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FOREWORD

The roots of the Massachusetts Bays Program e)dend back to 1 982, when the City of Quincy filed
suit against the Metropolitan District Commission and the Boston Water and Sewer Commission
over the chronic pollution of Boston Harbor, Quincy Bay, and adjacent waters. Outdated and
poorly maintained sewage treatment plants on Deer lsland and Nut lsland were being
overwhelmed daily by sewage from the forty{hree communities in the Metropolitan Boston area.
Untreated and partially treated sewage were spilling into Boston Harbor.

Litigation over the pollution of Boston Harbor culminated in 1985 when the United States Attorney
filed suit on behalf of the Environmental Protection Agency against the Commonwealth of
Massachusetts for violations of the Federal Clean Water Act. The settlement of this suit resulted,
in 1988, in the creation of the Massachusetts Water Resources Authority, the agency currently
overseeing a multi-billion dollar project to repair and upgrade Metropolitan Boston's sewage
treatment system. ln addition, the settlement resulted in the establishment of the Massachusetts
EnvironmentalTrust - an environmental philanthropy dedicated to improving the Commonwealth's
coastal and marine resources. $2 millon in settlement proceeds were administered by the Trust
to support projects dedicated to the restoration and protection of Boston Harbor and
Massachusetts Bay.

The Trust provided $1.6 million to establish the Massachusetts Bays Program, a collaborative
effort of public otficials, civic organizations, business leaders, and environmental groups to work
towards improved coastal water quality, The funding was used to support both a program of
public education and a scientific research program focussing on the sources, fate, transport and
effects of contaminants in the Massachusetts and Cape Cod Bays ecosystem. To maximize the
etficiency of limited research funding, the sponsored research program was developed in
coordination with research funded by the MWRA, the Uníted States Geological Survey, and the
Massachusetts lnstitute of Technology Sea Grant Program.

ln April, 1990, following a formal process of nomination, the Massachusetts Bays Program
became part of the National Estuary Program. The additional funding provided as part of this
joint program of the Environmental Protection Agency and the Commonwealth of Massachusetts
has been used to continue a coordinated program of research in the Massachusetts Bays
ecosystem, as well as supporting the development of a Comprehensive Conservation and
management plan for the coastal and marine resources of Massachusetts and Cape Cod Bays.
The study described in this report explores the relationships among chemical contamination,
toxicity and the benthic communities of sites on the coast of Massachusetts and Cape Cod Bays.

The information in this document has been subject to Massachusetts Bays Program peer and
administrative review and has been accepted for publication as a Massachusetts Bays Program
document. The contents of this document do not necessarily reflect the views and policies of
the Management Conference,

The }lassachuse+"ts Bays Progzam is sponsored by the Massachusetts Executive Office of Environmental Aífairs through the Coastal Zone ft4anagement Offrce
and the U.S. Envi¡onmental Protection Agency, Region l, John F. Kennedy Federal Building, Boston, NIA022û3.
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Executlve Summary

Study ObJectlves and Deslgn

The Massachusetts Bays Program (MBP) recently released a d¡aft Comprehensive
Conservation and Management Plan (CCMP) that serves as a blueprint for
coordinated action to restore and protect the water quality and diverse natural
resources of the Massachusetts/Cape Cod Bays ecosystem (MBP 1994). The plan
identifies a need to characterize baseline conditions of living resources and their
habitats in Massachusetts and Cape Cod Bays and to develop a better understanding
of how various anthropogenic activities may adversely affect them. The study was
conducted in an effort to develop new information that could be used in addressing
this particular need. In addition, the data are intended to help the MBP achieve one
of its overall goals of providing a scientific basis for management decisions directed
at protecting living resources and habitats of this valuable coastal system.

In this study, the Sediment Quality Triad (SQT) method was used to examine
linkages between sediment contaminant concentrations and their potential impacts on
living benthic resources of the Massachusetts/Cape Cod Bays ecosystem. This
method combines sediment contaminant analyses, sediment toxicity testing, and
measures of ambient biological conditions as a means of quantitatively assessing
pollution-induced degradation of the benthic environment. This is an integrative
approach of linking measured contaminant levels in sediments to their capacity to
cause toxic effects (as indicated by laboratory toxicity tests with field sediments) and
to actual adverse conditions in populations of resident organisms living in these same
sediments. The method was developed originally with data derived from polluted
harbors on the west coast of the United States, including Puget Sound (Iong and
Chapman 1985, Chapman 1986) and San Francisco Bay (Chapman er al. 1987, Long
and Morgan 1990). Since then, the method has been used to assess pollutant impacts
in other U.S. coastal sysæms, including the Galveston Bay estuary, Texas (Can
1993); around an oil platform in the Gulf of Mexico (Chapman et al. 1991); and in
the Tampa Bay estuary, Florida (SAIC 1992, USFWS 1992). Currently the method
is being applied in the New YorkÂ.{ew Jersey Harbor system. Results of these
studies have demonstrated the strength of using multiple indicators as a basis for
identifying areas where sediment contamination is responsible for ecosystem
degradation.

Key objectives of the study were as follows:

1. To determine whether chemical contaminants in sediments at any of the 12

Massachusetts/Cape Cod Bay stations were present at concentrations known to
cause adverse effects on marine organisms

E-1



Executlve Sum mary (contlnued)

2. To determine whether sediments and/or sediment porewaters collected at the 12
Massachusens/Cape Cod Bays stations were signifîcantly toxic to test populations
of ma¡ine organisms (amphipod Ampelísca abdíta and sea urchin Arbacia
punctulata) based on comparisons of survival and other sublethal biological
responses in negative controls

3. To examine patterns in macroinfaunal community stn¡cture among the various
siæs and identify any signs of pollutant-related stress in these assemblages

4. To examine relationships between the chemical, toxicological, and biological data
as a means of identifying sites where sediment contamination could have been
responsible for observed bioeffects (significant toxicity responses anüor altered
benthic community structure)

5. To compare differences in contaminant trends and degree of biological impacts
among the three harbor areas

Sediment samples were collected during July 1993 at 12 stations in Massachusetts
and Cape Cod Bays along the Massachusetts coastline. These stations consisted of
three suspected contaminated sites and a coresponding suspected reference site in
each of three ha¡bor systems. In order to provide as broad a baywide coverage as
possible with the 12 stations, the three ha¡bor systems were selected from a northern
area (Salem/Beverly Harbors), central area (Boston Harbor), and Cape Cod Bay
(Wellfleet Harbor). V/ithin each harbor, four stations werc established and sampled
in order to (1) provide a basis for examining differences in the measured
environmental va¡iables among stations within a particular harbor system and (2)
provide a measure of spatial variability within each harbor, so that contaminant trends
and associated biological impacts could be compared among the three different
harbor systems. Sampling zones within a harbor were selected to include both
suspected contaminated and reference areas, (Stations 4, 8, and 12), based either on
background information or on consideration of the local geography and proximity to
anthropogenic influences. Also, wherever possible, background sediment data were
used to locate sampling zones in known depositional environments.

Synoptic measurements were made of pollutant concentrations, sedimenlporewater
toxicity, and benthic community structure as a basis for examining potential linkages
between sediment contamination and adverse impacts on living benthic resources of
the Massachusetts Bay/Cape Cod Bay nearshore ecosystem.

Chemical and physical variables that were measured in sediments consisted of total
hydrocarbon content (THC), polynuclear aromatic hydrocarbons (PAHs), chlorinated
pesticides, polychlorinated biphenyls (PCBs), metals, grain size, total organic carbon
(TOC), and En. Dissolved oxygen (DO), temperature, pH, and salinity were
measured in samples of near-bottom water. Ammonia, hydrogen sulfîde (H2S), DO,

Ê-2
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Erecutlve Summary (continued)

pH; and salinity were also measured in porewater samples. Sediment toxicity was
measured using two standard methods: a solid-phase acute toxicity test with the
marine amphipod Ampelisca abdíta (ASTM 1990) and an early-life-stage toxicity test
with the sea urchin Arbacía punctulata (V/eber et al. 1988) modified for exposures to
sediment porewater samples. The sea urchin test incorporated both a sperm-cell
fertilization test and a test for abnormal embryonic development (to the echinopluteus
stage). Measures of infaunal community structure and composition (total numbers of
species, Shannon-Weaner diversity and evenness, combined species abundances,
individual species abundances) were based on the macrofaunal (> 0.5 mm) size
component and on species-level data.

Results

The study data were analyzed using several complementary approaches. Measured
concentrations of key contaminants were compared to the No-Observed-Effect Iævel
(NOEL) and Probable Effects Level (PEL) of MacDonald (1992), and to the Effects
Range-Low (ER-L) and Effects Range-Median (ER-M) values of Long and Morgan
(1990), as a means of evaluating whether these contaminants were prcsent in
sediments at concentrations reported to cause adverse effects on marine organisms.
The NOEL and ER-L values are simila¡ in range (usually within a factor of two of
one another) and provide estimates of the maximum concentration at which no effect
is observed and the lowest concentration at which adverse biological effects on some
marine organisms (presumably the most sensitive ones) are observed, respectively.
The PEL and ER-M values are also similar in range (usually within a factor of two
of one another) and indicate the concentration above which bioeffects are expected to
occur on a wider variety of benthic organisms.

Statistical correlations between selected chemicaVphysical, biological, and
toxicological va¡iables, using station means as observations, were tested. The
chemical contaminant variables included in the analysis were those variables that
exceeded corresponding bioeffect (NOEL or ER-L) values at one or more of the
stations. Contaminants without reported bioeffect values were excluded. Most of
these contaminants (e.g., berillium, selenium, thallium) were below detectable
concentrations at all stations. Conclusions were drawn for correlations between each
key biological or toxicological variable (infaunal density, infaunal species richness,
amphipod percent survival, sea urchin percent fertilization, and sea urchin percent
normal embryological development) and the various chemicaVphysical variables,
including (1) un-normalized chemicaVphysical variables, (2) sediment chemical
variables (both organic compounds and metals) normalized to silt+clay, and (3)
organic chemical variables normalized to total organic carbon (TOC) and metals
normalized to aluminum. Determination of significance was based on whether the
Type I error probabiliry for the null hypothesis of no correlation (FIo: r=0) was ( the
Dunn-Sid¿ík adjusted signifìcance level (based on an unadjusted P of 0.05).

E-5



Executlve Summary (continued)

An additional data comparison methd was used as a means of interpreting results of
the three Sediment Quality Triad components collectively. A similar approach was
introduced by Chapman (1990) and adopted by Carr (1993) in other sedimenr quality
surveys. In the present application, evidence of contaminant-induced degradation at a
station is provided by the combination of concentrations exceeding one or more
NOELÆR-L for a chemical, one or more signifîcant toxicity occurrences, and the
presence of a stressed benthic community. Low species richness (< 50 species from
combined replicates at a station) was used in this study as a somewhat subjective
indicator of a stressed benthic community; other benthic community parameters were
too va¡iable to usc for this purpose. A cut-off point of 5O species was based on
comparison of numbers of species at reference sites relative to the other sites. All
reference sites had more than 50 species.

Based on these criteria, six stations (Stations I and 3 in V/ellfleet Harbor, Stations 6
and 7 in Boston Harbor, and Stations 10 and 11 in Salem Harbor) showed strong
signs of contaminant-induced degradation of the benthic environment, i.e., a
combination of sediment contaminant loading above reported bioeffects levels (either
the "no observed effect level" INOELI of MacDonrldigg2, or the "effects range-
low" [ER-L] value of Long and Morgan 1990); significant sediment toxiciry (one or
more significant reductions in amphipod survival, sea urchin gamete fertilization, or
sea urchin embryological development); and the presence of a stressed benthic
community (indicated by low species richness). At least one contaminant (at Station
3) and up to 23 contaminants (at Station 10) were present at these stations at

unionized ammonia was present in porewater at three of these sites (Søtions 1, 10,
and 11) at concenEations that could have caused toxicity and benthic community
degradation. Station 1 in the innermost area of Wellfleet Ha¡bor also had a very high
concentration of sulfide, which could have contributed to the observed bioeffects.

Elevated concentrations of chemical contaminants (above NOEL or ER-L values) and
significant toxicity responses were observed at Station 4 in ÏVellfleet Harbor, Stations
5 and 8 in Boston Harbor, and Stations 9 and 12 in Salem/Beverly Ha¡bors, though
there was no clear indication of a stressed benthic community at these sites. Stations
I and 12 also had high concentrations of unionized ammonia in porewater, which
could have caused or contributed to the observed sediment toxicity.

