W-3 
01 -MA-2L 
01-CH-0 
00-CH-5 
00-CH-4 
PR-fine 
00-W-5 
01-CH-6A 
Tomales Bay 

Bioassay Results for Ampelisca abdita Flow-Through 
Rank order Based on Proportion Surviving the 
10-Day Exposure 

Proportion Surviving 
(all replicates) 

0.87 
0.89 
0.89 
0.90 
0.91 
0.91 
0.92 
0.92 
0.93 
0.93 
0.93 
0.93 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.95 
0.95 
0.95 
0.96 
0.96 
0.98 
0.98 
1.00 

E.5 



TABLE E.3 Bioassay Results for Rhepoxynius abronius Flow-Through 

Proportion 
Sediment Surviving 
Treatment Rep A 1 i ve Dead in All Reps 

0!-CH-0 I 17 3 
2 13 7 
3 19 I 
4 16 4 
5 20 0 0.85 

00-CH-1 I 17 3 
2 18 2 
3 9 11 
4 17 3 
5 12 8 0. 73 

00-CH-2 I 19 I 
2 19 I 
3 17 3 
4 20 0 
5 17 3 0.92 

OI-CH-2A I 13 7 
2 12 8 
3 12 8 
4 14 6 
5 14 6 0.65 

00-CH-3 I 11 9 
2 20 0 
3 16 4 
4 17 3 
5 19 I 0.83 

00-CH-4 I 16 4 
2 15 5 
3 15 5 
4 15 5 
5 20 0 0.81 

O!-CH-4A I 19 I 
2 20 0 
3 20 0 
4 17 3 
5 17 3 0.93 

00-CH-5 I 16 4 
2 17 3 
3 16 4 
4 13 7 
5 13 7 0.75 

E.6 



TABLE E.3 (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All ReQS 

00-CH-6 I 12 8 
2 13 7 
3 8 12 
4 17 3 
5 15 5 0.65 

01-CH-6A I 20 0 
2 18 2 
3 19 I 
4 19 I 
5 18 2 0.94 

00-CH-7 I 15 5 
2 14 6 
3 14 6 
4 11 9 
5 8 12 0.62 

00-CH-8 I 12 8 
2 10 10 
3 10 10 
4 9 11 
5 11 9 0.52 

01-MA-IL I 12 8 
2 14 6 
3 13 7 
4 13 7 
5 13 7 0.65 

01-MA-2U I 14 6 
2 14 6 
3 16 4 
4 15 5 
5 16 4 0.75 

0! -MA-2L I 18 2 
2 16 4 
3 17 3 
4 16 4 
5 15 5 0.82 

OI-SS-4L I 19 I 
2 20 0 
3 19 I 
4 19 I 
5 19 I 0.96 

E.7 



TABLE £.3 (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

OI-TS-5AL I 16 4 
2 19 I 
3 19 I 
4 19 I 
5 18 2 0.91 

OI-TS-5AU I 14 6 
2 10 10 
3 14 6 
4 15 5 
5 10 10 0.63 

00-W-1 I 13 7 
2 17 3 
3 18 2 
4 15 5 
5 16 4 0.79 

00-W-2 I 12 8 
2 16· 4 
3 15 5 
4 15 5 
5 16 4 0.74 

00-W-3 I 14 6 
2 19 I 
3 14 6 
4 17 3 
5 17 3 0.81 

00-W-4 I 16 4 
2 15 5 
3 17 3 
4 15 5 
5 16 4 0.79 

00-W-5 I 19 I 
2 19 I 
3 19 I 
4 20 0 
5 20 0 0.97 

£.8 



TABLE E.3 (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep A 1 i ve Dead in All ReQS 

PR-coarse I 18 2 
2 20 0 
3 17 3 
4 20 0 
5 20 0 0.95 

PR-fine I 19 I 
2 20 0 
3 20 0 
4 20 0 
5 20 0 0.99 

Tomales Bay I 18 2 
2 19 I 
3 20 0 
4 20 0 
5 20 0 0.97 

E.9 



TABLE E.4 Bioassay Results for Rhepoxynius abronius Flow-Through 
Rank Order Based on Proportion Surviving the 

Sediment 
Treatment 

00-CH-8 
00-CH-7 
01-TS-5AU 
01-CH-2A 
00-CH-6 
01-MA-1L 
00-CH-1 
00-W-2 
00-CH-5 
OI-MA-2U 
00-W-1 
00-W-4 
00-CH-4 
00-W-3 
01 -MA-2L 
00-CH-3 
01-CH-0 
OI-TS-5AL 
00-CH-2 
01-CH-4A 
00-CH-6A 
PR-coarse 
OI-SS-4L 
Tomales Bay 
00-W-5 
PR-fine 

10-Day Exposure 

Proportion Surviving 
(all replicates) 

0.52 
0.62 
0.63 
0.65 
0.65 
0.65 
0.73 
0.74 
0.75 
0.75 
0.79 
0.79 
0.81 
0.81 
0.82 
0.83 
0.85 
0.91 
0.92 
0.93 
0.94 
0.95 
0.96 
0.97 
0.97 
0.99 

E.10 



TABLE E.5 Ampelisca/Rhepoxynius Flow-Through: Water Quality 

Temperature 

("C) 

Treat~ent ~ ~~tin ... 
Acceptable Range 14.0 111 0 

01-CH-0 
01-CH-0 
01-CH-0 
01-CH-0 
01-CH-0 

00-CH-1 

00-CH-1 
00-CH-1 

00-CH-1 
00-CH-1 

00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 

00-CH-2 

00-CH-2 

llD-CH-2 

00-CH-2 
00-CH-2 
00-CH-2 

00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 

00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 

OI-CH-4A 
01-CH-4A 
OI-CH-4A 

01-CH-4A 
OI-CH-4A 

l 14.7 lll.h 

2 14.6 15.5 
3 u.s 15.7 
4 14.5 15.5 

5 u.s 15.7 

1 14.7 15.6 

2 14.5 16.6 

3 14.3 15.5 

4 14.4 15.7 

5 14.3 15.11 

l 14.8 15.7 

2 14.7 15.5 
3 14.7 15.4 

4 14.7 15.6 

5 14.4 15.7 

14.7 lll.h 

2 14.7 lll.h 
3 14.7 15.6 

4 14.7 15.4 
5 14.4 15.7 

1 . 14.8 15.7 

2 14 7 15.5 

3 14.7 15.5 

4 14.8 15.6 
5 14.7 15.4 

1 14.7 15.4 
2 14.8 15.6 

3 14715..4 

4 14415.5 
5 14.4 16.6 

1 14 7 15.5 

2 14.3 15.13 

3 14.3 15.5 

4 14 2 15.5 

5 14.4 15.7 

•Out of Acceptable Range 

Dissolved 0Kygen 
(1gjL) 

Win ... 
13.7 7.13 

13.7 7.5 

13.7 7.4 

13.13 7.4 

13.13 7.4 

13.9 7. 5 

13.8 7. 5 

6.5 7.6 

6.6 7.5 

6.8 7.5 

6.9 7.5 

6.9 7.4 

7.0 7.8 

8.8 7 s 
8.8 7 s 

8.8 7 .II 

8.8 1.1 
7 .D 7.5 

7.0 7.5 

8.8 7.8 

8.8 7. s 
7. 0 7.8 

1. a 7.8 

8. g 7 5 

8.8 7.5 

1 a 1.4 
8.8 7 4 

8. 9 7 5 

8. 7 7. 4 

6.8 7.3 

7 0 7.6 

8. 7 7 5 

6.7 7.5 

8. 7 7 4 

8. 7 7 5 

E .11 

pH 

Win ... 
720 8.10 

7.78 7.91 

7.80 7.92 

7.89 7 92 

7 71 7.95 

7.71 7 99 

7.71 7.92 

1 70 7.91 

7.70 7.91 

7.88 7.91 

7.7a 7 92 

7.77 7.89 

7.72 7.98 

7.71 7.92 

7.70 7.91 

7.88 7.91 

7.77 7.91 

7.77 7.91 

7.71 7.98 

7.71 7.91 

771 7.93 

7.72 7.91 

7.80 7.91 

7.60 7.91 

7.72 7.96 

7.60 7.92 

7.72 7 92 

7.71 7 99 

7 75 7.91 

7 72 7.96 

7.70 7.92 

7.72 7 97 

7.59 7 91 

7.69 7 92 

7.7a 7.91 

7.89 7.99 

Salinity 
( 0 /oo) 

Win 

32.0 34.0 

32.0 33.0 

32.0 32.5 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 34.0 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 32.5 

32.0 33 0 

32.0 32.5 

32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 33 0 

32.0 33 0 

32.0 33 0 
32.0 33 0 

Flow Rate 
(mL/m in) 

Min ldaK 

" 45 

36 45 

35 44 

36 45 

35 44 

36 44 

36 45 

36 44 

35 45 

35 44 

38 45 

35 42 

36 45 

35 44 

38 40 

35 44 

37 45 

37 42 

36 44 

36 45 

36 45 

36 45 

37 45 

35 45 

35 43 

38 41 

36 45 

36 45 

35 44 

35 44 

37 44 

36 44 

35 45 

35 44 

35 44 

36 45 



TABLE E.5 

Treahent 

Acceptable Range 

011-CH-Ei 

00-CH-6 

00-CH-S 
00-CH-& 
00-CH-5 

00-CH-8 
00-CH-6 

00-CH-8 
00-CH-8 
DD-CH-8 

01-CH-BA 

OI-CH-BA 
01-CH-BA 
01-CH-BA 

01-CH-BA 

00-CH-7 
00-CH-7 
00-CH-7 
00-CH-7 
00-CH-7 

00-CH-8 

00-CH-8 
00-CH-6 
00-CH-8 
00-CH-8 

01-IIIA-ll 
OHIA-ll 
01-WA-lL 

01-WA-lL 
01-t.IA-ll 

OI-t.IA-2U 
DI-t.IA-2U 

Ol-t.IA-2U 
OI-t.IA-2U 

OI-ItiA-2U 

(Contd) 

1 

2 

' • 
6 

1 

2 

' • 
6 

1 

2 

' • 
5 

1 
2 

' • 
6 

1 

2 

' • 
5 

1 
2 

' • 
5 

1 

2 

' • 
5 

Te1perat.ure 

("C) ... 
14.0 18.0 

14.9 15.9 

14.7 15.8 

14.8 15.4 
14.6 15.5 

14.5 15.5 

14.8 15.7 

14.7 16.5 

14.8 16.7 

14.4 16.5 

14.5 15.8 

14.8 15.8 

14.8 15.8 
14.3 15.6 

14.3 16.5 

14.6 15.8 

14.8 15.8 

14.7 15.5 

14.8 15.8 
14.7 15.7 

14.5 16.7 

14.8 16.7 

14.7 16.5 

14.7 15.8 
14.7 15.4 

14.5 15.5 

14.8 15.7 

14.8 15.5 
14.5 15.7 

14 3 15.6 

14.5 15.8 

14.9 15.9 

14.8 15.8 

14.3 15.5 

14.3 15.5 

14.4 15.8 

Dissolved Oxygen 
(111gjl) 

t.li n '" 
'·' 
6.8 7.8 

6.8 7.5 

!1.9 7.5 

8.8 7.4 

8.8 7.3 

6. 9 7.4 

6.8 7.3 

6.5 7.5 
8.5 7.4 
6. 7 7.4 

6.8 7.6 

7.0 7.5 

8.6 7.6 

6. 7 7.4 
6.6 7.4 

6.9 7.6 

6.9 7.7 

6. 5 7.4 
6. 7 7. 5 

6.6 7.3 

6.8 7.5 

6. 7 7.3 

7.0 7.6 
6.9 7.3 

6. 9 7.2 

6.7 7.5 

8. 7 7 .s 
8. 7 7.8 

6. 7 7.6 

8.8 7. 7 

6.8 7 4 

6. 9 7 8 

6. 7 7.8 

6. 7 7 6 

6 6 7 6 

E.12 

pH 

t.lin '" 
730 8.10 

7.70 7.87 

7 76 7.91 

7.71 7.92 

7.71 7.96 

7.71 7.97 

7 75 7.90 
7.71 7.97 
1.70 7.94 

7.72 7.99 

7.72 7.93 

7.71 794 

7 71 7.92 

7.68 7.94 
7.68 7.98 
7.88 7 93 

7.75 7.91 

7.71 7.92 

7.85 7 94 

7.7'1. 7 94 

7.72 7 98 

7.74 7.90 

7.72 7.91 
7.81 7.92 
7.71 7 92 

7.69 7.91 

7.72 7.92 

7.58 7 97 

7.69 7.92 

7.70 7.92 

7.68 7.94 

7.72 7.91 

7.61 7.93 
7 70 7.92 

7 69 7.99 

7.68 7.95 

Salinity 

( 0 /oo) 

t.li n "" 
32.0 

" 0 

32.0 33.0 
32.0 33.0 

32.0 33.0 
32.0 33.0 

32.0 33.0 

32.0 33.0 
32.0 32.5 
32.0 33.0 
32.0 33.D 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 33.0 
32.0 33.0 
32.0 33.0 

32.0 33.0 
32.0 32.5 
32.0 33.0 
32.0 33.0 
32.0 33.0 

32.0 33.0 
32.0 3-4.0 
32.0 33.0 
32.0 32.5 
32.0 33.0 

32.0 3-4.0 
32.0 33.0 
32.0 33.0 
32.0 33.0 
32.0 33.0 

32.0 3-4.0 

32.0 33.0 
32.0 33 0 
32.0 33.0 

32.0 33.0 

Flow Rate 
(mL/min) 

!.lin 

35 

" " " " " 
" " " " " 
" 36 

" " 36 

36 
37 

" " 36 

" " " " " 
" " " 35 

35 

" 35 

37 

35 

36 

'" 
45 

.. .. 
" " .. 
" " .. 
" .. 
" " " " " 
" 41 .. 
" " 
" .. 
" .. 
" 
" " .. 
" " .. .. 
" " " 



TABLE E.5 

Treahent 

Ol-l.IA-2l 
OI-WA-2L 

OI-MA-2L 
Ol-I.IA-2l 
OI-MA-2L 

OI-SS-4L 
OI-SS-4L 

Ol-SS-4L 
01-SS-4L 
OI-SS-4L 

01-TS-SAL 

01-TS-SAL 
01-TS-SAL 
01-TS-SAL 
01-TS-SAL 

01-TS-SAU 
01-TS-SAU 
01-TS-SAU 
!JI-TS-SAU 
01-TS-SAU 

00-1-l 
00-W-1 
00-11-1 
00-W-1 

00-1-l 

00-1-2 
00-1-2 
00-1-2 
00-1-2 
00-1-2 

00-1-3 
00-11-3 
00-1-3 
00-1-3 

00-W-3 

(Contd) 

Tuperature 
("C) 

~ t.lin llu 

1 14.8 15.5 

2 14.5 15.7 

3 14.6 15.7 

4 14.7 15.8 

5 14.4 15.6 

1 14.9 15.6 

2 14.8 15.6 

3 14.8 15.5 
4 14.8 15.6 

5 14.3 15.5 

1 14.9 15.7 

2 14.9 15.6 

3 14.3 15.6 

4 14.3 15.6 

5 14.4 15.7 

1 14.4 15.6 

2 14.3 15.5 
3 14.4 16.6 

4 14.3 15.5 

5 u.s 15.9 

1 14.7 15.6 

2 14.3 15.11 

3 14.3 15.5 
4 14.4 15.6 

5 14.3 16.5 

2 

' • 
5 

1 

2 

' • 
5 

14.9 15.7 
14.5 15.6 

14 4 15.7 

14.3 15 6 

14.3 15.6 

14.7 15.6 

14 4 15.8 
14.5 15.6 

14.7 15.6 

14.5 15.5 

Dissolved Oxygen 
(mgfl) 

Yin Max 

7.2 7.6 

6.6 7.5 

6.6 7.6 

6.8 7. 6 

6. 5 7. 7 

8.9 7.6 

8.9 7.7 

7.0 7.7 

8.9 7.8 

8.8 7.5 

6.8 7.5 

8.9 7 5 
8.8 7.6 

6.7 7.5 

6.8 7.6 

6.7 7.4 

6.6 7.5 

6.5 7.8 

6.6 7.8 

8.5 7.5 

6. 9 7. 5 

6.6 7.5 

8.7 7.5 

8.8 7.6 

8.5 7.4 

6.3 7. 5 
6.6 7 6 

6 6 7.6 

6.6 7.5 

6. 7 7.6 

6.9 7.7 
6.6 7.2 

6.7 7.3 

6.5 7 1 

6.6 7 5 

E.13 

pK 

Yin Max 

7 61 7.92 

7.68 7.91 

7.68 7.94 

7.71 7.94 

7.89 7.94 

7.74 7.90 

7.60 7.92 

7.60 7.91 

7.88 7.92 

7.71 7.92 

7.78 7.92 

7.72 7.91 

7.69 7.91 

7.89 7.98 

7.86 7.99 

7.89 7.91 

7.69 7.91 

7.67 7.94 

7 68 7.94 

7.70 7.94 

7.71 7.91 

7.69 7.91 

7.69 7.92 

7.70 7.94 

7.71 7.97 

7.69 7.97 

7.69 7.91 

7.71 7 94 

7.72 7.97 

7.71 7.98 

7 74 7.92 

765 790 

7.69 7 91 

7.69 7 90 

7.72 7 98 

Yin t.lu 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.5 

32.0 33.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.5 

32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 33.5 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

Flow Rat.e 

(ll/llli~) 

f.lin t.lu 

37 u 
32 45 

36 43 

36 45 

36 42 

36 42 

38 45 

36 42 

36 45 

35 42 

38 44 

35 44 

38 44 

"' .. 
37 45 

34 46 

38 45 

"' " 37 43 

35 40 

36 44 

38 44 

"' " 38 46 

38 45 

" " " 
" " 
37 

" " " " 

" .. .. 
" .. 
" " " " .. 



TABLE E.S 

Treataent 

00-W-4 

00-1-4 
00-1-4 
00-W-4 
00-1-4 

00-1-5 
00-1-5 
00-1-5 

00-1-5 
00-1-5 

PR-COirll 

PR-co~rae 

PR-coarse 

PR-coarse 

PR-coarse 

PR-fine 
PR-fine 
PR-fine 

PR-fine 
PR-fine 

Toa1les Bay 

T0111lee Bay 

Toaales Say 
lou les Bay 

Ton les Bay 

(Contd) 

1 1-4.7 16.6 

:z 14.8 15.6 
3 1-4.5 15.6 

4 14.3 15.5 
5 14.4 15.6 

1 14.7 15.5 
2 14.7 15.5 

3 14.7 15.5 

4 14.8 15.7 
5 14.5 15.8 

1 14.9 15.8 

2 14.7 16.5 

3 14.9 15.9 

4 14.8 15.7 
5 14.6 15.8 

14.8 15.7 
2 14.7 15.7 

3 14.7 15.5 
4 14.3 15.5 

5 14.3 15.6 

1 14.9 16.7 

2 14.8 15.9 

3 14.4 15.3 
4 15.0 15.8 

5 14.7 15.6 

Dissolved Oxygen 
(11gjL) 

'-lin Mu 

8.8 7.5 

8.9 7.4 

6. 7 7 2 

8.11 7.2 

8.9 7.3 

7.0 7 .a 
8. 7 7 4 

8. 7 7.4 

6. 7 7.3 
6.8 7.4 

6. 7 7.5 
7.0 7.6 

6..4 7.2 

8.8 7.6 

8. 7 7 4 

8.8 7.5 
8.11 7.5 
8.9 7.8 

6.8 7.8 

8. 7 7 8 

6.8 7.3 
8. 7 7.4 

8.8 7.3 

8.8 7.4 

8.4 7.4 

E.!4 

pH 

7.75 7.91 

7 70 7.95 
7.88 7.90 

7.70 7.91 

7.89 7 91 

7 73 7.91 

7.72 7.97 

7.71 7.97 

7.71 7.97 

7.811 7.91 

7.78 7.88 

7.80 7.92 
7.88 7.95 
7.83 7.98 

7.88 7.91 

7.75 7 91 
7.71 7.91 

7.72 7.93 

7.70 7.92 

7.89 7.91 

7.89 7.91 

7.70 7 99 

7.72 8.08 

7.82 7 91 

7.89 7.98 

Salinity 

( 0 /oo) 

!olin lolax 

32.0 33.0 

32.0 33.0 

32.0 32.5 
32.0 33.0 

32.0 32.5 

32.0 33.0 

32.0 32.5 

32.0 32.5 
32.0 33.0 

32 0 33.0 

32.0 33.0 
32.0 33.0 

32.0 33.0 
32.0 32.5 

32.0 32.5 

32.0 33.0 

32.0 32.5 
32.0 32.5 

32.0 33.0 
32.0 33.0 

32.0 33 0 
32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

36 -45 

38 44 
38 -45 

40 -44 

35 45 

38 -49 
34 -44 

38 -45 

38 -43 
38 -46 

35 -42 
35 45 ,. .. 
35 -42 
as u 

38 4-4 

" " 35 -42 

38 -45 
35 -46 

38 -45 
38 4-4 

35 43 

35 42 

38 -44 
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TABLE E. 7 
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TABLE E.) (Contd) 

Sedieent. 

T reat.ent. 
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00-1-3 

00-1-3 
00-1-3 

00-1-4 

00-1-4 
00-1-4 

00-1-4 
00-1-4 

110-1-5 

00-1-5 
00-1-5 
00-1-5 

00-1-5 

PR-coarse 

PR-coarse 

PR-coarse 
PR-coarse 

PR-couse 

PR-fine 

PR-fine 

PR-fine 
PR-fine 
PR-fine 

Hueber on Sedi1ent. Surface 
~ ld 2d 3d 4d Sd 6d 7d 8d 9d lDd 

20011000222 
2 1 D 0 2 0 0 0 0 0 0 
30000000010 

40000000000 

5 1 0 D D 0 0 0 D D 0 

BL D 0 0 0 0 

0 0 2 0 D 1 0 

3 0 0 1 0 0 I 

4 0 0 1 1 0 0 
0 0 5 0 0 0 0 

I 0 0 
2 0 0 

' 0 0 
• 0 0 

' 0 0 

0 

2 0 0 

3 0 I 
• 0 0 

' 0 0 

0 0 0 
0 1 D 0 

0 BP D 0 

D BP 0 0 

o o a o 

I I 

0 2 
I 
0 0 
0 0 

0 

I 
0 

0 

0 0 0 
I I I 

0 0 
0 0 I 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 I I 
0 0 0 

I I 

0 0 0 
0 0 0 

1 1 1 0 0 0 0 0 0 D 
2 0 0 0 0 0 0 0 0 0 
3 1 0 0 0 1 0 0 0 0 
• 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 

0 
2 
I 
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0 
0 
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0 
0 

0 
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0 
0 
I 
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APPENDIX F 

BIOASSAY RESULTS FOR STATIC 
AMPELISCA/RHEPOXYNIUS TEST 



TABLE F.1 Bioassay Results for Ampelisca abidta Static 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

01-CH-0 1 17 3 
2 19 I 
3 18 2 
4 19 I 
5 18 2 0.91 

00-CH-1 I 20 0 
2 17 3 
3 18 2 
4 18 2 
5 19 I 0.92 

00-CH-2 I 20 0 
2 20 0 
3 19 I 
4 18 2 
5 19 I 0.96 

OI-CH-2A I 21 0 
2 18 2 
3 18 2 
4 20 0 
5 20 0 0.96 

00-CH-3 I 19 I 
2 18 2 
3 19 I 
4 17 3 
5 19 I 0.92 

00-CH-4 I 18 2 
2 17 3 
3 20 0 
4 18 2 
5 19 I 0.92 

OI-CH-4A I 18 2 
2 20 0 
3 19 I 
4 20 0 
5 20 0 0.97 

00-CH-5 I 17 3 
2 19 I 
3 19 I 
4 18 2 
5 19 I 0.92 

F .I 



TABLE F.! (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep A 1 i ve Dead in All Reps 

00-CH-6 1 17 3 
2 15 5 
3 18 2 
4 18 2 
5 19 1 0.87 

Ol-CH-6A 1 20 0 
2 19 1 
3 20 0 
4 20 0 
5 19 1 0.98 

00-CH-7 1 19 1 
2 19 1 
3 19 1 
4 17 3 
5 18 2 0.92 

00-CH-8 1 20 0 
2 16 4 
3 20 0 
4 18 2 
5 16 4 0.90 

0!-MA-!L 1 19 1 
2 18 2 
3 16 4 
4 19 1 
5 17 3 0.89 

Ol-MA-2U 1 19 1 
2 20 0 
3 18 2 
4 20 0 
5 20 0 0.97 

OI-MA-2L 1 20 0 
2 20 0 
3 18 2 
4 18 2 
5 19 1 0.95 

OI-SS-4L 1 19 1 
2 19 1 
3 16 4 
4 18 2 
5 20 0 0.92 

F.2 



TABLE F.! (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep A 1 i ve Dead in All Reps 

OI-TS-5AL 1 9 11 
2 8 12 
3 13 7 
4 8 12 
5 9 11 0.47 

OI-TS-5AU 1 16 4 
2 13 7 
3 16 4 
4 14 6 
5 13 7 0.72 

00-W-1 1 18 2 
2 19 1 
3 16 4 
4 20 0 
5 20 0 0.93 

00-W-2 1 16 4 
2 17 3 
3 20 0 
4 18 2 
5 17 3 0.88 

00-W-3 1 19 1 
2 20 0 
3 17 3 
4 18 2 
5 18 2 0.92 

00-W-4 1 20 0 
2 18 2 
3 19 1 
4 15 5 
5 18 2 0.90 

00-W-5 1 18 2 
2 20 0 
3 17 3 
4 20 0 
5 20 0 0.95 

F.3 



TABLE F.! (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

PR-coarse I 20 D 
2 19 I 
3 20 0 
4 20 0 
5 18 2 0.97 

PR-fine I 21 0 
2 18 2 
3 20 0 
4 20 0 
5 19 I 0.97 

Tomales Bay 1 20 0 
2 19 1 
3 20 0 
4 19 1 
5 20 0 0.98 

F.4 



TABLE F.2 

Sediment 
Treatment 

0!-TS-SAL 
0!-TS-SAU 
00-CH-6 
00-W-2 
OI-MA-1L 
00-W-4 
00-CH-8 
0!-CH-0 
00-CH-7 
OI-SS-4L 
00-CH-5 
00-W-3 
00-CH-4 
00-CH-3 
00-CH-1 
00-W-1 
00-W-5 
Ol-MA-2L 
Ol-CH-2A 
00-CH-2 
Ol-MA-2U 
PR-coarse 
OI-CH-4A 
PR-fine 
OI-CH-6A 
Tomales Bay 

Bioassay Results for Ampelisca abdita Static 
(Rank order Based on Proportion Surviving the 
10-Day Exposure) 

Proportion Surviving 
(all replicates) 

0.47 
0.72 
0.87 
0.88 
0.89 
0.90 
0.90 
0.91 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92 
0.93 
0.95 
0.95 
0.96 
0.96 
0.97 
0.97 
0.97 
0.97 
0.98 
0.98 

F.5 



TABLE F.3 Bioassay Results for Rhepoxynius abronius Static 

Proportion 
Sediment Surviving 
Treatment ~ Alive Dead in All Reps 

01-CH-0 I 18 2 
2 18 2 
3 19 I 
4 2D 0 
5 17 3 0.92 

DO-CH-I I 17 3 
2 20 0 
3 19 I 
4 20 0 
5 17 3 0.93 

00-CH-2 I 18 2 
2 20 0 
3 19 I 
4 17 3 
5 18 2 0.92 

O!-CH-2A I 20 0 
2 19 I 
3 18 2 
4 17 3 
5 14 6 0.88 

00-CH-3 I 17 3 
2 20 0 
3 16 4 
4 16 4 
5 18 2 0.87 

00-CH-4 I 17 3 
2 19 I 
3 IS 5 
4 19 I 
5 18 2 0.88 

OI-CH-4A I 19 I 
2 19 I 
3 20 0 
4 20 0 
5 20 0 0.98 

00-CH-5 I 18 2 
2 17 3 
3 20 0 
4 17 3 
5 20 0 0.92 

F.6 



TABLE F.3 (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

00-CH-6 I 19 I 
2 17 3 
3 20 0 
4 18 2 
5 18 2 0.92 

OI-CH-6A I 20 0 
2 20 0 
3 20 0 
4 18 2 
5 19 I 0.97 

00-CH-7 I 18 2 
2 20 0 
3 17 3 
4 17 3 
5 19 I 0.91 

00-CH-8 I 19 I 
2 18 2 
3 16 4 
4 16 4 
5 18 2 0.87 

0!-MA-IL I 12 8 
2 13 7 
3 11 9 
4 17 3 
5 10 10 0.63 

OI-MA-2U I 18 2 
2 16 4 
3 17 3 
4 18 2 
5 17 3 0.86 

OI-MA-2L I 19 I 
2 18 2 
3 16 4 
4 19 I 
5 20 0 0.92 

OI-SS-4L I 18 2 
2 19 I 
3 20 0 
4 19 I 
5 19 I 0.95 

F.7 



TABLE F.3 (Contd) 

Sediment 
Proportion 
Surviving 

Treatment Rep Alive Dead in All Reps 

OI-TS-5AL 1 19 1 
2 15 5 
3 20 0 
4 18 2 
5 16 4 0.88 

01-TS-5AU 1 19 1 
2 15 5 
3 15 5 
4 20 0 
5 11 9 0.80 

00-W-1 1 18 2 
2 18 2 
3 16 4 
4 18 2 
5 19 1 0.89 

00-W-2 1 17 3 
2 18 2 
3 19 1 
4 19 1 
5 17 3 0.90 

00-W-3 1 19 1 
2 17 3 
3 20 0 
4 18 2 
5 19 1 0.93 

00-W-4 1 18 2 
2 19 1 
3 19 1 
4 20 0 
5 18 2 0.94 

00-W-5 1 20 0 
2 19 1 
3 20 0 
4 17 3 
5 19 1 0.95 

F .8 



TABLE F.3 (Contd) 

Proportion 
Sediment Surviving 
Treatment Rep Alive Dead in All Reps 

PR~coarse 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

PR-fine 1 19 1 
2 20 0 
3 20 0 
4 20 0 
5 19 1 0.98 

Tomales Bay 1 20 0 
2 20 0 
3 20 0 
4 20 0 
5 20 0 1.00 

F.9 



TABLE F.4 Bioassay Results for Rhepoxynius abronius Static 
(Rank Order Based on Proportion Surviving the 
!0-0ay Exposure) 

Sediment 
Treatment 

01-MA-IL 
OI-TS-5AU 
OI-MA-2U 
00-CH-3 
00-CH-8 
00-CH-4 
OI-CH-2A 
OI-TS-5AL 
00-W-1 
00-W-2 
00-CH-7 
0!-CH-0 
00-CH-5 
00-CH-2 
00-CH-6 
Ol-MA-2L 
00-W-3 
00-CH-1 
00-W-4 
OI-SS-4L 
00-W-5 
OI-CH-6A 
PR-fine 
Ol-CH-4A 
Tomales Bay 
PR-coarse 

Proportion Surviving 
(all replicates) 

0.63 
0.80 
0.86 
0.87 
0.87 
0.88 
0.88 
0.88 
0.89 
0.90 
0.91 
0.92 
0.92 
0.92 
0.92 
0.92 
0.93 
0.93 
0.94 
0.95 
0.95 
0.97 
0.98 
0.98 
1.00 
1.00 

F.IO 



TABLE F.S 

Treahent 

01-CH-0 
01-CH-0 
01-CH-0 
01-CH-0 
01-CH-0 

00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 

00-CH-2 
00-CH-2 
DD-CH-2 
00-CH-2 
00-CH-2 

DI-CH-2A 
Ol-CH-2A 
DI-CH-2A 
DI-CH-2A 
DI-CH-2A 

00-CH-3 
00-CH-3 

00-CH-3 
00-CH-3 
00-CH-3 

00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 

01-CH-4A 

OI-CH-4A 
OI-CH-4A 

OI-CH-4A 
OI-CH-4A 

Ampelisca/Rhepoxynius Static: Water Quality 

1 14..4 15.7 

2 14.7 15.7 
3 14.5 15.2 
4 14.5 15.5 

5 14.4 15.3 

l 14.5 15.3 

2 1-4.4 15.3 

3 14.3 15.2 

4 14.3 15.1 

5 14.3 15.1 

1 14.5 15.4 

2 14.5 15.4 
3 14.3 15.3 

4 14.3 15.2 

5 14.5 15.3 

1 14.11 15.7 

2 14.4 15.3 

3 14.3 15.5 

.. 14.3 15.2 

5 14.3 15.1 

1 14.5 15.1 

2 14.5 15.3 
3 14.5 15.2 

4 14.5 15.2 

s 14.3 15.1 

1 14.4 15.7 
2 14.7 15.7 
3 14715.3 

4 14.5 15.3 

5 14.5 15.3 

1 14.3 15.3 

2 1-4.5 15.3 

3 14.5 15.2 

4 14.6 15.3 

5 14.6 15.2 

Dissolved Oxygen 
(mg{l) 

Win t.!ax 

7.4 8.1 

7.1 8.3 

7.7 8.3 

7.8 8.4 
7.6 8.4 

7.7 8.2 

7.8 6.4 

7.8 8.3 
7. 7 8.3 

7. 7 8.4 

7.8 8.4 
7.8 8.3 
7.9 8.3 

7.7 8.3 
7.4 8.3 

7.4 8.4 

7.8 8.4 
7.7 8.4 

7.8 8.4 

7.5 8.2 

7.8 8.4 

7.7 8.4 
7.8 8.4 

1 .a a.3 

7 .a 8.3 

7. 5 8.3 

7.6 8.3 

6. 7 8.1 
7 7 6.3 

7.7 8.1 

7.7 8.2 

7.6 8 3 

7.8 8.4 

7.5 8.3 

7 7 8 3 

F .11 

pH 

Win Wax 

7.89 8.15 

7.98 8.17 

7.97 8.11 

7.99 8.14 

7.97 8.15 

8.03 8.23 

8.03 8.23 
8.04 8.23 

8.08 8.25 

8.04 8.68 

7 99 8.10 

7.94 8.10 
7.91 8.14 

8.00 8.15 
7 96 8.21 

7.92 8.15 
8.04 8.20 

7.98 8.18 
7.97 8.21 

8.00 8.21 

8.02 8.17 

8.03 8.17 

7.80 8.21 

7.88 8.20 

8.04 8.21 

7.95 8.21 

7 93 8.19 

7.82 8.18 

7.96 8 28 
7 98 8.22 

7.90 8.14 

8.07 8.23 
8.06 8.22 

8.01 8.18 

7.72 8.19 

Salinity 

( 0 {oo) 

t.!in Wax 

32.0 33.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.5 33.0 

32.0 34.0 

32.5 34.0 
32.5 33.0 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 33.0 
32.0 33.0 

32.0 33.0 
32.0 33.0 

32.0 34.0 

32.5 34.0 

32.0 33.0 
32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 
32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32 0 33.0 
32.5 33.0 

32.0 33.0 

32.0 33.0 

32.0 33 0 

32.5 33.0 
32.0 33.0 

32.0 33 0 



TABLE F.S 

Treatlent 

00-CH-5 
00-CH-5 
00-CH-5 
00-CH-5 
DO-CH-5 

00-CH-6 
00-CH-6 
00'-CH-6 

00-CH-6 
00-CH-6 

01-CH-SA 
01-CH-BA 

OI-CH-8A 
01-CH-BA 
01-CH-SA 

00-CH-7 

00-CH-7 

00-CH-7 
00-CH-7 
00-CH-7 

00-CH-8 
00-CH-8 
00-CH-8 
00-CH-8 
00-CH-8 

01-loiA-lL 

OI-WA-lL 

OI-WA-lL 

01-WA-lL 

01-WA-lL 

OI-WA-2U 

Dl-1t1A-2U 
OI-ItiA-2U 

OI-IIIA-2U 

OI-WA-2U 

(Contd) 

Te11perature 
("C) 

1 14.5 15.7 
2 1-4.4 15.7 

3 14.3 15.2 

4 14.3 15.1 
s 14.2 15.1 

1 14.3 15.8 

2 14.5 15.7 

3 14.4 15.3 
4 1-4.5 15.4 
5 14.4 15.2 

1 14.7 15.8 
2 14.5 lli.l 

3 14.3 15.1 
4 14.4 15.2 

5 14.3 15.2 

1 14.3 15.7 
2 14.7 15.7 
3 14.3 15.1 
4 14.5 15.2 

5 14.4 16.2 

1 14.4 1Ei.7 

2 14.11 16.8 

3 14.5 15.6 
4 14.3 15.3 
5 14.4 15.2 

1 14.5152 

2 14.4 15.2 
3 14.3 15.1 
4 14.4 15.2 
5 14.3 15.2 

1 14.7 15.7 

2 14.4 15.3 

3 14.5 15.2 

4 14.5 15.2 

5 14 5 15.2 

Dissolved Oxygen 
(11g/L) 

7. 5 8 4 

7.5 8.1 

7.6 8.2 

7.4 8.1 

7.6 8.4 

7.5 8.3 

7.7 8.4 

7.6 8.4 

7. 7 8.3 

7.5 8.2 

7.2 8.1 

7.6 8.3 

7.15 8.3 
7.7 8.3 

7.7 6.2 

7.5 8.3 

7.4 8. 4 

7.8 8.2 

7.5 8.2 

7.7 8.2 

7.4 8.3 

7.5 8.3 

7.4 6.2 

7.7 8.3 

7.4 8. 2 

7.8 8.4 

7.6 8.2 

7 7 8.4 

7.7 8.4 

7 7 8.4 

7 3 8.3 

7. 5 8. 3 

7.5 8.3 

7.6 8 5 

7.5 8.3 

F.!2 

pH 

Min Max 

7.98 8 23 

7 92 8.18 

7.98 8.20 

7.97 8.24 

7.99 8.25 

7.97 8 19 

7.97 8.15 

7.97 8.05 

8.06 8.23 

7.94 8.15 

7.89 8.15 

8.05 8.22 

8.02 8 24 
7.815 8.17 

7.94 8.19 

7.92 8.15 

7.96 8.17 

7.90 8.18 

7.96 8.17 

7 92 8.17 

792 8.14 

797 8.22 

7.96 8.18 

7.99 8.18 

7.91 8.21 

8.09 8 27 

8.02 8.26 

7.87 8.22 

7.88 8.23 

7.90 8.20 

7.80 8.11 

7.88 8.12 

8.00 8.17 

7.79 8.13 

7 71 8.15 

Salinity 

( 0 /oo) 

32.0 33.0 

32.0 33.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.5 

32.5 33.0 

32.0 33.0 

32.(1 34.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.(1 

32.5 33.0 

32.5 33.0 

32.0 33.0 

32.0 34.0 

32.0 33.0 

32.0 34.0 

32.5 34.0 

32.0 33.(1 

32.0 33.0 

32.0 33.0 



TABLE F.S 

OI-MA-2l 
OI-WA-2L 
OI-MA-2l 
OI-IIIA-2L 
OI-WA-2L 

OI-SS-4L 
OI-SS--4l 
01-SS--«. 

OI-SS-4l 
DI-SS-4l 

TDI-t.IA-SAL 
TOI-WA-SAL 
TOI-WA-SAL 
TOI-WA-SAL 
TOI-I,IA-SAL 

TOI-IIIA-SAU 
TOI-MA-SAU 
TOI-t.IA-SAU 
TOI-WA-SAU 
TOI-t.IA-SAU 

00-W-1 
00-W-1 
00-W-1 

00-W-1 
00-W-1 

00-'11-2 
00-11-2 
00-1-2 

00-W-2 
00-1-2 

00-W-3 
00-W-3 
00-W-3 
00-W-3 
00-W-3 

(Contd) 

Te111perature 
("C) 

1 14.3 15.7 

2 14.3 15.7 
3 14.4 15.3 

" 14.3 15.3 
5 14.5 15.2 

1 14.5 15.7 

2 l·U! lli.7 
3 14.4 16.3 

" 14.5 15.1 
6 14.3 15.2 

1 14.8 15.7 

2 14.5 15.5 

3 14.5 16.4 
-4 14.3 15.2 
6 14.3 15.2 

1 14.8 16.7 
2 14.3 lUI 
3 14.8 15.3 

-4 14.5 15.1 
5 14.5 lUI 

1 14.3 15.6 
2 14.6 15.3 
3 14.5 15.3 

4 14.3 15.1 
5 14.3 15.2 

1 14.8 15.6 

2 14.5 15.3 
3 14.5 15.2 

4 14.3 15.1 

5 14.3 15.2 

Dissol~ed Dlygen 

(~g/L) 

7.4 8.4 

7.4 8.3 

7.7 8.3 

7.11 8.2 

7.7 8.3 

7.3 8.4 

7.5 8.3 

7.7 8.3 

7.7 8.4 

7.6 8.4 

7.5 8.4 

7.5 8.4 

7.7 8.2 

7.7 8.2 

7.8 8.3 

11.3 8. 0 

11.8 11.3 

11.3 8.1 

7.11 8.3 

5.3 8.4 

7. 5 8.4 

7.3 8.2 

7.7 8.1 

7.5 8.2 

7.7 8.3 

7.2 8.3 

7.8 8.4 

7.7 8.2 

7.7 8.4 

7.8 8.3 

6.5 8.4 

7.7 8.3 

7.6 8.3 

7.6 8.4 

7.3 8 4 

F .13 

pH 

Min Mu 

7.86 8.16 

6.02 8.14 

7.96 8.17 

8.02 8.26 

7.20 8.20 

7.110 8.12 

7.83 8.17 

7.96 8.18 

7.90 8.15 

8.01 8.20 

7.94 8.16 

7.93 8.13 

7.97 8.18 

7.94 8.10 

7.98 8.17 

7.83 8.07 

7.93 8.17 

7.68 8.10 

7.89 8.20 

7.43 8.22 

7.98 8.23 

7.90 8.24 

8.04 8.21 

8.00 8.26 

8.05 8.28 

7.95 8 23 

8.03 8 21 

7.88 8.22 

7.99 8.23 

8.05 8.24 

7 811 8.20 

7.95 8.18 

7 98 8.20 

8.04 8.26 

7.99 8.23 

Salinity 

( 0 /oo) 

32.0 34.0 

32.5 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 34.0 

32.6 33.5 

32.5 34.0 

32.0 33.0 

32.0 33.0 

32.0 33.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 34.0 

32.0 34.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.5 

32.0 33.0 

32.0 33 0 

32.0 33.0 

32.0 33.5 

32.0 33.0 

32.0 33.0 

32.0 33.0 

32.0 33.0 



TABLE F .5 (Contd) 

Te11perature Dissolved O~ygen pH Salinity 

("C) (mg/L) (0 /oo) 

Treatlent ~ t.lin "" II in ... loli n "" !.lin "" 
00-1-4 1 U.4 15.6 7.6 8 3 7.96 8.20 32.0 33.0 
00-1-4 ' 14.4 15.3 7.6 6.3 8.01 8.13 32.0 33.5 
00-W-4 3 14.5 15.4 7.7 6.2 7. 97 8. 20 32.0 33.0 
OCI-W-4 4 14.3 15.2 7.6 8.2 7.97 8.22 a2. a 33.0 
00-W-4 5 14.4 15.3 7.6 6.2 7.89 8.22 32.0 33.0 

00-W-6 1 14.6 15.4 7.0 8.3 7.98 8.17 32.5 33.0 
00-W-S ' 14.5 15.2 7.6 8.4 7.99 8.18 32.0 33.0 
00-11-5 3 14..4 15.2 7.6 8.3 1. 94 8.17 32.0 33.0 
00-W-5 4 14.4 15.3 7.6 8.2 7.91 8.17 32.0 33.0 
00-W-5 5 14.3 15.2 7.7 8.3 7.93 8.17 32.0 33.0 

PR-coarse 1 14. s 15.8 7.4 6.3 7.95 8.15 32.0 34.0 
PR-coarse 2 14.4 15.4 7.7 6.4 8.00 8.15 32.0 33.0 
PR-coarse 3 14.5 15.1 7.6 8.3 8.04 8.15 32.0 33.0 
PR-coarse 4 14.4 1&.1 7.6 6.4 7.99 8.18 32.0 33.0 
PR-coarse 5 14.3 15.1 7. 7 8.3 7. 94 8.12 32.0 33.0 

PR-r1ne 1 14.5 15.7 7.5 8.3 706 8.15 32.0 34.0 

PR-fine 2 14.7 15.6 7.5 6.4 7.98 8.16 32.!1 34.0 
PR-fine 3 14.5 15.2 7. 7 6.3 8.07 8.17 32.0 33.0 
PR-fine 4 14.3 15.3 7.6 8.4 8.04 6.17 32. D 33.0 
PR-fine 5 14.3 15.2 7.6 8.3 7.99 6.17 32.0 33.0 

Ton lea Bay 1 14.4 15.3 7. s 6.4 7.92 8.16 32.5 33.0 
Tonie• Bay 2 14.3 15.2 7.7 8.2 7.92 8.15 32.0 33. a 
Toea lea Bay 3 14.4 15.2 7.9 8.4 7.97 8.17 32.6 33.0 
To•alea Bay 4 14.5 15.3 7.0 6.3 7.91 8.15 32. s 33.0 
Ton lea Bay 5 14.4 16.3 7.5 6.3 7.68 6.13 32.0 33.0 

F. 14 
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TABLE F.6 Summary Observation for Ampelisca Static Test 

Sed i 1ent 

Treahent 

OI-CH-0 
01-CH-0 

01-CH-0 

01-CH-0 
DI-CH-0 

00-Cil-1 

00-CH-1 

00-CH-1 

00-CH-1 
00-CH-1 

00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 

00-CH-2 

OI-CH-2A 
OI-CH-2A 
OI-CH-2A 
OI-CH-2A 
OI-CH-2A 

00-CH-3 
00-CH-3 

00-CH-3 

00-CH-3 

00-CH-3 

Nu1ber on Sed'11ent Surface 

~ ld 2d 3d 4d Sd 6d 7d 8d 9d lDd 

0 1 0 0 0 0 0 0 0 

20NPONPONP 0 0 0 0 D 0 0 
30000000000 

4 OONP 0 0 0 0 0 0 D 0 

SONPONP 0 0 0 0 0 0 0 II 

OOONPOOOOOO 

2 0 GONP IDNPONP 0 0 0 
3 OONPONP OONP 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 
5 0 D 0 0 0 D D 0 0 

0 lONP 0 

2 0 0 0 0 
JDOONPO 

4 0 0 0 0 
5 D 0 D 0 

1 0 

' 0 

' 0 
• 0 

0 0 0 
0 ONP 0 

0 ONP 0 

0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 1 
0 0 

0 0 

5 0 0 0 0 0 0 

0 0 0 0 D 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 D 0 0 0 D 0 

5 D 0 0 0 0 0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 
0 

0 

0 

0 
0 

0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

0 

0 
0 

0 

ONP = observation not possibl& 

Sedi1ent. 

Treahent 

01-CH-[1 
01-CH-0 

DI-CH-0 

01-CH-0 
01-CH-0 

00-CH-1 

00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 

00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 

OI-CH-2A 
OI-CH-2A 
Ol-CH-2A 
OI-CH-2A 
OI-CH-2A 

00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 

Nu1ber on later Surface 
~ 1d 2d 3d 4d lid 6d 7d 8d 9d lOd 

11110000000 
20141000000 
32032000000 
40111000000 
50100000000 

0001000000 

' 0 
' 1 
• 0 
6 0 

1 ' 

' 1 
' 1 
• 1 

6 0 

1 0 

' 1 

' 1 
• 0 
5 

1 

' 
' • 
6 

0 

0 
1 

0 
1 

0 

0 1 0 0 0 
0 0 1 2 0 
II 1 1 2 0 

0 0 1 0 II 

0 
0 
0 

1 

0 

0 
1 
1 

0 
0 

0 
0 

' 1 

1 

1 

' 
' 
' • 
0 

' 0 
0 
1 

0 

' 1 

• • 

0 0 
1 

' 0 
' 0 

' 
0 1 

' ' 0 0 
0 0 
0 0 

0 1 

' 0 

' ' 
' 0 
0 1 

0 
0 
0 
0 

0 

0 
0 
0 
0 
1 

0 

0 
0 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

0 

0 
0 
1 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

0 

0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

1 

0 
0 
0 

0 
0 
0 

0 
1 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
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TABLE F.6 

Sedi1ent. 

Treahent. 

00-CH-4 

00-CtH 

00-CH-4 
DD-CH-4 
00-CH-4 

OI-CH-4A 

OI-CH-4A 
OI-CH-4A 
OI-CH-4A 

DI-CH-4A 

00-CH-6 

00-CH-5 

00-CH-5 

00--CH-5 

00-CH-5 

00-CH-6 

00-CH-6 

00-CH-6 
00-CH-6 
00-CH-6 

OI-CH-6A 

OI-CH-6A 

OI-CH-6A 
DI-CH-6A 
OI-CH-6A 

(Contd) 

Nu1ber on Sedi1en~ Surface 
B!e ld 2d 3d 4d Sd ~d 7d 8d 9d lDd 

lOONPODOO 
2 0 GNP GNP D 0 0 
3 0 0 0 0 1 0 

4DIINPOOOD 
5 D 0 0 0 0 0 

1 0 0 0 D 0 0 
2 0 0 0 D D 0 
3 0 0 0 0 0 D 
4 D 0 0 0 D 0 
5 0 0 0 0 0 0 

0 GNP GNP 0 0 0 
20DNP0000 

3 0 D 0 0 0 0 
4 0 D 0 0 0 0 
SOONPOOOD 

1 0 GNP ONP ONP 0 D 
2 GNP ONP 0 0 0 0 
3 GNP ONP 0 0 GNP 0 
4 0 ONP 0 D 0 0 
S 0 0 0 D D D 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 

1 0 0 D 

2 0 D 0 

a a o o 
4 D 0 0 
s a o o 

0 0 0 0 0 0 
0 0 0 0 0 0 
000000 
000000 
000000 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

Sedi1ent. 
Treat.lent. 

00-CH-4 

0[1-CH-4 

00-CH-4 
00-CH-4 
00-CH-4 

DI-CH-4A 
Dl-CH-4A 

OI-CH-4A 
01-CH-.fA 

OI-CH-4A 

00-CH-6 
00-CH-5 
00-CH-5 
110-CH-5 
00-CH-5 

00-CH-8 
00-CH-8 
00-CH-8 
00-CH-8 
00-CH-8 

OI-CH-8A 
OI-CH-8A 
OI-CH-6A 
OI-CH-8A 
OI-CH-8A 

Nu•ber on later Surface 
~~ :2d 3d -4d lid 8d 7d 8d 9d !Od 

I 

' 
' • 
' 
I 

' 
' • 
' 

' 
' • 
' 
I 

' 
' • 
5 

0 

I 
0 
I 

I 

0 

' 0 
I 

0 

I 

I 

0 
0 
0 

I 

0 

0 

0 
0 

0 
I 

0 

' 
0 

0 

0 

0 
0 

I 

0 
I 

I 

0 

I 

0 

I 

0 

I 

I 

' I 
0 

' 
0 

' 0 
I 

• 

' 
' 
' 

• 
' I 
0 
I 

' I 
0 

' 
' 
I 

' 0 
0 
I 

' 0 

' 
' 0 

' 0 
0 

' 
' 

0 

0 
0 
0 
I 

0 
I 

0 
0 
0 

0 
0 
0 
0 
0 

0 

0 

0 
0 
0 

:2 1 :2 1 1 

:2 0 0 1 2 
3 0 5 0 0 

-4 0 0 1 0 1 

5 0 0 2 0 2 

0 
0 
0 
0 
0 

0 
I 
0 

0 

0 

0 
0 
I 

0 
0 

0 
0 
0 
0 
0 

0 
I 

' 0 
I 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

I 

0 
0 
0 
0 

0 

I 
0 
0 
0 

0 

0 
0 
0 
I 

0 

I 

0 
0 
0 

0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

0 
0 

' 0 

0 

0 
0 
0 

0 

0 

0 

0 

0 

I 

' I 
0 
0 
0 

0 0 
0 0 

0 0 

0 0 

0 0 

0 
0 

' 0 
0 

0 
0 
I 

0 
0 

0 
0 
I 

0 
0 

0 
I 

0 
0 

0 

0 
0 
0 
0 
0 
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TABLE F.7 Summary Observations for Rhepoxynius Static Test 

Sedi1ent 
Treahent 

01-CH-0 
01-CH-0 
01-CH-0 
OI-CH-0 
OI-CH-0 

00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 

00-CH-1 

00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 

OI-CH-2A 

OI-CH-2A 
OI-CH-2A 
OI-CH-2A 
01-CH-U. 

00-CH-3 

00-CH-3 

00-CH-3 
00-CH-3 
00-CH-3 

Number on Sedi1ent Surface 
~ ld 2d 3d 4d Sd Bd 7d Bd 9d IDd 

1 0 1 2 1 1 0 0 
20NPDNP D D 

3 0 0 0 D 

400NPOD 

5 ONP 0 0 0 

0 0 0 0 0 
D D D 1 1 
a a o o o 
2 2 3 2 3 

1 

' 3 

0 0 ONP 0 0 0 
1 ONP ONP 
0 ONP D 

0 0 ONP 

0 ONP ONP 

• 
5 

0 0 0 0 0 0 
0 0 0 0 0 0 

0 

' 0 
3 0 
• 0 
5 0 

0 

0 

0 

0 

0 0 
0 0 

0 0 
1 • 0 

0 0 

0 0 
0 0 
0 0 
0 1 
0 0 

0 

0 

0 

0 
0 

0 
0 

0 

1 

0 

0 
0 
1 
0 

0 

0 
0 
0 

0 

0 
0 
1 

0 
0 

0 
0 
0 
0 

1 
0 

1 
0 

3 

0 

0 
1 

0 
0 

0 

0 

0 
0 
1 

I 1 1 0 0 0 0 0 0 0 0 
2 o 1 a a 1 1 1 a a a 
a o a o a o a o a a a 
4 0 D D 0 0 D D D 0 0 
s a a o 1 a 1 a o a 

1 o o o a o a 
2 0 0 0 0 0 0 
a o o a o o a 
• o o a a a a 
s 0 0 0 2 1 0 

0 0 0 
0 0 0 
0 1 1 

0 0 1 
0 0 0 

0 

0 
0 

0 
0 
0 

DNP = observation not possible 

Sediaent 
Treahent 

01-CH-0 
01-CH-0 
01-CH-0 
01-CH-D 
01-CH-D 

00-CH-1 

00-CH-1 
00-CH-1 
00-CH-1 

00-CH-1 

00-CH-2 
00-CH-2 

00-C/1-2 
00-CH-2 
00-CH-2 

OI-CH-2A 
OI-CH-2A 
OI-CH-2A 
OI-CH-2A 
01 -CH-2A 

00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 

Mu•ber on liter Surfice 
!!!E. ld 2d 3d .d 6d 6d 7d Sd 9d IOd 

1 ' 1 2 0 0 0 2 0 
2 1 2 3 0 
3 6 6 • 1 

• 1 • 1 2 

6 6 0 0 2 

1 

' 3 

• 
' 

0 
0 
3 

0 
0 

1 

0 

' 
' 

' ' 
' 3 3 

3 ' ' 
• 3 3 

5 1 ' 

• 
3 

' 1 

' 
1 

• • • • 

• 
' 3 

1 

' 
' 5 

' 3 

' 

0 
0 
0 

0 

0 0 
0 0 
0 0 
0 0 

' 0 

' 
' 2 

0 
0 
0 
0 
0 

• 0 

2 1 

0 0 
3 1 

' 0 

0 

• 
1 

0 

0 

1 

0 
0 
1 
0 

1 

0 
1 

' 
0 
0 
0 

' 0 

1 

0 

0 

0 
0 
0 
0 

0 

' 0 
1 
0 

' 0 
0 
0 

0 

0 
0 
1 

0 
0 

0 

0 

1 

0 

0 

0 
0 
0 

0 

12667.01010 
22676.10112 
32316.11112 
• 0 3 2 6 6 0 0 0 0 0 
6 2 3 2 • 6 

1 1 ' 
' 0 1 

3 ' ' 
• ' 0 
' 0 0 

2 3 3 0 

1 2 1 0 
6 3 2 1 
1 • 2 0 
1 1 2 0 

' 
0 

0 

1 

3 0 

1 0 
1 0 
0 0 

1 0 

1 

1 
0 

' 1 

0 
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TABLE F.7 (Contd) 

Sed i1ent 

Treatllent 

01-SS--4l 
CI-SS-4l 
OI-SS-4L 
OI-SS-4L 
OI-SS-4l 

01-TS-!iAL 
01-TS-!iAL 
DJ-TS-SAL 

DI-TS-SAL 

01-TS-SAL 

01-TS-SAU 
01-TS-SAU 
01- TS-SAU 
01- TS-5AU 

01-TS-6AU 

00-11 

00-11 

00-11 

00-111 
00-11 

00-12 

00-1'2 
00-12 

DD-12 

00-12 

Nu1ber on Sedi1ent Surface 
~ ld 2d 3d 4d Sd 6d 7d 8d 9d IOd 

1 a 1 1 o o 1 o o o 
2 o a o o o a a o o 
3 0 D 0 0 0 D 0 0 0 
• o o a a 1 1 1 1 1 
s a o o o 1 o 1 a o 

1 

2 

3 

• 
' 
1 

2 
3 

• 
' 

1 

0 

0 

0 

2 

2 

0 

0 

0 2 0 0 1 0 0 
0 0 0 0 0 0 

0 0 0 2 0 1 0 

0 1 
0 1 0 

0 D 0 D 
1 0 0 

0 0 0 
2 a o o 
2 1 0 0 

0 OONP 0 
1 0 (I D 

0 0 
0 0 
0 0 
0 0 
0 2 

0 
0 
0 
0 
1 

0 
1 

0 
0 

1 

0 
0 
1 

0 
0 

0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
0 
3 
0 

0 

1 0 ONP ONP ONP ONP 0 0 0 D 0 
2 0 OONPDNPONP 0 D 0 0 0 

3 0 
• 0 

' 0 

2 

3 

• 
' 

0 
0 
0 

0 

0 

OONPDNPI1141 

0 ONP D 0 0 0 0 1 
a 1 o o o a o o 

0 ONP DNP ONP 
0 1 0 0 
0 0 0 0 
IJ 0 0 0 

0 1 0 0 

0 
0 

0 

0 
0 

1 
0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

1 

0 
0 

0 
0 
0 
0 

0 

Sedi1ent 

Treat.lent 

OI-SS-4L 
III-SS-4l 

01-SS-.tl 

01-SS-4L 
OI-SS-4L 

DI-TS-6AI... 
01-TS-SAL 
01-TS-SAL 
01-TS-SAL 
01-TS-SAl 

01-TS-SAU 
01-TS-6AU 

01-TS-SAU 
01-TS-SAU 
DJ-TS-6AU 

00-11 

00-11 

00-11 
00-11 

00-11 

00-12 

00-12 

00-12 

00-12 
00-12 

Nu1ber on later Surf~ce 
~ 1d 2d 3d 4d lid ad ~ ad 9{1 10d 

1 1 

2 

' 0 
• 0 

' 0 

2 • 

1 1 0 
1 0 
2 1 1 

0 1 0 

1 li 5 5 

2111010 

3 5 li 5 
4 5 2 7 
5 v a 1 

' • • 
2 

• 
1 0 

' 0 
3 0 
• 0 

' 0 
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' 0 
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7 • 
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0 0 0 0 
0 0 0 0 
0 0 0 0 
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• • 
2 
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2 

1 
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0 
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0112100210 

20125200000 
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1 

0 
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1 

0 
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0 
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1 
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0 
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0 
3 

0 

1 

1 

1 
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1 
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2 
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0 
0 

0 

0 
0 
0 
0 
0 

0 

1 

0 
2 

0 
2 

0 

0 



~I 

~I 
d!l 

.... 
~
I
 

• • Oll 
1l 
~
 

c: ::1 
0 

"' .,.. ... 
... 

~
~
~
~
:
.
r
 

g
g

g
g

g
 

0 
0 

0 
0 

0 

0 
0 

0 
0 

O
O

O
O

C
I
 

o
c
:
>

c
:
>

c
:
>

C
I
 

~~:.r:.r~ 
0 

0 
=

 
0 

0 
=

 
0 

0 
0 

0 

.,.. ........... 

C
I
C

I
C

I
O

c
:
>

 

.... .,.. ........ "' 

~
;
;
;
;
 

C
I
O

C
I
C

I
<

:
:
I
 

c
::J

c
::J

c
::lc

::IO
 

.... .... ... 
..... 

........ .,.. .,.. 
..... 

0 
0

"
"
 

... =
 

O
O

O
I
N

C
I
 

0 
0 

0 
.,.. 

0 
C

l 
0 

0 

~ ~ ~ ~ ~ 
g 

g 
g 

g 
g 

F.25 

<::1 
<::1 

<::1 
0 

0 

C
I
C

i
c
:
>

c
:
>

c
:
>

 

....... 
0 

0
.
,
.
.
 

c
:
:
I
O

O
C

I
O

 

c
:
:
I
O

O
C

I
O

 

C
I
C

I
<

:
:
I
O

O
 

O
O

C
i
c
:
>

c
:
>

 

0 
0 

0 
0 

=
 

O
c
:
:
J
c
:
>

O
O

 

0 
0 

0 
0 

0 

! 
! 

! 
:!! 

! 
......................... 
:f:f~:f:f 

C
I
C

I
C

I
O

 

.... 
<'< 

........ 
"
' 

• c 
• c 

• c 
-----
:f:f:ftt 



~I 
Q

 
Q

 
Q

 
Q

 
Q

 

Oll 
Q

 
Q

 
Q

 
Q

 
Q

 

lll 
Q

 
Q

 

• 
Q

 -
Q

 

u • - I' I 
Q

 
Q

 
Q

 
Q

 
Q

 

" , ~ • • lll 
Q

 
Q

 
Q

 
Q

 
Q

 

~
 

• • 0!1 
Q

 
Q

 
Q

 
Q

 
Q

 

c 0 
~I 

Q
 -

Q
 

Q
 

Q
 

• • ~ '!I -
Q

 
M

 
Q

 
Q

 

• , z 
~I 

Q
 

Q
 

Q
 

Q
 

Q
 

~I 
Q

 --
£1 

N
 

M
 

• 
~
 

~
 
~
 
~
 
~
 i:' 

• 
&! 

• 
~
 

=
 =

 
=

 =
 

~
 

c 
c 

• 
• • 

• 
• • 

• 
• 

• 
• • • • 

• 
~
 

• 
• 

• 
• 

• 
• 

~
 • 

z ,! ! ! 
• 

J! 
• 

0 
~
 

~
 

~
 

~I 
Q

 
c 

c 
Q

 
c 

Oll 
c 

c 
c 

c 
c 

• lll 
u • 

Q
 

c 
c 

c 
Q

 

" I' I 
c 

, ~ 
Q

 
c 

c 
c 

~
 lll 

Q
 

c 
c 

c 
c 

c • • 0:1 
c 

~
 

• 
Q

 
Q

 
c 

~
 

~I 
c 

c 0 

Q
 

Q
 

c 

• >:I 
c 

• 
Q

 
Q

 
Q

 

~
 

• , 
~
I
 -

z 
c 

c 
c 

Q
 

~
 
~
 

~I 
Q

 
c 

Q
 

Q
 

c 
~
 

0 

£1 -
u 

N
 
~
 • 

~
 

~
 

~
 
~
 
~
 
~
 
~
 

• 
• 

&! 
• 

• 
~
 

=
 
~
 

~
 
~
 

~
 

~
 

c 
c 

• 
• 

• • • • 
• 

• 
• • 

• 
• 

• 
~
 

• 
~
 

• 
• 

• 
• 

• 
• 

~
 

-
• 

• 
• 

• 
• 

• 
"' 

• 
" 

0 .. 
0 

0 
0 

« 
~
 
~
 

~
 

~
 
~
 
~
 

>--

F
.2

6
 



APPENDIX G 

CHEMISTY AND QUALITY ASSURANCE DATA FOR TISSUE ANALYSES 



TABLE G.l. Concentrations of PAHs in Tissues of Macoma nasuta After 
10-Day Exposure to Sediment Treatments (Mean Blank Corrected, 
Dry Weight) 

Sedi1ent 
Treahent 

Target DL 
Achieved DL 

01-CH-0 

01-CH-0 DUP 
01-CH-0 
Dl-CH-0 
01-CH-0 
01-CH-0 
00-CH-1 
00-CH-1 DUP 
00-CH-1 
00-CH-1 
00-CH-1 
00-CH-1 
00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 
Ol-CH-2A 
OI-CH-2A 
OI-CH-2A 
OI-CH-2A 
OI-CH-2A 

00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 
00-CH-4 

U = Undetected. 
DI.JP: Ouplint.e 

2 

' 
' s 
1 

1 

2 

' 
' s 
1 
2 

' 
' 5 

1 

2 

' 
' s 

2 
3 

' s 
1 

2 

3 

' s 

(ug/kg dry wt) 

Benzo(a) 
Acenaph- Acenaph- Anthra- Anthra- Benzo(a) 

pyrene thene 

" 1.08 

1.08U 
1.08U 

1.08U 

1.08U 

1.0BU 

1.DBU 

1.08U 

3.48 

1.DBU 

1. 08U 
1.08U 

1.08U 

1.08U 

1. o8u 

1.08U 

l.OBU 

l.08U 

1.080 

1.08U 

1. 08U 

1. 08U 

l.D8U 

1.08U 

l.08U 

1.08U 

1. D8U 
l.OBU 

1. OBU 
1.08U 

8.47 

1.08U 

1.08U 

thy lene 

" 1.33 

1.33U 

1.33U 
l.33U 

l.33U 

1.33U 
1.33U 

1.33U 

1.33U 
1.33U 

1.33U 

1.33U 

1.33U 

1.33U 

1.33U 

l.33U 

l.33U 
1.33U 

1.38U 

8.17 
7.40 
5.13 

5.80 

5.64 
7.04 
1.33U 

1.33U 

1.33U 

1.33U 

1.33U 

4.19 

5.62 

3. 79 

cene 

" 0.57 

0.57U 
D. 57U 
2. 91 
2.98 

3.37 

3. 51 

2.98 

0. 57U 
0.57U 
2. 77 
2.78 

3.38 

6.24 

6.42 
2.81l 

2. 71l 

4.56 
3.14 

0.57U 

0.57U 
0. 57U 
0.57U 
0.57U 
0 .57U 

2.33 

2.38 

13.28 

11.47 

11.58 
12.84 

13.52 

10.70 

cene 

20 
1.33 

2.86 

1.33U 

1.33U 

3.112 

0.81 

1.33U 

3. 73 

1.33U 

1.33U 

1.33U 

1.33U 

D. 76 
1.33U 

0.87 

1.33U 

1.33U 

1.33U 
1.33U 

1.33U 

1.33U 

1.33U 

0.07 

1.33U 

1.33U 

1.33U 

1.33U 

12.02 
3.57 
5. 73 
4.12 

7.52 

3.52 

G.! 

20 
2.54 

2.54U 
1.60 

2. S4U 
2.54U 
2. 54U 
2.54U 
2.54U 
2.81 

2.54U 
2. 5-W 

2.54U 

2. 5-W 
4.38 

1.85 
2.54U 
2.54U 

4.79 

4.50 
2.54U 

4.88 

1. 22 

3.04 

2.S4U 
2.54U 

2.54U 
0.74 
8.70 
8.88 

20.14 

8.88 
9. 29 
4.11 

llenzo(b) 
f luoran

thene 

20 
5.39 

4. 28 
2.49 

4.97 

3.24 

5.81 

4.87 

5.88 
2.78 

2.75 

3.78 

4.78 
5.55 

11.44 

15.48 

8.23 

8.40 

13.89 

15.59 

12.02 

13.84 

16.70 

13.84 

8.10 

8.88 

8.09 

10.95 

19.08 

20.93 
27.00 
19.13 

20.41 

17.11 

.Benzo 

(g, h, i) 
pery lene 

20 
5. 77 

5. 77U 

5. 77U 
5. 77U 
5. 77U 

S.77U 
5. 77U 

5. 77U 

5. 77U 
5.77U 
s.nu 
5.77U 
5. 77U 
s.nu 
5. 77U 
5. 77U 

5. 77U 

s. 71U 
8.02 

S. 77U 
S. 77U 
5. 77U 
5. 77U 

5. 77U 
28.32 

s.nu 
8.32 
5. 77U 

8. 71 

7.21 

5. 77U 

5. 77U 
S. 77U 

Benzo{k) 
fluoran

thene 

" 5.52 

2.97 
2.49 

3.56 
2.54 

3.48 
3.32 

3.22 

2.30 

2.82 

2.211 

2.98 

S.52U 

12.33 
7.03 

4.44 

8.89 
10.36 

10.39 
8.89 

8.51 

8.93 
9.74 
7.14 

4.48 

8.59 
10.05 
15.89 
14.47 

20.07 
12.01 
18.82 

11.18 



TABLE G.!. (Contd) 

Sedieent 
Tre,t.ent 

Target DL 
Achiend DL 

01-CH-0 

01-CH-0 OUP 
01-CH-0 
01-CH-0 
OI-CH-0 
01-CH-0 

DD-CH-1 

00-CH-1 DUP 

00-CH-1 
110-CH-1 

00-CH-1 

00-CH-1 
00-CH-2 
00-CH-2 
00-CH-2 

00-CH-2 
00-CH-2 
OI-CH-2A 
01-CH-2A 

OI-CH-2A 
OI-CH-2A 
01-CH-2A 
00-CH-3 
00-CH-3 
00-CH-3 

00-CH-3 
00-CH-3 
GD-CH-4 
00-CH-4 
00-CH-4 

00-CH-4 
00-CH-4 

~ Chrysene 

1 
1 
2 
3 

' 
' 1 

1 

2 
3 

' 5 

1 

2 
3 

' 
' 1 

2 

3 

' 5 

1 
2 
3 

' 5 

1 

2 

3 

' 
' 

" 2.03 

5.74 .... 
10.91 

B. 70 
9.21 

15.85 
8.08 
8.50 

8.46 

7.22 
12.77 

8.81 
25.72 
21.68 
7.87 
11.03 

17.47 
14 .as 
10.71 
15.39 
17.39 

17.38 

11.05 

8.10 
11.82 

13.92 
28.88 
25.17 

28.28 

21.81 
23.90 

22.14 

Dibenzo 
(a ,h) 

anthracene 

" 8.88 

a.aau 
a.sau 
a.aau 
a.aau 
a.aau 
a.aau 
a.aau 
a.aau 
a.aau 
B.BBU 

a.aau 
a.aau 
B.BBU 

a.aau 
a .aau 
a.aau 
a.aau 
a.aau 
8.88U 

B.BBU 
a.aau 
a.aau 
a.aau 
a .aau 
a.aau 
a.aeu 
a .aau 
e.s8U 
e.e8u 
8.88U 

8.88U 

a.asu 

(ugfkg dry .t.) 

Fluoran

thene 

" 1. 78 

9.(17 

10.43 

22.69 

12.13 
14.42 
28.46 

13.92 
16.49 

11.92 

18.95 

34.97 
17.48 

73.36 

52.11 

17.05 
20.68 
47.41 

27.83 
15.!17 

29.18 

48.27 
52.40 

25.47 

20.80 
26.08 

27.37 

113.57 
84.01 

74.79 

71.67 

85.59 

70.98 

G.2 

Indeno 

(1,2,3-

c:,d) 

Fluorene U!!!!!... 