Station 2 in Wellfleet Harbor contained sediments that exhibited toxiciry but d.id not
have contaminant concentrations that exceeded NOEL or ER-L values. The
combined data for this site suggested that unmeasured chemicals or conditions were
causing the observed bioeffects.

Station 1 in the innermost ponion of Wellfleet Harbor showed the strongest evidence
of a degraded benthic system. This station had the second lowest species richness
and the Strongest toxicity responses among the 12 sites. The remaining three

E-6



Executlve Summary (contlnued)

Wellfleet Harbor sites also showed stronger toxicity responses than other harbor sites.

In addition, most \ù/ellfleet Harbor stations except Station 4 (the targeted reference

site for this harbor) were inhabited by benthic communities that were relatively
species poor (defined here as < 50 species per site).

Llnklng Ecologlcal Degradatlon wlth Chemlcal Contam¡nants

Cont¿minants thad could have been responsible for the observed bioeffects at

V/ellfleet Harbor sites were dieldrin (Station l), lead (Station 1), and chlordane
(Stations 1, 3, and 4). All three of these contaminants were present at concentrations

that exceeded corresponding NOEL or ER-L values, which serve as threshold effects
levels, though none exceeded higher "probable effects level" (PEL) (MacDonald
1992) or "effects range-median" (ER-M) (Long and Morgan 1990) concentrations
known to cause adverse bioeffects on a wider variety of benthic organisms. As noted

above, concentrations of unionized ammonia and sulfide were also very high at

Station 1 and could have caused, or contributed to, the observed bioeffects at this
site.

Though the strongest bioeffects were observed in Wellfleet Harbor, the sites in this
harbor system had the lowest overall sediment contamination. The most
contaminated sites were in Boston and SalemlBeverly Harbors. The number of
contaminants that exceeded the corresponding NOEL or ER-L values ranged from 25

to 16 among the Boston Harbor sites, and from 23 to 16 among Salem/Beverly
Harbor sites, compared to only 1 to 3 among Wellfleet Harbor sites.

Stations 10 and 11 in Salem Harbor were the most and second-most contaminated
sites with respect to the overall amounts by which contaminants exceeded their
corresponding NOELÆR-L values. Concentrations of pesticides and metals were

especially high at these two sites. The third-most contaminated site was Station 5 off
Deer Island in Boston Harbor. This station had among the highest concentrations of
dieldrin and total DDT. Station 9 in Beverly Harbor was ranked as the fourth-most
contaminated site, which had the highest concenmtions of total and individual PAHs.
PAH assemblages at all stations were dominated by the 4- to 6-ringed PAHs (e.g.,

fluoranthene, pyrene, benzo(b)fluoranthene), which are primarily of pyrogenic origin.

Typically, PCBs, dieldrin, total DDT, silver, copper, and zinc werc prosent at the

highest concenüations among Boston Harbor sites. In comparison, phenanthrone,

benz(a)anthracene, benzo(a)pyrene, chrysene, dibenzo(a,h,)anthracene, fluoranthene,
pyrene, total PAHs, chlordane, total DDE, total DDD, DDT+DDD+DDE, arsenic,

chromium, lead, and mercury were usually present at the highest concentrations
among SalemÆeverly Harbor sites. All stations in Boston and Salem/Beverly
Harbors had one or more of these contaminants present at concentrations that

exceeded NOEL or ER-L values and could have caused the observed bioeffects.
These effects consisted of significant sediment (or porewater) toxicity at all sites and
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Executlve Summary (contlnued)

the presence of a species-poor benthos at Stations 6 and 7 in Boston Harbor and
Stations 10 and 11 in Salem Harbor.

Contaminants that may be causing the most ecological harm in these latter two
harbor systems are silver, chlordane, and DDT in Boston Harbor and chromium, lead,
chlordane, and DDD in Salem/Beverly Harbors. These contaminants were present at
one or more sites at concentrations that exceeded the higher PEL and/or ER-M
bioeffect values. Silver exceeded PELÆR-M values at all four sites in Boston
Harbor. In comparison, chromium exceeded PELÆR-M values at all sites in
SalemÆeverly Harbors. Remaining PELÆR-M exceedances were as follows: lead
(Station 11), chlordane (Stations 6, 10, and 1l), DDT (Station 5), and DDD (Stations
9,10, 11).

Stations targeted as reference sites within each harbor system appeared to be the least
degraded based on the combined sediment contaminant, toxicity, and benthic
community data. These sites seem reasonable to use as reference sites in any future
sediment quality monitoring in the region. However, as this study has shown, it is
very difficult to find any nearshore depositional environment in the region that is
completelv free of chemical contaminant inouts or some level of ecos)¡stem
degradation.

This study also demonstrates that factors other than chemical contaminant loading
must be considered as possible causes of the biologically adverse condition of
sediments in some of these coastal harbor systems. High organic loading and
associated increases in the ammonia and hydrogen sulfide content of sediment
porewater may be important factors contributing to the higth toxicity of Wellfleet
Harbor sediments, which appear to have experienced fa¡ less chemical contamination
than the more urbanized Boston and SalemÆeverly Harbor systems.

E-8



8 a I ç mlfr ev e rl y Ífarürr*
s 1t

Eostan l{arþor

5 6 T 0

Wellflaet Harþor

1 2 3 4

W
Ädverse chomicnl{C},
toxieologiesl{Tl, or
biolugical {8}cffsct I ûns or more conlaminantc

oxccçded higher Ë[.M or
PËL value

No appnrent chonical,
toxicolagical, or biulogicnl
çffsct

ry(ö

$ummary üf $edtment euallty Trlsd Hê$ults





1.0 lntroductlon

1.1 Background and Scope of Study

The Massachusetts Bays Program (MBP) recently released a draft Comprehensive
Conservation and Management Plan (CCMP) that serves as a blueprint for
coordinated action to restorc and protect the water quality and diverse natural
resources of the Massachusetts/Cape Cod Bays ecosystem (MBP 1994). The plan
identified a need to establish baseline conditions of the health of living resources and
their habitats in Massachusetts and Cape Cod Bays and to develop a better
understanding of how various anthrcpogenic activities may adversely affect them.
The present study was conducted in an effort to develop new information that could
be used in addressing this particular need. In addition, the data are intended to help
the MBP achieve one of its overall goals of providing a scientific basis for
management decisions directed at protecting living resor¡rces and habitats of this
valuable coastal system.

In this study, the Sediment Quality Triad (SQT) method was used to examine
linkages between sediment contaminant concentrations and their potential impacts on
living benthic resources of the Massachusetts/Cape Cod Bays ecosystem. This
method combines sediment contaminant analyses, sediment toxicity testing, and
measures of ambient biological conditions as a means of quantitatively assessing
pollution-induced degradation of the benthic environment. This is an integrative
approach of linking measured contaminant levels in sediments to their capacity to
cause toxic effects (as indicated by laboratory toxicity tests with field sediments) and
to actual adverse conditions in populations of resident organisms living in these same
sediments. The method was developed originally with data derived from polluæd
ha¡bors on the west coast of the United States, including Puget Sound (Inng and
Chapman 1985, Chapman 1986) and San Francisco Bay (Chapman et al. 1987, Long
and Morgan 1990). Since then, the method has been used to assess pollutant impacts
in other U.S. coastal sysæms, including tho Galveston Bay estuary, Texas (Carr
1993); around an oil platform in the Gulf of Mexico (Chapman et al. 1991); and in
the Tampa Bay estuary, Florida (SAIC 1992, USFWS 1992). Currently the method
is being applied in the New Yorkû.{ew Jersey Harbor system (D. Suszkowski,
Hudson River Foundation, personal communication). Results of these studies have
demonstrated the strength of using multiple indicators as a basis for identifying areas
where sediment contamination is responsible for ecosystem degradation.

Sediment samples were collected simultaneously for chemical and physical analyses,
toxicity testing, and an assessment of benthic community structure at 12 stations in
Massachusetts and Cape Cod Bays (Figure 1.1). The stations consisted of four sites
from shallow subtidal depths (0.3 to 5.1 m Mean Lower Low Water [MLLW]) in
each of three harbors: Wellfleet Harbor, Boston Harbor, and Salem/Beverly Harbors.
Stations were selected within these proæcted harbor areas to maximize the chance of
sampling in nearshore depositional environments where sediment-sorbed contaminants
would be more likely to accumulate and persist. Substrates at most stations are
represented by fine-grained sediments (< 75 percent sand), although stations in
Wellfleet Harbor exhibited higher percentages of sand.
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1.0 lntroductlon (contlnued)

From each of the 12 stations, the following samples were collected and analyzed:
three replicate grab samples of sediment fõr analysis of benthic community itructure
(replicates analyzed separately in the laboratory); one composite sedimenr sample,
pooled from multiple random grabs, for sediment and porewater toxicity testing
(composite sample divided into five replicates in thc laboratory and the replicates
tested separately in comparison to negative controls); one composite sediment sample,
pooled from multiple random gxabs, for analysis of chemical contaminants (one
composite sample analyzed in the laboratory); and other supportive measurements of
physicaVchemical properties of sediment and near-bottom water.

Chemical and physical va¡iables that werc meast¡rcd in scdimcnts consisted of total
hydrocarbon content CII{C), polynuclear aromatic hydrocarbons @AHs), chlorinated
pesticides, polychlorinated biphenyls (PCBs), metals, grain size, total organic carbon
(TOC), and Eo. Dissolved oxygen (DO), temperattue, pH, and salinity were
measured in samples of near-bottom water. Ammonia, hydrogen sulfîde (H2S), DO,
pH, and salinity were also measured in porewater samples. Sediment toxicity was
measured using two standard methods: a solid-phase acute toxicity test with the
marine amphipod Ampelísca abdíta (ASTM 1990) and an early-life-stage toxiciry resr
with the sea urchin Arbacia punctulato (Weber et al. 1988) modified for exposures to
sediment porewater samples. The sea urchin test incorporated both a sperm-cell
fertilization test and a test for abnormai embryonic development (to the echinopluteus
stage). Measures of infaunal community structure and composition (total numbers of
species, Shannon-Weaner diversity and evenness, combined species abundances,
individual species abundances) were based on the macrofaunal (> 0.5 mm) size
component and on species-level data.

1.2 Oblectlves

The overall purpose of this study was to provide a quantitative assessrnent of
potential linkages between sediment contamination and adverse impacts on living
benthic resources of the Massachusetts BaylCape Cod Bay ecosysrem, based on ihe
above multiple indicators of ecological condition in samples from the three different
harbor systems. In an effort to fulfill this overall goal, data were examined with
respect to several key objectives:

1. To determine whether contaminants in sediments at any of the 12
Massachusetts/Cape Cod Bay stations werc present at elevated concenEations
reported to cause adverse effects on marine organisms

2. To determine whether sediments and/or porewater from sediment collected at the
12 Massachusetts/Cape Cod Bays stations were significantly toxic to tesr
populations of marine organisms (amphipod Ampelisca abdita and sea urchin
Arbacia punctulata) based on comparisons of survival and other sublethal
biological responses in negative controls

3. To examine patterns in macroinfaunal community stn¡ctur€ among the various
sites and identify any signs of pollutant-related stress in these assemblages
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1.0 lntroductlon (continued)

4. To examine relationships between the chemical, toxicological, and biological data
as a means of identifying sites where sediment contamination could be
responsible for observed bioeffects (significant toxicity occurences and/or altered
benthic community structure)

5. To compare differences in contaminant trends and degree of biological impacts
among the three harbor areas

These objectives were examined by a combination of statistical tests and other data-
comparison methods. -Wherever appropriate these objectives were framed as null
hypotheses and testcd-statistically.

Two additional objectives that we hope to have accomplished through this research
a're:

1. To establish a series of triad sites that can be used in the future for monitoring
trends on how pollution-induced impacts in the bays are changing with time

2. To provide data of potential use in ongoing efforts (by EPA and various states)
to develop sediment quality criteria for the protection of living benthic resources

1.3 The Study Area

Massachusetts and Cape Cod Bays form an interconnected estuarine-inner shelf
system off the Massachusetts coast between Cape Ann and Cape Cod (Figure 1.1).
Massachusetts Bay is bounded on the north by Cape Ann, on the wost by the
Massachusetts coast, on the south by Cape Cod Bay, and on the east by Stellwagen
Bank, a topographic high defined by the 50-m depth contour. Cape Cod Bay is a
shallower semi-enclosed embayment bounded largely by the Massachusetts coast
south of Duxbury and the Cape Cod peninsula. There arc no prominent submarine
barriers between Cape Cod and Massachusetts Bay. Surface water circulation within
both bays is dominated by a counter-clockwise flow that enters Massachusetts Bay
from the Gulf of Maine through North Passage off Cape Ann, continues south and
east into Cape Cod Bay, and exits back into the Gulf of Maine through South
Passage off Provincetown (Bigelow 1927, Bumpus L974, Geyer et aI. 1992).