20 
0.70 

0.70U 

0. 70U 

0.04 

5.03 

8. 70 
9.38 
11.07 

3.08 
8.75 

5. 71 

2.45 

5.48 

0.45 
4.10 

0.70U 

0. 70U 
0.52 
1.31 
0. 70U 

0. 70U 

0. 70U 

0.70U 

0.70U 

0. 70U 
0.7DU 
a. 1ou 

32.65 
0.70U 
0.70U 
0.70U 

0 .70U 
0.70U 

20 
3.81 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 
3.81U 

3.81U 
3.81U 

3 .BlU 
3.81U 
3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 
3.8W 
3.81U 

4. 52 

3.81U 
3.81U 

4.22 
3.81U 
3.81U 

3.81U 

3.81U 
5.19 
5.24 

3.81U 

3.81U 

3.81U 

Naphtha

lene 

20 
0.70 

0.70U 

18.97 

0 .70U 

50.14 

68.07 

44.15 
53.59 

19.81 
34.02 

50.08 
0. 7DU 

7.<5 
0. 70U 

11.95 
0. 70U 

0.70U 
0.7DU 
D. 7DU 

0. 70U 

0. 70U 

D. 70U 
0.70U 
a. 7DU 

0. 70U 
0. 70U 

0.70U 

a. 1ou 
0.70U 
0.70U 

0.70U 
0. 70U 

D. 70U 

Phenan-

threne Pyrene 

20 
0. 57 

0 .S7U 
8.67 

2.76 

13.28 
18.42 
20.57 

12.33 
12.52 

18.05 

U1.70 
7.30 

12.88 

8.43 

13.08 

D.57U 
0.57U 
7.85 
3.70 

0.57U 
0.57U 

0.57U 
0.57U 
0.57U 

0. 57U 
0. 57U 

0. S7U 
99.08 

0. S7U 

0 .57U 

0 57U 

0 .57U 

0.57U 

20 
1.21 

8.37 

6.66 

17.88 

8.88 
11.27 

22.99 
13.78 
13.87 

10.58 

15.09 
25.01 
11.90 

87.01 

61.73 

25.11 
31.73 
88.88 
53.39 
28.70 
67.99 

78.49 
78.20 

29.39 

23.08 

24.60 

34.18 

88.94 
72.81 

103.63 
101.21 

137.56 

113.36 



TABLE G.!. (Contd) 

(ugjkg dry •t) 

Benzo(a) 
Sedi1ent Acenaph- Acenaph- Anthra- Anthra- Benzo(a) 
Treahent ~ 

ni-CH-4A 1 

0 I -CH-4A OOP 1 
IJI-CH-4A 2 
ni-CH-4A 3 
OI-CH-4A 4 
OI-CH-4A 5 
00-CH-5 1 

00-CH-5 OUP 1 

00-CH-5 2 

00-CH-5 3 

110-CH-5 4 
00-CH-5 5 

00-CH-6 1 

00-CH-6 2 
00-CH-6 3 

00-CH-6 4 

00-CH-6 5 

01-CH-BA 1 

01-CH-BA 2 

01-CH-BA 3 

DI-CH-6A 4 
DI-CH-6A 5 
00-CH-7 1 

110-CH-7 2 
110-CH-7 3 

00-CH-7 4 

00-CH-7 5 

00-CH-8 1 

00-CH-8 2 

on-cH-a a 
00-CH-8 4 
00-CH-8 5 

OI-SS-4L 2 

OI-SS-4L DUP 2 
Ol-SS-4L 3 

OI-SS-4l 4 
OI-SS-4L 5 

thane 

l.IJSU 
l.QBU 

l.OBU 
l.OBU 

l.OBU 

LOBU 

l.DSU 
l.OBU 

LCBU 

l.OBU 
l.OBU 

l.OBU 
5.89 

1. oau 
t.oau 
l.IJSU 
8.92 

l.OBU 
l.OBU 
1. oau 
l.OBU 

1.08U 
t.oau 
x.nau 
l.OBU 
l.OBU 

l.OBU 
l.OBU 

20.27 

1. OBU 

8.98 
l.DBU 

l.OBU 
t.oau 
1.08U 

1. oau 
1. oau 

thy lene 

1.33U 

1.33U 
1.33U 

1.33U 
1.33U 
4.83 

1.33U 
1.33U 
5.98 

5.38 

8.28 

7.20 

8.39 

1.33U 

8.49 

8.04 

5.87 

3.53 

2. 78 

2.83 

3.09 
3. 04 

2.72 

4.51 

4.85 
2.37 

3.70 

4.88 
13.97 

7.58 

8.41 
1.33U 

1.33U 

1.33U 

1.33U 

1.33U 

1.33U 

cene 

2.95 

D.57U 

2.38 

2.D5 

2.27 

2.81 

2.65 

2.SD 

2.n 
3.58 
3. 25 

2.94 

12.41 

8.82 

8.88 
7.D7 .... 
D. 57U 

D. 57U 

2.81 

D. 57U 

2.87 

3.23 

4.25 
D.57U 

4.74 

3.92 

8.51 

9.88 

5.44 

8.78 
7.47 

D.57U 

D.57U 

D.57U 

0.57U 

0. 57U 

cene 

5.24 

3.43 

1.33U 

1.33U 

2.57 

1.33U 

1.33U 

3.84 

1.33U 

1.33U 

1.33U 

1.33U 

8.51 
2. 93 

8.47 

3.45 

8.18 

1.33U 

1.33U 

1.33U 

1.33U 

1.85 
1.33U 

1.33U 

1.33U 

1.33U 

1.33U 

5.28 

3.84 

1.33U 

5.37 

29.35 .... 
2.84 

3. 49 

3.37 

4.89 

G.3 

pyrene 

2.54U 

2.S4U 

2.54U 

2.54U 

2.54U 

2.54U 

2.54U 

5.21 

2.54U 

2. S4U 

2.54U 

2.54U 
9.08 

3. 71 
8.45 

3.88 

5.91 

2. S4U 

2.54U 
2.54U 
2.54U 
2.54U 
2.54U 

2.54U 

2.54U 

2.54U 

2.54U 

5. 74 

7.45 

8.07 

1D.48 

27.97 

3.79 

3.D5 

5.48 
3.90 

4.74 

Benzo(b) 
fluoran

t.hene 

S.39U 

8.44 

5.« 

3. 21 

5.52 

7.81 

8.78 

8.7'11 

'11.78 

11.47 

10.28 

10.4'11 

24.37 

22.95 

25.21 

22.0'11 

23.82 

5. 3'11U 

3.29 

8.85 

4.54 

7.45 

7.82 

11.08 

12.&3 

11.28 

9.45 

25.02 

21.1D 

22.32 

23.50 

39.52 
8.09 

4.98 

8.55 

5.89 

5.35 

Benzo 
(g, II, i) 

perylene 

s. 77U 

5. 77U 

4.D4 

s. 77U 

5. 77U 

5. 77U 

5. 77U 

1.88 

s. 77U 

5. 77U 

5.77U 

5.nu 
7.71 

s.nu 
7.7D 

8.41 

5.33 

5.770 

5.nu 
s.nu 
5.nu 
s.nu 
5. 77U 

2.42 

s.nu 
s. 77U 
s. 77U 
s. 77U 

S.77U 

5.77U 

S. 77U 
5.nu 
5. 77U 
S. 77U 
s.nu 
S. 77U 
S. 77U 

Benzo(k) 
f I uoran
t.hene 

5.52U 

3. 78 

4.92 

2.95 

4.14 

5.88 

7. 78 

4.79 

8.95 

8.93 

8.39 

7.71 

23.1D 

18.80 

20.91 

18.37 

17 .Ill 

5.52U 

1.88 
8.81 

3.D9 

5.95 .... 
7.87 

11.18 

10.25 

8.20 

15.87 

14.77 

13.88 

20.28 

22.21 

3. 71 

3.88 
5.43 

3.25 

5.56 



TABLE G.!. (Contd) 

Dibenzo 
(a, h) Sedi1ent 

Treat .. nt ~ Chrysene anthracene 

DI-CH-4A 
OI-CH-4A DUP 1 
01-CH-4A 2 

DI-CH-4A 3 

OI-CH-4A 4 

DI-CH-4A 5 
00-CH-5 I 

00-CH-5 CUP 1 

DD-CH-5 2 

00-CH-5 3 

00-CH-6 4 

00-CH-5 5 
CIO-CH-8 1 

00-CH-8 2 

00-CH-6 3 

00-CH-8 4 

00-CH-11 S 
!11-CH-BA 1 

01-CH-BA 2 

DI-CH-6A 3 
01-CH-BA 4 

01-CH-BA 5 

00-CH-7 1 

00-CH-7 2 

00-CH-7 3 

00-CH-7 4 

00-CH-7 6 

00-CH-8 1 

00-CH-8 2 
00-CH-8 3 

00-CH-8 4 
110-CH-8 5 
0!-SS-~ 2 
DI-SS-4L DUP 2 
OI-SS-4l 3 
OI-SS-4l 4 

OI-SS-4L S 

11.34 

lll.04 

8.51 
7.73 

10.13 

14.22 

10.30 
7.19 

13.04 
10.74 

8.58 
8.55 

28.11 

28.40 
28.25 
19.18 

31.68 
3.78 

5.99 
14.90 
1-4.71 

25.48 

8. 79 
9.44 
9.51 

12.80 

8.96 
23.93 

28.56 

19.00 

23.07 
48.21 

13.29 
111.11 
11.07 
7. 78 

9.13 

a.aau 
8.880 

B.BBU 
a.aau 
8.88U 

a.aau 
a.aau 
B.BBU 

B.BBU 
a.aau 
a.aau 
8.88U 
8.88U 
a.aau 
8.88U 
8.88U 
a.aau 
8.88U 
8.88U 
8.88U 
a.aau 
8.88U 
8.88U 
8.88U 
8.88U 
8.8su 
8.88U 
8.88U 
8.88U 
8.88U 
B.BBU 
s.aau 
8.8au 
8.88U 
8.88U 
B.BBU 
8.88U 

(ug/kg dry wt) 

Fluoran

thene 

25.3a 

2S.a2 

29.72 
15.83 

28.51 
23.54 
13.35 
11.99 

23.58 
15.71 
17.78 
111.43 
45.98 

43. 7a 
54.28 
37.17 
85.17 
1a.2s 

15.14 
33.04 
31.74 
54.47 
12.32 
28.8a 
15.6a 
25.93 

13.87 
52.46 

57.63 

42.51 
47.111 
58.09 
31.12 

28.1a 

24.80 
21.a4 
28.83 

G.4 

Indeno 
(1,2,3-
c:,d) 

Fluorene ~ 

a. 7DU 
a. 7DU 
D. 7DU 
D. 7DU 
D. 7DU 
D.7DU 
D. 7DU 
D. 7DU 
D. 7DU 
D. 7DU 
0.711U 
D. 7DU 
D. 7DU 
D. 7DU 
D. 7DU 
D. 70U 
D. 7DU 
D. 7DU 
D. 7aU 
D.70U 
D. 7DU 
D. 7DU 
D. 7DU 
D .7DU 
0. 7DU 
D. 7DU 
D. 7DU 
D. 7DU 

14.87 
D. 70U 
6.83 
D. 7DU 
2.811 

D. 70U 
4.87 

D. 70U 
3.57 

3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
4.54 
3.81U 
5.31 

4.68 
2:96 

3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 

3.81U 
3.81U 
2.55 
3.81U 
3.81U 

Haphtha

lene 

a. 7DU 
D. 7DU 
D. 70U 
D. 7DU 
0. 7DU 
D.7DU 
D. 7DU 

13.117 
0. 70U 
0. 7DU 
D.711U 
D. 7DU 
D. 70U 
D. 7DU 

D.7DU 
0. 7DU 
a. 1ou 
D. 70U 
0. 70U 

D.7DU 
11. 70U 
D. 70U 

0. 7DU 
D. 7DU 
D. 7DU 
D. 7DU 

D. 70U 
0. 70U 

21.83 
D. 70U 
D. 70U 

0. 70U 
28.52 
30.28 

18.119 
7.51 

19.78 

Phenan-

~ Pyrene 

0.57U 
0. S7U 

0 .57U 
a.57U 
11.57U 

D.S7U 
0.57U 

11.34 
a.S7U 
D.57U 

0. S7U 
0. 57U 

0.57U 

D.S7U 

0.67U 
D.S7U 

D. S7U 

a.S7U 
D.S7U 

D. 57U 
0.57U 
0.57U 

0.57U 

D.S7U 
0. S7U 
0.57U 

0.57U 
0.57U 

211.62 
D 57U 

8.115 
0.57U 

18.711 
14.211 

11.28 

!J .44 
17.88 

21.35 

19.81 
25.94 
11.27 

21.54 
18.75 
18.27 
18.114 
411.88 
30.53 

44.110 
45.34 

128.13 
117.52 

130.49 
128.83 
133.48 

5.38 

12.35 
17 .D3 
18.117 
38.29 
311.81 
74.58 
73.18 

59.08 

64.07 
144.84 

182.99 
187.73 
180.11 

1811.27 
32.73 
25.51 
38.86 
34.28 

47.17 



TABLE G.l. (Contd) 

Sedi•ent 
Tre1t.ent ~ 

01-TS-SAU 1 

OI-TS-5AU 2 
01-TS-SAU 3 

DI-TS-SAU -4 

01-TS-6AU 5 

01-TS-SAL 2 
01-TS-6AL 3 

01-TS-SAL 4 

01-TS-SAL CllP 4 
01-TS-SAL 6 

01-W.-lL 1 
01-liA-lL DUP 1 
01-IIIA-lL 2 
01-IIIA-lL S 
01-r.IA-lL 4 
01-t.IA-lL 5 

IJI-WA-lL RXTRCT 5 
OI-WA-2U 
DI-WA-2U 2 
OI-WA-2U 3 

DI-ItiA-2U 
DI-ltiA-2U 
OI-!t1A-2l 
OI-ItiA-2l 

DI-ItiA-2L 

OI-WA-2L 
00-W-1 

00-11-1 
OIJ-1-1 

00-1-1 
00-1-1 
00-1-2 
00-1-2 

00-1-2 
00-1-2 
00-1-2 

' 
' 2 

' 
' 
' 1 
2 

' 
' 
5 

1 
2 

' 
' 
' 

1. oau 
10.42 
5.96 
11.112 

7.59 
18.10 
9.82 
6.99 

11.36 
5. 71 

1.08U 
9.00 

10.15 
1.08U 
l.DBU 
5. 71 
-4.21 
1.08U 

l.OBU 

1. osu 
1.08U 

1.08U 
1.08U 
1.08U 

1.08U 

l.DBU 
1.08U 

l.OBU 
l.DBU 
1. oau 
1.08U 

l.OSU 

l.DBU 
l.DBU 
l.OSU 
1.08U 

Acenaph
t.hylene 

1.33U .... 
2.48 
4.89 

1.33U 

1.33U 

1.33U 

1.33U 

1.33U 
1.33U 

3.42 
3.60 

4.30 
3. 70 
1.33U 
1.33U 

l.33U 

1.33U 

1.33U 

1.33U 

1.33U 

1.33U 
1.33U 

1.33U 

1.33U 
1.33U 

1.33U 

l.33U 

L33U 

1.33U 

1.33U 

1.33U 
1.330 

l.33U 

1.33U 

1.33U 

Anthr•

..E!!!!..._ 

41.07 

56.03 

30.14 

39.92 

38.66 

103.91 

74.44 

71.88 

86.49 

60.91 

19.86 

20.78 

23.70 

9.87 

9.03 

21.-47 

14.99 
9. 74 

14.21 

17.42 

10.84 

0.57U 

D.57U 

D.57U 

0. 57U 

0. 57U 

D.57U 

0.67U 

0.57U 

D.57U 

0. 57U 

0.57U 

0.57U 

0.57U 

D. 57U 

0. 57U 

(ug/kg dry wt) 

Benzo (a) 

Anthr•

c:ene 

249.74 

219.42 

133.90 

186.17 

138.29 

108.37 

104.19 

124.88 

162.01 

128.09 

G.5 

0.28 

1.33U 

6.81 

9.59 

1.22 

s.5r 
11.28 

24.46 

38.39 

52.35 

24.93 

32.53 

1.33U 

2.18 

1.33U 

5. 74 

2.83 

1.33U 

l. 711 

1.33U 

1.33U 

1.33U 

7.01 

1.33U 

1.33U 

2.87 

Benzo(a) 

pyrene 

304.24 

308.74 

187.88 

239.711 

182.77 

78.81 

78.57 

98.52 

112.28 

99.47 

2. 54U 

2. 54U 

1.811 

2.54U 

2.54U 

3.81 

8.41 

15';1.88 

204.28 

1';12.59 

Benzo(b) 

fluoran

thene 

439.70 

429.87 

281.37 

345.87 

288.36 

87.28 

87.70 

102.10 

118.45 

112.33 

7.90 

9.81 

12.3-4 

11.88 
9.39 

12.27 

7.89 

194.84 

225.83 

216.40 

108.88 129.20 

129.92 178.88 

6.90 10.95 

4.42 7.82 

2.54U 5.39U 

4.21 4.94 

1.33 2.89 

2.03 1.38 

1.84 3.08 

0.90 1.84 

1.88 1.01 

4.46 5.80 

8.50 10.64 

4.52 7.20 

7.9';1 7.41 

5.78 8.98 

Benzo 

(9,h, i) 
perylene 

81.18 

82.33 

37.02 

43.83 

39.87 

23.36 

23.18 

32.52 

38.29 

32.21 

5.77U 
5.77U 

5.nu 
5. 77U 

5. 77U 

5. 77U 

3.67 

48.89 

83.83 

70.83 

32.5';1 

48.111 

5.77U 
5.77U 

s.nu 
5. 77U 

5.77U 

5. 77U 

6. 77U 

5. 77U 

5. 77U 

5. 77U 

S. 77U 

5. 77U 

5. 77U 
5. 77U 

Benzo(k) 

fluoran

thene 

290.80 

281.52 

178.34 

217 .OS 

133.81 

59.82 

57.80 

811.44 

99.24 

83.48 

8.43 

5.54 

11.27 

8.71 

8.02 

8.98 
9. 57 

8';1.88 

120. so 
122.92 

7!.82 

97.18 

7.16 

6.23 

S.52U 

8.18 

1.44 

1.15 
2.07 

1.54 

0.93 

S.52U 

5.88 

3.79 

4.22 

6.41 



TABLE G.l. (Contd) 

Sedi1ent 
Treahent ~ 

Ol~TS-SAU 1 

DI-TS-6AU 2 
01-TS-SAU 3 

01-TS-SAU 4 
01-TS-SAU 5 

01-TS-SAL 2 
01-TS-SAL 3 

01-TS-SAL 4 

111-TS-SAL DUP 4 
01-TS-SAL 5 
01-WA-ll 1 
01-WA-ll DUP 1 

01-MA-ll 2 
01-WA-ll 3 
01-YA-ll 4 
01-IIP.-lL 6 
OI-ItiA-2U 1 

01-ltiA-2U 2 

Cll-W.-2\J 3 

OI-ItiA-2U 4 

01-WA-2\J 5 
01-WA-21.. 2 
OI-VA-2l 3 

OI-IIA-21.. 4 
OI-ItiA-2L 5 

00-1-1 1 
00-1-1 2 
00-1-1 3 

00-1-1 4 
00-W-1 S 

00-1-2 1 

011-1-2 2 
00-1-2 3 
00-1-2 4 
00-1-2 5 

Chrysene 

387.61 

418.i9 

238.24 

338.25 

239.18 
141.15 
143.22 

11111.20 

198.85 

158.00 
111.78 

18.49 
28.411 
33.87 
21.80 

28.63 
ss .18 

77.42 

94.911 
88.45 
71.31 

11.81 

11. DO 
2.03U 

17.42 

9.80 

8.80 
12.05 
2.03U 
4. 53 
9. 00 

19.88 
8.50 
7.27 
9. 51 

Dibenzo 
(a, h) 

anthracene 

8.41 
10.32 
6.88 
7.19 .... 
B.BBU 
8.88U 
3.40 

3.12 
2.011 

8.88U 

8.88U 
8.88U 

o.aau 
8.88U 
a.aau 
8.88U 

4.88 
a.aau 
2.60 

8.88U 
B.BBU 

8.88U 

8.8BU 
8.88U 

8.88U 

8.8BU 

8.8BU 

B.88U 

8.SBU 

8.88U 

8.88U 

8.88U 

8.88U 

8.88U 

F!uoran

thene 

618.01 

886.73 

377.58 

541.87 

388.72 

739.35 

542.45 

1187.95 

782.93 

581.20 

155.88 

153.87 

220.80 

104.48 

104.58 

198.72 

9D .85 

146.811 

242.84 

140.98 

139.50 

25.73 

20.03 

8.83 
51.15 

11.82 

11.93 

15.97 

11.57 

7.39 

9.13 

41.09 

12.D2 

11.73 

15.D7 

G.6 

(ug/kg dry wt) 

Fluorene 

10.89 

18.20 

8 .2D 

1D.38 

9.32 

85.91 

35.21 

29.94 

31.57 

19.92 

0.7DU 

0. 70U 

D. 7DU 

D. 70U 

D. 7DU 

0. 7DU 

D .7DU 

0. 7DU 

5.93 

D. 70U 

D. 7DU 

D. 7DU 

0. 70U 

D. 70U 
D. 7DU 

0. 70U 
0. 7DU 

D. 7DU 

2.10 

0. 70U 

0. 7DU 

0. 70U 

D. 70U 

D. 70U 

0. 70U 

Indeno 

(1,2,3-

c,d) 

E.l!!!!!... 

52.49 

53.35 

29.55 

40.38 

28.81 

17.37 

17.49 

26.44 

28.14 

22 .7D 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

29.23 

4D.19 

42.56 

2D .54 

36.28 

3.81U 

3.81U 

3.81U 
3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

3.81U 

3. 81U 

3.81U 

Naphtha

lene 

18.56 

22.84 

9.87 

11.23 

18.81 

12.DO 

9.18 

18.83 

27.18 

21.34 

D. 70U 

D. 70U 

D. 7DU 

D. 7DU 
0. 70U 

0. 7DU 

21.48 

28.27 

24.98 

16.05 

56.52 

18.61 

21.05 

30.11 
10.63 

8.79 

13.35 

8. 77 

12.70 

9.85 

23.54 

19.53 

21.22 

29.44 

20.89 

Phenan

threne 

107.68 

142.19 

77.81 

98.47 

88.19 

813.82 

52D.26 

6D8.25 

587.80 

385.38 

88.02 

74.18 

10D. 77 

18.85 

29.88 

87.95 

23,16 

40.35 

69.41 

27.83 

36.21 

14.43 

12.72 

7.31 
10.32 

8.51 

6.45 

6.24 

7. 98 

7. 06 

9.12 

11.81 

9.07 

10.53 

'" 

1649.39 

1799.16 

1100.59 

145l.D7 

1D90.69 

920.84 

841.99 

843.81 

979.12 

882.08 

158.69 

158.90 

221.98 

85.79 

1DII.60 

133.58 

1161) .18 

1705.63 

1768.13 

1055.80 

1163.10 

57.23 

42.32 

9.53 
63.10 

11.06 

8. 70 

12.94 

8. 72 

5.32 

4.56 

311.33 

8.22 

8.33 

10.31 



TABLE G.l. (Contd) 

(ug/~g dry wt) 

Benzo(a) Benzo(b) Benzo 8enzo(k) 
Sedieent Acenaph- Ac:enaph- Anthra- Ant.hra- Benzo(a) f! uoran- (g,h, i) f I uoran-

Treatlent 1!!2 thene thylene cene cene pxrene thene perylene thene 

00-W-3 1 l.OBU 1.33U 5.95 12.84 10.26 14.73 0.60 9.23 

ao-1-a 2 1.08U I.33U 0.57U 4.50 8.16 7.87 s.nu 4.95 
00-1-3 ' I.OBU 1.33U D.S7U 8.88 8.36 12.82 0.68 6. 77 
00-1-3 • 1. oau 1.33U 0.67U 3.21 5.09 5.91 5 .77U 5.16 

110-1-3 5 1.08U l.33U D. 57U 8.87 9.26 9.96 0.67 IIJ.83 
00-1-4 1 t.oau t.aau 4.57 10.17 13.07 17.27 0.50 9.42 

00-1-4 2 l.DSU 1.33U 4. 74 8.86 11.15 12.34 5.77U 12.91 

00-1-4 ' l.DBU 1.33U 4.18 13.72 10.311 16.25 0.83 13.63 
00-1-4 • 1.08U 1.33U .... 4.85 11.50 11.11 0.36 8.110 
00-1-4 5 l.IISU 1.33U 3.18 .... 9.27 11J.09 .... 8.07 
00-1-6 1 l.OBU 1.33U IJ.S7U 1.33U 2.15 4.16 6. 77U 3.47 
00-1-6 2 1.08U 1.33U 0. 67U 1.33U 2. 54U 6.391.1 6. 77U 6.62U 
00-1-6 ' 1.08U 1.33U 0.67U 1.33U 2.64U 2.90 s.nu 1.66 
00-W-6 • 1.08U 1.33U 11.67U 1.331J 2.64U 2 ... 5.77U 2.111 
00-1-6 5 1.oau 1.330 0.57U 3.114 2.54U 3.24 6. 77U 1.86 
PR-coarse 2 1.08U 1.331J 2. 711 311.18 10.011 13.74 2.88 12.92 
PR-coarse ' 1.08U 1.33U 0. 57U l.33U 2.64U 4.88 5.77U 1.99 
PR-coarse • 1.08U 1.33U 2.12 7.711 5.01 9. 76 2.99 6.00 
PR-coarse 5 1.08U 1.33U o.5ru 3.91 3.17 2.52 s.nu 3.89 
PR-f i ne 1 1. osu 1.330 0.57U 2.06 2.14 3.30 6. 77U 3.74 
PR-fina 2 1. oau 1.330 0.57U 1.33U 1.54 2.31 1.111 1.88 
PR-fine ' 1.08U 1.330 0.670 1.33U 1.98 1.31 5.77U 1.89 
PR-fine • l.ll8U 1.33U 0. S7U 1.33U 2. 54U 5.390 5. 77U 5.52U 
PR-fine s l.DSU 1.33U 0. 57U 1.33U 2. 54U 2.44 5. 77U S.S2U 

Toll les Bay 1 l.DBU 1.33U o .sru 1.33U 2 .s.w 3.24 s.nu 2.09 
To11les Bay 2 l.OBU 1.33U o.sru 4.28 2.54U 2.119 s.nu 2.51 

To•alea Bay ' 1. osu 1.330 1.71 5.74 2.31 .... 5. 77U 2.47 

To11las Bay DUP 3 1.oau 1.33U 2.13 7.28 2.54U 4.58 5. 77U 3.39 

Toll les Bay • 1.08U 1.33U 1.77 8.18 4. 08 8.17 2.31 4.72 

Toll les Bay s l.OBU 1.33U 0.57U 3.08 4. 54 4.45 1.34 3.97 

G.7 



TABLE G .I. ( Contd) 

Sedieent 

Treateent ~ 

00-W-3 1 

00-1-3 2 
00-1-3 3 
00-1-3 4 
00-1-3 5 
00-1-4 1 
DD-1-4 2 
00-1-4 3 

DD-1-4 4 
DD-1-4 5 
00-W-5 1 
00-1-S 2 
!10-1-6 3 

00-1-5 4 
DD-1-5 6 
PR-coarse 2 

PR-coarse 3 
PR-c:oarae 4 
PR-coarse S 

PR-fine 1 
PR-fine 2 

PR-fine 3 

PR-fine 4 
Pft-f i ne S 
Toules Bay 1 
Tonles Bay 2 
Ton lea Bay 3 

Toeales Bay CUP 3 
Tonles Bay 4 
Tonles Bay s 

Chrysene 

24.80 
14.54 

15.20 

10.14 

15. S3 

18.50 

20.51 
24.91 

13. &.4 

18.93 
16.13 

4.94 

13.72 

10.68 .... 
46.31 
9.82 
18.~ 

13.30 

14.35 
4.14 

6.03 

4.88 
4.73 
7.22 

12.06 
17.63 

17.38 
18.75 

16.22 

Dibento 
(a, h) 

imthracene 

8.880 

B.BBU 
B.BBU 
8.88U 
8.88U 
8.88U 

8.88U 

a.asu 
8.88U 
8.88U 

B.BBU 
a.aau 
B.BBU 

8.88U 
8.88U 

8.88U 

8.8BU 
B.BBU 

B.BBU 
B.BBU 
8.88U 
8.88U 
8.88U 

8.88U 

8.88U 
8.8BU 

B.BBU 

a.aau 
8.88U 

8.88U 

(ug/kg dry wt.) 

Fluoran

thene 

so. 72 
19.20 
31.73 
18.28 
36.30 
-42.16 
5-4.22 
SD.86 
38.81 
-48.-40 
27.69 
10.03 
20.80 

21.09 
19.10 
78.46 
24.18 
49.99 
24.19 
17.50 
11.111 

10.2D 
10.08 

13.26 
11.36 

18.88 
37.28 
39.98 
42.38 
20. ge 

G.8 

Fluorene 

0. 70U 

0. 70U 
D. 70U 
D. 70U 
D. 70U 
D. 70U 
D. 70U 
D. 70U 
D. 70U 
D. 7DU 
D. 7DU 
0. 7DU 
0. 70U 
0. 70U 
0. 70U 
D. 70U 
D. 70U 
Cl. 70U 
ll. 71JU 
D. 7DU 
0. 7DU 
ll. 7DU 
D. 7DU 

D. 71JU 
D.70U 
D. 70U 
D. 71JU 
0. 70U 
0. 70U 
0. 7DU 

Indeno 
(1,2,3-
c:,d) 

2l!!!!!... 

3.81U 
3.81U 
2.15 
3.81U 
3.81U 
3.81U 
3.81U 
2.93 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
3.81U 

3.81U 
3.81U 
3.81U 
3.81U 
3.81U 
1.48 
3.81U 

Naphtha
lene 

23.62 
20.7-4 
21.78 

19.82 
16.72 
18.32 
17.25 
18.03 
1-4.84 
7.1D 

12.78 
9. 76 

14.1!1 
12.83 
11.39 
14.111 
12.30 
10.68 
13.79 
13.27 
12.84 
12.95 
13.57 
11.05 
21.42 
18.87 
18.45 
18.89 
14.47 
21.81 

Phenan
threne 

25.24 
8.74 

13.23 
8.89 

12.57 
13.99 
16.93 
12.88 
10.98 
10.72 
7.61 
6.89 
9.1D 
8.38 
';1.44 

12.88 
18.82 
12.111 
1D.28 
8.21 
8.91 
8.22 

12.20 
8.5';1 

11.72 

1D.25 
12.1D 
11.69 
10.';12 
10.';16 

89.46 
36.91 
71.59 
14.58 
81l.23 
79.91 
98.81 
118.52 
74.8-4 
84.73 
21.82 
7.34 

15.51 
17.12 
13.75 
64.57 
21.1l-4 
87 .34 
18.15 
15.17 
10.29 
8.22 
8.55 

11.99 
9.89 

18.911 
13.79 
1a.n 
29.94 
22.05 



TABLE G.2. Concentrations of PAHs in Tissues of Macoma nasuta After 
10-Day Exposure to Sediment Treatments (Mean Blank Corrected, 
Wet Weight) 

(ug/kg wet wt) 

Benzo(a) Benzo(b) Benzo Benzo(k) 
Sedieent Acenaph- Acenaph- Anthra- Anthra- Benzo(a) f I uoran- (g,h, i) fluoran-
Treateent ~ thene thyJene _f!!!!._ cene pyrene thene pery lene thene 

DI-CH-0 1 0.17U 0.21U 0.09U 0.48 0.40U 0. 71 O . .tll 
OI-CH-0 DUP 1 D.l7U 0 .21U 0 .09U D .21U 0.23 0.38 IJ.3B 
OI-CH-0 2 0.17U D.21U 0.46 0.21U 0.40U 0. 78 0.58 
01-CH-D 3 0.17U 0.21U 1].47 0.112 0.4DU 0.52 0.41J 

01-CH-0 ' 0.17U 0.21U 0.51 0.09 0.40U 0.85 0.53 
01-CH-D s 0.17U 0.21U 0.58 0.21U 0.40U 0.77 0.56 
00-CH-1 1 IJ.17U 0.21U 0.43 0.54 0.4DU 0.85 0.47 
00-CH-1 DUP 1 0.411 0.2IU O.D9U D.21U 0.40 0.39 0.32 
00-CH-1 2 0 .17U 0 .21U O.OIIU 0.21U 0.40U 0.41 0.311 
00-CH-1 3 0.17U 0.21U 0.43 0.21U 0.40U 0.59 0.38 
00-CH-1 ' 0.17U 0.21U O . .o!S 0.21U 0.40U 0.77 0.48 
00-CH-1 s 0.17U 0.21U 0.58 0.13 0.40U 0.92 0.87U 
00-CH-2 1 0.17U 0.21U 0.94 0.21U 0.68 1. 73 1.88 
00-CH-2 2 0.17U 0.21U 0.75 0.09 o.u 2.15 a. 98 
00-CH-2 3 0.17U 0.21U o.n 0.21U 0.40U 0.91 0.65 
00-(H-2 ' 0.17U 0.21U 0.39 0.21U 0.40U 0.92 0.99 
00-CH-2 s 0.17U 0.21U 0.89 0.21U 0.74 2.08 1.58 
OI-CH-2A 1 0.17U 0.21U 0.82 0.21U 1.35 3.07 1.19 2.05 
OI-CH-2A 2 0.17U 1.30 0.09U 0.21U 0.40U 1.92 1. 07 
OI-CH-2A 3 0.17U l.H 0.09U 0.21U 0.80 2.13 1.31 
DI-CH-2A ' 0.17U 0.81 0.091.1 0.21U 0.28 2.03 t.n 
OI-CH-2A s 0.17U 0.89 a.o;u 0.21U 0.62 2.10 1.60 
00-CH-3 1 0.17U 0.85 o.D9U 0.21U 0.40U 1.23 1.08 
00-CH-3 2 0.17U 0.98 Q.09U 0.21U 0.40U 0.98 3.88 0.62 
00-CH-3 3 0.17U 0.21U 0.36 0.21U 0.40U 1.23 1.00 
00-CH-3 ' 0.17U 0.21U 0.36 0 .21U 0.08 1.59 0.92 !.48 
00-CH-3 s 0.17U !1.21U 1.89 1.71 1.18 2. 72 2.24 
00-CH-4 1 !1.17U !1.21U 1.61 a.5o 1.18 2.94 1.22 2.03 
00-CH-4 2 0.17U 0.2IU 1.60 0.79 2.88 3.73 1.00 2.77 
00-CH-4 3 1.17 o.sa 1n 0. 57 1.12 2.84 1.68 
00-CH-4 ' 0.17U 0.84 2.03 1.13 1.40 3.06 2.52 
OD-CH-4 s 0.17U 0.50 1.41 0.48 0.38 2.26 1.48 

U = Undete<:ted. 
- = Zero. 
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TABLE G.2. (Contd) 

(ugfkg wet •t) 

Indeno 
Dibenzo (1,2,3-

Sedieent (I ,h) Fluoran- c,d) Naphth1- Phenan-

Treat1ent ~ Chrysene anthncene thene Fluorene 2l!!.!!!.. lene threne Pyrene 

OI-CH-0 1 0.,. 1.61 o.uu D. 91U O.llU 0. 09LI 1.40 
OI-CH-0 OUP 1 1.00 1. 52 O.llU 0.91U 2.76 1.26 0.97 
OI-CH-0 , 1.71 3.57 0.01 0.91U O.llU 0.43 2.81 
01-CH-0 ' 1.38 1.93 0.80 0.91U 7.98 2.11 1.38 
OI-CH-0 ' 1.40 2.20 1.32 0.91U 10.36 2.81 1.72 
OI-CH-0 5 2.60 4.87 1.54 0.91U 7.24 3.37 3. 77 
00-CH-1 1 1.17 2.02 o.aa 0.91U 7.78 1. 79 2.00 
00-CH-1 OUP 1 0.92 ,, 0.43 0.91U 2. 77 1.77 1. 98 
00-CH-1 , 0.97 1. 79 1.32 0.91U 5.12 2.72 1.511 
011-CH-1 ' 1.12 2.84 0.89 0.91U 7.80 2.81l 2.36 
00-CH-1 ' 2.07 5.87 0..40 0.91U O.llU 1.18 4.08 
00-CH-1 5 1.13 2.91 0.91 0.91U 1. 24 2.14 1. 98 
00-CH-2 1 3.89 11.09 0.07 0.91U O.llU 0.97 13.15 
00-CH-2 2 3.00 7.25 0.57 D.91U 1.66 1.82 8.59 
00-CH-2 ' 1.13 2.50 D.llU 0.91U o.uu 0.09U 3. 71 
00-CH-2 ' 1.29 2." O.llU D. 91U O.llU 0.09U ... , 
00-CH-2 5 2.83 7.15 0.08 0.91U O.llU 1.15 10.08 
01-CH-V. 1 2.93 5.49 0.28 D. 91U O.llU 0.73 10.53 
01-CH-V. 2 1. 71 2. 60 O.llU 0.91U o.uu 0.09U 4.57 
01-CH-V. ' 2 ... 4.48 D.llU 0.69 o.uu 0.09U 10.45 
OI-CH-2A ' 2.74 7.60 O.llU 0.91U o.uu o.ogu 12.35 
OI-CH-2A ' 2.87 8. 07 O.llU 0.91U o.uu 0.09U 12.04 
00-CH-3 1 1.67 .... O.llU 0.64 O.llU 0.09U 4.46 
00-CH-3 2 1.13 2.89 O.llU D. 91U O.llU 0.09U 3.20 
00-CH-3 3 1.80 3.97 O.llU 0.91U O.llU 0.09U 3. 74 
00-CH-3 ' 2.02 3.98 O.llU D. 91U D.llU 0.09U '·" 00-CH-3 5 4.12 16.20 4.66 0. 91U o.uu 14.14 12.69 
00-CH-4 1 3. 53 .... O.UU D. 73 O.llU O.D9U 10.22 
OD-CH-4 2 3.90 1D.33 O.UU D. 72 O.llU 0.09U 14.32 
OD-CH-4 ' 3.01 9.90 D.llU 0.91U O.llU 0.09U 13.98 
OD-CH-4 ' •. 58 12.83 O.llU D.91U O.llU 0.09U 20.81 
00-CH-4 5 2. 93 9.38 D.llU 0.91U O.llU 0.09U 14.98 
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TABLE G.2 (Contd) 

Sedieent 
Treateent !!!£ 

Acenapll
tllene 

OI·CH-4A l 

0 I -CH-4A OUP 1 
DI-CH-4A 2 
OI-CH-4A 3 
OI-CH-4A 4 
DI-CH-4A S 
00-CH-5 1 

00-CH-6 DUP 1 

00-CH-6 2 

00-CH-5 3 
DD-CH-5 4 

00-CH-5 5 

00-CH-6 1 

00-CH-6 2 

00-CH-6 3 

00-CH-6 4 

00-CH-6 6 

OI-CH-6A 1 
OI-CH-6A 2 

DI-CH-6A 3 

01-CH-BA 4 
OI-CH-6A 5 
00-CH-7 1 

00-CH-7 2 

00-CH-7 3 

00-CH-7 4 

011-CH-7 5 

00-CH-8 3 

00-CH-8 1 

00-CH-8 2 

00-CH-8 4 

00-CH-8 S 
DI-SS-4L 2 

DI-SS-4L OUP 2 
DI-SS-4L 3 
OI-SS-4L 4 

01-SS-4L 5 

0.17U 
0.17U 
0.17U 
0.17U 
0.17U 

0.17U 
D.17U 

0.17U 
D.17U 

0.17U 
D.l7U 
0.17U 
0.91 
D.17U 

0.17U 
0.17U 
1.07 
0.17U 
0.17U 
0.17U 
0.17U 
0.17U 
D.17U 

O.l7U 

0.17U 
0.17U 
IJ.l7U 

0.17U 

0.17U 
2.85 
1.30 

D.17U 

0.17U 
O.I7U 
0.17U 
0.17U 

O.I7U 

(ugfkg wet wt) 

Benzo(a) 

Acenaph- Anthra- Anthra- Benzo(a) 
pyrene th:lene 

IJ.21U 

0.21U 
D. 21U 
0.21U 
0.21U 

0. 71 
0.21U 
0.21U 
0.88 

0.78 
0.96 
0.89 
0.,. 
0.21U 

0.98 
0.90 
0.88 

0.56 
0.42 
0.41 
0.44 
0.44 
IJ.42 
0.67 
0.66 
0.33 

0. 53 

1.11 
0. 72 
1. 97 
1.22 
D. 21U 

0.21U 
D.21U 

0. 21U 

0.21U 
0.21U 

cene 

0.46 
0.090 
0.35 

0.31 

0.33 
0.41 
0.40 
0.33 

0.41 
0.52 
0. so 
0.37 

1.92 
1.16 
1.31 

1.05 

1.06 
0.09U 

0.09U 
0.38 
0.09U 
0.42 
0.50 
0.83 
0.09U 
0.87 

0.58 

0. 94 

0.98 
1.39 
0.98 
1.08 

0.09U 
0.09U 

0 .09U 
0.09U 
0.09U 

G.ll 

cene 

0.80 
0.53 
0.21U 
0.21U 
0.37 

0.21U 
0.21U 
0.49 
0.21U 
0.21U 

D.21U 
0.21U 
1.32 
0.39 

1.28 

0.51 
0.95 

D.21U 

D.21U 
D. 21U 
0 .21U 
0.24 
0.21U 
0.21U 
0.21U 

IJ.21U 

0.21U 

0.21U 
0. 78 
0.54 
0. 78 
4.18 

0.92 
0.41 
0.50 
0.47 

D. 77 

0.40U 
0.40U 
0.40U 
0.40U 
0.40U 
0.40U 
0.40U 
0.89 
0 .40U 
0.40U 
0.4DU 
0.40U 
1.47 

D.34 
l.DD 
IJ.58 
D.97 
0.4DU 
0.4DU 
0.40U 
0 .40U 
0.40U 
0.4DU 
D.40U 
0 .40U 

D.40U 
IJ.40U 

0.85 

0.86 
0.97 
1.48 

3. 90 

0.59 
D.48 
D. 79 
0.54 
D.75 

Benzo(b) 

f luoran
t.hene 

D.85U 
D.99 
D.81 
0.49 
0. 79 
1.14 
1.34 
0.90 
1.44 
1.68 
1.58 

1.30 
3.78 
3.06 
3.81 
3.29 .... 
o.asu 
D.50 

1.01 
0 ... 
1.09 

1.20 

1.85 
1.69 
1.59 
1.34 
3.25 
3. 71 

2. 97 

3.4D 
5.80 

0.96 
0. 77 
D. 95 
0.81 
0.84 

Benzo 
(g,h, i) 

pery!ene 

0.60 

0.25 

1.19 

1.111 
0.98 

0.82 

0."' 

Benzo{k) 

f!uoran
t.hene 

0.87U .... 
0.73 
0.45 
0.59 
11.83 
1.18 

o ... 
1.32 
1.01 

0.98 
D.98 
3.58 
2.48 
3.18 

2. 74 
2.86 

0.87U 
D.28 
0.07 
0.44 
0.87 
1.01 

1.17 
1.50 

1.46 
1.18 
2.D2 
2.32 

2.08 

2.93 
3.15 

IJ.58 
0. 57 
0.78 

0.45 
0.87 



TABLE G.2 (Contd) 

Sedi1ent. 
Tr11t1ent ~ Cltrysene 

DI-CH-4A 1 
Ol-CH-4A DUP 1 
OI-CH-4A 2 
III-CH-4A 3 

IJI-CH-4A 4 
DI-CH-4A 5 
00-CH-5 1 

00-CH-5 CUP 1 

OD-CH-6 2 

00-CH-5 3 
00-CH-6 4 

00-CH-5 5 

00-CH-11 1 
00-CH-8 2 

00-CH-5 3 

00-CH-6 4 

00-CH-6 5 
01-CH-IIA 1 

01-CH-BA 2 

01-CH-BA 3 

DI-CH-8A 4 

Dl-CH-IIA 6 
00-CH-7 1 

DD-CH-7 2 

00-CH-7 3 

00-CH-7 4 

00-CH-7 5 
00-CH-6 3 

00-CH-8 1 
00-CH-8 2 

DD-CH-8 4 

00-CH-8 5 

01-SS-JJ. 2 
OI-SS-4L DI.IP 2 
III-SS-4L 3 

OI-SS-4L 4 
OI-SS-4L 6 

1. 74 
1.54 

1.27 

1.18 

1.48 

2.08 
1.57 
0.911 

1.92 

1.57 
1.32 

1. 08 .... 
3. 52 
3.97 .... 
4.89 

0.80 
0.91 

2.18 
2.08 

3.71 
1.115 
1.41 
1.28 

1.81 

1.27 

2.76 

3.56 

3. 74 

3.34 

8.55 

2.08 
1.58 

1.60 
1.07 

1.44 

Dibenzo 
(a, h) 

anthracene 

(ug/kg wet wt) 

Fluoran

thene 

3.88 
3.84 

4.42 

2.38 
3.81 
3.44 
2.03 
1.60 

3.47 
2.311 
2.73 

2.41 

7.13 

5.82 

8.21 

5.54 

10.06 

1.86 
2.31 
4.84 
4.48 

7 .i4 

1.90 
3.98 
2.10 

3.88 
1.97 
8.18 
7.78 
8.11 

8.93 
8.23 
4.88 

4.07 
3.58 
2. 90 

4.51 

G.!2 

Indeno 
(1,2,3-
c:,d) 

Fluorene ~ 

O.llU 

O.llU 

O.llU 

O.llU 
O.llU 
o.uu 
o.uu 
o.nu 
O.llU 
o.uu 
0 llU 
o.uu 
o.uu 
D.llU 

D.llU 

D.llU 

O.llU 

O.llU 

O.llU 
D.UU 
D.llU 
o.uu 
D.llU 

D.llU 

D.llU 
o.nu 
D.llU 
o.nu 
o.nu 
2.D9 
0.81 
O.llU 

D. 41 

O.llU 

0.88 

O.llU 
0.513 

0. 91U 

D. 91U 
0.111U 

O.lllU 

O.lllU 

O.lllU 

0. lllU 
0.91U 

0.91U 
0. 91U 
D.91U 

0. 91U 

0. 70 
0.91U 

0.8D .... 
0.48 

0. 91U 

D.91U 

D.91U 
0.91U 

0.91U 
0.91U 

0.91U 
0. 91U 

O.lllU 

0. 91U 
0.91U 
0.91U 
0. 91U 
0.111U 

0 .91U 

0.91U 

0.91U 

0.37 

~lphtha

lene 

O.llU 
O.llU 

O.llU 

D.llU 

O.llU 

D.llU 

O.llU 
1.88 
D.llU 

D.llU 
0 .llU 
D.llU 

D.llU 
o.uu 
o.uu 
o.uu 
O.UU 
o.uu 
o.uu 
O.llU 
O.llU 

O.llU 

O.llU 
O.llU 

O.llU 
o.uu 
O.llU 

O.llU 
O.llU 

3.07 
O.llU 
0.11U 

4.14 

4.73 
2.75 

1. 05 
3,11 

Phen•n
threne 

0. OIIU 

0.09U 

O.OIIU 

0.09U 
0.09U 

O.OIIU 

O.OIIU 

1.51 
D.DW 

0 .09U 
0 .09U 
0 .OIIU 

0. 091J 
0.09U 
O.DIIU 

0.09U 

0.09U 

0.09U 

0.09U 
0.09U 
0.09U 

D. 09U 

0. OIIU 

0.09U 
O.OIIU 

D.DIIU 
O.DIIU 

D.DIIU 
O.OIIU 

4.17 

1.01 

0.09U 

2.132 

2.23 
1.83 

1.44 

281 

3.28 
3.04 
3.138 
1.71 
3. 09 
2.45 

2.47 

2.28 

13.01 
4.47 
8.110 
5.83 

19.88 

15.85 
111.73 
18.88 
20.511 

0.88 
1.88 
2.50 

2.88 
5.29 
8.13 

11.11 
9.84 
8.33 
7.88 

24.38 

21.45 
22.115 

23.17 
28.83 
5.11 
3.118 
5.33 
4.73 
7.42 



TABLE G.2. (Contd) 

Sed'1•ent 
Treat.ent 

DI-TS-SAU 
OI-TS-6AU 
01-TS-SAU 
01-TS-SAU 

01-TS-SAU 
Dl-TS-SAL 
01-TS-6Al 
01-TS-SAL 
TS-SAL DUP 
01-TS-SAL 

1 

2 

' • 
5 
2 

' • • 
5 

01-WA-lL 1 
01-IIIA-lL DUP 1 

Ill-MA-ll 2 
01-IIA-ll 3 
01-IM-ll 4 
01-YA-ll 5 
DI-IIA-2U 

OI-WA-2U 
OI-t.IA-2U 
OI-WA-2U 
DI-WA-2U 
DI-WA-2L 
OI-t.IA-2L 
01-t.IA-2L 
OI-WA-2L 
00-W-1 
00-W-1 
00-f-1 
OQ-W-1 

00-1-1 
00-1-2 
00-1-2 
00-1-2 
00-1-2 
00-1-2 

1 
2 

' • 
5 
2 

' • 
s 
1 

2 

' • 
5 
1 
2 

' • 
5 

Acenaph
thene 

0.17U 
1.47 
D .87 

0.95 

1.03 

2.83 
1.611 
1.06 

1. 70 

0.91 
D.17U 
1.40 

1.39 
0.17U 
0.17U 
0.85 
0.17U 
0.17U 
0.17U 
11.17U 

n.t7U 
D.17U 
0.17U 
0.17U 
0.17U 
0.17U 
D.l7U 

0.17U 

0.17U 

IJ.17U 
0.17U 
0.17U 

0.17U 
0 .17U 

0.17U 

Acenaph- Anthra-
thylene ~ 

0.21U 4.90 

0.79 7.79 

0.38 4.40 

0.87 5.74 

0.21U 4.97 

0.21U 15.13 
0.21U 12.111 
0.21U 10.78 
0.21U 12.80 

0.21U 8.09 

11.21U .... 
0.59 
0.58 
0.21U 

0.21U 
D. 21U 
0.21U 
0.21U 

D.21U 
D .21U 
0.21U 
0.21U 
0.21U 

0.21U 

0.21U 

0.21U 

0.21U 

0.21U 

0. 21U 
0.21U 

0 .21U 
0.21U 

0.21U 
0.21U 

D. 09U 
3.22 

3.25 

1.49 

1.38 

3.20 

1.81 

2.05 

2.43 

1.48 

0 .09U 
0.09U 
O.D9U 
0.09U 

0.09U . 

0. 09tJ 
0.09U 

0.09U 

D.D9U 

0.09U 
0.09U 

0. 09U 
0.09\J 
0 .09U 
0.09U 

(ugjkg wet wt) 

Ben:o(a) 

Anthra-
cene 

29.78 

31.011 

19.54 

211.111 

18.79 

15.78 

17.02 

18.811 

22.75 

20.37 

0.21U 

0. 21U 
0.77 

1.46 

0.19 

0.83 
4.05 

5.24 

7.31 

3.42 

4.43 

0.21U 

0.34 

0.21U 

0.88 

D .38 

0.21U 

0.24 
0.21U 

a. 2w 
Q.21U 
1.02 

0.21U 
a. 21U 
0.44 

G.l3 

Ben:to(a) 
pyrene 

38.28 
43.42 

27.39 

34.45 

24.84 

11.15 

12.84 

14.45 
18.80 

15.82 

0.4DU 
0.4DU 
0.14 
0.40U 
0.40U 
0.57 

28.48 
29.41 

28.88 

14.98 
17.88 

0.98 
D. 70 

0.40U 

0.84 
0.19 

0.29 

0.23 

0.13 
0.24 

0 .87 

1. 23 
0.83 

1.18 

0.88 

Ben:to(b) 
f I uoran
thene 

52.44 
80.81 

38.14 

49.711 

38.20 

12.71 

14.33 

16.28 
17.73 

17.88 

0.86U 
1.49 

1.89 

1. 79 

1.43 

1.83 
32.25 

32.48 

30.08 

17.75 

24.08 

1.52 

1.28 

0.85U 

a. 75 

0.38 

11.20 
D.« 
0.25 

0.15 
0.85 
1.54 
1.00 

1.09 

1.08 

Ben :to 
(g,h, i) 

perylene 

7.29 

8.112 

5.40 

15.311 

6.42 
3.40 

3.79 

4.87 

5.43 

6.12 

7.73 

9.18 

9.88 

4.48 
8.55 

Benzo(k) 
fluoran
thene 

34.68 

39.85 
28.113 

31.19 

18.16 
8. 71 

9.44 

12.94 

14.85 

13.27 

0.87U 

0.88 

1.54 

1.01 
0.92 

1.34 
14.87 

17.35 

17.16 
10.11 
13.22 

0.911 

0.98 

0.87U 

0.94 

0.21 

0.18 

0.29 

0.23 

0.13 

0 .87U 

0.85 

0.53 
0.82 

0.83 



TABLE G.2. (Contd) 

Sedieent 
Treat1ent 

01-TS-SAU 
01-TS-SAU 
01-TS-SAU 
01-TS-SAU 

01-TS-SAU 
01-TS-SAI... 
01-TS-SAI... 
01-TS-SAL 
TS-SAL CUP 
DI-TS-6AL. 
01-WA-ll 

8!f Chrysene 

1 48.22 
2 59.30 

a 34.48 
4 48.32 

5 32.511 

2 20.56 
3 23.40 

4 25.33 
4 29.48 

5 25.12 
1 0.32U 

01-MA-ll DUP 1 2.66 

3.83 

6.08 
3.33 

3.97 

11.13 

11.16 

13.26 
9.13 

9.70 
1.84 

1. 73 

0.32U 
2.68 

1.40 
0.94 

1. 70 
0.32U 

0.66 

1.38 
2.85 

0.90 

1.07 

1.45 

01-IIA-ll 2 

DJ.IIA-ll 3 
01-WA-ll 
01-WA-lL 

DI-WA-2U 
DI-WA-2U 

OI-WA-21J 
DI-WA-2\J 
DI-t.IA-2U 
DI-WA-2L 
DI-ItiA-21. 
DI-WA-21. 
01-WA-21.. 
00-W-1 
00-1-1 
00-1-1 
00-1-1 
00-1-1 
00-1-2 
00-1-2 
00-1-2 
DD-1-2 
00-1-2 

' 6 
1 

2 
3 

' 6 
2 
3 

' 
5 

1 
2 

3 

' 6 
1 

2 

3 

' 5 

Dibenzo 
(a, h) 

anthracene 

1.00 

1.48 
0.811 

1.03 

0.74 

0.51 
0.47 

0.33 

0.70 

0.34 

Fluoran

thene 

73.~ 

94.37 

56.10 

77.84 
62.66 

107.84 

104.96 
99.98 

114.19 

92.41 

D.2BU 
23.83 
30.28 

16.76 
16.98 

2i.59 

16.04 
20.97 

33.87 

19.38 

18.98 

3.60 

3.15 

0.99 

7.81 
1.89 
1.69 
2.,. 
1. 73 

1. 07 

1.38 
6.98 

1.67 

1.73 

2.30 

G.14 

(ug/kg wet wt.) 

Indeno 

(1,2,3-

c,d) 

Fluorene ~ 

1. 27 !1.28 

2.29 7.55 
1.20 4.31 

1.49 5.80 

1.27 3.91 

9.60 2.53 

5.75 2.86 

4.48 3.81 

4.73 4.21 

3.17 3.61 

O.llU 0.91U 
D.llU 

D.llU 
o.uu 
o.uu 
o.uu 
o.uu 
o.uu 
0.83 
o.uu 
D.llU 
o.uu 
0. llU 

O.llU 

O.llU 
O.llU 
o.uu 
O.llU 

0.31 

0.11U 

0.1IU 
O.llU 

D.llU 

D.llU 
0 .llU 

0.91U 
0.91U 

D.91U 
D. 91U 

0.91U 
4.84 
S. 79 

S. 94 

2.82 
4.80 
0.91U 
0.91U 

0. 91U 

0. 91U 
0. 91U 
0. 91U 

0. 91U 

D.91U 

0. 91U 

0.91U 
0 .91U 

0.91U 
0. 91U 

0.91U 

Naphtha

lene 

1.97 

3.20 

1.44 

1.61 
2.28 

l. 75 

1.50 
2.52 

4. 06 

3.39 

O.llU 
o.uu 
o.uu 
o.uu 
o.uu 
O.llU 
3.60 
3.78 

3.49 

2.07 
7.55 

2. 58 
3.31 

4.38 
1.65 
1.28 
1.89 

1.24 

1.90 
1.42 

3. 58 
2.83 

2. 94 
4.34 

3.16 

Phenan-

threne Pyrena 

12.84 198.70 

20.13 254.85 
lUIS 180.82 

14.15 208.52 

11.71 148.22 

118.49 134.04 

84.99 137.55 

75.78 128.30 

87.95 148.55 

58.09 140.25 

0.09U 0.19U 
11.51 

13.81 
2.84 
4.58 

10.12 

3.83 
5.81 

8.29 
3.82 

4.113 
2.00 
2.00 

1.06 

1.58 
1.22 

1.20 
0.88 

1.19 

1.02 

1.38 
1.88 

1.28 
1. 55 

1. 45 

24.86 
30.42 

11.112 
18.73 

111.89 

1112.03 
246.65 

246.0~ 

146.03 
l!i8. 24 

7.113 

8.88 
1.39 

9.63 
1.58 

0.95 
1.83 

1.31 

11.77 
11.611 
5.27 
1.14 

1. 23 

1.57 



TABLE G .2. (Contd) 

(ugjkg wet wt) 

Benzo(a) Benzo(b) Benzo Benzo(k) 

Sedi1ent Acenaph- Acenaph- Anthra- Anthra- Benzo(a) fluoran- {g,h, i) fluoran-

Trut•ent ~ thene thy lene ....£!!!!__ cene pyrene thene pery len11 thene 

00-1-3 1 0 .17U 0.21U 0.86 1.83 1.49 2.14 0.60 1.34 
00-W-3 , 0.17U 0.21U 0.09U 0.78 1.114 1.33 0.84 
00-W-3 3 0.17U 0.21U O.OIIU 1.07 1.30 2 .DO 0.88 a .110 

00-1-3 ' 0.17U CI.21U D. 09U IJ..4.Q 0.83 0.73 0.64 

00-W-3 5 0.17U D.21U o.ogu 0.91 1.23 1.32 0.67 1.44 

00-1-4 1 0.17U 0.21U 0.811 1.53 1.97 2.60 0.50 1.42 

00-1-4 , 0.17U 0.21U 0.64 1.17 1. 51 1.67 1.75 
00-1-4 3 !1.17U 0.21U 0.61 2.01 1.52 2.24 0.63 1.98 

00-1-4 ' 0.17U 0.21U 0.51 0. 70 1.311 l.IIIJ (J.35 0.99 
00-1-4 5 0.17U IJ.21U 0.43 1.211 1.26 1.37 0.48 0.82 
00-1-5 1 0.17U 0.21U O.IJ9U 0.21U 0.31 0.60 0.50 
QD-1- 5 , 0.17U D.21U O.DiiiU 0.21U o . .au 0.86U 0 .87U 
OIJ-1-5 3 IJ.17U IJ.21U IJ.IJ9U D. 21U IJ.41JU D.41J 0.21 
IJIJ-1·5 ' 0.17U IJ.21U D.D9U IJ.21U 0.41JU IJ.4D IJ.27 
DIJ-W-5 5 IJ.l7U IJ.21U IJ.IJ90 D.« 1).40U 1),47 0.24 

PR-coarse , 0.17U 0.21U IJ.41 4.56 1.51 2.07 IJ.44 1.95 

PR-co1rsa 3 0.17U IJ.21U D .09U IJ.21U a .4DU IJ.78 IJ.32 
PR-coarse ' 0.17U 0.21U 0.29 1.07 1).89 1.35 0.41 0.89 
PR-coarsa 5 D.17U IJ.21U O.D9U a.s8 D. 45 D.311 IJ.53 
PR-fi ne I 1).17U a .21U D.IJ9U IJ.29 1).3D IJ.47 0.53 

PR-fine , 0.17U D. 21U IJ.IJ9U 0. 21U a .23 IJ.34 0.111 0.25 
PR-f·1~1 3 0.17U IJ.21U 0.09U IJ.21U D. 27 0.18 IJ.24 

PR-fine ' IJ.17U 0.21U IJ.IJ9U D.21U IJ.4DU IJ.85U D.87U 

PR-fine 5 D.17U 0 .21U IJ.09U o .21u IJ.41JU D.35 0.87U 

Ta.111s Bay 1 0.17U 0.21U 0.09U 0.21U D. 401J 0.43 0.28 

T011Ies Bay , 0.17U 0.21U D. 09U IJ.58 0 .4DU 0.28 0.34 

To11les Bay 3 0.17U D.21U 0.25 '" 0.34 0.71 0.38 

Tonles Bay DUP 3 0.17U 0. 21U 0.29 0.99 IJ.40U 0.62 0.46 

Toeales Bay ' 0.17U 0.21U 0.26 0.91 D.80 0.91 0.34 0.70 

Tonles Bay 5 0.17U IJ.21U 0. 09U 0.35 0.52 0.51 0.15 IJ.46 
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TABLE G.2. (Contd) 

(ugjkg wet wt) 

Indeno 

Dibenzo (1,2,3-
Sedi1ent. (•' h) Fluoran- c,d) Naphtha- Phenan-
Trnt1ent ~ Chrysene anthracene thene Fluorene ~ lene threne Pyrene 

00-1-3 1 3.80 7.38 O.llU 0.91U 3.41 3.66 10.07 
00-1-3 2 2.45 3.25 o.nu O.!llU 3. 51 1.48 11.24 
00-1-3 3 2.37 4.94 O.llU 0.33 3.39 2.06 11.14 
00-1-3 ' 1.28 2.27 o.uu 0.91U 2.44 1.118 1.81 
00-1-3 5 2.011 4.88 O.llU 0.91U 2.22 1.117 10.115 

00-1-4 1 2. 78 8.34 a.uu 0.91U 2.411 2.11 12.03 
00-1-4 2 2.n 7.33 D.llU 0 .91U 2.33 2.111 13.09 
00-1-4 3 3.115 7.48 D.UU 11.43 2.64 1.86 10.05 
011-1-4 ' 1.99 6.57 O.llU 0.91U 2.13 1. 58 10.76 
00-1-4 5 2.57 11.57 D.llU 0.91U 0.911 1.411 11.50 
011-W-5 1 2.33 3.99 D.llU 0.91U 1.84 l.In 3.14 

00-1-5 2 D. 73 1.47 O.llU IJ.91U 1.43 1.01 1.08 
011-1-5 3 1.88 2.84 D.llU IJ.91U 1.94 1.24 2.12 
00-1-5 ' 1.46 2.87 D.llU D.91U 1. 74 1.14 2.33 
00-1-& ' LSi 2. 78 D.llU D. 91U 1.116 1.38 2.00 

PR-coarse 2 6.91J 11.8& D.llU 0.91U 2.14 1. 92 11.75 

PR-coarse 3 1.57 3.87 o.uu 0.91U l.IJ7 2.70 3.37 

PR-coarse ' 2.83 tU2 D.llU 0.91U 1.48 1. 75 9.33 

PR-coarse ' 1.90 3.48 D.llU 0.91U 1. 97 1.47 2.31 

PR-fine 1 2.04 2.4i D.llU 0. 91U 1.89 1.17 2.15 

PR-fine 2 0.82 1. 73 D.llU 0.91U 1. 92 1.33 1.54 
PR-fine 3 0.84 1.43 D.llU 0.91U 1.81 1.15 1.15 

PR-fine ' 0.72 1.55 D.llU D. 91U 2.08 1.87 1.00 

PR-fine 5 0.87 1.89 D.llU 0.91U 1.57 1.22 1.71 

To11les Bay 1 o ... 1.51 D.llU 0.91U 2.85 1.58 1.29 

To•ales Bay 2 1.83 2. 55 D.llU 0.91U 2.52 1.38 2.29 

Toules Bay 3 2. 57 5.43 O.llU D.91U 2.89 1. 78 2.01 

Toules Bay DUP 3 2.37 5.45 D.llU D.91U 2. 58 1.58 1.88 

Toules Bay ' 2. 78 8. 23 O.llU 0.22 2.13 1.81 4.41 

To•ales Bay ' 1.87 2.42 D.llU D.91U 2. 51 1.28 2. 54 
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TABLE G.3. Quality Assurance Summary for Tissue PAHS 

Measurements of Precision: DuQlicate Results 
(u"g/kg dry weight) 

Benzo(a) Benzo(b) Benzo Benzo(k) 

Sedieent Aeenaph- Acenaph- Anthra- Anthra- Benzo(a) fluoran- (g,h' i) fluoran-
Treat1ent. !!!£ thene thrl ene .2,!!!_ cene pyrene thene pery lene thene 

01-CH-0 1 1.08U 1.33U O.S7U 2.85 2. 54U 4. 28 5. 77U 2. 97 

01-CH-0 CUP 1 l.OBU 1.33U 0.67U 1.33U 1.60 2.49 5. 77U 2.49 

I-Stat ,,, ,,, ,,, H/A ,,, 0.3 ,,, 0.1 

'" H/A ,,, ,,, H/A ,,, 
" H/A 18 

00-CH-1 1 1.080 1.330 2.98 3.73 2. 54U 5.88 s.nu 3. 22 

00-CH-1 OOP 1 3.48 1.33U 0.57U 1.33U 2.81 2.78 5. 77U 2.30 
1-Stiilt ,,, ,,, H/A H/A ,,, 0.4 ,,, 0.2 
RPO ,,, H/A ,,, H/A ,,, 72 ,,, 33 

DI-CH-4A 1 1. oau 1.33U 2. 95 5. :z4 2. S4U 5.39U 5. 77U 5.52U 
OI-CH-4A DUP 1 l.DSU 1.33U 0.57U 3.43 2 .54U 8.44 5. 77U 3.78 

1-St.at. ,,, ,,, ,,, 0.2 0 ,,, ,,, H/A 
RPO ,,, ,,, ,,, 

" 0 ,,, ,,, H/A 

00-CH-5 1 1.08U 1.33U 2.65 1.330 2.54U 8.78 5. 77U 7. 78 

00-CH-5 DUP 1 l.OBU 1.33U 2.50 3.64 5.21 8.79 1.88 4. 79 
I~St.at ,,, ,,, 0.0 H/A H/A 0.1 ,,, 0.2 
RPO ,,, ,,, 8 H/A H/A " 

,,, 
" 

OI~SS~4L ' l.OBU 1.33U 0.57U 5.88 3.79 6.09 5. 77U 3. 71 
OI~SS-4l OUP 2 1.08U 1.33U 0.57U 2.64 3. 05 4."' 5. 77U 3.66 

I~St.at ,,, H/A H/A 0.4 0.1 0.1 H/A 0.0 
RPO ,,, ,,, ,,, 

" 22 21 ,,, 1 

01~ TS-SAL 4 6.99 l.33U 71.88 124.68 96.52 102.10 32.52 86.44 
01-TS~SAI... OUP 4 11.35 1.33U 65.49 152.01 112.28 118.46 36.29 99.24 

I-Stat 0.2 H/A 0.1 0.1 0.1 0.1 0.1 0.1 
RPO .. ,,, 17 20 15 15 11 " 

OI~WA-ll 1.08U 3.42 19.85 0.26 2. 54U 7.90 5. 77U 6.43 
OI~~~1L DUP 1 9.00 3.60 20.76 1.33U 2.54U 9.81 5. 77U 5.54 

I-Sht ,,, 0.0 0.0 N/A N/A 0.1 ,,, 0.2 
RPO ,,, 5 5 H/A ,,, 19 H/A " 

OI~WA-ll RXTRCT 5 4.21 1.33U 14.99 11.26 8.41 7.89 3.57 9.57 

Tonles Bay ' 1.08U 1.33U 1.71 5. 74 2.31 4.86 5. 77U 2.47 
Tonles Bay DUP ' 1. oau 1.33U 2.13 7.28 2. 54U 4. 58 5.77U 3.39 

I~Stat ,,, H/A 0.1 0.1 ,,, 0.0 ,,, 0.2 
RPO ,,, ,,, 22 " H/A 8 ,,, 

" 
U = Undetected. 
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TABLE G.3. (Contd) 

Measurements of Precision: DuElicate Results 
(ugfkg dry weight) 

lndeno 
Dibenzo (1,2,3-

Sedieent (a, h) Fluoran- t,d) Naphtha- Phenan-
Treat..ent ~ Chrysene anthracene thene Fluorene E.l!!!!!.... lene threne Pyrene 

DI-CH-0 1 5.74 8.8BU 9.87 0. 70U 3.81U Q. 7DU 0.57U 8.37 

01-CH-0 DUP 1 8.811 B.BBU 10.-43 D. 70U 3.81U 18.97 8.87 8.86 
I-Stat 0.1 ,,, 0.0 N/A N/A N/A N/A 0.1 
RPO 18 ,,, 8 ,,, ,,, ,,, N/A 23 

011-CH-1 1 8.08 8.88U 13.92 6.07 3.81U 53.59 12.33 13.76 

00-CH-1 DUP 1 8.51) B.BBU 18.49 3.08 3.81U 19.61 12.52 13.87 
1-Sht. 0.1 N/A 0.1 0.3 N/A 0.5 0.0 0.0 
RPO 21 N/A 17 " N/A " ' 1 

OI-CH-4A 1 11.34 8.88U 25.30 II. 70U 3.81U D. 70U 0.57U 21.35 
DI-CH-4A 00P 1 10.04 B.BBU 21i.02 D. 70U 3.81U 0. 70U 0.57U 19.81 

1-Stat. 0.1 N/A 0.0 N/A N/A N/A N/A 0.0 
RPO " N/A N/A ,,, N/A N/A 8 

00-CH-5 1 10.30 8.88U 13.36 D. 70U 3.81U D. 7DU 0.57U 18.27 

00-CH-5 CUP 1 7.19 8.aau 11.99 D. 7DU 3.81U 13.1)7 11.34 18.94 

!-Stat 0., N/A 0.1 ,,, N/A ,,, N/A 0.0 
RP1l " N/A 11 N/A N/A N/A N/A • 

Ol-SS-4L ' 13.29 B.BBU 31.12 2..60 3.81U 28.52 18.79 32.. 73 

01-SS-4L DUP ' 10.11 8.88U 28.10 D. 70U 3.81U 30.28 14. 2.9 25.51 

1-St.at 0.1 N/A 0.1 N/A N/A 0.1 0.1 0.1 

RP1l 27 ,,, 18 N/A ,,, 13 18 " 
01-TS-SAL • 189.20 3.40 867.96 29.94 26.44 16.83 508.25 843.81 

01-TS-SAI... DUP • 196.86 3.12 762.93 31.57 2.8.14 27. IB 587.80 97~.12 

1-St.at 0.1 0.0 0.1 0.0 0.1 0.2 0.1 0.1 

RPO 15 9 13 ' 10 " 15 15 

01-ltiA-lL 1 16.78 8.88U 156.88 D. 70U 3.81U 0. 70U 88.02 158.89 

01-IIIA-lL DUP 1 16.49 8.86U 153.87 0. 70U 3.81U 0. 70U 74.18 158.90 

!-Stat 0.0 N/A 0.0 N/A ,,, N/A 0.1 0.0 

RPO 2 N/A 1 N/A ,,, N/A 17 0 

OI-WA-1L RXTRCT s 22.42 8.88U 181.98 a. s4 3.81U 27.39 108.90 211 19 

To.ales Bay ' 17.63 a.aau 37.26 0. 70U 3.81U 18.45 12.10 13.79 

To.ales Bay DUP ' 17.38 8.88U 39.98 0. 70U 3.81U 18.89 11.59 13.77 

I-Stat 0.0 N/A 0.0 N/A N/A 0.0 0.0 0.0 

RPO ' N/A 7 N/A N/A ' • 0 
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TABLE G.3. (Contd) 

Measurements of Accuracy: Standard Reference Materials 

(ugfkg dry wt) 

Benzo(a) Benzo(b) Benzo Benzo(k) 

Sedieent Acenaph- Acenaph- Anthra- Anthra- Benzo(a) fluoran- (g,h, i) fluoran-

Treat.ent '!!e thane thylene cane cane pYrene thane perylene then a 

Certified Value ,,, ,,, ,,, 27 23 117(a) ,,, 1!7 

HID! A 5.-45 111.10 13.25 32.08 9.76 43.77(a} 11.60 

Percent Recovery ,,, ,,, ,,, 119 " " 
,,, ,,, 

HID2 IR» 1.08U 1.33U 15.64 42.84 13.76 71.26(1) 0.95 

Percent Recovery ,,, ,,, ,,, 
"' 80 " 

,,, 
FU99C IRW l.DBU 1.33U 20.111 24.36 10.57 84.0l(a) 5. 77U 

Percent Recovery ,,, ,,, ,,, 
'" " " 

,,, ,,, 
FU990 SRW 1.08U 19.94 24.67 22.24 8.119 84.5B(a) 18.41 31.51 

Percent Recovery ,,, ,,, ,,, 82 38 " 
,,, ,,, 

(ugjkg dry wt) 

Indeno 
Dibenzo (1,2,3-

Sedieent (a, h) Fluor;m- c ,d) Naphtha- Phenan-
Treatlent '!!e Chrysene anthracene thane Fluorene .2.l!!!!!... lane ~ Pyrena 

Certified Value " 
,,, 

"' 
,,, ,,, ,,, 

" 101 

HIC1 A 104.72 a.S8U 197.88 4.65 2.48 26.28 29.04 208.26 

~ercent Recovery 107 ,,, 102 ,,, ,,, ,,, 74 100 

HI02 IRM 120.44 8.88U 230.14 C. 70U 8.90 20.70 27.64 244.30 
Percent Recovery 12S N/A "' 

,,, ,,, ,,, 71 128 

FU99C :RN 122.30 8.88U 258.18 14.86 3.81U 106.96 46.88 288.43 
Percent Recovery 125 ,,, 

"' 
,,, ,,, ,,, 120 141 

FU990 SRt.l 134.06 8.88U 263.41 0. 70U 12.26 0 .70U 10.36 261.03 
Percent Recovery "' 

,,, 
"' N/A ,,, ,,, 27 "' 

(•) Reported as the sum of Benzo(b)fluroanthene and benzo(k)fluoranthene concentrations 
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TABLE G.3. (Contd) 