Pollutant distributions within the two interconnected bays a¡e believed to be
influenced by this circulation pattern in combination with contaminant inputs from
urban centers such as Boston (Shea et al. 1991). MacDonald (1991) described an
overall gradient of decreasing sediment contamination extending from Boston Harbor
into Massachusetts Bay. Townsend et al. (1991) described a similar enrichment
gradient with respect to nutrients. Sources of contamination in Boston Ha¡bor have
included sewage and industrial effluents, sewage sludge (although no longer
discharged since 1991), combined sewer overflows, and storm drains. Such inputs
have resulted in high sediment concentrations of metals, pesticides, PCBs, and PAHs
(MacDonald 1991, Cahill and Imbalzano 1991). These same contaminants have been
found at high concentrations in the SalemÆeverly ha¡bor system as well (MacDonald
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1.0 lntroductlon (contlnued)

1991, Camp, Dresser, & McKee, Inc. 1991). Shea et al. (1991) reported generally
low contaminant levels and overall high sediment quality for the majority of
Massachusetts and Cape Cod Bays, with the exception of Boston Harbor,
SalemÆeverly Harbors, and the Massachusetts Bay Disposal Site located further
offshore in Stellwagen Basin.

Glaciation and sea-level fluctuations have created an irregular seafloor topography

across much of the region which, in combination with oceanographic processes, has

resulted in an extremely patchy distribution of modern sedimentary environments,

consisting of siæs of eiosion and nondeposition, sediment reworking, and deposition
(Knebel igq¡). The estuarine parts of the system serve as effective traps for finer-
grained materials because of their protected nature (Knebel 1993). However, diverse

Jediment types can occur within these a¡eas. For example, inside Boston Ha¡bor
depositional environments (containing finely grained muddy sands and muds) are

foùnd over extensive subtidal flats and within sheltered depressions, however sites of
erosion and sediment reworking occur as well (Knebel 1993). Sediments along the

majority of the Cape Cod Bay coastline consist of high percentages of sand (Young
and Rhoads 1971, Schlee et al. 1973).

The biological resources of Massachusetts and Cape Cod Bays are rich and abundant.

Gilbert et al. (1976) found high infaunal densities, species diversity, and species

richness in several parts of the bay system. The region supports a variety of
commercially and recreationally important species of fishes and invertebrates. Six
species of endangered cetaceans and five species of endangered or thrcatened sea

turtles also inhabit these bays @PA t993).
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2.0 Methods

Summary descriptions of methods used in various field and laboratory components of
the study are provided in this section. References to unpublished Standard Operating
Procedures (SOPs) used by participating laboratories are made for several of the
methds (in addition to published standard methods wherever appropriare). These
SOPs, which provide further details of the specific procedures, are not included in the
present report but are listed with full titles in Appendix A.

2.1 Slte Selectlon

Twelve stations were established in Massachusetts and Cape Cod Bays (Figure l.l).
These stations consisted of three suspected contaminated siæs and a corresponding
suspected reference site in each of threæ harbor systems. In order to provide as broad
a baywide coverage as possible with the 12 stations, the three harbor systems were
selected from a northern area (Salem/Beverly Harbors), central area (Boston Harbor),
and Cape Cod Bay (Wellfleet Harbor). Within each harbor, four stations were
established and sampled in order to (1) provide a basis for examining differences in
the measured environmental variables among stations within a particular harbor
system and (2) provide a measure of spatial variability within each harbor, so that
contaminant trends and associated biological impacts could be compared among the
three different harbor systems.

Locations of stations within each of the three harbor systems are illustrated in Figures
2.1 through 2.3. All stations but one (Station 12 in the SalemÆeverly Harbor area,
see below) were selected based on the follorving or comparable procedure. Each
harbor was divided into a series of subtidal sampling zones demarcated on digitized
maps and each zone then further subdivided with a grid. Sampling zones within a
harbor were selected to include both suspected contaminated and reference areas,
(Stations 4, 8, and 12), based either on background information or on consideration
of the local geography and proximity to anthropogenic influences. Also, wherever
possible, background sediment data were used to locate sampling zones in known
depositional environments.

All grid cells within a zone were numbered and one cell from each zone was selected
as a station using a random number table. Thus, within a zone, stations were
selected randomly. Target coordinates for each station were determined as the center
of each randomly selected g¡id cell. If unsuitable substrates (e.g., sites in the middle
of a navigation channel or with excessive Írmounts of cobble, gravel, and shell hash)
were encountered in the field at the target coordinates for a particular station, then an
alternate site was sought first by moving the vessel to slightly different positions
within the same grid cell, or next by moving to another randomly selected cell.
Choices were targeted to a depth range of about I to 10 m MLLV/ so that sampling
would occur consistently within the nearshore subtidal depth zone. Also, wherever
possible, substrates consisting of less than about 75 percent sand were sampled.
Station 12, which was intended to serve as a reference site for Salem/Beverly Harbor,
was established at the location shown in Figure 2.3 because this was the only site in
the vicinity of Salem and Beverly Harbors where nautical charts indicated the
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2.0 Methods (contlnued)

presence of a mud bottom and where high sediment contamination had not been
documented in other independent studies.

Coordinates (latitude and longitude) and depths of the final station locations are
provided in Table 2-1. A brief description of the three harbor sampling areas is
given below.

Wellfleet Harbor -- Wellfleet Harbor sampling locations (Figure 2.1) consisted of
Station I in the inner harbor area, Stations 2 and 3 in the middle harbor area, and
St¿tion 4 in thc outar part of thc harbo¡. AJI fou of these sþtions have high
percentages of sand ranging from 84 to 97 percent. The outermost Station 4 was
intended to serve as a reference area relative to the other stations, which a¡e located
closer to municipal and recreational activities in the inner ha¡bor area. There are no
major industrial or urban centers in the area comparable to those influencing Boston
Harbor and SalemÆeverly Ha¡bors. Consistent with this point, the authors are not
aware of any prior reports of high contaminant loading in this harbor system.
Wellfleet Harbor also is a study area for the "Mini-Bays" program.

Boston Harbor -- Boston Harbor sampling locations (Figure 2.2) consisted of Station
5 off Deer Island, in a depositional environment between the mouth of Winthrop Bay
and President Roads; Station 6 in southwest Dorchester Bay, in a depositional
environment between Roxbury, Squantum, and Thompson Island; Station 7 in Quincy
Bay, in a depositional environment between Squantum and Nut Island; and Station 8
in Hull Bay, in a depositional environment betwcen Bumkin Island and Hog Island.
The presence of depositional environments in these particular areas is indicated in
Knebel et al. (1990, Fig. 9) and in Rendigs and Oldale (1990, Map MF-2124). Kelly
and Kropp (1992, Table 7) also reported high percentages of silt and clay at their
stations R7 (southwest Deer Island), T4 (southwest Dorchesær Bay), T7 (Quincy
Buy), and T8 (Hull Bay).

Among 23 National Status and Trends (NS&Ð Program sites in New England, sites
off southwest Deer Island, in Dorchester Bay, and in Quincy Bay were ranked as the
first, second, and fourth-most contaminated, respectively, with respect to overall
sediment contamination from a variety of metals, DDT, PCBs, and PAHs
(MacDonald 1991). Cahill and Imbalzano (1991) evaluated a number of other
historical records of organic and metal contamination in Boston Ha¡bor sediments in
addition to the NS&T database and found concentrations in excess of upper-limit
sediment quality criteria (concentrations above which effects are usually seen for
most benthic species) in several areas of the harbor including Deer Island and
Dorchester Bay. For example, these investigators reported concentrations of copper
in Dorchester Bay in excess of 390 ppm (the Apparent Effects Threshold value); of
benzo[a]pyrene off Deer Island in excess of 1,063 pg/g-OC (EPA interim sediment
criteria value based on the Equilibrium Partitioning approach); and of phenanthrene
in excess of 102 pg/g-OC (EPA interim criteria value) for Deer Island and Dorchester
Bay.
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Table 2-1 Statlon depths and.coordlnates.

Station Location Depth (meters at
mean low)

LAT LONG

1

2

Inner V/ellfleet }Ia¡bor 0.30 41 55'47" N 070 01'43" W

Mid Wellfleet Harbor 0.49 41 55'29" N 070 02'07" w

3 Mid Wellfleet Fla¡bor 2.3 41 54'42" N 070 02'23" W

4 Outer Wellfleet Flarbor 2.8 41 54'10" N 070 02'51" w

5 Deer Island 4.7 4220',40" N 070 58'44" W

6 Dorchester Bay 2.8 42 18'33'N 070 0l'36" w
7 Quincy Bay 3.1 42 16',49" N 070 59'16" W

I Hull Bay 2.4 42 t7',2t" N 070 53'47" W

9 Beverly llarbor 3.3 42 32',16" N 074 52',29" W

10 Outer Salem Harbor 5.1 42 31'30" N 070 52'01" W

1l Inner Salem Harbor 3.6 42 30'46" N 070 52',23" W

12 Dolliber Point 4.3 42 31',14" N 070 5l'00" v/
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2.0 Methods (contlnued)

Station 8 in Hull Bay was intended to serve as a reference site for Boston Harbor.
MacDonald (1991) reportßd that the lowest levels of sediment contamination in
Boston Harbor generally a¡e found in the southeastem part of the harbor in addition
to the mouth of the ha¡bor. Kelly and Kropp (1992) found highest species richness
out of eight stations in Boston Ha¡bor at their station T8 off Bumkin Island in Hull
Bay.

Salem/Beverly Harborr¡ -- SalemÆeverly Harbor sampling locations (Figure 2.3)
consisted of Station 9 in Beverly Harbor, Station 10 in outer Salem Harbor, Station
11 in inner Salem Ha¡bor, and Station 12 located within a protected coastal
indentation near Dolliber Point off Ma¡blehead. Station 12, removed from the
immediate industrial and municipal influences inside the harbors, was intended to
serve as a reference area for the other three stations. These stations appeared to be in
depositional environments containing sediments with relatively high percentages of
silt and clay, though the reference site had a higher percentage of sand than the other
siæs inside the harbors.

Similar to Boston Harbor, there is a historical record of sediment contamination in
Salem and Beverly Harbors. Among the 23 NS&T Program sites in New England, a

site in Salem Harbor was ranked as the third-most cont¿ìminated site overall with
respect to nine metals, DDT, PCBs, and PAHs. The Salem Harbor site was ranked as

the most or second-most contÍrminated site with respect to Cd, Cr, Pb, Zn, and DDT.
Camp, Dresser, & McKee, Inc. (1991) also reported high levels of As, Cr, and PAHs
in sediments from Salem Harbor in excess of Massachusetts Class trI sediment
concentrations for dredging and disposal operations.

2.2 Fleld Sampllng

At each of the 12 stations, three replicate grabs for infaunal analyses were collected
with a 0.1-m2 modified van-Veen grab sampler. After subsampling for Eo, contents
of the grabs were live-sieved in the field with a 0.5-mm mesh screen. Material
retained on the screen was placed in polyethylene jars with 10 percent buffered
formalin and transferred to the laboratory at Ruff Systematics, Inc. (Solana Beach,
California) for subsequent infaunal analysis.

Prior to sieving, Eo was measured in each of the three undisturbed grabs at 2-cm
intervals from the surface to the bottom of the grabs to identify the depth of the
redox potential discontinuity (RPD) using an Orion 96788N redox probe. In
addition, pH, DO, temperature, and salinity were measured at each station in samples
of near-bottom water collected with a Go-FlorM bottle. These water quality
parameters were measured with a Horiba (Model U10) probe system. Water depth
was recorded with the vessel's fathometer.

At each of the 12 stations the grab sampler was used to collect approximately 6 L of
surficial sediment (upper 2 cm) for chemical analyses and the two toxicity tests.
These samples were collected after the infaunal samples were collected to minimize
disturbance of the seafloor prior to sampling the infauna. As these samples were
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2.0 Methods (contlnued)

collected, surface water was decanted and the upper 2 cm of sediment removed from
the grabs. Once approximately 6 L of surficial sediment were obtained, the sediment
was cornbined in a large bowl and homogenized by stfuring until no color or textural
differences could be visually detected. Two liters of the homogenized sediment were
placed in polyethylene jars with lids, stored on ice, and transferred to T.R. Wilbury
Laboratories, Inc. (Marblehead, Massachusetts) to be used in the solid-phase sediment
toxicity test with Ampelisca abdita. A minimum of 1 L of sediment from each site
was saved as backup material until all testing was completed.

Three liters of the homogenizsd sediment from each site was placed in polyethylene
jars with lids, stored on ice, and shipped to Corpus Christi State University to be
used in the porewater toxicity tests with sea urchins. The extraction of porewater
from these sediments was performed using a pressurized squeeze extraction device
(Corpus Christi SOP No. F10.9). Salinity, DO, pH, sulfide, and ammonia (total
ammonia nitrogen and unionized ammonia nitrogen) were measured in each of the
sediment porewater samples.

The remaining 1 L of homogenized sediment from each site was used for analysis of
TOC, grain size, hydrocarbons, trace metals, chlorinated hydrocarbon pesticides, and
PCBs. Approximately 100 mL of sediment were aliquoted separately for grain size
and TOC analysis. These sediment sampies were placed in piastic Ziplock bags and
transported on dry ice to subcontract laboratories for analysis. In addition,400 mL of
the homogenized sediment were aliquoted separately for organic compounds and
metals analyses. These samples were placed in pre-cleaned 500-mL glass jars,
shipped on dry ice to Arthur D. Little, and kept frozen (-20"C) in the laboratory for
analysts.

In addition to field sediment samples, quality conrol deck samples (i.e., field blanks
and equipment blanks) were collected and held for possible analysis in the event that
any anomalies were noted in field-sample data. One field blank was collected at
each station and one equipment blank was collected for each day of field operation.
The field blank served as a measure of any potential atmospheric contamination
during the sediment aliquoting procedure and of any potential contamination
associated with the glassware. A pre-cleaned 500-mL glass jar was carried into the
field, opened during the aliquoting process when the sample jar was open, and
returned to the laboratory with the field samples. This blank was stored with the
fîeld samples at -2OC. The equipment blank served as a measure of any potential
contamination that may have been associated with the grab sampler. After the
sediment samples were collected, the grab was decontaminated by a series of
acetone/methylene chloride/acetone/deionized water rinses. The grab was then rinsed
a final time with high-purity deionized water and the rinsaæ collected directly into a
pre-cleaned 2-L glass bottle. The rinsate was stored refrigerated at 4oC (held in
coolers with blue ice on boa¡d the vessel and during transport to the lab) and then
extracted with methylene chloride within approximately 14 days.

Sampling was conducted from a25-ft Privateer (owned and operated by TG&B
Marine Services of Falmouth, Massachusetts) equipped with a davit and motorized
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2.0 Methods (contlnued)

capslan for operating the grab sampler. VesseVstation positioning was accomplished
using a combination of the vessel's Loran and a Magellan Nav Plus 100O satellite
receiver (GPS). Sampling was conducted during three separate cruise legs: Wellfleet
Harbor was sampled July 2-3, 1993; Salem/Beverly Harbors were sampled July 8-9,
1993; Boston Harbor was sampled July 12-13, 1993.

Test populations of the amphipod Ampelísca abdíta used in the sediment toxicity
tests were purchased from a commercial supplier @ast Coast Amphipod, Kingston,
Rhode Island) in Fishing Cove, Wickford, Rhode Island. Additional surficial
sediment also was obtained from the site where amphipods were collected as a
negative control for comparison against field sediments. These sediments were
processed and transferred to the laboratory following the s¿ìme procedu¡es described
above for the field sediments. Gametes for the sea urchin tests were obtained from
adult Arbacia punctulata collected from jetties in Port Aransas, Texas. Control
porewater (i.e., negative controls for the sea urchin tests) were obtained from
sediments collected at a nearby reference site in Red Fish Bay, Texas

2.3 Chemlcal and Physlcal Gharacterlzatlons

Chemical contaminants that were measured in sediment samples consisted of total
hydrocarbons, PAHs, chlorinated pesticides, PCBs, and metals (see Tables 2-2,2-3
and 2-4). These lists include all of the analytes typically measured on EPA EMAP
and NOAA NS&T programs (including the concurrent NOAA survey of sediment
contamination and toxicity in Boston Harbor). Other supporting chemical and
physical properties in various matrices were measured as well. At each site,
sediment grain size and TOC were measured from composited subsamples of the
three replicate infaunal grab samples. Q was measured prior to sieving in each of
the three undisturbed infaunal grabs at 2-cm intervals from the surface to a depth of
10 cm. Salinity, temperature, DO, and pH were also measured in samples of near-
bottom water at each station. In addition, salinity, temperature, DO, pH, sulfide, and
ammonia were measured in porewater samples at each station. Brief descriptions of
the procedures used to analyze these various parameters are provided below.

2.3.1 Organlc compound analyses. The frozen sediment samples were thawed
and homogenized. A 30-g subsample was taken for organic chemical compound
analysis and a 5-g subsample was taken for moisture content analysis (to provide
information for reporting analyte concentrations on a per-dry-weight-sediment basis).
Remaining portions of the samples were a¡chived. An overall summary of laboratory
methds for the extraction and analysis of organics is provided in Table 2-5.

PAHs, PCBs, and chlorinated pesticides were co-extracted from sediments
simultaneously (Anhur D. Little SOP No. ADL-2819). The sediment to be extracted
was placed in a clean glass or Teflono container, mixed with sodium sulfate, and
spiked with the appropriate amount of surrogate compounds. For PCBs and
pesticides, 0.2 pg each of 4,4'-dibromooctafluorobiphenyl (DBOFB) and PCB
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Table 2-2 Llst of measured PAH and alkyl PAH target compounds.

Compound
Surrogate
Reference Compound

Sunogate
Reference

Naphthalene (0N
Cl-Naphthalenes 6lnj
l-Methylnaphn¿öá i- c 1 ¡y'
2-Methylnaphthalene ù -C j il
C2-Naphthalenes C â 

^J2,GDimettrylnaphthalene ;r, [ -Cad
C3-Naphthalenes C3,{
C4-Naphthalenesa ¿lJñ
Acenaphthylene fiç€ y
Acenaphthene ACÉ

Fluoranfl¡ene É'uAnlf FtVPyrene ey ?-
Cl-FluoranthenesÞyrenes a tf I?
C2-Fluoranthenes/Pyrenes 

C A ç I ?
C3-Fluoranthenes,/Pyrenes ("\y' I p

Chrysene COC
C,-Chrysenes ¿1¿
Cr-Chrysenes 6¿¿
Cr-Chrysenes ¿ 3C
C1-Chrysene,s 

C¿l C

Benzola]anthracene $Ah
Benzolb]fluoran úene ß ßl
Benzolk]fl uora nthene fj (. €

n,^ÕÞenzOlajpyfene f) n r
Benzolelpyrene 6ú?
Perylene 

AE" &

IndenoflP,3-cdlpyrene I Nù ?

Dibenzola,h]anthracene ¡ p ú

Benzo[g,hj]perylene ßGP

Biphenyl ß rp

Fluorene CAF
C,-Fluorenes ¿f F
Cr-Fluorenes 6 ¿ f
Cr-Fluorenes ¿ip
Dibenzothiophene L(00
C,-Dibenzothiophenes ¿ J þ
Cr-Dibenzottriophenes ¿ a D
Cr-Dibenzothiophenes ¿3 $

Phenanthrene L07
l-Methylphenanthrene I -C!?
Anthracene a@ A
C,-PhenanthreneVAnthracen es ¿\?l ft
Cr-PhenanthreneVAnthracenes C-l Pi ft
Cr-PhenanthreneVAnthracen es C 3? I ft
Co-Phenanthrenes/Anthracen es C4P I h

Surrogate Compounds
e.mptnn"¡, Urto+çá
Phenanthrene-d,i- o wr¡l
Benzo(a)pyrene-d12 D ra g A Í)
Naphthalene-d* 

Dg /,J

Internal Standards
Fluorene-d,o DtClç
Chrysene{,, ¡ raC

1

)
2
)
2

3

3

3

3

3

3

3

5

3

3

3

3

3

3

3

3

I
I
I
I
I
I
I
I
I
I

I
I
I

I

2
2
2
2

2
2
2
,)

2
2
J

l,A
2,A
3,8

A

A
B
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Table 2-3 Llst of measured PCB congeners and pestlcldes

PCB No. Compound Name

8

l8
28
M
52
6
77
87
l0l
105

ll8
t26
r28
138

153

154
t70
180

187

195

2N
206
209
Toøl PCBs

2l'-dichloro biphenyl @Þ)
2,2',S-trichloro BP
2,4,4'-trichloro BP
2,2',3,5' -tetæhloro BP
2,2',5,5' -tetæhloro BP
2,3',4,4' -teûæ,hloro BP
3,3',4,4' -leúæhloro BP
2,2' ,3 ,4,5' -çnntachloro
2,2',4,5,5' -pentachloro
2,3,3',4,4' -pentach loro
2,3',4,4',5 -pentachloro
3,3',4,4',5 -Wntachloro
2,2',3,3',4,4' -hexachloro BP
2,2',3,4,4',5' -hexachloro BP
2,2',4,4',5,5' -hexachloro BP
2,2',4,4',5,6' -hexachloro BP
2,2',3,3' A A',5-heptachloro BP
2,2',3,4 A',5,5'-heptachloro BP
2,2',3,4',5,5',6-heptachloro BP
2,2',3,3' A A',5,6octachluo BP
2,2' 3,3',4,5',6,6' -octachloro
2,2',3,3' 4,4',5,5-',6-nonachloro BP
decachloro BP
Sum of all PCBs

Pesticides
hexachlorobenzene
gamma-BHC (Lindane)
heptachlor
aldrin
hepøchlor epoxide
cis+hlordane
trans-nonachlor
dield¡in
mi¡ex
2A'.DDE
4,4'-DDE
2,4'-DDD
4,4'-DDD
2,4'-DDT
4A'-DDT
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Table 2-4

"EPA (i986)
hpa (rçsr)
cReported in Vo dry weight
GFAA = Graphite Furnace Atomic Absorpúon Specrophotomefy
ICAP = inductively Coupled Plasma Atomic Absorption Specuophotomery
CVAA = Cold Vapor Atomic Absorption Spectrophotometry

Summary of trace and ma¡or meta¡s analyzed from sedlment samples and
corresponding methods. (All concentrations reporled on a dry we¡ght basis in pg/g,
u nless des¡g nated othenñr¡se.)

Element Technique EPA SW.846
Sample Preparatlon

Methodr

EPA SW-846
lns'trument

Methodr

EPA.CLP
lnstrument

Methodb

Ag GFAA 3050 NA 272.2

As

Se

GFAA

GFAA

3050

3050

7060

7740

206.2

270.2

Pb GFAA 3050 7421 239.2

TI GFAA 3050 7Ur 279.2

Al" ICAP 3050 6010 zm.7

Be ICAP 3050 6010 2W.7

cd ICAP/GFAA 3050 6010/7131 200.7/213.2

tll^D 3050 <rìr fì .tn 1

Cu ICAP 3050 6010 240.7

Ni ICAP 3050 6010 2N.7

Sb ICAP/GFAA 3050 ûrcnMr 20.712U.2

Sn ICAP/GFAA 3050 601O/NA 200.7NA

V ICAP 3050 6010 200.7

Zn ICAP 3050 6010 200.7

Fe" ICAP 30s0 6010 2cn..7

Mn ICAP 3050 6010 200.7

Hg CVAA 747I 74',rr 245.5
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Table 2-5 Summary of laboratory methods for the analysls of organlc compounds ln sedlment samples. (All
concentratlons were reported on a dry welght basls ln ng/g.)

Refer to Tables 2-2 and 2-3 for lists of individual target PAHs and PCBs/Pesticides, respecriveþ.

to
(¿¡

lnternal
Standards

Fluorene{,0
Chrysened'

Tetrachløo-m-xylene
(rc[D()

Surrogate
Compounds

Acenaphthene-d,o

Phenanthrcnedr.
Benzo(aþyreneJ,,
Napthalened.