Surrogate Recoveries 

Sedi•ent 
Treatlent !!e dB-Napll dlD-Ac:en d12-Chry dl2-Pery dlO-Phen 

01-CH-0 1 71 " 113 " " 01-CH-D ' S1 " 109 " " 01-CH-D ' 78 " 121 101 78 
OI-CH-0 • " 78 113 91 " 01-CH-0 ' " " 106 " " 
00-CH-1 1 " " 1U " 71 
00-CH-1 ' " n 119 .. " 00-CH-1 ' 71 78 1U " " DD-CH-1 • " " 10. 87 " DD-CH-1 ' " " 105 72 77 

00-CH-2 1 " 87 70 " " 00-CH-2 ' 75 77 .. .. 70 
DD-CH-2 ' " " " " " 00-CH-2 • " .. .. " " 00-CH-2 5 S1 " .. " 78 

01-CH-:zA 1 " 78 121 118 78 
DI-CH-2A ' " .. 78 " " OI-CH-2A ' " " n 57 " OI-CH-2A • " " " " " OI-CH-2A ' " 70 72 52 .. 
011-CH-3 1 71 " " " " 00-CH-3 ' S1 70 78 " " 00-CH-3 ' 56 " 111 " " 00-CH-3 • " S1 127 112 " 00-CH-3 5 " 72 "' 121 78 

00-CH-4 1 57 " 120 110 72 

00-CH-4 ' 51 " 137 "' " 00-CH-4 3 " " " " " 00-CH-4 ' " 77 " 51 " 00-CH-4 5 56 " " " S1 
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TABLE G.3. (Contd) 

Surrogate Recoveries 

Sedi•ent 
Trnteent ~ d8-Naph dlO-Acen d12-Chry d12-Pery dlD-Phen 

OI-CH-4A 1 72 78 127 100 " IJI-CH-4A DUP 1 67 73 127 98 74 
OI-CH-4A 2 " 71 127 100 71 
DI-CH-4A ' 71 75 100 92 75 
IJI-CH-4A ' 78 75 105 .. 73 
OI-CH-4A 5 67 67 " " 62 

00-CH-5 1 " " " " 51 
OIJ-CH-5 2 68 68 7D 51 " 00-CH-6 ' " " " " 57 
110-CH-S ' " 7D " 50 62 
00-CH-6 ' 67 .. 74 " " 
00-CH-6 1 " " " 59 " 00-CH-8 2 " " 75 " 57 
00-CH-11 ' 57 67 " " " 00-CH-8 ' " " " " 01 
00-CH-B ' 55 67 " .. " 
DI-CH-8A 1 52 83 81 " " 01-CH-BA 2 " " " " " OI-CH-8A ' " " 81 " " 01-CH-IIA ' " 70 " " 67 
01-CH-BA ' 55 " 67 81 67 

00-CH-7 1 16 " " 59 " 00-CH-7 2 " " " 62 " 00-CH-7 3 55 .. " " " 00-CH-7 ' 3 " " " sa 
00-CH-7 6 " 7D " 83 67 

00-CH-8 1 74 74 73 61 " 00-CH-8 2 67 72 " " " 00-CH-8 ' " 71 7D 50 " 00-CH-8 ' 67 73 71 50 " 00-CH-8 6 79 " 119 " 80 

OI-SS-4l 2 " " 73 " 53 
OI -SS-4L DUP 2 " " 7D " " DI-SS-4L 3 52 57 71 " 53 
OI-SS-4L ' " " 72 " 52 
OI-SS-4L 5 57 " " 41 52 
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TABLE G.3. (Contd) 

Surrogate Recoveries 

Sedi1ent 
Treat.ent ~ dB-~aph dlD-Acen dl2-Chry d12-Pery dlO-Ptum 

01-TS-&AU 1 43 " 7S " " 01-TS-IiAU 2 " " 81 58 " 01-TS-SAU 3 " .. 72 51 52 
01-TS-SAU ' " 50 " " .. 
01-TS-SAU 5 " " " " " 
DI-TS-5AL 2 51 57 71 51 " DI-TS-5AI.. 3 31 38 " " " Dl-TS-6AL ' " " 79 57 " DI-TS-5AL DUP ' " " 91 66 87 
DI-TS-6AL ' " " n " 58 

01-IIIA-ll 1 " 71 80 " 87 
01-IIIA-ll DUP 1 .. " " " " 01-ltiA-ll 2 " " " " 80 
01-IIIA-ll 3 " " " 57 " 01-MA-ll ' ' .. " " " Ill-WA-lL 5 " " " " " 
DI-WA-2U 1 " " " 53 .. 
!II-t.IA-2U 2 " " " 57 57 
III-MA-2U 3 52 53 80 " 52 
DI-UA-2U • .. 47 " .. " OI-IIIA-2U ' 51 " 7D .. .. 
OI-IIIA-2l 2 31 .. 7S 53 " DI-IIIA-2l 3 " " 87 .. 51 
OI-WA-2L • 83 " 132 78 " DI-t.IA-2L 5 27 31 " 37 " 
00-1-1 1 51 " 73 51 " 00-W-1 2 59 " 83 57 57 

00-1-1 3 51 54 73 " 52 
00-W-1 ' .. " 66 " 51 

00-1-1 5 47 50 .. " 47 

00-1-2 58 57 69 50 52 

00-1-2 2 57 " 75 52 52 

00-1-2 3 59 " 70 50 " 00-1-2 ' " " 71 " " 00-1-2 5 53 54 75 52 52 

G.22 



TABLE G.3. (Contd) 

Surrogate Recoveries 

Sed.111nt 

Truteent ~ d8-Naph dlD-Acen d12-Chry d12-Pery dlD-Phen 

00-1-3 1 " 53 73 52 52 
DD-1-3 2 60 " 75 53 " 00-1-3 ' 58 " 72 " " 00-1-3 ' 55 " 7S 52 " 00-1-3 5 52 " " 51 " 
00-1-4 52 57 72 " " 00-J-4 2 " 58 71 52 " 00-1-4 ' 58 " " " " 00-1-4 ' " " 70 51 51 
00-1-4 ' " " " " " 
OD-1-6 1 " " 72 " " 00-1-5 2 " " " " " 00-1-6 ' 61 80 n 57 " 00-1-6 ' 80 " 71 58 " 00-J-6 ' " " 78 60 " 
PR-c:oarsa 2 58 " 7S 58 " PR-coarse ' 80 80 " " 57 
PR-coarse ' " 50 78 " " PR-coarse 5 58 58 79 " 55 

PR-fine 1 " " " " " PR-fine 2 " " " " 58 

PR-fine ' 80 " 79 61 " PR-fine ' 61 80 79 so 55 
PR-fine ' " " 80 60 " 
To .. les Bay 1 55 " 73 55 52 
To~ales Bay 2 " 57 71 " .. 
Tonles Bay ' 55 " 76 58 " T011eles Bay DUP 3 " 57 73 " " Toules Bay ' " 58 71 " " To11les Bay 5 53 " " 58 50 
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TABLE G.3. (Contd) 

Surrogate Recoveries 

Sedieent 
Treatlent ~ dB-Naph dlD-Aeen dl2-Chry dl2-Pery dlO-Phen 

FU99C SRM 76 81 72 76 73 

FU99D SRM .. 57 82 57 '" 
HIDl A SRN .. 60 87 " 51 

HID2 IRY 57 57 " " " 
FX91 ?B .. .. 76 .. " 
FX92 PB 55 52 87 .. .. 
FX93 PB " .. 77 55 " 
FX94 PB " " " " " 
FZ18 PB 72 73 107 73 .. 
FZ19 PB .. 72 107 79 73 

G.24 



TABLE G.3. (Contd) 

Procedural Blanks 

(ugfkg dry wt) 

Benzo(a) Benzo(b) Benzo Benzo(k) 

Sedieent Acenaph- Acenaph- Anthra- Anthra- Benzo(a) fluoran- (g,h, i) fluoran-
Treahent ~ then• thylene ~ cene pyrene thene perylene thene 

FX91 P8 l.DBU 1.33U 0.57U 1.33U 2.54U 5.39U 5. 77U 5.521.1 

FX92 PB l.DBU 1.33U 0. 57U L33U 2.54U 5.39U 5. 77U 5.52U 

FX93 PB l.OSU L33U 0.57U l.33U 2.54U 5.39U s.nu 5.52U 

FX94 PB 1. oau 1.33U 0 .57U 1.33U 2.54U 5.39U 5. 77U 6.52U 

FZ18 PB l.DBU 1.33U O.S7U 0.55 11.84 5.39U 5. 77U 5.52U 

FZ19 PB l.OBU 1.33U 0.57U 1.33U 2. 54U 5.39U 5. 77U 5.52U 

{ug/kg dry wt) 

Indeno 
Oibenzo (1,2,3-

Sedieent (a,h) Fluoran- c,d) Naphtha- Phenan-
Treat.ent ~ Chrysene anthraune thene Fluorene ~ lene threne Pyrene 

FX91 P8 2.03U B.BBU 1. 78U 0. 70U 3.81U 31.55 8.02 1.21U 

FX92 PB 2.03U 8.88U 1. 78U D. 7DU 3.81U 0 .7DU D .57U 1.21U 

FX93 f)8 2. o3u 8.88U 1. 78U 0. 7DU 3.81U 13.70 0.57U 1.21U 

FX94 PB 2.D3U 8.88U 1. 78U 0. 70U 3.81U 28.71 3.92 1.21U 

FZ18 PB 2.91 8.88U 1. 78U 1.64 3.61U 73.15 3.75 0.18 

FZ19 PB 2 .D3U 8.88U D .44 0. 70U 3.81U 0. 7DU 0.57U 1.21U 

Spikes and Recoveries 

Performed as surrogate spikes/recoveries 
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TABLE G.4. Concentrations of Pesticides in Tissues of Macoma nasuta After 
10-day Exposure to Sediment Treatments, Dry Weight 

Sedi•ent 

Treahent 

Target DL 

Achieved DL 

!'!e 

DI-CH-0 1 

DI-CH-0 REEX 1 

Dl-CH-0 2 

DI-CH-0 3 

DI-CH-0 4 

DI-CH-0 5 

DO-CH-1 1 

DO-CH-1 REEl( 1 

DO-CH-1 2 
DO-CH-1 3 

00-CH-1 4 

00-CH-1 5 

00-CH-2 1 

00-CH-2 2 

00-CH-2 3 

00-CH-2 4 

00-CH-2 5 

DI-CH-2A 1 

DI-CH-2A 2 

DI-CH-2A 3 

DI-CH-2A 4 
DI-CH-2A 5 

U = Undeteded. 

Chlor

aBHC Aldrin bBHC dane 

4,4'- 4,4'- 4,4'-
dBHC DDD DOE DDT 

2.5 2.5 2.6 26 2.6 2.6 

6.3 6.3 8.3 13 13 8.3 

6.W e.w 6.~ 

6.W 6.~ 6.~ 

8.~ 6.~ 6.~ 

6.3U 6.3U 6.3U 

8.3U 8.3U 6.~ 

e.w e.au 6.3U 

e.w e.au 6.~ 

e.w e.au 6.~ 

e.w e.au 6.~ 

6.W 6.~ 6.~ 

e.w e.au 6.~ 

6.W 6.~ 6.~ 

6.3U 6.3U 6.~ 

6.3U 6.3U 6.~ 

e.w 6.3U a.au 
6.3U 6.3U 6.3U 

6.3U 6.~ 6.3U 

6.3U 6.~ 6.3U 

6.3U 6.~ 6.3U 

6.3U 6.3U 6.3U 

8.3U 6.3U 6.3U 

6.~ 6.3U 6.3U 

13U 13U 6.3U 

~~ 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 8.3U 

13U 13U 6.3U 

tau 1au 6.au 
13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 
13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 

13U tau a.au 
13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 

13U 13U 6.3U 

2.6 6.0 

3.6 6.3 

3.80 6.~ 

a.80 6.au 
3.au 6.au 
3.8U 6.3U 

3.8U 6.3U 
3.8U 6.3U 

3.au 6.au 
3.BU 6.au 

3.8U 6.3U 
3.8U 8.3U 

3.8U 8.3U 
3.8U 6.3U 

3.8U 8.3U 

3.8U 8.3U 

3.8U 8.3U 

3.BU a.3U 

13.31 11.3U 

3.8U 6.3U 

3.eu 6.3U 

3.8U 8.3U 

3.8U 6.3U 

3.8U 6.3U 

(ng/g dr1 wt) 

Endo- Endo-

Dieldrin sultan I aulfan II 

2.6 

" 
'"' '"' '"' '"' '"' '"' "" ''" ''" ''" ''" '"' '"' ''" "" 13U 

''" '"' '"' '"' '"' '"' 

2.6 

" 
"" "" "" '"' "" 13U 

'"' "" '"' '"' '"' 13U 

'"' '"' 13U 

''" ''" 13U 
13U 
13U 
13U 
13U 

2.6 
13 

'"' '"' '"' '"' 13U 
13U 
13U 
13U 

'"' 13U 
13U 
13U 
13U 
13U 
13U 
13U 
13U 
13U 
13U 

"" "" 13U 

Endo- Heph-

sulfan Hepta

Sulfate Endrin gBHC thlor 

ch lor Toxa

Epoxide phone 

6.0 
13 

13U 
13U 
13U 
13U 
13U 
13U 
13U 

''" 13U 
13U 
13U 
13U 
13U 

"" 13U 
13U 
13U 
13U 

"" 13U 
13U 
13U 

2.6 2.6 

13 6.3 

13U 6.3U 

13U 6.3U 

13U 6.3U 

13U 6.3U 

13U 6.3U 

13U 6.3U 

13U 6.3U 

13U 
13U 
13U 
13U 
13U 
13U 
13U 
13U 
13U 

"" 13U 

"" 13U 
13U 
13U 

'·"' '·"' '·"' '·"' 6.3U 
6.3U 

'·'" 6.3U 

'·'" '·'" '·'" '·'" '·"' '·"' 
''" 

2.5 2.6 

13 6.3 

13U 

"" "" "" ''" 13U 

"" "" 13U 

''" ''" "" "" ''" "" ''" "" ''" "" "" "" "" 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

" 63 

63U 
63U 
63U 
63U 
63U 
63U 
63U 
63U 
63U 
63U 
63U 

''" 63U 
63U 

''" 63U 
63U 
63U 

''" ''" ''" '"' 
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TABLE G.4. (Contd) 

Scdi1ent 

Treahent. 

00-CH-3 

00-CH-3 

00-CH-3 

00-CH-3 
00-CH-3 
00-CH-4 

00-CH-4 

""' 
1 
2 

• • 
5 

2 

00-CH-4 3 

00-CH-4 4 

00-CH-4 5 

DI-CH-4A 1 
OI-CH-4A DUP 
OI-CH-4A 2 

OI-CH-4A 3 
OI-CH-4A 4 
OI-CH-4A li 

00-CH-6 1 

00-CH-6 REEX 
00-CH-6 2 

00-CH-5 3 

00-CH-5 4 

00-CH-5 5 

Chlor- 4,4'-

aBHC Aldrin bEUIC dane dlfiC DDD 

6.30 6.3U 6.3ll 

&.au s.au a.au 
6.3U 6.3U 6.3U 

6.3U 6.3U 6.3U 

6.3U 6.3U 6.3U 

6.3U 6.3U 6.3U 

6.3U 6.3U 6.3U 

6.3U 6.3U 6.3U 

6.3U 6.3U 6.30 
6.3U 6.3U 6.3U 

6.3U 6.3U 6.30 

11.3U 6.30 6.3U 

6.3U 6.3U 6.3U 

6.3U 11.3U 6.3U 

6.3U 11.3U 6.3U 

6.3U 6.3U 6.3U 
6.3U 6.3U 6.3U 
6.3U 6.3U 6.30 

6.3U 6.3U 6.3U 

6.3U 6.3U 6.3U 

11.3U 6.3U 6.3U 

a.au e.au a.au 

13U ISU 6.3U 
tau tau a.su 
13U 13U 6.3U 

13U 13U 6.3U 
13U 13U 6.3U 
13U 13U 6.3U 
tau tau e.au 
tsu tau e.au 
13U 13U 6.3U 

tau tau a.au 
tau tsu e.au 

tsu 130 e.au 

taU 130 6.au 

lSU 13U 6.3U 

tau 13U 6.3U 

tau tau e.au 

tau tsu e.au 

tau tsu e.au 

taU 130 6.au 

taU 130 6.au 

tau t30 e.au 

130 13U 6.3U 

4,4'
DDE 

4,4'
DDT 

a.BU 6.3U 

a.BU e.su 

a.au e.su 

s.au e.su 

a.su e.au 

a.BU 8.3U 

a.BU 6.3U 

S.BU 8.3U 

3.8U 8.3U 

a.su 8.3U 

a.su a.su 

a.au a.su 

a.au e.au 

a.au e.au 

a.au a.au 
S.8U 8.3U 

a.SU 8.3U 

a.su 8.3U 

a.au a.au 

a.au a.au 

a.eu a.su 

a.eu e.au 
00-CH-6 

00-CH-6 
00-CH-6 
00-CH-6 
00-CH-6 

1 6.3U 6.au 6.3U 13U 13U 6.3U 3.8U 6.3U 

2 6.3U B. aU 6.3U 13U 13U 6.3U a 6U 8.30 

3 6.3U 6.3U 6.3U 13U 13U 6.aU a.SU 8.3U 

4 6.3U a.aU 6.3U 13U tau 6.aU a.SU 6.3U 

5 6.3U 6.3U 6.3U 13U 13U 8.aU 3.8U 6.3U 

(ng/g dry wt) 

Endo- Endo-
Dieldrin sulfan I sulfan II 

''" ''" ''" ''" ''" ''" ''" ''" ''" ''" ''" ''" ''" ''" ''" ''" ''" "" ''" "" "" ''" ''" ''" ''" "" "" 

''" ''" ''" "" "" "" "" ''" "" ''" ''" ''" ''" ''" ''" ''" "" "" "" "" "" "" "" "" "" "" "" 

''" ''" ''" ''" ''" ''" ''" ''" ''" ''" ''" "" ''" ''" ''" ''" ''" "" ''" ''" ''" ''" ''" ''" "" "" ''" 

Endo
sulfan 

Sulfate 

"" "" "" "" "" "" "" "" "" "" "" "" "" ''" "" ''" "" "" "" ''" "" "" "" "" "" "" "" 

Heptii

Endrin gBHC chlor 

tau a.au 
tau a.au 
tau a.au 
tau a.au 
t3U 8.au 

13U 8.3U 

130 S.au 

tau s.au 

tau s.au 

13U 6.3U 

tau 6.3U 

t3U 8.3U 

t3U 8.3U 

13U 8.3U 

13U 8.3U 

13U 8.au 

13U B.au 

13U 6.3U 

t3U 6.3U 

13U 6.3U 

13U 8.3U 

13U 8.3U 

"" "" "" "" "" "" ''" ''" "" "" ''" "" "" "" "" "" "" "" "" "" "" "" 13U 8.3U t3U 

13U 8.3U t3U 

13U S.au 13U 

13U 8.3U 13U 

13U 6.3U t3U 

Hepta-

chlor Toxa

Epoxide phene 

6.3U 

8.3U 

8.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

8.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

"" "" "" "" "" "" "" "" ''" "" "" "" "" "" "" "" "" "" "" "" "" "" 6.3U 63U 

6.3U 63U 

6.3U 63U 

6.3U 63U 

6.3U 63U 
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TABLE G.4. (Contd) 

Sed iaent. 

Treahent 

01-CH-BA 

01-CH-BA 
0J-CH-6A 

Dl-CH-6A 

01-CH-BA 

00-CH-7 
00-CH-7 

00-CH-7 

00-CH-7 
00-CH-7 

~ 

1 

2 

' • 
' 1 

2 

' • 
' BO-CH-8 1 

00-CH-8 2 

00-CH-8 3 

00-CH-8 4 

00-CH-8 5 

OI-SS-4L 2 

DI-SS-4l DlJ> 2 

OI-SS-4l 3 
DI-SS-4L 4 
OI-SS-4L 6 

01-TS-IiAU 1 

01-TS-6AU 2 

01-TS-5AU 3 

OI-TS-6AU 4 

OI-TS-6AU 6 

Chlor- 4,4'- 4,4'- 4,4'-
aBHC Aldrin bBHC dane dBHC 000 DOE DDT 

a.au a.au a.au 
a.au a.au a.au 
6.3U 8.3U 6.3U 
a.au a.au a.au 
a.au a.au a.au 
8.3U 6.3U 8.3U 
a.au a.au a.au 
8.3U 6.3U 8.3U 
8.3U 6.3U 6.3U 
8.3U 6.3U 6.3U 
6.3U 8.3U 8.3U 

11.3U 6.3U 8.3U 

8.3U 6.3U 6.3U 
a.3U a.au a.au 
8.3U 6.3U 8.3U 
8.3U 8.3U 8.3U 
8.3U II.SU 6.3U 
6.3U 6.3U 6.3U 

6.3U 8.3U 6.3U 

6.3U 8.3U 6.3U 
6.3U IUU 6.3U 

6.3U 6.3U 6.3U 
8.3U 6.3U 6.3U 

6.3U 6.3U 8.3U 

8.3U 6.3U 8.3U 

13U 13U 8. 3U 

13U uu 8.3U 

13U 13U 8.3U 

13U 13U 8.3U 

13U 13U 8.3U 

13U 13U 8.3U 

130 13U 8.3U 

13U 13U 8.3U 

13U 13U &.au 

13U 13U 8.3U 

13U 13U 8.3U 
13U 13U 8.3U 

uu I3U e.au 
13U 13U 8.3U 

13U 13U 8.3U 

1au tau e.au 

13U 13U 8.3U 

13U 13U 8.3U 

13U 13U 8.3U 

13U 13U 8.3U 

Iall 13U 8.3U 

13U 13U 8.3U 

13U 13U 8.3U 

tau 1au e.au 

13U 13U 8.3U 

a.BU a.au 

a.au e.au 

a.au 8.3U 

a.BU e.au 

a.au a.au 

a.au &.au 

a.80 &.aU 

a.au e.au 
a.8U 8.3U 

a.au e.au 
8.8U 8.3U 
a.au &.au 

a.80 8.3U 

a.eu 11.au 

a.8U ll.au 

a.&4 11.au 

8.8U 11.3U 

a.llll 11.au 

a.82 11.3U 

a.llll e.au 

12.~ 11.3U 

10.80 &.au 

11.86 8.3U 

V.74 ll.aU 

7.a8 lUll 

(ngJg dry wt) 

&do- Endo-
Dieldrin sulfan I aulfan II 

13U 
1311 

'"' 13U 
1311 

'"' 13U 
131J 

'"' 13U 
131J 

'"' 13U 
131J 
130 
13U 
1311 

'"' 13U 
130 
13U 
13U 
1311 
130 
13U 

13U 
130 
130 
13U 
130 

''" ''" 130 
130 

''" 130 
130 
130 
13U 
130 
130 
13U 
130 
130 
130 
130 
130 
130 
130 
130 

130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 

Endo

sulfan 

Sulfat.a 

130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
13U 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 

Hapt.a

Endrin gBHC chlor 

IaU 8.3U 

tau 11.au 

13U 8.3U 

13ll lUll 

13U 8.3U 

13U ll.au 

uu e.au 

13U 8.3U 

13U 8.3U 

13U 6.3U 

13U 8.3U 

13U 6.3U 

1au e. au 

13U 6.3U 

13U 6.3U 

l3U 6.3U 

13U 11.3U 

13U 6.3U 

tau e.au 

13U 8.3U 

13U 6.3U 

13U 6.3U 

13U 6.3U 

1au e .au 

13U 6.aU 

130 
130 
130 
130 
130 
130 
130 
130 
taO 
taO 
130 
taO 
taO 
130 
taO 
130 
130 
130 
130 
130 
130 
130 
130 
131J 
130 

Hepta-

chlor Ton

~ phena 

e.au 

e.au 

6.30 
e.au 

8.au 

6.3U 
6.au 

e.au 

6.3U 

e.au 

e.au 

e.au 

6.30 
6.3U 

6.3U 

6.30 
6.3U 

6.3U 

6.30 
6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

6.3U 

630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
630 
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TABLE G.4. (Contd) 

Sed i•ent 
Treateent. 

00-1-2 
00-1-2 
00-1-2 

00-1-2 
00-1-2 

00-1-3 
00-1-3 

00-1-3 
00-1-3 

00-1-3 
DD-1-4 

00-1-4 
00-1-4 
00-1-4 
00-1-4 

00-1-6 
00-1-5 
00-1-5 
00-1-5 
00-1-6 
PR-coarse 

PR-coar:se 
PR-coar&e 

PR-coarse 

!!!!' 

1 
2 

' • 
' 
2 

' • 
' 1 
2 

' • 
5 

2 

' • 
' 2 

' • 
' 

Chlor- 4,4'- 4,4'-

aBHC Aldrin bBHC dane dBHC 000 DOE 
4,4'

DOT 

8.30 6.3U 8.3U 
6.3U 6.30 6.3U 
6.3U 6.3U 6.30 

6.3U 8.3U 6.3U 
6.3U 6.30 6.3U 
6.3U 6.3U 6.30 

6.3U 6.30 6.3U 
6.3U 6.30 6.3U 
6.3U 6.3U 6.3U 

6.3U 6.3U 6.3U 

6.3U 6.3U 6.30 
6.3U 6.30 6.30 
6.3U 6.3U 6.3U 

6.3U 6.30 6.3U 

6.3U 6.30 6.3U 

6.3U 6.3U 6.30 

6.3U 6.3U 6.3U 
6.3U 6.30 6.3U 
6.3U 6.3U 6.30 
6.3U 6.3U 6.3U 

6.3U 6.3U 6.3U 
6.3U 8.3U 6.3U 

6.3U 6.3U 6.3U 
6.3U 6.3U 6.3U 

13U 13U 6.3U 

130 13U 11.3U 

13U 13U 6.3U 

13U l3U 6.30 

13U 13U IUU 

13U 13U 6.3U 

I3U 13U 6.3U 
13U 13U 6.3U 

I3U 130 6.3U 

I3U tau e.3U 

130 13U 8.3U 

I3U 13U 8.3U 

t3U tau e.3U 

tau tau e.30 

tau lliU 8.3U 

I3U 13U 6.3U 

13U 13U 6.3U 

lliU 13U 8.3U 

lliU 13U 6.3U 

13U 13U 6.3U 

13U 13U 8.3U 

13U 13U 8.3U 

I3U 13U 11.3U 

I3U 13U 8.3U 

a.eu 11.au 

3.6U 8.3U 

3.6U 6.30 

a.au 11.au 

a.au 6.30 

11.21 6.3U 

a.66 6.au 

6.78 6.30 

4.03 6.3U 

11.03 11.3U 

6.64 6.30 

6.112 11.3U 

6.411 6.3U 

4.117 6.3U 

6.111 11.3U 

3.6U 6.3U 

a.au 6.3U 

a.au 11.au 

3.6U 6.3U 

a.au 6.3U 

4.64 11.3U 

3. 74 6.3U 

3.111 11.3U 

4.20 11.3U 

(ng/g dry ..t) 

Endo- Endo-

Dieldr'ln sulfan I sulfan II 

''" "" 13U 

''" "" "" 13(J 

13U 
13(J 

''" "" "" ''" 13U 

"" "" "" 13U 

"" "" '"' "" "" 13U 

''" 13U 

"" 13U 

''" 13U 
13U 

''" 13U 
13U 

''" "" 13U 
13U 
13U 
13U 

"" 13U 
13U 

"" "" 13U 
13U 

"" 

"" 13U 

"" "" "" 13U 

"" 13U 

''" "" 13U 

''" "" "" ''" "" "" ''" "" "" "" "" "" ''" 

Endo

aulhn 

Sulhte Endrin 

He pta

~ dilor 

13U 

"" "" 13U 

"" "" 13U 

"" "" 13U 

"" "" 13U 

"" "" "" "" "" 13U 

"" "" "" 
"" ''" 

1au 6.au 

13U 6.3U 

13U 11.3U 

13U 6.3U 

13U 6.3U 

13U 11.3U 

13U 6.3U 

13U 6.3U 

13U 11.3U 

13U 6.3U 

13U 6.3U 

13U 11.3U 

13U 6.3U 

13U 6.3U 

13U 11.3U 

tau 6.au 

13U 11.3U 

130 11.3U 

13U 6.3U 

13U 6.au 

13U 11.3U 

13U 6.3U 

I3U 6.3U 

13U 11.3U 

"" "" ''" "" "" ''" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" 
"" "" "" 

Htpta-

chlor Ton
Epox "1de phene 

6.3U 

6.3U 

6.3U 

11.3U 

6.3U 

11.3U 

'·'" 8.3U 

6.3U 

6.3U 

8.3U 

6.3U 

''" 8.3U 

6.3U 

11.3U 

8.3U 

6.3U 

11.3U 

8.3U 

6.3U 

6.3U 

6.3U 

6.3U 

"" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" 
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TABLE G.5. Concentrations of Pesticides in Tissues of Macoma nasuta After 10-day Exposure to 
Sediment Treatments, Wet Weight 

Sedieent 

Treatlent 

01-CH-0 

~ 

1 
OI-CH-0 RfEX 1 
OI-CH-0 2 
OI-CH-0 3 
OI-CH-0 4 
01-CH-0 6 
00-CH-1 1 
00-CH-1 REEX 
00-CH-1 2 
00-CH-1 3 
00-CH-1 4 

00-CH-1 5 
00-CH-2 
00-CH-2 2 
00-CH-2 3 

00-CH-2 4 

00-CH-2 5 
OI-CH-2A 
OI-CH-2A 2 
OI-CH-2A 3 

OI-CH-2A 4 

OI-CH-2A 5 

U " Undetected. 
- " Zero. 

Chlor
aBHC Aldrin bBHC dane dBHC 

4,4'

DOO 

4,4'
DOE 

4,4'-

00T 

LOU LOU LOU 2.DU 2.0U l.OU 0.6U l.OU 
t.OU LOU l.OU 2.0U 2.0U l.OU (1.5U l.OU 
LOU l.OU l.OU 2.0U 2.0U LOU 0.5U LOU 
l.OU 1.0U 1.0U 2.0U 2.DU l.OU 0.5U l.OU 
l.OU LOU LOU 2.0U 2.0U l.OU (1.5U l.OU 
t.OU l.OU l.OU 2.0U 2.0U LOU 0.5U LOU 
l.OU LOU LOU 2.0U 2.0U l.OU 0.6U LOU 
l.OU LOU I.OU 2.0U 2.DU l.OU 0.5U l.OU 
LOU LOU LOU 2.0U 2.0U LOU 0.5U l.OU 
LOU l.OU LOU 2.0U 2.0tJ LOU 0.6U l.OU 
LOU l.OU LOU 2.0U 2.0U l.OU 0.5U LOU 
I.OU l.OU LOU 2.GU 2.0U LOU 0.5U l.OU 
LOU LOU LOU 2.0U 2.GU l.OU 0.5U l.DU 
LOU l.OU LOU 2.0U 2.0U l.OU 0.5U LOU 
LOU l.OU l.OU 2.0U 2.0U l.OU 0.5U l.OU 
t.OU l.OU l.OU 2.0U 2.DU LOU 0.5U l.GU 
LOU l.OU l.DU 2.0U 2.DU l.OU 2.00 l.OU 
LOU l.DU l.OU 2.0U 2.0U l.OU 0.6U l.DU 
t.DU l.OU l.OU 2.DU 2.0U LOU 0.5U l.OU 
I.DU l.OU l.DU 2.0U 2.DU l.OU 0.5U l.OU 
l.OU LOU l.OU 2.0U 2.DU l.OU 0.5U LOU 
LOU LOU l.OU 2.DU 2.0U LOU 0.6U l.OU 

(ng/g wet l't.) 

Endo- Endo-
Dieldrin aulfan I aulfan II 

2.00 
2.DU 
2.00 

2.00 
2.00 
2.00 
2.00 
2.DU 
2.DU 
2.DU 
2. 00 
2.DU 
2.DU 
2.00 
2.0U 
2.DU 
2.DU 
2.0U 
2.0U 
2.DU 
2.00 

2.DU 

2.DU 
2.DU 
2.0U 
2.0U 
2.DU 
2.0U 
2.0U 
2.DU 
2.DU 
2.0U 
2.0U 
2.DU 
2. ou 
2.0U 
2.0U 
2.DU 
2.DU 
2.DU 
2.DU 
2.0U 
2.DU 

2.GU 

2.0U 
2.0U 
2.DU 
2.0U 
2.0U 
2.DU 
2.0U 
2.0U 
2.0U 
2.0U 
2.0U 
2.0U 
2.DU 
2 .ou 
2.0U 
2.GU 
2.DU 
2.DU 
2.0U 
2.0U 
2 .OU 
2.DU 

Endo
aulhn 

Sulhte 

Hept.a

Endrin gBHC chlor 

2.0U 2.0U l.OU 2.DU 
2.0U 2.0U l.DU 2.DU 
2.DU 2.DU l.IIU 2.0U 
2.0U 2.0U l.OU 2.0U 
2.0U 2.0U LOU 2.0U 
2.0U 2.DU l.OU 2.DU 
2.DU 2.0U l.OU 2.0U 
2.0U 2.0U l.OU 2.0U 
2.0U 2.DU l.DU 2.DU 
2.DU 2.0U l.OU 2.DU 
2.0U 2.0U l.OU 2.DU 
2.0U 2.0U l.DU 2.DU 
2.DU 2.DU l.DU 2.0U 
2.0U 2.0U l.DU 2.0U 
2.0U 2.0U LOU 2.0U 
2.0U 2.DU LOU 2.0U 
2.0U 2.0U LOU 2.DU 
2.0U 2.0U l.OU 2.0U 
2.0U 2.DU LOU 2.0U 
2.0U 2.0U l.OU 2.0U 
2.0U 2.0U LOU 2.0U 

2.0U 2.0U l.OU 2.0U 

Hepta

chlor 

~ 

l.OU 
LOU 

1. ou 
LOU 
LOU 
LOU 
LOU 
l.OU 
LOU 
1. ou 
l.OU 
LOU 
1. ou 
l.OU 
l.OU 
1. OU 
l.OU 
l.DU 
1. OU 

LOU 
LOU 

1 ou 

Toxa
phene 
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TABLE G.5. (Contd) 

Sedieent 
Treahont. !'!!! 

Chlor- 4,4'- 4,4'- 4,4'-
aBHC Aldrin bBiiC dane dBHC 000 DOE DDT 

LOU LOU l.OU 2.DU 2.DU l.DU 0.61.1 l.OU 00-CH-3 
00-CH-3 

00-CH-3 

00-CH-3 
00-CH-3 

2 l.DU LOU l.OU 2.0U 2.00 LOU 0.6U l.DU 
3 l.OU LOU LOU 2.0U 2.00 LOU 0.5U LOU 
4 l.DU l.OU LOU 2.DU 2.0U l.OU 0.6U l.DU 

6 l.OU l.OU l.OU 2.DU 2.DU l.OU O.SU l.OU 

00-CH-4 1 

00-CH-4 2 

00-CH-4 3 

00-CH-4 4 
00-CH-4 6 

OI-CH-4A 
01-CH-.o!A Dl..f 1 
OI-CH-4A 2 
OI-CH-4A 3 

OI-CH-4A 4 
01-CH-.fA 6 

00-CH-6 1 

00-CH-6 REEX 1 

OD-CH-6 2 

GO-CH-6 3 

DD-CH-6 .f 

l.OU 

l.OU 

l.OU 

l.DU 

LOU 
LOU 
LOU 
l.DU 

l.DU 

l.OU 

l.OU 

LOU 

l.OU l.OU 2.DU 

l.OU l.OU 2.0U 
l.OU LOU 2.DU 

l.OU l.OU 2.0U 
l.OU l.OU 2.0U 
l.OU l.OU 2.0U 

I.OU l.OU 2.0U 
LOU LOU 2.1HJ 
l.OU 1 OU 2.DU 
l.OU l.DU 2.DU 
l.OU l.OU 2.0U 
l.DU 1 UU 2.0U 

2.0U I.DU 
2.0U LOU 
2.DU LOU 

2.0U LOU 

2.0U LOU 

2.0U LOU 

2.DU LOU 

2.00 LOU 

2.00 l.OU 

2.0U l.OU 

2.0U l.OU 

2.0U LOU 

D.6U 

D.6U 

D.6U 

O.SU 

0.5U 

o.su 
D.6 
a.w 
a.w 
0.5U 

0.6U 

0.6U 

l.OU l.DU l.OU 2.0U 2.DU l.OU 0.6U 

l.OU l.OU l.OU 2.00 2.00 l.OU 0.6U 

l.OU l.OU l.DU 2.00 2.00 l.OU 0.60 

l.OU l.OU 1 OU 2.DU 2.00 l.OU 0.60 

l.OU 

l.OU 

l.OU 

LOU 

LOU 

LOU 

l.OU 

l.DU 

l.OU 

l.OU 

l.OU 

LOU 

LOU 

LOU 

LOU 

l.OU 

00-CH-6 

00-CH-6 

00-CH-6 

00-CH-6 

00-CH-6 

00-CH-5 

6 LOU l.OU l.OU 2.0U 2.DU l.DU 0.6U l.OU 

l.OU LOU l.OU 2.0U 2.0U l.OU 0.6U l.OU 

2 l.OU l.OU l.OU 2.0U 2.0U l.OU 0.6U l.DU 

3 l.OU l.OU LOU 2.00 2.00 LOU 0.5U LOU 

4 l.OU l.OU l.OU 2.0U 2.0U l.OU 0.5U l.OU 

5 l.OU l.OU LOU 2.0U 2.00 l.OU 0.50 l.OU 

(ng/g •et. .t) 

Endo- Endo-

Dieldrin aulfan I aulfan II 

2.DU 

2.0U 

2.00 

2.00 

2.00 

2.0U 

2.0U 

2.DU 

2.DU 

2.DU 
2.00 

2.00 

2.00 

2.0U 

2.0U 
2.0U 
2.0U 

2.DU 

2.DU 

2.0U 
2.00 

2.DU 

2.DU 

2.0U 

2.0U 

2.0U 

2.DU 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 

2.DU 

2.DU 

2.DU 

2.DU 

2.DU 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 

2.DU 

2.DU 

2.DU 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 

2.DU 

2.DU 

2.DU 

2.DU 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 

2.0U 

2.DU 

2.0U 

2.0U 

2.DU 

2.DU 

2.DU 

2.0U 

2.DU 

2.DU 

2.0U 

Endo

sulfan 

Sulfat.e 

Hept.a

Endrin gBHC chlor 

2.0U 2.0U LOU 2.DU 

2.0U 2.0U l.OU 2.0U 

2.0U 2.0U LOU 2.0U 

2.0U 2.DU LOU 2.0U 

2.0U 2.0U l.OU 2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 

2.DU 
2.DU 

2.DU 

2.0U 

2.0U 

2.DU 
2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 

LOU 

LOU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

LOU 

l.OU 

l.DU 

l.OU 

2.0U 

2.0U 

2. ou 
2. ou 
2. ou 
2. ou 
2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 2.0U l.DU 2.0U 

2.0U 2.DU l.OU 2.DU 

2.0U 2.DU l.OU 2.0U 

2.0U 2.DU l.OU 2.DU 

2.DU 2.DU l.OU 2.0U 

2.DU 2.DU l.OU 2.DU 

2.DU 2.0U LOU 2.DU 

2.DU 2.0U LOU 2.DU 

2.DU 2.0U l.OU 2.0U 

2.DU 2.DU LOU 2.0U 

Hept.a-

ch lor To~a

Epo~ ide phene 

LOU 

l.DU 

l.DU 

l.OU 

l.DU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

LOU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 

l.OU 
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TABLE G.S. (Contd) 

Secli1ent. 

Treahent 

DI-CH-6A 

DI-CII-6A 
DI-CH-6A 
DI-CH-6A 
01-CH-SA 

OD-CH-7 
00-CH-7 

00-CH-7 

00-CH-7 
00-CH-7 
00-CH-6 
00-CH-8 
00-CH-8 

00-CH-8 

~ 

1 , 
' • 
' 1 , 
' • 
' 1 , 
' • 

DO-CH-8 6 

DI-SS-.fl 2 
01-SS-.fL DUP 2 
01-SS-.fL 3 

01-SS-.fl 
OI-SS-4l 
OI-TS-6AU 
DI-TS-6AU 
DI-TS-5AU 
01-TS-6AlJ 

DI-TS-6AU 

• 
' 
, 
' • 
' 

Chlor- 4,4'- 4,4'-

~BHC Aldr"1n bBHC dane 
""' DOD 

00E 

l.DU LOU 

I.DU l.DU 

LllU LOU 

l.OU LOU 
l.OU l.OU 

I.OU l.OU 

LOU l.OU 

LOU l.OU 

LOU LOU 
l.OU l.OU 

l.DU l.OU 

LOU LOU 
LOU l.DU 

l.OU LOU 
l.OU LOU 

LOU l.OU 

LOU LOU 
LOU LOU 

l.DU 2.DU 2.0U LOU 0.6U 
l.DU 2.0U 2.0U I.DU D.SU 
LOU 2.0U 2.DU LOU 0.6U 

LOU 2.00 2.0U l.OU O.SU 
l.OU 2.DU 2.0U l.OU 0.6U 
l.DU 2.0U 2.00 l.BU 0.6U 
l.GU 2.DU 2.DU l.DU 0.6U 
l.OU 2.DU 2.0U LOU 0.6U 
l.OU 2.0U 2.0U I.OU 0.6U 
l.OU 2.0U 2.0U l.OU 0.60 
l.OU 2.0U 2.0U l.DU 0.6U 
LOU 2.0U 2.DU LOU 0.6U 
l.OU 2.0U 2.0U l.OU 0.60 
l.DU 2.0U 2.0U l.OU 0.60 
l.OU 2.0U 2.0U l.OU 0.6U 
l.OU 2.0U 2.0U LOU 0.80 
l.DU 2.0U 2.0U l.DU 0.60 
l.OU 2.0U 2.0U l.OU 0.6U 

l.DU l.OU l.OU 2.0U 2.0U l.OU 0.60 
0.6U 
1.60 

1.60 
1.00 
1.-40 
1.00 

l.OU LOU l.OU 2.0U 2.0U l.OU 
l.OU l.OU I.DU 2.0U 2.0U LOU 
1. OU 1. OU LOU 2.0U 2.0U l.OU 
LOU l.OU l.OU 2.0U 2.0U l.OU 
l.DU l.DU l.DU 2.0U 2.00 LOU 
l.OU LOU l.OU 2.0U 2.0U LOU 

4,4'
DDT 

l.OU 
l.OU 
LOU 
l.O!J 
l.OU 
LOU 

l.OU 
l.OU 
l.OU 
l.OU 
l.OU 

LOU 
LOU 
l.OU 
l.IJU 
LOU 
I.OU 
LOU 
l.OU 
l.OU 

l.OU 
l.DU 

LOU 

l.OU 
l.OU 

(ngjg nt wt) 

Endo- Endo-
Oieldrin sulfan I sulfan II 

UJ 
2.1JU 
2.JXJ 
2.JXJ 
2.JXJ 
2.JXJ 
2.JXJ 
2.JXJ 
2.JXJ 
2.JXJ 
2 .JXJ 
2.JXJ 
2.JXJ 
2.JXJ 
, .JlU 

2.JXJ 
2.JXJ 
2.JXJ 
2.0U 
2.JXJ 

2.JXJ 
2.JXJ 
2.JXJ 
2.JXJ 
, . JXJ 

2.DU 

'·"' 2.0U 
2.0U 
2.0U 

'·"' 2.DU 
2.DU 
2.0U 

'·'" 2.0U 
2.0U 

'·"' 2.0U 
2 .DU 
2.DU 

'·"' 2.0U 
2.0U 

'·'" '·'" 2.0U 
2.0U 

2.0U 
2.0U 

2.DU 
2.0U 

2.0U 
2.DU 
2.0U 
2.0U 
2.0U 
2.DU 
2.0U 

'·'" 2.0U 
2.DU 
2.DU 

'·'" 2.0U 
2.0U 
2.0U 
2.0U 
2.0U 
2.0U 
2.DU 

2.0U 
2.0U 
2.0U 
2.0U 

Endo-
liiU I fan Hept.a

Sulfate Endrin gBHC chlor 

2.0U 

2.0U 
2.0U 
2.0U 
2.0U 

, . "' 
2.DU 
2.0U 
2.0U 
2.0U 
2 .DU 
2.0U 
2.0U 
2.DU 
2 .DU 
2.0U 
2.0U 
2.0U 
2.0U 
2.0U 
2.0U 

2.0U 
2 .DU 
2. DU 

2.0U 

2.0U 
2.0U 

'·'" 2.0U 
2.0U 

2.0U 
2.DU 
2.0U 
2.0U 
2.0U 
2.0U 
2.0U 
2.0U 
2.0U 
2 .OU 

2.0U 
2.0U 
2.0U 
2.0U 
2.DU 
2.0U 
2.0U 
2.DU 

2.0U 
2. ou 

t.OU 2.0U 

t.OU 2.0U 
I.OU 2.DU 
l.OU 2.DU 
I.DU 2.0U 
t.OU 2.0U 
t.OU 2.0U 
l.OU 2.0U 
t.OU 2.0U 
LOU 2.0U 
l.OU 2 .OU 
l.DU 2.0U 
LOU 2.0U 
l.OU 2.0U 
l.OU 2 .OU 
LOU 2.0U 
l.OU 2.0U 
l.DU 2.0U 
LOU 

t.OU 

t.OU 

l.DU 

l.OU 
l.OU 

t.OU 

2.0U 
2.0U 
2.0U 
2.00 
2.0U 
2 .OU 
2.DU 

Hepta-

chlor Tou
Epo~ ide phene 

l.DU 
l.OU 
lOU 
LOU 
l.OU 

LOU 

1 ou 
l.OU 

LOU 

LOU 

l.OU 

LOU 
LOU 

LOU 
l.OU 

l.OU 
l.OU 
l.OU 

l.OU 

.l.DU 
l.OU 

l.DU 

l.OU 

l.OU 
LOU 
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TABLE G.5. (Contd) 

Sedieent 

Treat.lent. 

00-1-2 

00-1-2 

00-1-2 
00-1-2 
00-1-2 
00-1-3 
110-1-3 
00-1-3 

00-1-3 
00-1-3 
00-1-4 

00-1-4 
00-1-4 
00-1-4 
00-1-4 

00-1-S 
00-1-5 
00-1-5 
00-1-5 
00-1-6 

PR-couse 
PR-coar.se 
PR-coarse 

PR-coarse 

~ 

Chlor

aBHC Aldrin bBHC dane dBHC 
4,4'

DDD 

4,4'
DDE 

4 ,4'-

00T 

1 LOU LOU LOU 2.0U 2.DU l.OU Q.5U l.OU 

2 LOU l.OU l.OU 2.0U 2.DU l.OU 0.5U LOU 
3 l.OU l.OU LOU 2.DU 2.0U l.DU 0.6U I.OU 
4 l.DU l.DU LOU 2.0U 2.0U l.OU 0.5U I.OU 
6 t.DU l.OU l.OU 2.DU 2.0U LOU O.W l.OU 

1 LOU l.OU l.OU 2.0U 2.0U l.DU 0.110 LOU 
2 I.OU l.OU l.OU 2.DU 2.0U l.OU 0.110 I.OU 

3 

' 
' 1 
2 

3 

' 
' 
2 

3 

' 
' 2 

3 

' 
' 

l.OU 
t.OU 

l.DU 

I.OU 
l.OU 
l.DU 

t.DU 

l.llU 
LOU 

LOU 

LOU 

l.DU 

l.OU 
LOU 
l.DU 

t.DU 

l.DU 

l.DU LOU 2.0U 

l.DU l.OU 2.0U 

l.DU l.DU 2.0U 
l.DU l.OU 2.0U 

l.DU l.DU 2.0U 
l.DU l.DU 2.0U 
l.OU l.DU 2.0U 
l.DU LOU 2.0U 

l.OU l.OU 2.0U 

l.OU l.OU 2.DU 

l.OU l.OU 2.0U 

l.OU l.OU 2.0U 

l.OU l.OU 2.0U 

l.OU l.OU 2.0U 

l.OU l.OU 2.0U 

l.OU LOU 2.0U 

l.OU l.OU 2.0U 

2.otJ l.OU 

2.0U l.OU 

2.0U l.OU 

2.otJ l.OU 

2.0U l.OU 

2.0U l.OU 

2.1llJ l.OU 
2.0U l.OU 

2.0U l.OU 

2.0U l.OU 

2.11U l.DU 

UU l.OU 

2.0U l.DU 

2.0U l.OU 

UU l.DU 

2.0U l.OU 

2.0U l.OU 

0.90 

0.60 

0.80 

1.00 

0.80 

0.80 
D. 70 

0.70 

O.iU 

D.iU 

0.6U 

'·'" O.iU 

0.70 

0.60 

0.60 

0.60 

l.OU 

LOO 
LOU 

l.OU 

LOU 
l.OU 

I.OU 

l.OU 

LOU 
l.OU 

l.OU 

LOU 
l.OU 

LOU 

LOU 
LOU 

l.DU 

(ngfg wet ri.) 

Endo- Endo-

Dieldrin aulfan I aulfan II 

2.0U 

2.00 
2.0U 
2.DU 

2.0U 

2.00 
2.DU 

2.0U 
2.0U 
2.DU 

2.00 
2.0U 

2.00 
2.DU 

2.0U 

2.00 
2.DU 

2.DU 

2.DU 

2.00 
2.DU 

2.0U 

2.0U 

2.DU 

2.DU 

2.0U 

2.DU 

2.DU 

2.0U 

2.0U 

2.DU 

2.DU 

2.0U 

2.DU 

2.DU 

2.0U 

2.DU 

2.DU 

2.0U 

2.0U 

2.DU 

2.DU 

2.0U 

2.DU 

2.DU 

2.0U 

2.0U 

2.DU 

2.0U 
2.00 
2.DU 

2.0U 

2.00 
2.DU 

2.DU 

2.1MJ 
2.0U 

2.DU 

2.0U 

2.1MJ 
2.DU 
2.DU 

2.00 
2.00 
2.DU 

2.DU 

2.00 
2.0U 

2.DU 

2.0U 

2. 00 
2.DU 

Endo· 
aulhn 

Sulhte 
Hepta· 

Endrin gBHC chlor 

2.0U 2.DU l.OU 2.0U 

2.0U 2.0U l.DU 2.0U 

2.DU 2.0U l.DU 2.DU 

2.DU 2.DU l.OU 2.DU 

2.0U 2.0U l.OU 2.0U 

2.0U 2.0U l.OU 2.0U 

2.DU 2.0U l.DU 2.DU 

2.0U 

2.DU 
2.DU 

2.DU 

2.0U 
2.0U 

2.DU 
2.DU 

2.DU 

2.DU 

2.DU 

2.DU 

2.DU 

2. ou 
2.DU 

2.0U 

2.DU 

2.0U 

2.0U 

2.0U 

2.0U 

2.DU 

2.DU 

2.DU 
2.DU 

2.0U 

2.0U 

2.DU 

2.DU 

2.0U 

2.0U 

2.DU 

2.DU 

2.DU 

l.DU 

l.OU 

LOU 
l.OU 

l.OU 

l.OU 

l.DU 
l.DU 

l.OU 
LOU 
l.DU 

l.DU 

LOU 

LOU 
l.DU 

l.DU 

LOU 

2.DU 

2.0U 

2.DU 

2.DU 

2.DU 

2.DU 

2.0U 
2 .ou 
2.DU 

2.0U 

2.DU 

2.DU 

2.DU 

2.0U 

2 .ou 
2.DU 

2.DU 

Heptil· 
chlor 

Epoxide 

l.OU 

l.OU 

l.DU 

l.DU 
l.OU 

I OU 
l.OU 

l.OU 

l.OU 

l.DU 

1. ou 
l.DU 

l.OU 

1. ou 
l.DU 

l.DU 

l.DU 

1. ou 
1. ou 
l.DU 

l.DU 

1. ou 
l.DU 

lOU 

Toxa· 

phene 
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TABLE G.6. (Contd) 

Measurements of Accuracy: Standard Reference Materials (SRMs) 

(ng/g dry wt) 

Sedieent Chlor- 4,4'- 4,4'- 4,4'-
Treateent ~ •BIIC Aldrin bBHC dane dBHC DOD DDE DDT Dieldrin 

Certified Value H/A H/A H/A " N/A " 19 8 " 
FU99C IRY 8.3U 8.3U 6.3U 26.011 13.0U 6.3U 59.22 6.3U 13.CU 

Percent Recovery H/A H/A H/A 81 N/A D 312 D D 

FU99D IRM 8.3U 8.3U 6.3U 21.00 13.DU 6.3U 52.29 6.3U 13. ou 
Percent ~covery H/A H/A H/A " H/A D 2T5 D D 

HIOl IRW 6.3U 8.3U 6.3U 39.00 13.0U 33.80 44.76 84.98 13.0U 
Percent Recovery H/A N/A H/A " H/A " '" 1062 D 

Hl02 IRM 6.3U 8.3U 6.3U 46.00 13.0U 34.17 50.77 99.58 13. ou 
Percent Recovery N/A H/A N/A 110 H/A ,. 287 1246 D 

(ng/g dry wt) 

Endo- Hepta-
Sedieent Endo- Endo- sulhn He pta- chi or Ton-
Treateent ~ su lf:tn I suI fan II Sulfate Endrin g8HC chi or Epo~ ide phene 

Certified Value H/A H/A H/A H/A H/A • H/A H/A 

FU99C IRW 13U 13U 13U 39.35 6.3U 37.52 6.3U 83U 
Percent Recovery H/A H/A H/A N/A N/A "' H/A H/A 

FU99D IRI.I 13U 13U 13U 32.61 6.3U 32.61 6.3U 83U 
Percent Racovery N/A N/A H/A N/A N/A 81S N/A N/A 

HIOl IRW 13U 13U 13U 13U 6.30 !3U 6.30 83U 
Percent Recc:~very H/A H/A H/A N/A H/A D H/A H/A 

Hl02 IRt.l 13U 13U 13U 13U 6.30 13U 6.30 83U 
Percent Recc:~very H/A H/A H/A H/A H/A D H/A H/A 

G.39 



TABLE G.6. (Contd) 

Surrogate Recoveries 

Sediment 
Treatment Rep DBOFB DBC 

01-CH-0 I N/A 2 
01-CH-0 2 N/A 4 
01-CH-0 3 N/A 4 
01-CH-0 4 N/A 4 
01-CH-0 5 N/A 4 

00-CH-1 1 N/A 4 
00-CH-1 2 N/A 4 
00-CH-1 3 N/A 4 
00-CH-1 4 N/A 4 
00-CH-1 5 N/A 49 

00-CH-2 1 N/A 51 
00-CH-2 2 N/A 52 
00-CH-2 3 N/A 27 
DO-CH-2 4 N/A 33 
00-CH-2 5 N/A 61 

OI-CH-2A 1 N/A 56 
OI-CH-2A 2 N/A 56 
OI-CH-2A 3 N/A 56 
O!-CH-2A 4 N/A 47 
O!-CH-2A 5 N/A 61 

00-CH-3 1 N/A 56 
00-CH-3 2 N/A 56 
00-CH-3 3 N/A 47 
00-CH-3 4 N/A 53 
00-CH-3 5 N/A 53 

00-CH-4 1 N/A 44 
00-CH-4 2 N/A 47 
00-CH-4 3 N/A 50 
00-CH-4 4 N/A 53 
00-CH-4 5 N/A 51 

G.40 



TABLE G.6. (Contd) 

Surrogate Recoveries 

Sediment 
Treatment Rep DBDFB ___Q§£ 

DI-CH-4A I N/A 54 
DI-CH-4A DUP I N/A 55 
DI-CH-4A 2 N/A 52 
OI-CH-4A 3 N/A 54 
OI-CH-4A 4 N/A 54 
OI-CH-4A 5 N/A 52 

00-CH-5 I N/A 54 
00-CH-5 2 N/A 54 
00-CH-5 3 N/A 51 
00-CH-5 4 N/A 54 
00-CH-5 5 N/A 56 

00-CH-6 1 N/A 29 
00-CH-6 2 N/A 35 
00-CH-6 3 N/A 32 
00-CH-6 4 N/A 40 
00-CH-6 5 N/A 43 

OI-CH-6A 1 N/A 42 
OI-CH-6A 2 N/A 34 
OI-CH-6A 3 N/A 42 
OI-CH-6A 4 N/A 42 
OI-CH-6A 5 N/A 43 

00-CH-7 1 N/A 41 
00-CH-7 2 · N/A 37 
00-CH-7 3 N/A 41 
00-CH-7 4 N/A 40 
00-CH-7 5 N/A 41 

00-CH-8 I N/A 58 
00-CH-8 2 N/A 57 
00-CH-8 3 N/A 55 
00-CH-8 4 N/A 62 
00-CH-8 5 N/A 57 

OI-SS-4L 2 61 N/A 
OI-SS-4L DUP 2 63 N/A 
OI-SS-4L 3 69 N/A 
OI-SS-4L 4 68 N/A 
OI-SS-4L 5 69 N/A 

DUP Duplicate 

G.41 



TABLE G.6. (Contd) 

Surrogate Recoveries 

Sediment 
Treatment Rep DBDFB DBC 

01-TS-SAU 1 71 N/A 
OI-TS-5AU 2 74 N/A 
01-TS-5AU 3 66 N/A 
01-TS-SAU 4 65 N/A 
01-TS-SAU 5 55 N/A 

01-TS-5AL 2 68 N/A 
OI-TS-5AL 3 54 N/A 
01-TS-SAL 4 75 N/A 
01-TS-SAL DUP 4 85 N/A 
OI-TS-5AL 5 72 N/A 

OI-MA-1L 1 N/A 41 
OI-MA-1l DUP 1 N/A 38 
OI-MA-1l 2 N/A 41 
OI-MA-1l 3 N/A 41 
OI-MA-1l 4 N/A 49 
OI-MA-1L 5 N/A 44 

01-MA-ZU 1 65 N/A 
01-MA-ZU 2 71 N/A 
01-MA-ZU 3 66 N/A 
01-MA-ZU 4 69 N/A 
01-MA-ZU 5 65 N/A 

01-MA-Zl 2 66 N/A 
01-MA-Zl 3 65 N/A 
OI-MA-2l 4 105 N/A 
01 -MA-2l 5 52 N/A 

00-W-1 I 66 N/A 
00-W-1 2 75 N/A 
00-W-1 3 67 N/A 
00-W-1 4 69 N/A 
00-W-1 5 62 N/A 

00-W-2 I 67 N/A 
00-W-2 2 69 N/A 
00-W-2 3 68 N/A 
00-W-2 4 68 N/A 
00-W-2 5 67 N/A 
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TABLE G.6. (Contd) 

Surrogate Recoveries 

Sediment 
Treatment Rep DBOFB DBC 

00-W-3 1 66 N/A 
00-W-3 2 69 N/A 
00-W-3 3 69 N/A 
00-W-3 4 68 N/A 
00-W-3 5 64 N/A 

00-W-4 1 66 N/A 
00-W-4 2 67 N/A 
00-W-4 3 69 N/A 
00-W-4 4 64 N/A 
00-W-4 5 62 N/A 

00-W-5 1 66 N/A 
00-W-5 2 58 N/A 
00-W-5 3 70 N/A 
00-W-5 4 67 N/A 
00-W-5 5 66 N/A 

PR-coarse 2 69 N/A 
PR-coarse 3 72 N/A 
PR-coarse 4 69 N/A 
PR-coarse 5 70 N/A 

PR-fine 1 69 N/A 
PR-fine 2 69 N/A 
PR-fine 3 77 N/A-
PR-fine 4 72 N/A 
PR-fine 5 74 N/A 

Tomales Bay 1 63 N/A 
Tomales Bay 2 68 N/A 
Tomales Bay 3 66 N/A 
Tomales Bay OUP 3 64 N/A 
Tomales Bay 4 63 N/A 
Tomales Bay 5 63 N/A 
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TABLE G.6. (Contd) 

Surrogate Recoveries 

Sediment 
Treatment Rep DBOFB ~ 

FU99C SRM N/A N/A 

FU99D SRM N/A N/A 

HID! A SRM 69 N/A 

HI02 !RM 69 N/A 

FX91 PB 59 N/A 

FX92 PB 64 N/A 

FX93 PB 71 N/A 

FX94 PB 69 N/A 

FZIB PB N/A N/A 

FZ19 PB N/A N/A 
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TABLE G.6. (Contd) 

Procedural Blanks (PBs) 

(ng/g dry wt) 

Sediaent Chi or- 4,4'- 4,4'- 4,4'-

Treat.lent ~ aBHC Aldrin bBHC dane dBHC DDD DOE DDT Dieldrin 

FX91 PB s.au 8.3U 6.3U !aU !aU 6.3U 3.8U 6.3U !aU 

FX92 PB 6.3U 6.3U 6.3U !aU 13U s.au 3.6U 6 .3U !aU 

FX93 PB 6.3U 6.3U 6.3U !aU !aU s.au 3.8U 6.3U !aU 

FX94 PB 6.3U a.au 6.3U !aU !aU 6.3U 3.8U 6.3U !aU 

FZlB PB 6.3U s.au 6.3U !aU !aU 6.3U 3.8U 6.3U l3U 

FZ19 PB 6.3U 11.3U 6.3U 13U 13U 6.3U 3.8U 6.3U 13U 

(ng/g dry wt.) 

En do- He ph-
Sedi"nt Endo- En do- sui fan He pta- ch lor Toxa-
Treataent ~ sulhn I su/fan II Su lhte Endrin gBHC chlor Epox ide phene 

FX91 PB 13U 13U 13U 13U 6.3U !aU 6.3U 63U 

FXII2 P9 13U 13U 13U 13U 6.3U 13U 6.3U 63U 

FX93 PB 13U 13U 13U 13U 6.3U 13U 6.3U 63U 

FX94 P9 13U 13U l3U !aU 6.3U 13U 6.3U 63U 

FZ18 PB 13U 13U 13U 13U S.JU 13U 8.3U 63U 

FZ19 PB 13U 13U 13U 13U 6.3U 13U 6.3U 63U 

Spikes and Recoveries 

Performed as surrogate spikes/recoveries 
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TABLE G.6. (Contd) 

Spikes and Recoveries 

Sediment Treatment OI-CH-6A, Rep 1 

Spiked Amount Amount Percent 
Compound Spiked (ng) Recovered (ng) Recovery 

g-BHC 60 56 93 
Heptachlor 60 55 91 
Aldrin 60 63 105 
Dieldrin 150 147 98 
Endrin 150 150 100 
p' ,p'-DDT 150 155 103 

Sediment Treatment 00-CH-8, Rep 3 

Spiked Amount Amount Percent 
Compound Spiked (ng) Recovered (ng) Recovery 

g-BHC 60 34 56 
Heptachlor 60 32 54 
Aldrin 60 38 63 
Dieldrin 150 95 63 
Endrin 150 96 64 
p' ,p'-DDT 150 102 68 

Sediment Treatment OI-MA-2L, Rep 4 

Spiked Amount Amount Percent 
Compound Spiked (ng) Recovered (ng) Recovery 

g-BHC 60 30 50 
Heptachlor 60 29 49 
Aldrin 60 32 53 
Dieldrin 150 0 0 
Endrin 150 0 0 
p' ,p'-DDT 150 90 60 
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TABLE G.6. (Contd) 

Spikes and Recoveries 

Sediment Treatment OI-TS-5AU, Rep 5 

Spiked Amount Amount 
Compound Spiked (ng) Recovered 

g-BHC 60 53 
Heptachlor 60 59 
Aldrin 60 63 
Dieldrin !50 0 
Endrin 150 0 
p' ,p'-DDT 150 176 

Sediment Treatment Tomales Ba~ 1 Rep 

Spiked Amount Amount 
Compound Spiked (ng) Recovered 

g-BHC 60 41 
Heptachlor 60 41 
Aldrin 60 46 
Dieldrin 150 33 
Endrin 150 0 
p' ,p'-DDT 150 122 
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(ng) 

5 

(ng) 

Percent 
Recovery 

89 
98 

105 
0 
0 

117 

Percent 
Recovery 

68 
68 
76 
22 
0 
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TABLE G.?. Concentrations of Polychlorinated Biphenyls (PCBs) in Tissues 
of Macoma nasuta After 10-Day Exposure to Sediment Treatments, 
Dry Weight 

(ng/g dry wt) 

Sediment A roc lor Aroclor A roc lor A roc lor 
Treatment Rep 1242 1248 1254 1260 

Target DL 10 10 10 10 
Achieved DL 63 63 63 63 

01-CH-0 1 63U 63U 63U 63U 
01-CH-0 RE-EX 1 63U 63U 63U 63U 
01-CH-0 2 63U 63U 63U 63U 
01-CH-0 3 63U 63U 63U 63U 
01-CH-0 4 63U 63U 63U 63U 
01-CH-0 5 63U 63U 63U 63U 
00-CH-1 1 63U 63U 63U 63U 
00-CH-1 RE-EX 1 63U 63U 63U 63U 
00-CH-1 2 63U 63U 63U 63U 
00-CH-1 3 63U 63U 63U 63U 
00-CH-1 4 63U 63U 63U 63U 
00-CH-1 5 63U 63U 63U 63U 
00-CH-2 I 63U 63U 83.31 63U 
00-CH-2 2 63U 63U 81.20 63U 
00-CH-2 3 63U 63U 63U 63U 
00-CH-2 4 63U 63U 63U 63U 
00-CH-2 5 63U 63U 109.53 63U 
OI-CH-2A I 63U 63U 63U 63U 
OI-CH-2A 2 63U 63U 63U 63U 
01-CH-2A 3 63U 63U 63U 63U 
OI-CH-2A 4 63U 63U 63U 63U 
OI-CH-2A 5 63U 63U 63U 63U 
00-CH-3 1 63U 63U 63U 63U 
00-CH-3 2 63U 63U 63U 63U 
00-CH-3 3 63U 63U 63U 63U 
00-CH-3 4 63U 63U 63U 63U 
00-CH-3 5 63U 63U 63U 63U 
00-CH-4 I 63U 63U 63U 63U 
00-CH-4 2 63U 63U 63U 63U 
00-CH-4 3 63U 63U 63U 63U 
00-CH-4 4 63U 63U 63U 63U 
00-CH-4 5 63U 63U 63U 63U 
OI-CH-4A 1 63U 63U 63U 63U 
01-CH-4A DUP 1 63U 63U 63U 63U 
OI-CH-4A 2 63U 63U 63U 63U 
OI-CH-4A 3 63U 63U 63U 63U 
OI-CH-4A 4 63U 63U 63U 63U 
01 -CH-4A 5 63U 63U 63U 63U 

U = Undetected 
OUP = Duplicate 
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TABLE G.?. (Contd) 

(ng/g dry wt) 

Sediment A roc lor A roc lor A roc lor A roc lor 
Treatment Rep 1242 1248 1254 1260 

00-CH-5 I 63U 63U 63U 63U 
00-CH-5 RE-EX I 63U 63U 63U 63U 
00-CH-5 2 63U 63U 63U 63U 
00-CH-5 3 63U 63U 63U 63U 
00-CH-5 4 63U 63U 63U 63U 
00-CH-5 5 63U 63U 63U 63U 
00-CH-6 I 63U 63U 63U 63U 
00-CH-6 2 63U 63U 63U 63U 
00-CH-6 3 63U 63U 63U 63U 
00-CH-6 4 63U 63U 63U 63U 
00-CH-6 5 63U 63U 63U 63U 
O!-CH-6A I 63U 63U 63U 63U 
Ol-CH-6A 2 63U 63U 63U 63U 
O!-CH-6A 3 63U 63U 63U 63U 
Ol-CH-6A· 4 63U 63U 63U 63U 
Ol-CH-6A 5 63U 63U 63U 63U 
00-CH-7 I 63U 63U 63U 63U 
00-CH-7 2 63U 63U 63U 63U 
00-CH-7 3 63U 63U 63U 63U 
00-CH-7 4 63U 63U 63U 63U 
00-CH-7 5 63U 63U 63U 63U 
00-CH-8 I 63U 63U 63U 63U 
00-CH-8 2 63U 63U 133.17 63U 
00-CH-8 3 63U 63U 63U 63U 
00-CH-8 4 63U 63U 63U 63U 
00-CH-8 5 63U 63U 63U 63U 
Ol-SS-4L 2 63U 63U 63U 63U 
Ol-SS-4L DUP 2 63U 63U 63U 63U 
OI-SS-4L 3 63U 63U 63U 63U 
Ol-SS-4L 4 63U 63U 63U 63U 
Ol-SS-4L 5 63U 63U 63U 63U 
Ol-TS-5AU I 63U 63U 285.10 63U 
Ol-TS-5AU 2 63U 63U 219.02 63U 
0!-TS-5AU· 3 63U 63U 130.19 63U 
O!-TS-5AU 4 63U 63U 187.89 63U 
O!-TS-5AU 5 63U 63U 154.53 63U 
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TABLE G.?. (Contd) 

(ng/g dry wt) 

Sediment Aroclor A roc lor A roc lor A roc lor 
Treatment Rep 1242 1248 1254 1260 

01-TS-5AL 2 63U 63U 103.03 63U 
OI-TS-5AL 3 63U 63U 91.82 63U 
OI-TS-5AL 4 63U 63U 106.89 63U 
OI-TS-5AL DUP 4 63U 63U 152.66 63U 
01-TS-5AL 5 63U 63U 119.50 63U 
01-MA-1L 1 63U 63U 63U 63U 
01-MA-1L DUP 1 63U 63U 63U 63U 
OI-MA-1L 2 63U 63U 63U 63U 
01-MA-1L 3 63U 63U 63U 63U 
OI-MA-1L 4 63U 63U 63U 63U 
01-MA-1L 5 63U 63U 63U 63U 
01-MA-1L DUP 5 63U 63U 63U 63U 
OI-MA-2U 1 63U 63U 138.96 63U 
OI-MA-2U 2 63U 63U 166.71 63U 
OI-MA-2U 3 63U 63U 150.46 63U 
01-MA-2U 4 63U 63U 101.92 63U 
OI-MA-2U 5 63U 63U 139.65 63U 
OI-MA-2L 2 63U 63U 63U 63U 
OI-MA-2L 3 63U 63U 63U 63U 
01-MA-2L 4 63U 63U 63U 63U 
01-MA-2L 5 63U 63U 63U 63U 
00-W-1 1 63U 63U 63U 63U 
00-W-1 2 63U 63U 63U 63U 
00-W-1 3 63U 63U 63U 63U 
00-W-1 4 63U 63U 63U 63U 
00-W-1 5 63U 63U 63U 63U 
00-W-2 1 63U 63U 63U 63U 
00-W-2 2 63U 63U 63U 63U 
00-W-2 3 63U 63U 63U 63U 
00-W-2 4 63U 63U 63U 63U 
00-W-2 5 63U 63U 63U 63U 
00-W-3 1 63U 63U 63U 63U 
00-W-3 2 63U 63U 63U 63U 
00-W-3 3 63U 63U 63U 63U 
00-W-3 4 63U 63U 63U 63U 
00-W-3 5 63U 63U 63U 63U 
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TABLE Go7o (Contd) 

(ng/g dry wt) 

Sediment Aroclor A roc lor A roc lor A roc lor 
Treatment Rep 1242 1248 1254 1260 

00-W-4 1 63U 63U 73o08 63U 
00-W-4 2 63U 63U 63U 63U 
00-W-4 3 63U 63U 63U 63U 
00-W-4 4 63U 63U 63U 63U 
00-W-4 5 63U 63U 63U 63U 
00-W-5 1 63U 63U 63U 63U 
00-W-5 2 63U 63U 63U 63U 
00-W-5 3 63U 63U 63U 63U 
00-W-5 4 63U 63U 63U 63U 
00-W-5 5 63U 63U 63U 63U 
PR-coarse 2 63U 63U 63U 63U 
PR-coarse 3 63U 63U 63U 63U 
PR-coarse 4 63U 63U 63U 63U 
PR-coarse 5 63U 63U 63U 63U 
PR-fine 1 63U 63U 63U 63U 
PR-fine 2 63U 63U 63U 63U 
PR-fine 3 63U 63U 63U 63U 
PR-fine 4 63U 63U 63U 63U 
PR-fine 5 63U 63U 63U 63U 
Tomales Bay 1 63U 63U 63U 63U 
Tomales Bay 2 63U 63U 63U 63U 
Tomales Bay 3 63U 63U 63U 63U 
Tomales Bay DUP 3 63U 63U 63U 63U 
Tomales Bay 4 63U 63U 63U 63U 
Tomales Bay 5 63U 63U 63U 63U 

0 0 
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TABLE G.B. Concentrations of Polychlorinated Biphenyls (PCBs) in Tissues of 
Macoma nasuta After 10-0ay Exposure to Sediment Treatments, 
Wet Weight 

(ng/g wet wt) 

Sediment Aroclor A roc lor A roc lor A roc lor 
Treatment Rep 1242 1248 1254 1260 