4;4'libromoocta-
flurobiphenyl (DBOFB)
PCB ccngeners

81,103,198

lnstrumental
llethod and
Referenca

GC/lfS, Selecæd Ion
Monioring Mode
(soP ADL-2827)

Single-column gas

chromatography-
electrur capturc
deæctiqr (CC-ECD)

Fractlonatlon
llethod and

Relerence

High Performance

Liquid Chrunaøgraphy
(soP ADL-2821)

Same

Cleanup
llethod and
Reference

Alumina-preparative

chromaography column
(soP ADL-2821)

Same

Extractlon
Methods and

Refe¡enca

Sequential solvent
extractiqr with
sanication; followed þ
drying over NO,SOI
and cancentruion by
Kudema-Danish
evaporatian
(soP ADL-2819)

Same

Analyte
Group

PAHs'

PCBs, Chlorinated
Pesticides'



2.0 Methods (contlnued)

congeners 81, 103, and 198 were spiked as surrogates. For PAHs, 0.4 pg each of
naphthalene-dr, acenaphthene-d16, phenanthrene-d1s, and benzo(a)pyrene-dr2 were
spiked ¿ili srurogates.

Each sample was shaken vigorously for approximately 30 sec. and then subjected to
sequential solvent extraction with sonication to promote solvenVmanix contact and
phase partitioning. Resultant extracts were combined for each sample following
centrifugation. Each extract was then dried over NarSOo, concentrated by Kuderna-
Danish evaporation to less than 10 mL, transferred to a 25-wtL vial, and further
conccntrated by nitrogen evaporation to approximately 1 mL. The total extract
weight of each sample was determined at this step and recorded as the Total
Exractable Content (TEC).

Next, each extract was loaded onto an alumina preparative chromatography column
for cleanup (Arthur D. Little SOP No. ADL-2821). This cleanup procedure is
applicable to all of the targeted organic analyte classes. Following the alumina
column cleanup, a second extract weight was taken and reported as Total
Hydrocarbons (THC). THC is the total extractable content minus polar-organic
compounds and provides a measure of total saturated and aromatic hydrocarbon
fractions reflecting hydrocarbons of combined petrogenic, pyrogenic, and diagenic
origins. Though THC is not a direct indicator of specific hydrocarbon sources, it is
still a useful measurc to consider because of its wide use in past studies as an
indicator of overall hydrocarbon inputs from combined sources.

After the cleanup step, the extracts were fractionated using high perfonnance liquid
chromatography (HPLC) as described in Arthur D. Little SOP ADL-2821. This
fractionation method produces one fraction that contains PAHs, PCBs, and pesticides.
The resulting fractionated extracts were concentrated to approximately 1 mL and
spiked with an appropriate amount of recovery standards. The recovery standard
used for PCB/pesticide quantification was tetrachloro-m-xylene (TCMX), which was
spiked into the extracts at approximately 0.1 ¡rg. The PAH recovery standards,
fluorene-d,o and chrysene-d12, were spiked at approximately 0.2 pg.

Gas chromatography/mass spectrometry (GC/N4S) with selected ion monitoring
(Arthur D. Little SOP No. ADL-2827) was used to analyze an aliquot of the extract
fraction for each of the target PAHs listed in Table 2-2. An initial calibration was
performed using standards at concentrations of approximately 25,75,250, 1,250, and
5,C)00 nglml. Results of instrument calibrations and all other quality
assurance/quality conrol (QA/QC) analyses were evaluated with respect to the data
quality objectives summarized in Table 2-6. Mean relative response factors for
individual target analytes were used to quantify analytes in sample extracts.
However, concentrations of target analytes were not adjusted for surrogate recoveries.
This reporting convention constitutes a deviation from the above ADL SOP but is the
reporting convention requested by EPA/lvlBP.

Concenrations were reported for THC, total PAHs, and each of the individual PAH
analytes (parent compounds and alkylated homologues) listed in Table 2-2.
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Table 2-6 Data qual¡ty objectives and criteria for sedlment chemlstry measurements.

QC Sample or
Parameter

Frequency Data Quality Objective/
Acceptance Criteria

Polvnuclear Aromatic Hydrocarbons

Initial Calibration Prior 1o every batch
sequence

Continuing Calibration Every l0 field
(Using mid-level samples or 16 hours,
calibration standard) whichever is more

frequent

Sediment SRM l94l One per baæh

Procedu¡al Blank One per batch

S-point cr¡rve. RRÉ 3 307o RSD'

¡ RRFd < 307o

Values must be within X30Vo of true value on
average for all analyæs; not to exceed t 357a of true
value for individual analytes.

No more than 2 analyæs to exceed 5x target MDL
unless analyte not detect€d in associated sample(s)
or analyte concentration > lOx blank value.

RPD" < 3Mo for 70lo of all analytes

%oR = 6O-l25Vo

%oR = 6O-1257o

l-5 nglg (dry weight)

5-point curve. Standard curve correlation coefficient
(r) > 0.9950 for all analyæs

a RRFd < 2570

Values must be within t307o of true value on
average for all analytes; not to exceed + 35Vo of. vte
value for individual analytes.

No more than 2 analytes to exceed 5x target MDL
unless analyæ not detected in associated sample(s)
or analyte concenEation > 10x blank value.

RPDo < 3O4o for 70Vo oÍ all analytes

%oR = 6O-1257o

VoR = 6O-l25Vo

Polvchlorinated Biphenyls and Pesticides

Initial Calibration kior to every baûch

sequence

Continuing Calib'ration Every l0 field
(Using mid-level samples or 16 hours,
calibration standard) whichever is more

frequent

Sediment SRM l94l One per barch

Procedural Blank One per baæh

Duplicaûe Sample

Matrix Spike

Surrogate (Intemal)
Standa¡ds

Target MDLsr

Duplicate Sample

Matrix Spike

Surrogate (Internal)
Standards

Target MDLs"

One per baæh

One per batch

Every Sample

One per barch

One per batch

Every sample

Sediment 0.2 ngle (dry weight)
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Table 2-6. Data quallty ob¡ectlves and cr¡teria for sediment chem¡stry measurements.
(Continued)

QC Sample or
Parameter

Frequency Data Quality Objective/
Acceptance Criteria

Metals

Initial Calibration

Continuing Calibration

Procedural Blank

Matrix Spike

Sample Replicaæ
Analysis

ê^):-^-+ eDtl 1¿r<

hior ¡o every batch
of samples

Every l0 samples

One per batch

One per batch

One triplicate
analysis per batch

One per baæh

5-point curve to assess linearity. RSD" for initial
and subsequent calibrations mr¡st agree to within
ZVo.

See initial calibration

Not to exceed 3x MDL unless analyte not detected
in associated sample(s) or analyæ concentation >
lOx blank value.

Method of additions used to assess signal
suppres siory'enha¡rcement

RSDG < 257o

Target MDLsr

rt_t--__ ---__^v alu€s rllusl o€ w¡uull Í)v-|o ol lrug VAfUe On

average for all analyûes; not -ro exceed t357o of trr¡e
value for individual analyæs.

Concentrations itt pp- (pg/g ¿ry weight) by
elemenu Al (8 ppm); Fe (2.5 ppm); Mn (1.0 ppm);
A5 (0.3 ppn); Cd (0.03 ppm by GFAA or 0.3 ppm
by ICAP); cR (0.5 ppm); Cu (0.5 ppm); Pb (0.3
ppm); Hg (0.02 ppm); Ni (1.0 ppm); Se (0.3 ppm);
Ag (0.02 ppm); Sn (0.8 ppm by GFAA or 8 ppm by
ICAP); Zn (2.0 ppm); Sb (0.5 ppm by CFAA or 5.0
ppm by ICAP); Tl (0.5 ppm); Be (0.05 ppm); V (0.5

Ppm).

"Method Detection Limits
bRel"tive Response Factor (RRF) = response of a given target analyte relative to the response of its associated inæmal
standard.

"Relative Søndard Deviation (RSD) = SMean x l\07o
dCh"nge in RRF (^RRÐ = I(RRF of continuing calibration check - avg. RRF from initial calib,ration) + avg. RRF
from initial calibrationl x 100.

"Relative Percent Difference (RPD) = [Concentration I - Concentration 2] + Mean Concentration* x lO0.
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2.0 Methods (contlnued)

Dual-column gas chromatography-electron capturc detection (GC-ECD) (Arthur D.
Little SOP No. ADL-2818) was used to analyze an aliquot of each extract for the
PCB congeners and chlorinated pesticides listed in Table 2-3. An RTX-5 column
was used as the primary GC column for quantification; a DB-17 column was used as

a secondary column to confirm the identification of analytes. An initial calibration
was performed with standa¡ds at concentrations of 5, 10, 50, 100, 20O, and 400
nglrnL. As with PAHs, results of instrument calibrations and all other QA/QC
analyses were evaluated with respect to the data quality objectives summarized in
Table 2-6. Concentrations of target analytes were not adjusted for surrogate
recoveries.

2.3.2 Metals analyses. A sediment sample from each of the 12 stations was
analyzed for the metals listed in Table 2-4. Initially, each sediment sample was
thawed and carefully homogenized with a Teflono or plastic mixing rod. One aliquot
was removed for Hg analysis; another aliquot was removed for the analysis of
remaining metals. An additional aliquot was removed for determination of moisture
content to provide information for reporting metal concenmtions on a per-dry-
weight-sediment basis.

Sample preparation and analysis was based on standard procedures provided in EPA
SW-846 (EPA 1986) and the EPA-Contract Laboratory Program (CLP) Statement of
Work (EPA 1991) (see Table 2-4). Sample preparation followed Method 7471 (F,PA
1986) for Hg and Method 3050 (EPA 1986) for all remaining metals. Both sample
preparation methods basically consist of preparing an exEact of the sediment by
digesting the sample with concentrated acid under heat and then bringing the extract
up to a specified volume with deionized water.

Labwa¡e used in the digestion process was acid-washed and rinsed with double
deionized water. Procedural blanks and replicate samples were prcpared with each
set of samples. Standa¡d Reference Material #lU6 also was prepared and analyzed.
Potential matrix interferences were monitored carefully for all elements using the
methd of standard additions. Results of all QA/QC analyses were evaluated to
ensure that they met the data quality objectives summarized in Table 2-6.

Metals in the extracts were analyzedby a combination of instrumentation techniques
depending on the individual metals, their concentrations, and potential matrix
interferences. Inductively coupled argon plasma (ICAP) atomic absorption
spectrophotometry was used to analyzn Al, Be, Cd, Cr, Cu, Ni, Sb, Sn, Y, Zn, Fe,
and Mn. ICAP analysis of these elements followed Method 6010 of the EPA SV/-
846 series. Graphite furnace atomic absorption (GFAA) spectrophotometry, which
has lower detection limits, was used to analyze Ag, As, Se, Pb, and Tl. GFAA
analysis of these elements was based on Method 7060 (EPA 1986) for As, Method
7740 (FPA 1986) for Se, Method 7421 (EPA 1986) for Pb, Method 7841 (EPA 1986)
for Tl, Method 7131 (EPA 1986) for Cd, and Method 7041 (EPA 1986) for Sb.
Analysis of As followed Method 272.2 from the EPA-CLP Statement of Work (EPA
1991). Hg was analyzed by cold-vapor atomic absorption (CVAA)
spectrophotomebry following Method 7471from the EPA SW-846 series.
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2.0 Methods (contlnued)

2.3.3 Other supportlng chemlal and physlcal measuremenfs. A variety of
other chemical and physical properties of sediments, sediment porewaters, and near-
bottom water wero moasruod in samplcs from each^of tho 12 $tations.to prcvide
supporting information for the inærpretation of the chemical, toxicological, and
biological data. A summary of these measur€ments along with the corresponding
methods, performing laboratory, and rationale for their inclusion are provided in
Table 2-7.

2.4 Sedlment Toxlclty Studles

2.4,1 Solld-ptta$ test wlth amphlpods. The purpose of this tesr was to determine
the toxicity of sediment collected from the 12 Massachusetts/Cape Cod Bays sites to
amphipods exposed for l0 days under static conditions. Overall test performance
was based on the ASTM (1990) protocol for conducting solid-phase toxicity tests
with the marine amphipod Ampelisca abdita. Tests were conducted with subsamples
of the same sediment on which chemical analyses were performed. These tests were
performed by T.R. Wilbury Laboratories in Ma¡blehead, Massachusetts.