Achieved DL 10 10 10 10 

0!-CH-0 I IOU IOU IOU IOU 
0!-CH-0 RE-EX I IOU IOU IOU IOU 
0!-CH-0 2 IOU IOU IOU IOU 
0!-CH-0 3 IOU IOU IOU lOU 
0!-CH-0 4 lOU IOU lOU lOU 
0!-CH-0 5 IOU IOU IOU IOU 
00-CH-1 I lOU IOU IOU IOU 
00-CH-1 2 IOU IOU IOU IOU 
00-CH-1 RE-EX I IOU lOU IOU IOU 
00-CH-1 3 IOU IOU IOU IOU 
00-CH-1 4 IOU IOU IOU IOU 
00-CH-1 5 IOU IOU IOU IOU 
00-CH-2 1 IOU IOU 12.61 IOU 
00-CH-2 2 IOU IOU 11.32 IOU 
00-CH-2 3 IOU lOU IOU IOU 
00-CH-2 4 IOU IOU IOU lOU 
00-CH-2 5 IOU IOU 16.49 IOU 
O!-CH-2A I IOU IOU IOU IOU 
Ol-CH-2A 2 IOU lOU IOU IOU 
OI-CH-2A 3 IOU IOU IOU IOU 
Ol-CH-2A 4 IOU IOU IOU IOU 
O!-CH-2A 5 IOU IOU IOU IOU 
00-CH-3 1 IOU IOU IOU IOU 
00-CH-3 2 IOU IOU IOU IOU 
00-CH-3 3 lOU lOU lOU lOU 
00-CH-3 4 IOU IOU IOU IOU 
00-CH-3 5 IOU IOU IOU IOU 
00-CH-4 I lOU IOU IOU IOU 
00-CH-4 2 IOU IOU IOU lOU 
00-CH-4 3 IOU lOU IOU IOU 
00-CH-4 4 IOU IOU IOU IOU 
00-CH-4 5 IOU IOU IOU IOU 
Ol-CH-4A I IOU IOU IOU IOU 
O!-CH-4A OUP I IOU IOU IOU IOU 
Ol-CH-4A 2 IOU IOU IOU IOU 
OI-CH-4A 3 lOU IOU lOU IOU 
Ol-CH-4A 4 IOU IOU IOU IOU 
O!-CH-4A 5 IOU lOU IOU IOU 

U ' Undetected. 
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TABLE G.B. (Contd) 

(ng/g wet wt) 

Sediment A roc lor A roc lor A roc lor Aroclor 
Treatment Rep 1242 1248 1254 1260 

00-CH-5 I IOU IOU IOU IOU 
00-CH-5 RE-EX I IOU IOU IOU IOU 
00-CH-5 2 IOU IOU IOU IOU 
00-CH-5 3 IOU IOU IOU IOU 
00-CH-5 4 IOU IOU IOU IOU 
00-CH-5 5 IOU IOU IOU IOU 
00-CH-6 I IOU IOU IOU IOU 
00-CH-6 2 IOU IOU IOU IOU 
00-CH-6 3 IOU IOU IOU IOU 
00-CH-6 4 IOU IOU IOU IOU 
00-CH-6 5 IOU IOU IOU IOU 
01-CH-6A I IOU IOU IOU IOU 
01-CH-6A 2 IOU IOU IOU IOU 
OI-CH-6A 3 IOU IOU IOU IOU 
OI-CH-6A 4 IOU IOU IOU IOU 
OI-CH-6A 5 IOU IOU IOU IOU 
00-CH-7 I IOU IOU IOU IOU 
00-CH-7 2 IOU IOU IOU IOU 
00-CH-7 3 IOU IOU IOU IOU 
00-CH-7 4 IOU IOU IOU IOU 
00-CH-7 5 IOU IOU IOU IOU 
00-CH-8 I IOU IOU IOU IOU 
00-CH-8 2 IOU IOU 18.77 IOU 
00-CH-8 3 IOU IOU IOU IOU 
00-CH-8 4 IOU IOU IOU IOU 
00-CH-8 5 IOU IOU IOU IOU 
01-SS-4l 2 IOU IOU IOU IOU 
01-SS-4L DUP 2 IOU IOU IOU IOU 
OI-SS-4L 3 IOU IOU IOU IOU 
OI-SS-4L 4 IOU IOU IOU IOU 
01-SS-4L 5 IOU IOU IOU IOU 
OI-TS-5AU I IOU IOU 34.00 IOU 
01-TS-5AU 2 IOU IOU 31.00 IOU 
OI-TS-5AU 3 IOU .. IOU 19.00 IOU 
OI-TS-5AU 4 IOU IOU 27.00 IOU 
01-TS-5AU 5 IOU IOU 21.00 IOU 
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TABLE G.B. (Contd) 

(n9/9 wet wt) 

Sediment Aroclor A roc lor A roc lor Aroclor 
Treatment Rep 1242 1248 1254 1260 

01-TS-5AL 2 IOU IOU 15.00 IOU 
01-TS-5AL 3 IOU IOU 15.00 IOU 
01-TS-5AL 4 IOU IOU 16.00 lOU 
01-TS-5AL OUP 4 lOU lOU 23.00 lOU 
OI-TS-5AL 5 lOU IOU 19.00 lOU 
01-MA-IL I IOU IOU IOU IOU 
01-MA-Il OUP I IOU IOU IOU IOU 
01-MA-ll 2 IOU IOU IOU IOU 
01-MA-Il 3 IOU IOU IOU IOU 
01-MA-IL 4 IOU IOU IOU IOU 
01-MA-Il 5 IOU IOU IOU IOU 
01-MA-IL DUP 5 IOU IOU IOU IOU 
01-MA-2U I IOU IOU 23.00 IOU 
01-MA-2U 2 IOU IOU 24.00 IOU 

· OI-MA-2U 3 IOU IOU 21.00 IOU 
OI-MA-2U 4 IOU IOU 14.00 IOU 
OI-MA-2U 5 IOU IOU 19.00 IOU 
OI-MA-2L 2 IOU IOU IOU IOU 
01-MA-2L 3 IOU IOU IOU IOU 
01 -MA-2l 4 IOU IOU IOU IOU 
OI-MA-2L 5 IOU IOU IOU IOU 
00-W-1 I IOU IOU IOU IOU 
00-W-1 2 IOU IOU IOU IOU 
00-W-1 3 IOU IOU IOU IOU 
00-W-1 4 IOU IOU IOU IOU 
00-W-1 5 lOU IOU IOU lOU 
00-W-2 I lOU IOU IOU lOU 
00-W-2 2 IOU IOU IOU IOU 
00-W-2 3 IOU IOU IOU IOU 
00-W-2 4 IOU IOU IOU IOU 
00-W-2 5 IOU IOU IOU IOU 
00-W-3 I IOU IOU IOU IOU 
00-W-3 2 IOU IOU IOU IOU 
00-W-3 3 IOU IOU IOU IOU 
00-W-3 4 IOU IOU IOU IOU 
00-W-3 5 IOU IOU lOU IOU 
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TABLE G.B. (Contd) 

(ng/g wet wt) 

Sediment A roc lor A roc lor A roc lor A roc lor 
Treatment Rep 1242 1248 1254 1260 

00-W-4 1 lOU lOU 11.00 lOU 
00-W-4 2 lOU lOU lOU lOU 
00-W-4 3 lOU lOU lOU lOU 
00-W-4 4 lOU lOU lOU lOU 
00-W-4 5 lOU lOU lOU lOU 
00-W-5 1 lOU lOU lOU lOU 
00-W-5 2 lOU lOU lOU lOU 
00-W-5 3 lOU lOU lOU lOU 
00-W-5 4 lOU lOU lOU lOU 
00-W-5 5 lOU lOU lOU lOU 
PR-coarse 2 lOU lOU lOU lOU 
PR-coarse 3 lOU lOU lOU lOU 
PR-coarse 4 lOU lOU lOU lOU 
PR-coarse 5 lOU lOU lOU lOU 
PR-fine 1 lOU lOU lOU lOU 
PR-fine 2 lOU lOU lOU lOU 
PR-fi ne 3 lOU lOU lOU lOU 
PR-fine 4 lOU lOU lOU lOU 
PR-fine 5 lOU lOU lOU lOU 
Tomales Bay 1 lOU lOU lOU lOU 
Tomales Bay 2 lOU lOU lOU lOU 
Tomales Bay 3 lOU lOU lOU lOU 
Tomales Bay OUP 3 lOU lOU lOU lOU 
Tomales Bay 4 lOU lOU lOU lOU 
Tomales Bay 5 lOU lOU lOU lOU 
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TABLE G.9. Quality Assurance Summary for Dry-Weight Tissue PCBs 

Measurements of Precision: DuQlicate Results 

(ng/g dry wt) 

Sediment Aroclor A roc lor A roc lor Aroclor 
Treatment Rep 1242 1248 1254 1260 

Oi-CH-4A I 63U 63U 63U 63U 
OI-CH-4A DUP I 63U 63U 63U 63U 

!-Stat N/A N/A N/A N/A 
RPD N/A N/A N/A N/A 

OI-SS-4L 2 63U 63U 63U 63U 
Oi-SS-4L DUP 2 63U 63U 63U 63U 

!-Stat N/A N/A N/A N/A 
RPD N/A N/A N/A N/A 

OI-TS-5AL 4 63U 63U 106.89 63U 
0!-TS-5AL DUP 4 63U 63U 152.66 63U 

!-Stat· N/A N/A 0.2 N/A 
RPD N/A N/A 35 N/A 

01-MA-IL I 63U 63U 63U 63U 
01 -MA-IL DUP I 63U 63U 63U 63U 

!-Stat N/A N/A N/A N/A 
RPD N/A N/A N/A N/A 

01-MA-IL 5 63U 63U 63U 63U 
01-MA-IL DUP 5 63U 63U 63U 63U 

!-Stat N/A N/A N/A N/A 
RPD N/A N/A N/A N/A 

Tomales Bay 3 63U 63U 63U 63U 
Tomales Bay DUP 3 63U 63U 63U 63U 

I -Stat N/A N/A N/A N/A 
RPD N/A N/A N/A N/A 

.. 
DUP = Dup 1 i cate 
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TABLE G.9. (Contd) 

Measurements of Accuracy: Standard Reference Materials (SRMs) 

(ng/g dry wt) 

Sediment Aroclor A roc lor A roc lor A roc lor 
Treatment Rep 1242 1248 1254 1260 

Certified Value Data not available 

FU99C IRM 63U 63U 1595.37 63U 
Percent Recovery 

FU99D IRM 63U 63U 1221.03 63U 
Percent Recovery 

HID! IRM 63U 63U 1562.12 63U 
Percent Recovery 

HI02 IRM 63U 63U 1786.64 63U 
Percent Recovery 

Surrogate Recovery 

Reported in PA.H ~ualit.y Assu,.nce Data (Table G.3) 
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TABLE G.9. (Contd) 

Procedural Blanks 

(ng/g dry wt) 

Sed iumt Aroclor Aroclor A roc I or ,t..roclor 

Treatment ~ 1242 1248 ~ 1260 

FX91 PB 63U 63U 63U 63U 

FX92 PB 63U 63U 63U 63U 

FX93 PB 63U 63U 63U 63U 

FX94 PB 63U 63U 63U 63U 

FZ18 PB 63U 63U 63U 63U 

FZ19 PB 63U 63U 63U 63U 

Spikes and Recoveries 

SRM Data used in place of Spikes 

.. 
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TABLE G.lO. Concentrations of Metals in Tissues of Macoma nasuta After 
10 Day Exposure to Sediment Treatments, Dry Weight 

Sedinent. 

T reat.11ent. 

Target DL 

Aeh ieved DL 

01-CH-0 

01-CH-0 

01-CH-0 

OI-CH-0 

OI-CH-0 

00-CH-1 

00-CH-1 

00-CH-1 

00-CH-1 

00-CH-1 

00-CH-2 

00-CH-2 

00-CH-2 

00-CH-2 

00-CH-2 

OI-CH-2A 

OI-CH-2A 

OI-CH-2A 

OI-CH-2A 

OI-CH-2A 

00-CH-3 

00-CH-3 

00-CH-3 

00-CH-3 

00-CH-3 

00-CH-4 

00-CH-4 

00-CH-4 

00-CH-4 

00-CH-4 

OI-CH-4A 

OI-CH-4A DUP 

OI-CH-4A 

OI-CH-4A 

OI-CH-4A 

OI-CH-4A 

DUP = Dup I i eate 

1 

2 
3 

' 5 

2 

3 

' 
5 
1 

2 

3 

' 5 

1 
2 
3 

' 5 

1 

2 
3 

' 5 
1 

2 
3 

' 5 

1 

2 

3 

' 5 

"'' Weight. 

.J!L 

15 

16 

17 
17 

18 
17 
18 
18 
15 

16 

15 

18 

18 
18 
18 
18 

17 
18 
18 

17 
18 
18 
15 

18 
15 

18 
15 
18 

18 
17 
17 
17 
17 
18 
18 
17 

(}lafg dry wt) 

~ As Cd Cr Cu ....!ia_ Ni 

0.1 
0.01 

2 0.1 

0.1 
0.1 
0.11 

1.00 22 0.32 0.56 

0.39 24 0.31 0.67 

0.88 28 0.32 0.74 

0.83 22 0.25 0.92 

0.57 26 0.23 0.65 

0.69 30 0.28 0.77 

1.30 28 0.38 0.68 

1.20 26 0.47 0.84 

1.50 26 0.50 1.20 

0.77 27 0.32 0.95 

0.76 29 0.28 0.92 

1.10 31 0.46 0.65 

0.58 27 0.34 0.78 

0.78 26 0.31 1.10 

1.70 26 0.34 1.60 

0.75 32 0.55 1.10 

0.42 24 0.29 0.83 

0.06 22 0.23 0.80 

0.88 26 0.27 0.70 

0.66 23 0.34 0.79 

0.64 31 0.33 1.30 

0.60 29 0.36 2.00 

1.40 31 0.65 0.82 

1.60 27 0 44 2. 70 

1.50 26 0.31 1.10 

0.65 25 0.35 0.91 

1.00 24 0.50 1.30 

0.88 26 0.26 0.77 

0.96 28 0.26 0.79 

0.99 28 0.37 0.80 

1.50 29 0.51 0.70 

1.40 28 0.55 1.00 

1.20 35 0.30 0.73 

0.22 32 0.33 0.81 

0.81 29 0.28 0.56 

0 23 28 0.18 1.20 

G.59 

2 

1 

0.02 

0.01 

0 .1 

0.01 

56 0.18 4.6 

32 0.11 5.0 

42 0.14 3.4 

54 0.12 3.7 

41 0.11 3.8 

44 0.11 4.0 

109 0.22 4.1 

69 0.21 5.1 

138 0.39 5.0 

50 0.16 3.9 

47 0.12 4.2 

77 0.19 5.8 

32 0.09 3.8 

49 0.14 3.8 

80 0.28 3.6 

34 0.11 4.0 

38 0.14 2.9 

19 0.05 2.7 

41 0.12 31 

35 0.09 3.0 

36 0.09 4.4 

47 012 51 

85 0.21 4.8 

73 018 3.1 

58 0.17 3.5 

37 0.12 3.3 

56 0.17 3.5 

46 011 3.3 

65 0.17 4.0 

44 0.14 3.7 

53 015 2.8 

58 0.15 30 

54 0.12 3.2 

17 0.08 3.7 

30 0.12 39 

14 0 08 2 2 

Pb 

0.1 
0.1 

4.20 

2.00 

390 
2.10 

2.30 

2 10 

' 10 
6.50 

6.30 

7.20 

3.10 

5.50 

2.90 

2.60 

9.90 

5.60 

2.00 

1. 20 

3 20 
2.90 

3.20 

3.80 

4.20 

5.80 

"" 2.80 

4.80 

2.50 

3.50 

4.00 

4.80 

5.20 

450 

140 
2.90 

1. 40 

So 

D .1 
0.1 

,, 
2 

1 

3.7 121 

3.1 l1l 
3. 2 82 

2. 7 99 

3. 2 97 

3.1 105 

3.4 80 

3.2 130 

3.9 268 

3.3 130 

3.3 152 

3.8 124 

3.4 118 

3.2 163 

3.5 121 

3.5 191 

2. 9 99 

2.8 62 

2.9 140 

2.6 146 

4.0 128 

4.2 174 

3.5 175 

3.5 221 

3.5 136 

2 7 109 

3.2 139 

3 0 96 

2. 7 82 

3.4 128 

3 7 168 

3 4 162 

3.1 94 

3. 7 86 

2.5 83 

2.5 89 



TABLE G.!O. (Contd} 

Sedi111ent 
Treat1ent 

00-CH-5 
00-CH-5 
00-CH-5 
00-CH-5 
00-CH-5 
00-CH-6 
00-CH-6 
00-CH-6 
00-CH-6 
00-CH-6 
OI-CH-6A 

1 

2 

3 

• 
5 
1 

2 
3 

• 
5 

01-CH-SA 2. 

01-CH-SA 3 

OI-CH-6A 4 

OI-CH-6A 5 

00-CH-7 1 

00-CH-7 2 

00-CH-7 3 

oo~cH-7 " 
00-CH-7 5 

00-CH-8 1 

00-CH-8 2 

00-CH-8 3 

00-CH-8 4 

00-CH-8 5 

OI-SS-4l 

OI-SS-4L CUP 1 
OI-SS-4L 2 
OI-SS-4L 3 

OI-SS-4l 4 

OI-SS-4L 5 

OI-TS-SAU 

01-TS-SAU DUP 1 
01- TS-SAU 2 

01-TS-SAU 3 

01-TS-SAU 4 

01-TS-SAU 5 

,,, 
Weight 
_QL 

17 
17 
16 
16 
15 

" 15 

" 16 
15 

17 
16 
16 
16 
16 

16 
15 

16 
16 
17 
16 
17 
17 
15 

" 18 

16 
17 
15 

16 
16 
18 

16 
18 

15 

15 

15 

(}Jt:jfg dry wt) 

~ As Cd Cr Cu Ji9_ Ni Pb 

0.26 27 0.23 0.55 24 0.12 36 300 
0.97 26 0.45 1.10 36 0.14 4.2 6.60 

0.46 21 C.27 1.10 35 0.12 2.8 2.30 
0.19 24 0.23 0.58 24 0.09 3.1 1.20 

0.84 29 0.33 0.85 36 0.14 3.7 4 10 

1.40 25 0.32 0.83 86 0.26 6.5 12.00 

0.08 27 0 28 1.20 14 0.08 5.1 1.60 
1.10 27 0.36 1.00 41 0.18 5.3 4 20 

0.96 20 0.42 1.50 42 0.15 3.6 5.00 

1.44 29 0.50 1.30 55 0.10 4.3 9 20 
1.01 " 0.46 1. 70 37 
0.93 25 0.35 1. 50 44 

0.58 28 0.23 0.90 29 
0.75 27 0.27 0.75 29 

0.43 28 0.28 0.91 18 

0.71 29 0.24 0.69 ' 43 

1.40 27 0.46 0.69 70 

1.10 32 0.31 0.68 57 

0.16 31 0.24 0 98 19 
1.00 26 0.26 0.46 52 

0.54 27 0.26 0 87 41 

0.56 25 0.29 0.53 26 
0.58 27 0.30 0 66 32 
0.96 29 0.27 1.10 42 
0.10 31 0.22 0.76 17 
0.73 27 0.36 1. 20 32 
0.63 26 0.38 l. 20 30 

0.56 24 0.18 l. so 30 
1.10 25 0.33 1 00 60 

0.34 34 0 24 1. DO 24 

1.20 28 0.34 0.90 45 

1.00 26 0.33 1.10 38 

1.00 23 0.30 1. 20 36 
0.14 27 0.11 0.92 ll 
0.24 28 0.22 1.40' 24 

0.41 26 0.24 2.10 19 

0.76 26 0 27 1. 60 30 

G.60 

0.13 

0.14 

0 09 
0.11 

0.07 

0.12 

0.18 

0.15 

0.07 

0.16 

0.12 

0.09 

0.12 

0.13 

0.06 

0.11 

0.13 

0.11 
D 19 
0 10 
D 17 

0. 15 

0.14 
0.08 

0.08 

0.11 

0.17 

.., 
5.3 

3.5 

• 1 
3.D 
3 2 
4.3 

3.3 

3.3 

2.9 
3 1 

3 2 
3.5 

31 

3 2 
3. 9 

3.7 
2.5 
2.9 
2.9 
2.2 

3.1 

2.9 
1 9 

2.7 
2.7 

2.5 

4.20 

3. 30 

1. 50 
2 OD 
1. 40 

2.00 
7.50 
3.60 

1.30 

3.30 

2.50 

3.10 

2.70 

340 
1.40 

4.00 

3.90 

230 
340 
1.40 

3. 70 

5.10 

5.10 
1. 40 

1. 50 

2.40 

2.90 

Se Zn 

2. 2 98 

2.7 125 

2.3 112 

2.5 153 

2. 9 92 

3 2 145 

3.0 143 

3.3 125 

2.9 110 

3.3 189 

2 8 
2.9 
3.D 
2 9 
2 8 

2 ' 
3.1 

3 D 

2 ' 
2.9 

2 ' 
2 0 

2 ' 
3 1 

2.8 

2.5 
3 1 

2.7 

" 2 7 
3 1 

2 5 
2 2 
2 5 
3.1 

2 ' 
3.1 

157 
103 

93 

147 

"' 99 

157 
1<9 

75 

90 

125 
95 

103 

83 

137 

1D9 

118 
79 

121 

81 

57 
90 

90 

72 

70 

105 
!DD 



TABLE G.IO. (Contd} 

Sad iumt 

Treatment ~ 

01-TS-SAL 1 

0!-TS-SAL DUP 1 

01-TS-SAL 2 

01-TS-SAL 3 
01-TS-SAL 4 
OI-TS-SAL 5 

01-I,IA-ll 1 
01-WA-ll DUP l 

01-ltiA-lL 2 

01-loiA-lL 3 

01-t.IA-lL 4 
01-t.IA-ll 5 
01-t.IA-ZU 1 
01-t.IA-ZU 2 

OI-t.IA-2U 3 
01-t.IA-ZU 4 

OI-t.IA-2U 5 
OI-t.IA-2L 1 
01-loiA-ZL DUP 1 

OI-WA-2L 2 

DI-WA-2:L 3 
OI-WA-2l 4 

OI-ItiA-2L 5 

00-W-l 1 

00-W-1 2 

00-W-1 3 

00-W-1 4 

00-W-1 5 

00-W-2 

00-W-2 2 

00-W-2 3 
00-W-2 4 

00-W-2 5 
00-W-3 
00-W-3 2 

00-W-3 3 

00-W-3 4 

00-11-3 5 

Dey 

Weight 

..QL 

18 
18 
18 

18 

18 
17 
18 
18 
17 
18 
17 

18 
18 
15 

16 
17 
15 

16 
16 
17 
15 

15 

16 
17 
16 
17 
15 

16 
16 
16 

16 
17 
16 
18 
16 
18 
15 

16 

0.55 25 0.13 0.70 

0.55 26 0.12 1.00 

0.58 211 0.20 0.89 

0.71 28 0.20 0.93 

0.34 32 0.97 2.40 

0.59 28 0.22 2.00 
0.83 24 0.22 0.84 

0.66 24 0.23 0.82 

0 80 25 0.29 0.81 
0.75 32 0.22 0.52 

1.80 28 0.37 0.81 

0.37 28 0.30 0.65 
0.50 26 0.22 1.10 

0.41J 29 0.29 1.41J 

0.26 23 0.29 0.82 

0.81 31 0.27 1.10 

0.58 27 0.18 0.97 
0.17 25 0.16 0.86 

0.18 22 0.15 1.00 

0.99 28 0.34 0.83 

0.37 27 0.18 0.77 

0.31 28 0.28 1.10 

0.66 28 0.26 0.96 

1.10 27 0.32 0.80 

0.36 32 0.30 1.10 

0.96 26 0.54 1.20 

0.96 26 0.50 1.20 

0.71 25 0.34 1.10 

1.31 31 0.30 0.88 

0.01 36 0.15 0.86 

0.68 30 0.23 1.30 

1.50 31 0.26 0.89 

0.44 52 0.20 1.10 

1.10 33 0.33 0.86 

1.50 43 0.28 0.84 

0.29 40 0.21 0 61 

0.87 32 0.24 0 12 
1 10 41 0.29 0.87 

G.6! 

(.,w,Jg dry wt) 

Cu ...!!a_ N i Pb Se Zn 

43 0.14 2.6 1.90 12.0 65 
42 0.13 2.6 1.90 2.1 64 

27 0.13 2.7 1.90 30 77 
42 0.17 3.1 240 3.2 71 
15 0.10 30 2.40 2.8 146 

26 0.12 2.5 2.20 30 93 

20 0.08 2.5 1.70 2.3 78 

20 0.07 2.5 1.90 26 79 

17 0.09 3.8 2.90 2.5 113 

35 0.09 2.3 350 2.6 78 
91 0.28 3.2 6.9(1 2.7 104 

23 0.10 2.2 1.50 2.6 93 

22 0.08 2.7 3.30 2.7 97 
20 0.08 3.7 2.60 3.2 68 

142 0 11 3.8 2.10 2.8 140 
53 0.13 2.5 2 60 3.1 113 
35 0.14 2.1 4 30 3.0 106 
28 0.12 2.7 1.20 2.7 98 
27 0.11 2.6 1.20 2.5 105 

41 0.13 2.5 4.00 2.8 121 

28 0.10 2.1 1.30 2.3 72 
22 0.09 3.0 2.50 3.2 83 

at 0.16 3.6 2.80 3.3 83 

53 0.18 2.5 3.60 3.1 134 
29 0.14 3.8 1.40 3.0 142 

65 0.20 3.5 6.50 3.2 181 

32 0.14 3.7 8.40 3 3 116 
39 0.13 3.7 3.30 2.9 107 

52 0.17 3.6 4.00 3.2 143 

19 0.12 4.3 0.73 3.3 83 

40 0.20 3.5 2.40 2.8 95 
64 0.26 3.2 690 3.4 73 

36 0.24 4.0 1.40 3.8 131 

56 0.23 2.8 3.50 3 1 115 

79 0.32 4.1 440 3.5 82 

28 0.15 2.3 200 2.5 82 

55 0.20 2.4 3 30 14.0 79 

38 0.15 3.2 3.90 3.3 103 



TABLE G.!O. (Contd) 

Sedi1ent 
Treahent 

00-'11-.f 

00-lf-4 
00-1-4 
00-1-4 
00-1-4 

00-1-5 
00-J-5 
00-1-5 
00-1-5 
PR-coarse 

PR-coarse 

PR-coarse 
PR-coarse 

PR-coarse 

PR-fine 
PR-fine 
PR-f i ne 

PR-fine 
PR-fine 
Ton lee Bay 

Toules Bay 
Toules Bay 
Ton lee Bay 

1 

2 
3 

• 
s 
1 

3 

• 
' 1 
2 
3 

• 
s 

2 
3 

• 
s 
2 
3 

• 
s 

Dey 
!Ieight 

.J!L 

15 

16 
16 

17 

16 

16 

16 
17 

13 

1S 

16 
15 

15 

1S 

19 

1S 

15 

16 
17 

14 

16 

16 
1S 

~ As Cd Cr 

0.07 31 0.09 0.69 

1.20 48 0.37 0.911 

1.20 36 0.311 0.97 
0.62 38 0.28 0.95 
0.79 16 0.32 0.84 

0.61 25 0.25 0.77 
0.91 28 0.33 1.70 

0.37 25 0.27 0.86 
0.30 36 0.22 1.30 

0.78 32 0.31 1.40 

0.13 38 0.28 0.90 
0.61 28 0.29 0.70 

1.23 32 0.42 0.97 

0.54 30 0.25 0.86 
0.28 31 0.28 0.66 

0.54 32 0.27 0.94 
0.73 37 0.28 0.97 
0.10 28 0.23 0.92 

(0.01 30 0.36 l.lO 

0.68 29 0.42 1.10 
0.49 25 0.19 0.61 

0.95 29 0.28 1.10 
0.58 28 0.39 0.82 

G.62 

{ptJ/g dry wt) 

Cu ...!!9.._ Ni Pb .1.!._ Zn 

11 0.09 2.4 1.10 3.1 104 

79 028 3.8 7.00 3.1 136 

78 0.27 3.6 2.80 3.8 175 

31 0.14 3.4 2.10 3.2 121 

50 0.18 2.4 3.00 2.4 117 

28 0.12 3.3 1.80 2.5 117 

44 0.1!1 4.1 2.90 2.8 82 

22 0.11 2.7 1.00 2.6 141 

15 0.09 3.3 1.20 33 112 

51 0.14 3.6 1.70 3.8 89 

21 0.12 3.1 1.30 2.7 130 

21 009 2.9 1.90 30 74 

!15 0.16 4.2 4.20 13.0 99 

27 0.09 3.0 2.30 3.1 74 

20 009 2.8 0.79 2.2 88 

18 0.07 31 1.60 3.0 96 

56 048 3.5 4.20 3.1 90 

15 0.08 2.4 1.20 2.0 99 

47 0.17 3.8 3.80 2.6 91 

35 0.14 4.6 3.10 3.5 181 
34 0.13 3.0 2 10 2.8 107 

46 0.18 2.8 3.90 2.9 96 

33 0.13 40 2.90 3.1 96 



TABLE G.ll. Concentrations of Metals in Tissues of Macoma nasuta After 
10-Day Exposure to Sediment Treatments, Wet Weight 

Sedi1ent 
Treatunt 

OI-CH-0 
01-CH-0 
01-CH-0 
01-CH-0 
OI-CH-0 
00-CH-l 
00-CH-1 
00-CH-1 
00-CH-1 
00-CH-l 
00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 
00-CH-2 
01-CH-ZA 
01-CH-ZA 
01-CH-2A 
OI-CH-2A 
OI-CH-2A 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH-3 
00-CH--4 
00-CH--4 
00-CH--4 
00-CH--4 
00-CH--4 
01-CH-4A 
OI-CH-4A DUP 
OI-CH-4A 
01-CH-4A 
01-CH-~A 

01-CIHA 

- "' Not detected 
DUP "' Dup I i cate 

1 
2 
3 

• 
5 

1 

2 
3 

• 
5 
1 

2 
3 

• 
5 

1 
2 
3 

• 
5 
1 

2 
3 

• 
5 

2 
3 

• 
5 

1 

2 

3 

• 
5 

C.2 
C.1 
C.1 
C.1 
C.1 
C.1 
C.2 
C.2 
C.2 
c 1 
C.1 
C.2 
C.1 
c .1 

C.3 
c .1 
c .1 

C.2 
C.1 
c .1 

C.1 
C.2 
C.3 
C.2 
C.1 
c 2 
c .1 

c 2 
C.2 
C.3 
C.2 
c 2 

C.1 

,, 
3.3 
3 a 
••• 
3.7 
• 2 
5.1 

u 
•. 2 
3.9 

u ... 
50 
•. 3 

u .., 
5.1 
•. 1 

3.5 

•. 5 
3.9 

5.C 
5.2 

u .., 
3.9 
•. c 
3.6 

" •. 5 .. 
•. 9 
•. 6 

6.C 
5.1 
•. 6 
•. 6 

Cd 

C.1 

C.1 
c .1 

c 1 

c .1 
C.1 
c .1 
C.1 
C.1 

C.1 
C.1 
C.1 
c .1 

C.1 

c .1 

C.1 

c 1 

c 1 

c 1 

C.1 
C.1 

C.1 
C.1 
c .1 

C.2 
C.1 
C.1 
C.1 
C.1 
C.2 
C.1 
C.1 
C.1 
C.1 
C.2 
C.3 
C.2 
c 1 
C.1 
C.1 
C.1 
C.2 
C .• 
c .1 

c .• 
C.2 
C.1 
C.2 
c .1 

c .1 

c 1 

C.1 
C.2 
c 1 

c .1 
C.1 
C.2 

G.63 

(}.IIJ/g wet wt) 

'" 
6.3 
5.1 
7 1 
9 2 
6.8 

7.5 
17.-4 
11. 0 

20.7 
7.5 
7.1 

12.3 

5 1 
B.B 

12.8 

5 .• 
6.5 

3 c 
7 .• 
6.C 
6.1 

65 

12.8 

11.7 
B 7 
5.9 

••• 
" 10.4 
7.5 

' c 
9 9 

' 2 
2.7 .. 
2 .• 

C.1 

C7 
c.a 
C.B 
c.a 
C.B 
C.7 
C.7 
C.B 
C.6 
C.6 
C.6 
C.9 
C.6 
C.7 
C.6 
C.6 
c 5 

c .• 
C.S 
C.5 
C.7 

c ' 
C.7 
C.5 
C.5 
C.5 
c 5 

c 5 

c.a 
0.6 

C.5 
c 5 

C.5 
C.6 
c 6 

c • 

Pb 

c.a 
C.3 
c 7 

" c .• 
c .• 
c 7 

l.C 
C.9 
1.1 

C.5 
C.9 
c 5 

c 5 

1.8 

C.9 
C.3 
C.2 
C.6 
C.5 
C.5 
C.7 
C.6 
c 9 

l.C 
c .• 
C.7 
c .• 
C.6 
c 7 

c 6 

C.9 
08 
C.2 
c • 
c 2 

5o 

C.6 
c 5 
C.5 
C.5 
C.5 
c 5 

c 5 
C.5 
C.6 
c 5 
c 5 

c.a 
c 5 

c.a 
c.a 
c.a 
c 5 
c .• 
c 5 

C.5 
C.6 
C.B 
c 5 

c 6 

c 5 

c .• 
c 5 
c 5 

c • 
C.6 
c 6 

c.a 
C.5 
C.6 
c • 
c .• 

z, 

18.2 
178 

13.9 

15.1 
15.5 

179 

12.8 
20.8 
40.2 
19.5 

228 
198 

18.9 
29.3 
19.4 
30.5 

18.8 

13.1 
25.2 ,., 
20.5 

31.3 
26.3 
35.4 
20.4 
174 

20 ' 
15.7 
13.1 
214 

28.6 

27 5 

16.0 

13.6 

13.3 
15.1 



TABLE G.ll. 

Sed iu~nt 
Tr11ahent 

00-CH-5 
00-CH-5 
00-CH-S 
00-CH-5 
00-CH-5 
00-CH-8 
00-CH-8 
00-CH-8 
00-CH-6 
00-CH-6 
01-CH-SA 
01-CH-BA 
01-CH-SA 
01-CH-SA 
01-CH-SA 
00-CH-7 
00-CH-7 
00-CH-7 

00-CH-7 
00-CH-7 
00-CH-8 
00-CH-8 
00-CH-8 
OIJ-CH-8 
00-CH-8 
OI-SS--4L 
OI-SS--4L DUP 
01-SS--K 
OI-SS--4L 
01-SS-.tL 
OI-SS-4L 
01- TS-SAU 
01- TS-SAU DUP 

01-TS-SAU 
01-TS-SAU 
01-TS-SAU 
01-TS-SAU 

1 

2 

3 

4 

5 

1 

2 
3 

4 

5 
1 

2 

3 

4 

5 

1 
2 
3 

4 

5 
1 
2 
3 

4 
5 
1 

1 
2 
3 

4 

5 

1 

2 
3 

4 

5 

(Contd) 

0.2 
0.1 

0 .1 
0.2 

0 2 

02 
0 2 
0.2 
0.2 
0 1 
0 1 
0.1 
0.1 
0.2 
0.2 

0.2 
0.1 
0.1 
0.1 
0.1 

0.1 

0.1 
0 1 

02 
0.1 
0.2 
0 2 

0 2 

0.1 
0 1 

" " 3.4 
3.8 
4 4 

3.5 

4 1 
3. 8 

3.2 

4.4 
4 8 
4.5 
4.2 
4.3 
4.2 
4.8 

4.1 

5.1 

5.0 
4 4 
4 3 
4.3 
4.8 

" 4.3 

" 4.5 
4 1 

3.8 
5.4 
4.5 
4.0 
3.7 
4.3 
4.2 

" 3.8 

Cd 

0.1 

0.1 
0.1 
0 1 

0 .1 

0.1 

0.1 

0.1 

0 1 

0.1 

0 1 

0.1 

,, 
0 .1 
0.2 
0.2 
0.1 
0 .1 
0.1 
0.2 
0.1 
0.2 
0.2 
0.3 
0.3 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.2 
0.2 
0.3 
0.2 
0.2 
0 1 

0.2 
0 2 
0.1 
0 2 
0.3 
0 2 

G.64 

(pgfg wet wt.) 