Test sediments were stored at approximately 4"C in the original shipping container
untii used for testing. Sediments were not allowed to freeze at any time during
storage or transport; daily temperature logs were maintained to verify laboratory
storage temperatures. Samples were tested in two separate batches within 12 days of
collection. Samples from Stations I through 4 (Wellfleet Harbor) and Stations 9
through 12 (SalemÆeverly Harbon) were tested as one batch, and samples from
Stations 5 through I (Boston Harbor) were tested as a separate batch. An additional
negative control (i.e., sediment from the amphipod collection site) was tested along
with each batch of Massachusetts/Cape Cod Bay field samples.

Amphipods wet€ acclimated to test conditions for 96 hours before the start of a test.
The animals were maintained in 100 percent dilution water (natural seawater filtered
at 20 microns) under flow-through conditions in a 20-L glass aquarium that contained
a layer of sediment from the collection site. The animals were fed once daily with
live marine algae Skeletonema costatwn. During this acclimation period, the
temperature range was 21.2" to 22.4"C, the dissolved oxygen concentration was at
least 6.8 mglL, the salinity range was 32 to 33 ppt, and the pH range was 8.2 to 8.5.
No amphipod mortality was noted during the 96-h acclimation period.

One day prior to initiation of the toxicity test, each sampie of sed^imenr was
thoroughly homogenized, examined to remove ambient organisms (by press sieving
on 0.5-mm sieve without the addition of water, or by direct removal if sediments
werc too coarse for sieving), and then added to test vessels to achieve a depth of
approximately 4 cm. A polyethylene sheet was placed on the sediment and the
vessel was gently filled to approximately 90 percent of capacity with dilution water.
The polyethylene was removed ca¡efully and the vessel was placed in a water bath
and aerated overnight.
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Table 2-7 summary of supporting physical/chemical measurements and corresponding methods. (conünued)

]\'
¡$
Ét

Assessment Use

Influence on biological/
toxicological responses.

Influence on biological/
toxicological respor¡ses.

Influence on biotic and
abiotic variables.

Ir¡fluence on biologicaf
toxicological responses.

Influence on biologicaf
toxicological responses.

kúluence on biological./
toxicological responses.

Ir¡fluence on biological/
toxicological responses.

Influence on biologicaf
toxicological responses.

Influence on biologicaf
toxicological responses.

Performing
Laboratory

ADL

ADL

ADL

Co¡pus Christi
State Univ.

Corpus Christi
State Univ.

Corpus Ch¡isti
State Univ.

Corpus Christi
State Univ.

Corpus Christi
State Univ.

Corpus Christi
State Univ.

ReferenceMethodology

Horiba model UlO warer-qualiry
probe system

Horiba model UlO water-quality
probe system

Fathometer

YSI model 59 DO/ remperature
meter

Reichert temperature-
compersated refractometer

Orion model 2904 pH meter

YSI model 59 DO meter

Orion (model 94-12) ion-
selective electrode in
conjunction with Orion (modet
2904) meter

Orion (model 95-12) ion-
selective elect¡ode in
conjunction wirh Orion (model
2904) meter

Units

mglL
(ppm)

m

oc

ppt

pH units

mg/L and
Vo

saturation

mglL

mglL

Matrix

Nea¡-
bottom
water

Near-
bottom
water

Pore

water

Pore
water

Pore
water

Pore
water

Pore
water

Pore
water

Parameter

pH"

Dissolved
oxygen(DO)'

Water Depth'

Temperature

Salinity

pH

DO

Sulfide

Ammonia
(total ammonia
and unionized)

'In-situ field measwement



Table 2'7 Summary of supporting physical/chemical measurernents and correspondlng methods.

'In-situ field measurement
bclobal Geochemistr¡r, Canoga Park, CA
"GEO/PLAN Associares, HinghanL MA

1\¡
a

¡o

Assessment Use

Report Contaminan¡
concentrations on a dry
weight basis

l. Measure of organic carbon
loading in sediments.

2. Used to normalize organic
chemical par¡¡meters.

Assess extent of anoxia in
subsurface sediment layers.

l. Provides information on
particle size disaibution of
sediments and nature of
sedimentary envi¡onment.

2. Used as a normalizatio¡r
factor for organic
compounds and metals.

3. Influence qr infaunal
distributions.

Influence on biological/
toxicological responses.

Influence on biological/
toxicological responses.

Performing
Laboratory

ADL

Global Geochernisrryb

ADL

GEO/PLAIf

ADL

ADL

Reference

SOP ADL-2829

F'olk (1974)

Methodology

Dry & weigh

Acid treatment to remove
inorganic carbon followed by
combustion at 900oC in Leco
carbon analyzer

Orion model 9678 BN redox
probe

Sieve and pipette

Horiba model UlO water-quality
probe system

Horiba model UlO water-quality
probe system

Units

Weight 7o

Weight Vo

mV

Weight 7o

gravel,
sand silt,
clay

PPI

oc

Matrix

Sediment

Sediment

Sediment

Sedimeint

Near-
bottom
water

Nea¡-
bottom
water

Parameter

Moisture
Content

Total Organic
Carbon (TOC)

Eh"

Grain size

Salinity'

Temperature'



2.0 Methods (contlnued)

Active, apparently healthy juvenile amphipods, Ampelisca abdíta, were used to
initiate the test. The test specimens were from a single lot and of approximately the
same size (the mean wet weight of control organisms at the end of the test was 0.8
mg). Identification of the test animals was verified using an appropriate taxonomic
key (Bausfield 1973).

The relative sensitivity of these amphipods was evaluated in a static acute toxicity
test with the reference toxicant CuCl, in seawater without sediment. The 48-h
median lethal concentration (LC50) for this toxicant was 0.05 mglL (95 percent
confidence interval = 0.04 to 0.07 mg/L). This value is within the lower end of the
range of values reported in the literature for the acute toxicity of inorganic copper to
marine crustaceans (EPA 1985).

Treatments for the solid-phase tests consisted of a single concentration of each
sample (100 percent sediment) and the negative control. The tests were conducted
under static conditions at a target temperature of 20 t loc. Twenty amphipods were
indiscriminately distributed to each of five replicaæs per each Featment. Amphipods
wero not fed during the test.

Test vessels consisted of l-L glass jars containing 4 cm of sediment and filled to
approximately 90 percent capacity with dilution water (waær depth was 10 cm). Test
vessels were incubated in a water bath to control temperature. Gentle aeration was
supplied to all test vessels except during daily observation periods. Photoperiod was
automatically controlled and adjusted to 24 h light and 0 h dark to encourage
burrowing. The photoperiod was maintained with cool-white fluorescent lights that
provided a light intensity of 3 uE 

-h-2.

Obvious mortality and sublethal effects (emergence from sediment and inability to
burrow when prodded, and obvious changes in appearance or behavior) were recorded
at 24-h intervals throughout the tests. Dead animals were removed every 24 h or
when first observed. At the conclusion of a test the sediment from each vessel was
sieved to remove amphipods. The number of live organisms, the time required for
excavated amphipods to burrow into control sediment, and any other abnormal
sublethal effects were recorded in each vessel. The tests were conducted within the
following acceptability criteria requirements: l0 percent mean control moftality
overall and 20 percent control mortality in any vessel with an acceptable temperatue
range. Mean control survival during the tests was 92 to 95 percent and at least 85
percent survival occurred in each of the control exposures.

Dissolved oxygen concentration was measured in each replicate vessel every day with
a YSI (Model 57) meter. Salinity (measured with a Atago S10 refractometer), pH
(measured with a Beckman Model pHI 12 meter), and temperature (measured with a
Beckman Model pHI 12 meter) were determined from one replicate of each treatment
every day. Temperature also was continuously recorded in a beaker of water
incubated among the test vessels. Water quality was stable throughout the 10-day
exposure period for all freatments (see Appendix B, Tables B-7 through B-10).
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2.0 Methods (contlnued)

2.4.2 Porewater lesfs wlth sea urchlns. Two kinds of sediment porewater tests
were performed, both using the sea urchin Arbacia punctulata. The first was a
sperm-cell toxicity æst usod to dotermine whother porowater samples from the 12 bty
siæs caused statistically significant reductions in the fertilization of exposed gametes
relative to a control. The second was a morphological deveþment test used to
determine whether porev/ater samples from the 12 sites caused statistically signifîcant
developmental effects on exposed embryos relative to a control. Both tests,

at Corpus Christi State University in Port Aransas, Texas, are based on the
EPA standa¡d method given in Weber et al. (1988) but incorporated modifications
developed at the Corpus Christi testing facility, as discussed below.

Surficial sediment samples from the 12 sites in Massachusetts/Cape Cod Bays were
received in Port Aransas, Texas three to six days after collection. It was noted that
the blue ice included with samples from sites 9 through 12 had thawed during
shipment and these samples were not chilled upon receipt. All shipments were
accompanied by sample tracking sheets, and samples were logged into laboratory
sample tracking systems. The samples were either refrigerated (4'C) or processed
immediately upon receipt. All porewaær samples were extracted 0 to 1 days after
receipt.

Porewater was extracted from the sediments using a pressurized squeeze-extraction
device. This extractor is made of polyvinyl chloride (PVC) and uses an 8-pm
polyester filter. It is the same device used in previous sediment quality assessment
surveys in Tampa Bay, Florida (SAIC 1992, UsFws 1992) and in Galveston Bay,
Texas (Carr 1993). The apparatus and extaction procedures are detailed in Corpus
Christi SOP F10.9.

Porewater was extracted from eight of the sediment samples the day they were
received, and four were held refrigerated (4'C) until processed the following day.
After extraction, the porewater samples were centrifuged in polycarbonate bottles at
4,240 g for 15 minutes to remove any suspended particulate material and were then
frozen. Two days before the start of a toxicity test the samples were moved from the
freezer to a refrigerator (4'C), and one day prior to testing were thawed at room
temperature (20'C) or in a tepid water bath. Temperatue of the samples was
maintained at 20t1'C. Sample salinity was measured and adjusted to 30tl ppr, if
necessary, using ultrapure sterile water or concentrated brine (Corpus Christi SOP
F10.12). Only three porewater samples from test sites (Stations 10, ll, and 12) with
salinities at 32 ppt and the conüoi porewater sample (35 ppt) needed to be diluted to
satisfy the test salinity requirement. other water-quality measurements (Do, pH,
sulfide, and ammonia) also were made as described below. Unionized ammonia
concentration, expressed as nitrogen (UAN), was calculated for each sample using the
respective salinity, temperature, pH, and total ammonia (TAN) values. Any samples
containing less than 80 percent DO saturation were gently aerated. Following the
water-quality measurements and adjustments the samples were centrifuged, as was
done before freezing, and were stored overnight at 4oC but returned to 20t1oC before
the start of the toxicity tests.
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2.0 Methods (contlnued)

The sperm-cell fenilization test was conducted following the procedures outlined in
Corpus Christi SOP F10.6, which as mentioned above is a modification of the EPA
standard method given in Weber et al. (1988). This is a one-hour test conducted with
replication under static conditions at 20t1oc, using porewater samples from the study
siæs and additional negative control site. Each of the 12 porewater samples was
tested in a dilution series design at 100, 50,25, and 12.5 percent of the water-quality
adjusted sample with 5 replicates per treatment. Dilutions were made with 0.45-¡rm
filtered seawater.

In the EPA procedure (Weber et al. 1988), the sperm density is determined specno-
photometrically. Tests conducted at the Corpus Christi testing facility have shown
that if the sperm is collected "drJ," which is not done in the EPA method, the sperm
remains viable for at least 8 hours when kept on ice. This variation in the EPA
methd allows a pretest to be conducted with various combinations of eggs and
spenn at different dilutions thus optimizing the sensitivity of the test. The best
egglsperm combination is then used in the toxicity test rather than four different
arbitrary egglsperm combinations as recommended in the EPA method.

The release of gametes from adult sea urchins to use in the fertilization tests was
facilitated by electrical stimulation in seawater with a l2V transformer. Sperm and
eggs were exposed to the replicate treatments in disposable glass scintillation vials,
each containing 5 mL of porewater from a test or control site. Afær a l-h incubation
perid, 10O eggs were examined per sample and the percentage of fertilized eggs,
defined by the presence of a fertilization membrane surrounding the egg, was
recorded as the standard biological endpoint.

A reference porewater sample collected from Redfish Bay, Texas, which had been
handled identically to the test samples, was included with each fertilization toxicity
test as a negative control. This site is far removed from any known sources of
contamination and has been used previously as a reference site (Ca¡r and Chapman
1992, Can 1993). In addition, a dilution-series test with sodium dodecyl sulfate
(SDS) was included as a positive control. This test resulted in an LC50 of 2.72 mg
SDS/L (95 percent confidence interval of 2.51. to 2.94 mg/L). This value is within
the range of acceptable values that have been established previously in the Corpus
Christi laboratory for the sea urchin fertilization test with SDS.

The sea urchin embryological development test followed the procedures outlined in
Corpus Christi SOP F10.7, which also is based on the EPA st¿nda¡d method (Weber
et al. 1988). Each of the 12 porcwater samples was tested in a dilution-series design
with 5 replicates per Eeatrnent. In a preliminary trial, all 100 percent and 50 percent
dilutions of the water-quality adjusted samples were toxic, so the test was run again
with dilutions of 50,25, 12.5, and 6.25 percent. Procedures for obtaining sperm and
eggs were identical to those used in the fertilization tests. Reference porewater
(negative control) and a positive control test with the reference toxicant SDS also
were included as described for the fertilization test.
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2.0 Methods (contlnued)

The tests were conducted for 48 h under static conditions at 20t1" C. Sperm and
eggs were exposed to the replicate treatments in disposable glass scintillation vials,
cach sCIntûining 5 rnl" sf porcwater f¡om a test or control sitc. After the 48-h
incubation period, 100 eggs/embrybs werc removed per sample and the following
measurements recorded: number of normally developed echinoplutei, number of
echinoplutei with abnormalities, number of embryos arrested in earlier developmental
stages, and number of unfertilized eggs. The percentage of normal echinoplutei
relative to the total number of eggs/embryos were recorded for each sample as the
biological endpoint.

The SDS positive control resulted in an LC50 of 6.74 mg SDS/L (95 percent
confïdence interval of 6.42 to 7.07 mg/L). This value is within the range of
acceptable values that had been established previously in the Corpus Christi
laboratory for the sea urchin embryological development test with SDS.

Water-quality measurements were obtained in each treatment at the beginning of the
fertilization and embryological development tests. Salinity was recorded to the
nearest I ppt with a temperatuÞ-compensated Reichert refractometeç pH was
recorded to the nearest 0.01 pH unit with an Orion (Model 290^) pH meter; DO
concentration and percent saturation were recorded to the ne¿uest 0.1 mg/L and I
percent, respectively, with a YSI (Model 59) DO meter; ammonia was recorded to
the nearest 0.01 mg/L with an Orion ion-selective electrode (Model 95-12) in
conjunction with an Orion (Model 290A) metetr sulfîde was recorded to the nearest
0.01 mglL with an Orion ion-selective electrode (Model 94-12) in conjunction with
an Orion (Model 290A) meter; and temperature was recorded to the nearest 0.1'C
with a YSI (Model 59) DO/temperature meter.

2.5 lnfaunal Communlty Analysls

Macroinfauna (animals > 0.5 mm) were idenúfied and enumerated from each of the
three replicate, 0.1-m2samples collected at each of the 12 Massachusetts/Cape Cod
Bay stations. These data were used to characterize the infaunal assemblages at each
of the stations and to provide a basis for identifying sites where high sediment
contamination and/or toxicity a¡e linked potentially to the prcsence of degraded
benthic communities. All benthic samples were processed at Ruff Systematics in
Solana Beach, California.

Once samples were received in the laboratory, they were immediately transferred
from 10 percent buffered formalin to 70 percent ethanol. Animals were separated
from debris in each of the samples under a dissecting microscope. A biological stain
(rose bengal) was added to facilitate sorting. Sorted specimens were identified to
the lowest possible taxon, i.e., the species level wherever possible. As species were
identified, and the number of individuals per each species recorded, they were placed
back in 70 percent ethanol and a¡chived permanently by species. A list of the
numbers of individuals per each species rwas recorded for each replicate sample
(Appendix B, Table B-13).
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2.0 Methods (contlnued)

Re-checks of sorted benthic material were performed on l0 percent of the infaunal
samples (i.e., 4 of the 36 samples originally sorted) as a QA/QC measure. Per each
batch of eight samples processed, one sample was re-checked for this purpose. If in
this sample the sorter failed to remove at least 95 percent of the animals originally
present, a second sample from this same batch of eight samples was re-checked. If
this second sample also failed the QC, then all remaining samples in this same batch
were re-checked as well. This same process was repeated for each batch of eight
samples. Because a senior-level taxonomist performed the original sorts, the sorting
accuracy was within the acceptable range in all cases. Taxonomic identifications
were verified by comparing samples against a¡chived voucher specimens available at
Ruff Systematics.

2.6 Data Analysls

Concentrations and compositional patterns of hydrocarbons, chlorinated pesticides,
PCBs, and metals in each of the sediment samples (one sample per station) were
examined graphically and by straightforward data comparisons in an effort to identify
potential contaminant sources and to evaluate whether concentrations at any of the
sites were at levels known to cause adverse effects on marine organisms. The latter
reported bioeffects data, used for comparison with the present sediment chemistry
data, consisted of the Effects Range-l,ow (ER-L) and Effects Range-Median (ER-M)
values of Long and Morgan (1990) and the No-Observed Effect Level (NOEL) and
Probable Effects Level (PEL) values of MacDonald (1992). The strength and
direction of association between the various chemical variables and toxicological and
biological endpoints were also examined by correlation analysis.

Among-site differences in replicated toxicological and biological variables were
examined statistically by ANOVA and posþhoc pair-wise comparison tests. Prior to
running these analyses, the data were first tested for violations of assumptions of
normality and homogeneity of variances. The Shapiro-Wilks test and Bartlett's test
were used to determine conditions of normality and homogeneity of variances,
respectively. Data Eansformations were used wherever necessary to help establish
normality and homogeneity of variances: arcsines or arcsine square-roots were used
for Vo survival and sublethal responses for amphipods and sea urchins; and log,o, or
log,o (X + l), transformations were used for benthic infaunal variables.

For normal data, mean differences were tested with the parametric ANOVA F test.
A-posteriori identification of where significant mean differences existed was
determined by the Tukey-Kramer Honestly Significant Difference (HSD) test (Tukey
1953, Sokal and Rohlf 1981). This is a post-hoc, pair-wise comparison test
recommended for normally distributed data with equal va¡iances @ay and Quinn
1989). The Games-Howell test (Games and Howell 1976, Sokal and Rohlf 1981) has
been recommended as a pair-wise comparison test for the case of normal data with
unequal variances @ay and Quinn 1989), however none of the data in the prcsent
study displayed this condition (at least once appropriate transformations were made).
For the case of nonnormal data, the Kruskal-V/allis nonparametric ANOVA (Sokal
and Rohlf 1981) and Scheffé's pair-wise comparison test (Scheffé 1953) were used.
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2.0 Methods (contlnued)

Scheffé's test is robust to both nonnormality and unequal variances and is not limited
to sample size.

Toxicological response va¡iables were analyzed to determine whether any of the
sediment and porewater samples from the 12 study sites were toxic to populations of
amphipods and sea urchins in comparison to the corresponding negative controls. As
an initial step, statistical differences Ílmong treetments (12 test sediments plus
control) were determined using one-way ANOVA on percent survival (for
amphipods) and other sublethal variables (for sea urchins) transformed usually to arc-
sine square-roots, if necessary, to establish conditions of normality and homogeneity
of va¡iances (an arcsine transformation was required in one case). Following the
ANOVA, a Dunnett's one-tailed test (Dunnett 1955, 1985; Zarr 1974; Miller 1981)
was used to identify which test samples were different in comparison to the
corresponding controls. Prior to running these analyses, the data were tested for
normality and homogeneity of va¡iances using the procedures described above. The
relationship between sediment toxicity and other measured environmental variables
was examined by correlation analysis.

The trimmed Spearman-Karber methd with Abbott's correction (Hamilton et al.
1977\ was used to calculate ECro and LCro values for the dilution-series tests with sea
urchin gametes and embryos. Data points defined as outliers (>t4 SD from the mean
of the other replicates within the treatment) were excluded from the data sets prior to
statistical analyses.

Response variables examined as part of the benthic community assessment consisted
of numbers of species and individuals (all species combined); the Shannon
information function, H' (Shannon and 'Weaver 1949); the associated evenness
component, J' (Pielou 1966); and densities of individual dominant species. Base 2
logarithms were used to calculate H'. Relative differences in percent taxonomic
composition (on the basis of both abundance and numbers of species) among the
various stations were compared as well.

Among-site differences in selected benthic response variables were tested statistically
as a two-stage procedure consisting of a one-way ANOVA F test, or the distribution-
free Kruskal-V/allis test in the nonparametric case, followed by the appropriate pair-
wise comparison test as described above (either Tukey's HSD or Scheffes' test).
These tests were run with replication (n = 3) and with site as a main effect.

Numerical classification, or "cluster analysis," also was used to help identify patterns
of faunal similarity among the different stations. Normal (Q mode) numerical
classification (Boesch 1977) was performed on log,o (X + 1) transformed data.
Group-average sorting (= unweighted pair-group method; Sneath and Sokal L973)
was used as the clustering method and Bray-Curtis similarity (Bray and Curtis 1957)
was used as the resemblance measure. Results were expressed in the form of a
dendrogam in which samples were ordsred into groups of increasingly greater
similarity based on resemblances of component-species abundances. Thus samples
clustered closely together display greater similarities than samples spaced further
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2.0 Methods (contlnued)

apart and the degree of separation can be used to depict spatial differences due to
some environmental factor or combination of factors.

Correlation analysis was used to examine the strength and direction of association
between the various chemical, toxicological, and biological variables. Correlation
analysis was based on Pea¡son's product-moment correlation coefficient, r. The
significance of the correlations, i.e., the null hypothesis that any two variables are not
correlated (Ho: r = 0), was tested as a t-test, with n-2 df, and with the signifîcance
level adjusted to correct for experimentwise error rate using the Dunn-Sidak method
(Ury 1976, Sokal and Rohlf 1981).

A final data analysis approach was the use of straightforward data comparisons
coupled with simple graphics to help interpret one set of data in light of those from
the other study components. Similarly, information on bioeffect concentrations of
contaminants from past studies was considered, as mentioned above, to help in
interpreting the relationships between chemical, toxicologrcal, and biological data in
the present study.
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3.0 Results and Dlscusslon

3'1 Supportlve Chemlcal and Physlcal Properiles of sedlments, porewater,
and Near-Bottom Water

Water quality and other.supporting physical measurements made on sediment andnear-bottom water samples are summarized in raub ã-t. Depths ut ru1¡iw rangedfrom 0'30 to 5'1 m. D9, le1plrature,_salin^i1y,_and pH in near-botto* *ut , rangedfrom 6.79 to il.57 mg/L, r6.io to 24.:,soc, zg.a to-{oi ppt, and 7.M to 7.90resp-ectively' None of the DO values were below the Massachusetts standard of 6mgtlL (code of Massachusetts Regulations, Title 3Ãi. Sed.iment remperarures (upper8 cm) were typically 1o to 7"c cooler than near-bottó* warer temperatures atcorresponding stations, with the exception of the shallower v/eilflåt Harbor stations,
Yhi:h had-slishtly hiqhgr tempe-raturõs in both sedimenrs and nea¡-bottom warer.Sediment ToC ranged from 0.23 ø _q.zl p"t rniano rúo*ø wide va¡iations withintwo of the three harbors. (e.g., wellfleet Fiarbor station had the lowest and the secondhighest TOC concentrations; SalemÆeverry Haruor-itä tne highest *Jr".on¿lowest TOC concentrations). Wellfleet Har¡or sites naã coarser sediment than theother rwo harbor systems. percentages of sand;*gJf.o- g¿ rr-97 pri".nt inwellfleet Harbor and from [, to 72 percenr in norion and salemÆ"uårry ir*uorr.
Sediment redox data a¡e presented in Appendix B, Table B-14. Though these datadisplayed I l*g,t degree ór variauitity, some rends were evident. Moit stations, withthe exception of stations g, 10, nd ü,-slroryed . p*pãr¿"rance oi n"jutiu" -vvalues-among the various replicates and depth int"ilir, trflectingtte-firesence oranaerobjc/reducing environments. several itations strowø logicñ p"nä-r-or
fecreTlng (more negative) mv values *itrt inrt *ittg ;"di-r;ì ddth:--S;"tion I ininner wellfleet Harbor had the most anaerobic sedimðnts (lowest mv values) andStation 12 off Ma¡blehead had the most aerobic sediments (highest mV values).