4.1 
8.1 

5.8 

3.8 
5.4 

12.0 

2 1 
5. 7 

8.7 

83 
8.3 
7.9 

4.6 

4.6 

2.9 
6.9 

10.5 
9.1 

3.0 
8.8 

8.6 

" 5.4 
6.3 

2.4 

5.8 

5.4 
5 1 

9.0 

3 8 
7 2 
6.1 
5.6 

1.6 
36 

2.9 
4 5 

Ni 

0.6 
0 7 

0.4 
0.5 
06 
0 9 

0.8 
0.7 
0.6 
0.6 
0.7 
1.0 
0.6 
0.7 
0.5 
0.5 
0.6 
0.5 
0.5 
0 5 

0.5 
0.5 
0.6 
0.5 
0.4 
0.7 
0.7 
0.4 

" 0 5 
0.4 
0.5 
0 5 

0.3 
0.4 
0.4 
0.4 

Pb 

0.5 
1.1 
0.4 
0.2 
0.8 
1.7 

0.2 
0.6 
0.6 
1.4 

0.7 
06 
0 2 
0 3 

0.2 
0.3 
11 
0.6 
0.2 
0.6 
0.4 
0.5 
0.5 
0.5 
0 2 

0.7 
07 
0.4 
0 5 

0.2 
0.6 
0.8 
0.8 
0.2 
0.2 
0 4 

0.4 

5• 

0.4 
0.5 
0.4 
0.4 
0.4 
0.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0 5 

0 5 

0.4 
0.4 
0.5 
0.5 
0.4 
0.5 
0.4 
0.3 

"' 0.5 
0.4 
0.5 
0.6 
0.5 
0 4 
0.4 
0.5 
0.4 
0.4 
0.4 
0.5 
0.4 
0.5 

Zo 

lfU 
21.3 

17.9 

24.5 

13.8 
20.3 

21.5 
17.5 

17.6 

25.4 

26.7 
18.5 

14. g 
23.5 
i9.8 
l!U 
25.1 
23.8 

12.0 
15.3 

20.0 

16.2 

17.5 

12.5 
19.2 

19.8 

209 
13.4 

18.2 

13.0 

13.9 

" 4 
14.4 .. 
11.5 
10.5 

15.9 

15.0 



TABLE G.ll. 

Sedi•ent 

Tre~hent 

01-TS-SAL 
01-TS-SAL DUP 

01-TS-SAL 

01-TS-5AL 

OI-TS-SAL 
01-TS-5Al. 
01-J.IA-ll 
01-IIIA-lL OUP 

01-t.IA-lL 

01-t.IA-lL 

01-t.IA-tL 
01-WA-ll 

OI-UA-2U 
OI-J.IA-2U 

OI-WA-2U 
OI-t.IA-2U 
01-t.IA-W 

01-t.IA-21. 
Ol-t.IA-2L DUP 

01-t.IA-2L 
OI-t.IA-2L 
01-I.IA-2L 

01-I.IA-2L 

00-1-1 

00-11-1 

00-11-1 
00-1-1 
00-1-1 
00-1-2 
00-1-2 
00-1-2 
00-1-2 
00-1-2 
00-W-3 
00-1-3 

00-1-3 
00-11-3 
00-1-3 

1 

2 

3 

4 

5 

1 

1 

2 
3 

4 
5 

1 

2 

3 

4 

5 

1 

1 

2 

3 

4 

5 
1 

2 

3 

4 

5 

2 
3 

4 

5 
1 

2 
3 
4 

5 

(Contd) 

0.1 
0 1 
0.1 
0.1 
0 1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.3 
0 1 

0 .1 

0 .1 

0.1 
0.1 

0.2 
0.1 

0.1 
0 2 
0.1 
0.2 
0.1 
0.1 
0.2 

0.1 
0.3 
0.1 
0.2 
0.3 
0.1 
0.1 
0.2 

4 5 ... .., ... 
5.1 ... 
u 
u 
u 
5.8 ... 
u 
u ... 
3.7 

5.3 
u 
4.0 
3.5 ... 
u 
3.9 

4.5 

4 8 

5.1 

" 3 9 

4.0 
5.0 
5.8 

4 8 

5.3 
8.3 

" 77 
7.2 

4.8 

6.6 

Cd 

0.2 

0.1 
0 1 

0.1 

0.1 

0 .1 

0.1 
0.1 

0.1 
0.1 

,, 
0.1 
0.2 
0.1 
0.1 
0.4 
0.3 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.1 
0.2 
0.1 
0.1 
0.2 
0.1 
0.1 
0.2 
0.2 
0.1 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .1 

0 .1 

0.1 

G.65 

{;.lgjg wet wt) 

7. 7 

7.6 .., 
6.7 

2.4 ... 
3.6 

3.6 

2 ' 
6.3 

15.5 

u 
u 
3.0 

22.7 

9.0 
5.3 
4.5 
4 3 
7.0 .., 
3.3 

5 0 

9.0 
4.6 

11.1 

4.6 

6.2 

6.3 

3.0 

' 4 
10.9 

56 

10.1 

142 
5.0 
6 3 
6.1 

0 1 

Ni 

0.5 
0.5 
0.4 
0.5 
0.5 
0.4 
0.5 
0.5 
0.6 
0.4 
0.5 
0.4 
0.5 

0 ' 
0.6 
0.4 
0 3 
0.4 
0.4 
0.4 

0.3 
0.5 
0.6 

" 0.6 
0.6 
0.6 
0.6 

0 6 
0.7 
0 8 

0.5 
0 6 

0.5 
07 
0.4 

" 0.5 

Pb 

0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.3 
0.3 
0 5 

0.6 
1.2 

0.3 
0.6 
0.4 
0.3 
0.4 
06 

0.2 
0.2 
0.7 

0 2 
0.4 
0 4 

0 6 
0 2 

1.1 

1.0 

0.5 
0.6 
0.1 
0.4 
1.2 

0.2 
0.6 
0.8 

0.4 
0.5 
0 6 

5o 

2.2 
0.4 
0.5 
0.5 
0.4 
0.5 
0.4 
0.5 
0.4 

0 5 
0.5 
0.5 
0.5 
0.5 
0.4 
0.5 
0.5 
0.4 
0.4 
0.5 
0.3 
0.5 
0.5 
0 5 

0.5 
0.5 
0.5 
0.5 
0 5 

0.5 
0.4 
0.6 
0.6 
0 6 

0 6 
0.5 
2 1 
0.5 

Zo 

11.7 

11.5 

12.3 

11.4 

23.4 

15.8 

14.0 

14.2 

19.2 
14.0 

17.7 
167 

17.5 
13.2 

22.-4 

19.2 

15.9 
15.7 
18.8 
20.5 

10.8 

12.5 

13.3 

228 
22.7 

30.8 
17.4 

17.1 

22.9 

t:u 
15.2 

12.4 

21.0 

20.7 

14.8 

14.8 

11.9 

165 



TABLE G .II. (Contd) 

(}A;J/g wet wt) 
Sed i1ent 

Treatlent "!> ~ 
,, Cd Cc '" _!!a Ni Pb s. ,, 

00-W-4 1 4.7 0 1 1.7 0.4 0.2 0.5 15.6 
00-W-4 2 0.2 7.4 0 1 0.2 12.6 0.6 1.1 0.5 21.8 
00-W-4 3 0.2 5.6 0.1 0.2 12.5 0.6 0.4 0 6 28.0 
00-IH 4 0.1 6.1 0.2 5.3 06 0.4 0.5 20.6 
00-lf-4 5 0.1 2.4 0 .1 0 .1 8.0 0.4 0 5 0.4 18.7 

00-W-5 1 0.1 " 0.1 4.5 0.5 0.3 0.4 18.7 

00-W-5 3 0.1 ... 0.1 0.3 7 0 0.7 0.5 0 4 13.1 
00-W-S 4 0.1 " 0.1 3 7 0.5 0.2 0.4 24.0 

CD-1-6 5 4.7 0.2 2.1 0.4 0.2 " 14.6 

PR-eo.rse 1 0.1 4.8 0.2 7 7 0.5 0.3 0.8 13.4 
PR-coarse 2 5.8 0.1 3 4 0 5 0.2 0.4 20.8 
PR-coarse 3 0.1 .., 0.1 3.2 0.4 0.3 0.5 11.1 
PR-coarse 4 0.2 4.8 0.1 0 1 9.8 0.8 0 6 2.0 14.9 

PR-coarse 5 0.1 4.5 0 1 u O.S 0.3 0.5 11.1 

PR-fine 5.9 0 1 0.1 3 6 0.5 0.2 0.4 18.7 
PR-fine 2 0.1 4.8 0.1 2. 7 0.5 0.2 0 5 14.4 

PR-fina 3 0.1 6.6 0 .1 8.4 0.5 0 8 0.5 13.5 
PR-f i ne 4 .., 0.1 2 4 0.4 0.2 0.3 15.8 

PR-nne 5 5.1 0.1 0.2 6 0 0.6 0.6 0.4 155 
Toules Bay 2 0.1 u 0 1 0.2 4 9 0.6 0.4 0 5 22.5 
Toules Bay 3 0 1 4.0 0.1 5.4 0.5 0.3 0.4 17.1 

Toules Bay 4 0.2 ... 0 2 7 4 0.4 0.8 0.5 15.4 

To~~ales Say 5 0.1 4.2 0 1 0 1 5.0 0 6 0.4 0.5 14.4 

G.66 



TABLE G.l2. Quality Assurance Summary for Dry Weight Tissue Metals 

Measurements of Precision: Duplicate Results 

Dry (}.I;J/g dry weight.) 

Sediaent 

Treataent 

01-CH-.(A 
01-CH-.(A DUP 

1-Sht. 

RPO 

01-SS-.(l 
01-SS-.(l DUP 

I-St.at 

RPO 

01-TS-SAU 
01-TS-5AU DUP 

I-Stat 

RPO 

OI-TS-SAI... 
OI-TS-5AI... DUP 

!-Stat. 
RPO 

01-t.IA-ll 
01-t.IA-lL OUP 

I-St.at. 
RPO 

OI-t.IA-2L 

OI-MA-2l OUP 
I-Stat 

RPO 

1 

1 

1 

1 
1 

Weight 

..ill_ 

17 

17 

18 

18 

18 

18 

18 

18 

18 
18 

18 
18 

1.50 
1..(0 

0.0 
7 

Cd ,, 

29 0.51 0.70 

28 0.56 1.00 

0.0 0.1 0.2 

.. 9 36 

0.73 27 0.38 1.20 

0.83 25 0.38 1.20 

0.1 0 0.0 0.0 

15 7 0 0 

1.00 25 0.33 1.10 

1.00 23 0.30 1.20 

0.0 0 0.0 0.0 

0 8 10 9 

0.55 

0.55 

0.0 

0 0 

0.63 

0.65 

0.0 
3 

26 0.13 0.70 

25 0.12 1.00 

0 0.0 0.2 

0 8 35 

2.( 0.22 o.a .. 
2.( 0.23 0.82 

0 0.0 0.0 

0 4 2 

0.17 25 0.18 0.86 

0.16 22 0.15 1.00 

0.0 

' 
0 0. 0 

13 7 

0 1 

15 

G.67 

Cu J!g_ 

53 0.15 2.8 

58 0.15 3.0 

0.1 0.0 0.0 

g 0 7 

32 0.11 3.9 

30 0.13 3.7 

0 0.0 0.0 

6 17 5 

38 0.15 3.1 

38 O.H 2.9 

0 0.0 0.0 

5 7 7 

.(3 O.H 2.6 

.(2 0.13 2.6 

0 0.0 0.0 

2 7 0 

20 0.06 2.5 

20 0.07 2.5 

0 0.1 0.0 

0 15 0 

" 27 

0.12 2.7 

0.11 2.5 
0 0. 0 0.0 

• • g 

Pb 

... 80 

5.20 

0.0 
8 

,, 

3.7 

3.4 
0.0 
g 

... co 2.5 
3.110 3.1 

0.0 0.1 

3 21 

5.10 

5.10 

0.0 
0 

1. 90 

1. 90 

0.0 

0 

1. 70 

1.90 

0.1 
11 

1.20 

1.20 

0.0 
0 

2.5 

2.2 

0.1 
13 

12.0 

12.1 

0.0 
1 

2.3 
2.8 

0.1 
12 

2.7 
25 
0 0 

7 

'" 
188 
182 

0 
1 

109 
118 

0 

• 
" " 0 

0 

" " 0 

2 

78 

79 

0 
1 

98 
105 

0 

7 



TABLE G.12. (Contd) 

Measurements of Accuracy: Standard Reference Materials 

,,, (pg/g dry wt.) 

Sedi•ent Ieight 
Treat.ent ~ __l!)__ _2s_ ... Cd ,, 

'" __!lg___ Ni Pb So '" 
Certified None 10.1 4.18 0.40 20.8 0. 225 0 26 1.36 7.34 92.5 

Value •-1.4 ·-0.28 ·-0.07 •-1 2 ·-0.037 ·-0 06 ·-0.29 ·-0.42 ·-2 3 

DOLT 1 1.00 12.1 4 4 0.35 2D 0 18 023 1.4 7.2 101.0 

Within Range? H/A "' , .. , .. , .. , .. , .. '" , .. 
"' 

DOLT 2 0.91 14.2 4.2 0.33 18 0. 24 0.27 1.1 6.2 92.0 

Within Range? H/A "' , .. '" "' '" , .. , .. "' , .. 
"' DOLT 3 0.73 126 4.1 D .36 2D D .24 026 1.1 6.5 114 0 
m lith in Range? H/A "' , .. , .. , .. , .. , .. , .. "' "' 00 

DOLT 4 0.99 11.4 4.2 0.48 2D 0.21 D. 22 1.4 1 1 101. 0 

lith in Range? H/A , .. , .. , .. , .. , .. , .. '" , .. "' 

Surrogate Recovery 

Not Applicable 
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TABLE G.l3. Concentrations of Organotins in Tissues of 
M. nastJta After 10-Day Exposure to Sediment 
Treatments. Dry Weight 

,,, 
Weight Propyl T1n Butyltin Concentr~t1ons Secli•ent 

Trea~•ent ~ ...!!L_ l RIICCIVI!ry 

Target OL 

Ath1end DL (lo•est) 

Ji-C,-0 
Gl-C~-0 

OI-C~-0 

Df-Cri-0 

01-CK-0 

O!HH-1 

00-CH-1 

00-CH-1 
00-CK-1 
00-CK-1 

00-CH-2 

00-CH-2 
00-CH-2 

OD-CH-2 
00-CH-2 
Dl-CH-2A 

CI-CK-2.&. 
OI-CH-2A 
OI-CH-2A 
OI-CH-2A 

00-CH-3 

00-CH-3 
OQ-Cfi-3 
00-CH-3 
00-CH-3 

00-CH-4 

OD-Ch-J, 
00-Ch-4 

00-Ch-J. 

OO...CH-4 

or -ch-4A 
OI-CJ-.-4A DUP 

OI-Ch-4A 
OI-Ch-4A 
Ol-CI·-4A 

0 l-C~-4A 

2 

3 

' 
5 

2 

3 

4 

5 

2 

3 

4 

5 

2 

3 

4 

5 

2 

3 

• 
5 

2 

3 

4 

5 

' 3 

' 
5 

15 

15 

17 

17 

16 

17 

16 

15 

15 

15 

15 

16 

15 

16 

15 

15 

17 

15 

16 
17 

15 

1B 
15 

15 

15 

15 

15 

15 

16 

11 
17 
17 

17 
16 

15 

17 

" 68 

93 

00 

90 

87 

68 

107 
57 

62 

73 

53 

99 

6l 

72 .. 
" 62 

57 
57 

113 

as 
95 

92 

103 

99 

97 .. 
B5 

90 

" 61 

95 

91 

105 
74 

10 0 
10.0 

12.0 

( 11.0 

( 11 0 

11.0 
12.0 

11.0 

( 11 0 

< 12 0 

( 12 0 

14 0 

13.0 

12. 0 

( 12.0 

12.0 
12.0 
17 .0 
19 0 

12.0 
11 0 

12.0 

12. 0 

10. 0 

{ 13 0 

< n n 
( 12.0 

< 11.0 

11 0 

2~ G 

12.0 

11 0 
11 

12 

< 11 

12.0 

27.0 

15 0 

10.0 

5.6 

36.0 

55 0 

280 
29.0 

< 19 0 
30 0 
16 0 

71.0 

20.0 

8.5 

~3.0 

< 19.0 
.. 0 

< 16 0 

51.0 
27.0 

83.0 

< 18.0 

490 
26.0 

33 0 

28 0 

29 0 
93.0 

23 0 
16. 0 

J: 0 

40 0 

65 0 

18 0 

" 0 
~l 0 

55 c 
~9.0 

26 0 

< :? D 

G.71 

10.0 .. 
8 9 

8J 

( 78 

(8 0 
(8 1 

< 8.0 

6 3 

" ( g 2 

( 6.0 

( 9.3 

< 8.6 

8 5 

" 6 4 

< 6. 5 

( 1 9 
( 6.3 

( 4 g 

6 Q 

8 5 

7 5 

93 

6 5 
( g 0 

(" 
< a. 1 

( .. 
< 8.6 
( )g 

8 0 

3 

8.0 

8 7 

" < 7 .S 

36.0 

55 0 

28 0 

29 0 

" 30. 0 

18.0 

71.0 

" 
' 5 

~3. 0 

" 480 

12.0 
63.0 

.. 0 

102.0 
12 0 

~9. 0 

38.0 

33.0 

28 0 

29.0 

93.0 

23.0 

" 
" 0 
81 c 
11 0 

18. ~ 

" 
55.0 
490 
53.0 

15 0 



TABLE G.13. Concentrations of Organotins in Tissues of Macoma nasuta After 
10-Day Exposure to Sediment Treatments, Dry )tjeight (cont'd) 

{.ug/kg dry ee1ght) 

o,, 
Sedi•ent hight Propyl Tin Butlltin Concentrations 
T reat.ent !!£ .J!L ~ RecoYery Tri ,, 

"'"' T ot-11 

011-CH-5 17 .. ( 10.0 22. 0 ( 77 22.0 
00-CIH 2 17 .. 11.0 { 16.0 ( 8 l " 10-CH-5 3 l6 " 17 0 ( 1!1. 0 ( 8 7 l7. 0 

Clll-CH-5 ' l6 " 14.0 163 0 20.0 197.0 

00-CH-5 ' lS 90 ( 12.0 23.0 ( 8.9 23.0 

00-CH-6 " " 26.0 { 21. 0 (" 26.0 

00-CH-6 2 lS '" 25.0 ( 20 0 "l 25.0 

00-CH-6 3 " 79 ( 13.0 97.0 {10 0 970 

00-CH-6 ' l6 97 23.0 20.0 ( 6.3 
" 0 

00-CH-6 5 lS " 20.0 23.0 ( 9 .l 43.0 

OI-CH-6A l 17 103 12.0 25.0 ( 7 8 37.0 

01-CH-BA 2 " 87 11.0 95 ( ' . • 5 

OI-CH-6,1, 3 l6 " 26.0 53.0 
( " 81.0 

OI-CH-SA ' l6 83 { 13.0 15 0 
( " 15.0 

01-CH-SA 5 l6 80 ( 12.0 9.5 { 5.3 9.8 

00-CH-7 l6 73 ( 12.0 ( 8.5 < 5.1 " 00-CH-7 2 lS 73 16.0 33.0 < 5. 7 49.0 

00-CH-7 3 l6 " H.O 52.0 5.5 715 

00-CH-7 ' l6 )) 32.0 42.0 58 79.8 

00-CH-7 5 l7 H 13.0 
" 0 ' 8 

57.0 

00-CH-6 15 " ( 13.0 
" 0 

5.9 51.9 

00-CH-8 2 l7 " 16.0 27 0 ( 5.2 43.0 

00-CH-8 3 l7 " 18.0 27.0 < 4.9 .. 0 

00-CH-8 ' 15 75 l7 0 50.0 < 5. 5 77 0 

00-CH-8 5 " 5l < 13.0 15 0 ( 57 16.0 

O!-SS-4L 15 " l7 0 220 ( 5 0 39 0 

OT-SS-4l DUP 18 72 ( 12.0 20.0 ( ' . 20 0 

OI-SS-4l 2 l7 93 16.0 sa .o ( 4. g 74. D 

OI-SS-4L 3 15 70 13.0 56.0 ( 5 7 56.0 

Ol-SS-4L ' 15 75 12.0 
" 0 

( 5.2 
" 0 

ni -SS-4L 5 15 " 13.0 1!12. 0 (" 162.0 

O~-T5-5AU 15 72 40.0 ( 55 ( 5.2 40.0 

01-TS-SAU DUP 1 15 7l 42.0 l7. 0 53 59 0 

OI-TS-SAU DUP l 15 70 40.0 
" 0 

( 5. 5 
" 0 

UI :rS-5AU ' 15 80 44.0 25 0 ( 5. 5 
" 0 

0!-TS-SAU 3 15 Bl 3i.O 40.G { S. 7 790 

OI-TS-6AU ' 15 " < 14.0 ,, ( 5.8 3!1.0 

0!-TS-SAU 5 15 85 52.0 ss.o < 5.3 137 0 

~A= Not appl i~able 

G. 72 



TABLE G.14. Concentrations of Organotins in Tissues of 
M. nasuta After 10-Day Exposure to Sediment 
Treatments. Wet Weight 

l}lg/~g -.et weight) 

Seci1•ent Propyl T1n 8utllt1n Concentr1tions 
T reat.eent ~ I Recover;r T r i o; ~ Tohl 

OI-CK-0 l ( u 54 (U 54 
OI-CH-0 2 ( 1. B 8.9 < 1.3 8.9 

OI-CH-0 3 ( 18 " ( 1. 3 <.8 

:J; -CH-0 • ( 1.8 • 9 '" " 0!-CH-0 5 1.0 ( 3. 0 ( 1.~ NA 

00-CH-1 I I 8 5 .I ( I ' 5 l 

00-CH-1 2 18 2.9 ( 1. 3 2 9 

00-CH-1 3 ( 1.0 11.0 
( " II 0 

OO-C~-1 • < 1. 9 ( 3 0 ( l • NA 

00-CK-1 5 ( 2. D 1.6 ( 09 I 6 

OO-Cn-2 I < 1.9 .. ( I < " OO-C~-2 2 ( 1. 9 ( 30 ( I ' NA 

00-C.~-2 3 ( l. 9 7.6 ( I 4 76 

00-CH-2 • 2 I ( 2.9 ( 1.3 2 .I 

00-CH-2 5 2.0 8.2 ( I 4 lO .2 

DJ-CH-2A I 2.8 u ( I 4 7 .I 

OI-CH-2A 2 3.3 H.O ( 1.3 17.3 

OI-CH-2A 3 1.0 < 2. 9 (1.3 1.9 

OI-CH-2A • ( 2.0 8.8 ( 0 9 8.8 

OI-CH-2A 5 2.0 •• ( 1.4 ... 
OG-CH-3 ( l.B 5.3 ( 1.4 5.3 

OC-Ch-3 2 ( 1. s 5.1 ( l 4 S. I 

00-CH-3 3 ( 1. 9 " ( 1 4 4.3 
00-Cf.'-3 4 ( 1. B IS 0 ( I 4 IS 0 

OG-C~-3 s ( 1.8 3 • ( 1. 3 3 ' 
DD-CI--4 1 < 1. e ( 2. 9 (1.3 NA 

OC-CH-4 2 ( :.7 4 6 ( l 2 • 6 

00-CI--4 3 3.3 6 3 ( 1.3 9.6 

00-CH-4 • 19 10.0 ( l • !1.9 
00-CH-4 5 < I. a 3 0 (" 3. 0 

01-CH-411 l ( l. B 8 3 ( l. 4 8.3 
OI-CH-4A DUP ( 2.0 6 9 < O.Q 6 9 

OJ-CH-4A 2 ( 1. 8 .. ( 1 4 .. 
U~-CM-4A 3 ( 19 7.8 ( l • 7 ' 
UI -C""Ii-4,1, • <.3 • 2 ( l • 6.5 
Ol-CH-4A s " < 2. 9 ( l.3 2.6 

- "Data ~o._ ava·, I able 

NA = ~ot applicable 

G.75 



TABLE G .14. Concentrations of Organotins rn Tissues of Macoma nasuta After 
10-Day Exposure to Sediment Treatments, Wet We1ght (cont'd) 

~/kg wet we1ght) 

Sed1•ent Propyl Tin Butlltin Concentrations 
T reat.ent ~ ll RecoYery '" Di """' Total 

00-CH-5 ( 1 8 3.7 ( 1.3 3.7 
00-CH-5 2 ( 1 9 ( 3.0 ( 14 NA 
·'" -':}!-5 3 2 8 ( 3.0 < 1. ~ 2.6 
~0-CH-6 • 2.2 28.0 3.2 31.4 

00-CH-5 5 ( 1 8 3.5 ( 1.3 3.5 
00-CH-6 3.8 ( 3 0 1 • 3.6 
00-CH-5 2 3 ) { 2. 9 1 • 3 ) 
00-CH-8 3 ( 1 ' 14.0 1 • H.D 
00-CH-8 • 37 3.3 1.3 ) 0 
00-CH-6 5 " " ( 1.4 8.3 
OI-CH-6,1, 2 0 .., ( 1.3 6.2 
OI-CH-6,1, 2 ( 20 1.7 ( 0. 9 1.7 
DI-CH-SA 3 • 5 6.4 ( 0.9 12.9 
OI-CH-IIA • ( 2. 0 2.4 < 0. 9 2.4 
OI-CH-6A 5 ( 2. 0 15 ( 0. 9 15 
00-CH-7 { 1. 9 ( l. D ( 0 8 NA 
!10-CH-7 2 2.3 5.0 < 0.9 7.3 
00-CH-7 3 2.3 6.3 0.9 ll.li 
00-CH-7 • 5.2 77 0.9 13.8 
!10-CH-7 5 2 2 9.1 < 0.8 11.3 
00-CH-8 < 2.1 6.9 0.9 9.8 
00-CH-8 2 2.7 4.5 ( 0.9 7.2 
OD-Cfl-8 3 3 1 4.8 ( 0 8 7.7 
00-CH-8 • 2.5 8.9 < o. a 11 • 
00-CH-8 5 ( l. 9 2.3 ( 0.8 2.3 
DJ-SS-4L 30 4.0 ( 0 9 7.0 
OI-SS-4L !XJP < 2.1 3.7 ( 0. 9 3.7 
01-SS-4L 2 2 8 9 9 ( OB 12.7 
OI-SS-4L 3 { 2.0 .. < 0. 9 8 • 
o;-SS-4L ' ( l. 9 5.5 ( 0.8 5 5 
11l-SS-4L 5 ( 2.0 26.0 ( 0 9 26.0 
0:0:-TS-SAU .. ( 1 1 ( 0 8 8 • 
OI-TS-tALi DUP 6 ) 27 0. 9 9 • 
DI-TS-SAU DUP 1 .. " 0 9 8.7 
11:-TS-SAU 2 7 0 u 0. 9 11.0 

0!-TS-SAU ' 5.8 6.0 ( 0 9 ll.8 

O:i:-TS-SAU • (2.0 5.8 ( 0 9 5.8 
CI-TS-SAU 5 7.9 13.0 ( 0.8 20.9 

G.76 



TABLE G.14. 

Sed 111mt 

Trnuent !!!£ 

OI-TS-6Al 1 
~!-TS-SAL DUP 

UI-TS-SAL 2 
OI- TS-SAL 3 
01- TS-SAL ' OI-TS-SAL 5 
0!-WA-ll 
01-WA-ll OOP 1 
01-IU.-ll 2 
01-IIA-ll 3 
01-WA-ll ' 
01-WA-ll 5 
or-w .... -zu 1 
Ol-WII-2U 2 
OI-W.-2U 3 
OI-W~-2U ' OI-W~-2U 5 
OI-W~-2U OUP 5 
DI-IoiA-Zl 
OI-1Ll-2L Di.lP 

OI-WA-2L 2 
OI-W.-2L 3 
OI-Ii.A-2L ' OI-WA<ll 5 
00-J-1 l 

00-J-2 2 
00-J-l 3 
00-J-: ' 
00-J-1 5 
00-1-2 1 
00-1-2 2 
00-W-2 3 
00-J-2 ' 
JO··J-~ 5 
00-J-3 

OU-J-3 2 
00-1-3 3 
00-J-3 ' 00-1-3 5 

Concentrations of Organotins in Tissues of Macoma nasuta After 
10-Day Exposure to Sediment Treatments, Wet We1ght (cont'd) 

~/Kg wet we1ght) 

Propy I Tin Butlltin Concentrations 
l Reconry Tri Di "'"' Tohl 

< 2.1 6.6 ( 0.9 6 6 

< 1. 9 67 ( 0.8 6.7 
( 2.0 6.9 < 0.9 6.9 

2.6 2 2 ( 0.9 5.0 
( 2. 0 5.2 ( 09 5.2 

2.0 u ( D. 9 6.1 
3.6 6.6 ( 0.9 ' 1 
2.3 " ( 0.9 7.1 
2.9 6 0 ( 06 10 9 
2.7 B7 ( 0. 8 11.4 

2.6 2.2 ( 0.9 " ' 0 H.O ( 0.8 18.0 
3.5 8.9 ( 0.9 12. 4 

2.9 12.0 ( 0.9 14.9 

< 2. 0 12.0 ( 0.9 12.0 
3.5 2.0 ( 0.8 5.5 
5.3 13.0 ( 0.9 19.3 
2 5 6.0 ( 0.9 65 

2.3 9 5 ( 0.9 11 6 
< 2.0 10.0 ( 0.9 10.0 

2.3 u ( 0.9 6.6 
( 2.1 ... ( 0. 9 ... 

2.5 ll. 0 < o.a 13.5 
< 2.1 u ( 0.9 ' 1 
( 2.0 ' 6 ( 0. 9 ' 6 
( 2 1 52 ( 09 5.2 
( 2 1 12.0 ( D9 12.0 
( 2.0 93 < a . 9 9.3 
< z.o ' 5 1 • 10 9 
< 2. 0 9 1 ( D9 ' 1 
( 2.0 5.0 < 0.9 5 0 
( 20 5.9 1 0 6 9 
( 2. 0 8 0 < 0 9 6 0 
( 19 6 6 ( 0 9 6.6 
( 1 9 5.8 ( 0.9 5.8 
< ~(._ 0 6.8 ( 0 9 5.6 

2.9 8 2 1.: 12.2 
( l. 9 11.0 ( 0 • 11. D 
( 2.0 17 G :. 7 167 

G. 77 



TABLE G .14. Concentrations of Organotins 1 n Tissues of Mac om a nasuta After 
10-0ay Exposure to Sediment Treatments, Wet We1ght (cont'd) 

~/kg wet we1ght) 

Sedieent Propyl Tifl Buttlt1n Coneentratoons 
T r1111t.eent !!£ I Recovery '" Di """' Total 

CO~W-4 20 3.3 < 09 33 

00-1-4 2 2.1 3.3 < 09 3 3 

OtJ-1-4 3 2.0 3.3 < 09 33 

:)~-·-· • < 2.0 • 0 ( 0. 9 • 0 

00-1-4 OUP • (20 4.2 < 0.9 • 2 

00-1-4 5 < 1.9 0 7 0.9 0.7 

00-W-5 < 2 0 5 7 0.9 57 

00-1-6 2 ( 2.1 0 9 0 9 0.9 

00-1-5 3 < 2 .l 4 • ( 0. 9 • • 
!10-1-5 4 ( 2. 0 0 0 ( 0 9 eo 
00-1-5 5 ( 2.0 11 0 ( 0. 9 11 0 
P R ce~arse 2.0 2 3 < 0.9 2.3 

PR. coarse 2 2.0 ,. 0 1 3 15 3 
r =: coarse 3 2.0 0 1 0 9 0.1 
P R coarse • 2.2 • 0 0. 9 6.2 

PR. coarse 5 3.9 17 0 La 20.9 

P R fine 3 3 • 9 ( 0.9 0.2 

P R fine 2 ( 2 1 6.1 ( 0.9 6.1 

PR. f 1ne 3 26 • 0 ( 0. 9 " p R. fine • { 2. 0 14.0 1.5 15.5 

PR. f1ne 5 < 1. 9 3.5 ( 0.9 3.5 

i ou les B•y 1 ( 2 0 2.9 0 9 2.9 

Ton les Bay 2 ( 2.1 l 9 < 0. 9 :.9 

ioules ,,, 3 ( 2 1 28 ( 0. s 2.0 

Toules ,,, 4 2.1 B 7 14 10 1 

Toules Bay 5 { 2. 0 • 7 ( 0 9 4.7 

G.78 



TABLE G.!S. Quality Assurance Summary for Dry Weight Tissue Organotins 

Measurements of Precision: Duplicate Results 

~/kg dry -e1ght) 
Dey 

Seci1•ent Werght Propyl Tin Butlltin Concentrztrons 
Treahent "" .J!L I Recovery Tri ,, 

""" Total 

nr-c~-4A 17 " < 11 0 <9 D (8 D '" ~; -C 1-4A DUP 17 61 ( 12. 0 41 D ( 5.3 ~1.0 

!-Stat N/A c 1 N I A 

"' N/A 16 N/A 

OI-SS-<4L 16 B6 170 22.0 < 5. 0 390 
OI-SS-4l DUP 16 n ( 12.0 20.0 ( .. 20.0 

:-stat N/A D .1 N/A 
RPD N/A 10 N/A 

OI-TS-5AU 1 16 n 40.0 66 ( 5. 2 40.0 
OI-Th-5AU DUP 1 16 71 42.0 17 0 ( 5 3 59.0 

;-stat 0.0 N/A N/A 
RPO 6 N/A N/A 

DI-WA-lL 16 " 20.0 3l.O < 4.7 51.(! 
01-W.-lL OUP 16 73 13.0 27 .D < 4. 9 40.0 

l-Sht 0.2 0 N/A 
RPD 42 H N/A 

OI-II.\,-2U 16 " 20 .a 49 0 < 4.i 69.0 
OI-W.-2U DUP 5 15 65 16.0 40.0 ( 6 D 56.0 

I -Stat 0.1 0 : "' ,,, 
" 20 ,,, 

OI-ItiA-2L 16 67 14.0 60.0 ( 6 0 H.D 
OI-WA-2L OUP 15 65 ( 13.0 65.0 < 5. 5 65 0 

I-Stat N/A D D N/A 
RPD N/A ' N/A 

00-J-4 • 17 " 12.0 28. 0 < 5 2 
" 0 00-W-4 DUP • 17 74 ( 12 0 25.0 (53 25.0 

T-Sht. N/A 0 1 N/A 
RPO N/A 11 N/A 

G.79 



TABLE G.lS. Quality Assurance Summary for Dry Weight Tissue Organotins 
(Cont'd) 

Measurements of Accuracv: Standard Reference Materials 

Not ~vaolable 

Surrogate Recoveries 

l~cluded in all tables as Propy1 Ton I recovery 

Procedural Blanks 

0ug/Kg dry •eoght) 

Dey 

Sed i1ent Weoght Propyf Jon But!lton Concentratoons 

Treahent ~ .J!L I Rec<>vf!ry '" o; l.lono Tota I 

Blank 59 ( 10.0 ( 5.6 ( .. NA 

Blank ' " ( 10 0 ( 5.5 < 4.4 NA 

Blank 3 57 ( 10 0 (56 ( 4.4 NA 
Blank ' 62 < 10. 0 < 5.5 < 4.6 NA 
Blank 5 51 ( 10. 0 < 5. 6 ( ' 5 NA 
Blank 5 " ( 10.0 ( 5 5 ( 4.: NA 

BlanK 7 " < 11 0 ( 5 7 ( ' 5 kA 

G.80 



TABLE G .15. Quality Assurance Summary for Dr) Weight Tissue Organotins 
(Cont'd) 

Spikes and Recoveries 

UJQ/kg dry weight) ,,, 
Sed i11ent Ieight. Propy 1 :fin Butrltin Concentrations 
T reauent "" ...l!L I Recovery Tri Do Wono Tohl 

ar-CH-SA 17 103 12. D 25.0 ( 7.8 37.0 

UI-CH-6A SPI 17 113 "' 857 138 1835 

Allount Sp1lced '" 852 852 NA 

Percent Recovery 97 " 16 NA 

00-CH-8 18 " < 13.0 " 0 59 6LS 

00-CH-8 SPI 18 75 88< 777 223 1664 

"-ount Sp1ked '" "' "' NA 
Percent Recovery 75 62 25 NA 

00-1-l l 16 78 13.0 57 0 ( 56 57.0 
00-t-2 SPI 1 16 87 '" 796 113 1588 

Alloun·" Spiked 915 "' NA 

j 
Percent Recovery H 81 NA 

00-1-5 l 16 " 13.0 36.0 ( 5.7 36.0 
00-1-5 SPI 1 " '" "' "' 165 1801 
A.ount So i ked "' 962 962 NA 
Percent Recovery as 85 16 NA 

p R co01rse 16 87 13 0 15.0 ( 8.0 15.0 
P.R coarse SPI l5 " 856 957 "' 2072 
Mount So i ked '" '" 1!124 

Percent Recovery NA 

- " Data not ani lable. 
NA = l<lot appl icabie 

G.Sl 
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