llte1uality measurements for porewater samples are summa¡ized in Table3-2' Initial salinity of porewater from the 72 test sites ranged from29 to 32 ppt andthe reference porcwatei salinity *u, à5 ppt. norr*"t"rãsrotued oxygen
concentrarions were 1b9yq 8g percent saìuration for all samples. values for pHranged ftom 7 .26 to 7 .76 in the test samples and pÈ *ur g.2o in tt r .ont ãì sample.Porewater concentrations of sulfide and ämmoniu'*.t tigh at some ,it"* 

-rfr.
concentration of total-sulfide 

_(I{rs, HS-, and s-2), for ,*-I lr, was at oi above ttredetection limit of 
9.91 -gL in iamples from all'wellfleet Harbor sires and wasespecially high (0-a2 mg/L) at the innermost Station 1. past studies with the sea-*9!T toxicity tests generally have shown signific;t i-mpacts ar sites where totalsulfide concenrrario_ns in porêwater are > 0.0i *g/L iS. ðu.., p"rron"l

communication). Given a total sulfide concentraiion at Station t or 0.+2 
^g/r, tl"concentration of roxic unionized Hrs is esrimated to be 130 pg/L, *r,i.ñg;-utly

exceeds the EpA Water el4ity Criteria value of 2.0 ¡rgll @ÈA ß76). FoÀwaterconcentrations of unionized HrS exceed the EPA c¡tè'¡ãn for all Wellfleet Ha¡borsiæs (Table 3-z). Because orine volatility qflt s;*"ì, r*.ry ,o u, u rrignryconservative estimate of the actual unioniåed urS óoncentration in.-uì."ip"rewater.
Measurements in the present study were made ín laboratory exfacted samples.
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Table 3-1 Supporting water quallty and data by station (NB = near.ibottom water;
i

SD = sediment).

Station Depthr
(m)

DO.NB
(mg/L)

T.NB
("c)

T.SED2
("c) .NB

(ppt)

29.9

30.9

30.9

30.8

30.3

29.6

30.6

30.8

30.4

.9

9

pH-NB SED Vo

TOC Gravet
(% wt)

% Sand 7o % Clay

I

n

3

4

5

6

7

8

9

l0

1l

t2

0.30

0.49

2"3

2.8

4.7

2.8

3.1

2.4

3.3

5.1

3.6

4.3

6.79

7.23

7.52

7.M

9.27

8.48

8.31

8.67

10.60

10.60

9.27

l1.57

24.5

2r.9

22.0

22.2

18.8

20.3

2t.r

19.2

16.3

18.8

20.9

t6.4

23.5

22.0

22.1

22.3

t4.4

17.2

17.8

t7.r

12.2

l r.9

r3.8

12.8

7.63

7.44

7.U

7.U

7.75

7.49

7.70

7.53

7.90

7.50

7.80

7.80

2.93

0.23

t.47

0.87

2.r2

2A8

1.96

1.69

2.07

0.87

4.29

1.81

8s.8

96.7

84.1

90.9

29.6

36.6

36.0

58.1

67.0

5r.4

ll.0

72.3

6.5

0.4

1.4

1.6

0

0

0.4

0.2

10.8

0.4

0

0

4.5

r.4

8.8

4.5

44.6

46.7

49.4

27.2

15.1

34.8

84.0

19.4

3.2

1.5

5.7

3.0

25.8

16.7

t4.l

t4.4

7.1

t3.4

4.9

8.2
tDepth in merers ar MLLW
2l'emperature in upper 8 cm of sediment; average of 4 at2-,4-,6-, 8-cm depth intervals



Table 3-2 water quallty parameters after sallnlty adjustment and ortginal salinity of
sedlment porewater samples.

Site Salinity'
(ppt)

DÚ
(mg/L)

%DO pH TAN3
(mg/L)

UAN4

$stL)

Total
Sulfide
(rnS/L)s

Unionized
H,S

tttst-L)6

%
ousT

I 29 7.5 97 7.36 54.6 402 0.42 130 100
a 31 7.5 97 7.26 r r.3 6 0.01 3.6 100

3 31 7.4 96 7.46 t4.t t36 0.01 2.6 100

4 30 6.9 90 7.32 10.0 67 0.01 3.3 100

5 3l 7.8 100 7.62 12.0 160 <0.01 ND 100

6 31 6.8 88 7.72 6.24 104 <0.01 ND r00

7 3l 7.t 92 7.6 4.76 69 <0.01 ND 100

8 31 7.2 93 7.69 t2.o 187 <0.01 ND 100

I 3l 7.0 9L 7.44 6.93 6l <0.01 ND r00

l0 32 7.7 100 7.70 3r.2 498 <0.01 ND 94.0

1l 32 7.6 97 7.76 33.3 æ9 <0.01 ND 94.0

t2 32 7.6 98 7.71 13.8 225 <0.01 ND 94.0

REFs 35 7.2 93 8.20 0.61 30 <0.01 ND 85.7

tsalinity of sample prior ro adjustment. Samples adjusæd to 30 t ra/Ø.

2Dissolved oxygen.

3Total ammonia expressed æ niFogen.

aUnionized ammonia expressed as nitrogen (approximaæ values calculated from ammonia equilibrium equation).

sTotal sulfide: HrS = HS- + S-2

ftJnionized HrS, (approximate values calculated from sulfide equilibrium equation).

TPercent of original unadjusted sample after salinity adjust¡nent.

EReference porewater extracted from sediment collected near Lydia Ann Channel in Redlish Bay, Texas.
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3.0 Results and Dlscusslon (conilnued)

Total ammonia (dissolyed NHr and NHo*) in control poreweter was 0.61 mglL and in
the test samples ranged from 4.76 to 54.6 mgtL. unionized ammonia (uAñ, the
dissolved Nf[ ¡ortion) in the control was 30 pg/L and rangod frorn 61'10 eæ pg/f-
in the test.samples. The UAN I,OEC ¿eterminé¿ in the Cõrpus Christi toxiciti -
testing facility is 800 ¡rg/L for the fertilization test and 90 ¡rgr ør ttre em6ryótogical
{evgfopment test. These LOECs were not exceeded in any óf tne 12 samples foithe
fertilization test but were exceeded in 5 of the 12 samples (Stations l, g, i0, 11, and
\2) fot the, embryological deveþment.test in the 50 percent dilution rrearmenr.
Some caution must be exercised, however, in compariig porewater concentrations to
LOEC derived from water-column tox.icity tests, which uiually a¡e conducted, as
feuired by most testing protocols, at TOô bveis that arc conîiderabþ Ñer than
levels commonly found in sediment porewater. The higher TOC leveis in porewater
indicate the presence.of organic comþounds that couldiedoce the bioavaitaiitity of
any chemical contaminants that are present.

9.2 Sedlment Contamlnants

Raw data on concentrations of sediment hydrocarbons, metals, pCBs, and chlorinated
pesticides are presented in Appendix B, Tables B-1, B-2, B-3, and B-4 respectively.
Bar graphs of the concentrations of these contaminants plotted by station arrc given in
Appendix C. Plots of individual PAH distributions in åctr sediment rutttfi" ut"
given in Appendix D.

Measured concentratigns-oJ key contaminants were compared to thçNp_Otsery,eù__
Effect Level (NOEL)'and Probable Effects Iævel (PELi;f Ma.D*n¿]lggz¡, and to
the-Effects Range-Low (ER-L) and Effects Range-Median @R-M) values of Í-ong
and Morgan (1990), as a means of evaluating whether these contaminants were
present in sediments at concentrations known to cause adverse effects on marine
organisms (Table 3-3). The NOEL and ER-L values are simila¡ in range (usually
within a factor of two of one another) and provide esrimares of the -uii-i-concentration at which no effect is observed and the lowest concentration at which
adverse biological effects on some marine organisms (presumably the most sensitive
ones) are observed, respectively. The PEL an¿ nn-U values ar. ako similar in range
(u-t94ly within a factor of two of one another) and indicate the concentration above
which bioeffects are expected to occur on a wider variety of benthic otg*ir-r.
only contaminants that have reported NOEL, pEL, ER-L, or ER-M valies are
included in Table 3-3.

All 
-contaminants (or summed contaminant parameters) except acenaphthylene,

naphthalene, 2-methylna-phthalene, Cd, Sb, and Ni exceeded ttr" ro¡¡ãrponAing NOEL
or ER-L value (lower of the two) at one or more stations (Table 3-3). The
magnitude of these exceedances is summarized, by contaminant and itation in Table
3-4- Stations 1 through 4 in Wellfleet Harbor were the cleanest sites. There were no
exceedances at Station 2, and only one contaminant (chlordane) exceeded the
NOELÆR-L value at each of Staiions 3 and 4. In both cases, these exceedances
were small (within a factor of two of the NOELÆR-L value). The mosr
contaminated of the four sites in Wellfleet Harbor was the innermost harbor
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Table 3-3 No-observed-effect level and probable effects level (NOEL and pEL,
respectlvely; MacDonald 1992) and etfects range-low and effects range-
median (ER-L and ER-M, respectlvety; Long and Morgan 1990) for key
contamlnants. Exceedances of the lower NoEL or ER-L vatues by station
are also shown.

lMeasured concentration in parentheses. Units for contaminants: pesticides, PCBs, and PAHs (ng/Ð; metals
(r¡g/g).

2lncludes heptachlor, heptachlor epoxide, cis-chlordane, and transnonachlor.

3Component compounds not identified

Contaminant NOEL PEL ER.L ER.M Stations exceeding NOEL or ER-Lr

PCBs (ng/g)

Total PCBs 24 2ñ 50 400 5(63), 6(92',), 7(105), 8(55), 9(58),

, 1l(mean of 52)

Chlorinated Pesticides

Total Chlordane2

Dieldrin

0.53 6.03 l(1.3), 3(0.66), 4(0.58), 5(3.4), 6(6.6),
7(4.2),8(4.8), 9(4.3), 10(6.2), I l(8.8),
t2(2.s)

0.02 8 1(0.08), 5(0.63), 8(0.19), 10(0.65)

ToAI DDT 4to5 270 1.0 7.0 5(l l.l), 7(2.5), 8(3.8), 10(2.0), I l(mean
of 2.3), 12(2.2)

Toøl DDE 1.7 130 2.0 15.0 5(2.7), 6(3.4), 7 (4.5), 8(8.9), 9(2.9),
10(6.4), I l(mean of 6.1), 12(4.0)

ToøI DDD

Total DDT, DDE,
DDD

2.0 20.0 (5(t2), 6(14), 7 (t3), 8(9. 1), 9(20),
l0(71), ll(mean of 27), t2(14)

3.0 350 5 (26), 6(t7), 7 (20), 8(22), 9 (24), t0(7 9),
l1(mean of 35),

Polynuclear Aromatic Hydrocarbons (ng/g)

Acenaphthene 22 450 150 650 5(23),9(35)

Anth¡acene 85 740 9ffi 9ffi 5(1rÐ, 9(340), 1l(mean of 93)

Fluorene 18 4ffi 35 &0 5(42), 6(2/+),8(19), 9(10Ð , 10(29),
ll(mean of 39), 12(21)

Naphthalene 130 1100 340 2100 None
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Table 3-3 No-observed-effect level and probabl_e effects level (NOEL and pEL,
respectlvely; MacDonald 1992) and effects rang+low anC effects ,"ngr-medlan (ER'L and ER-M, respecilvery; Long_anî[,rãigän 1990) for keycontamrnants. Exceedances of the rower ñoel or eñ-l vdués uy.iäilonare also shown. (conilnued)

Contaminant NOEL PERL ER.L ER.M Stations NOEL or ER.LI
Aromatic

Phenanthrene 140 1200 225 1280 5(338), 6Qt6), 7 (169), 8(170), 9(906),
), ll me¿n of 369)

I 
nenzfalanttrac"* 160 1300 230 r600 5(353), 6Q82), 7(185), 8(170), 9(793),

ll of 399),
Benzo(a)pyrene 230 r700 400 25W 5(389), 6Q29), 9(86Ð, 10(330),

ll(mean of 461), t2(230)
Chrysene 220 1700 400 2800 5(340, 6Q7 3), 9(7 62), 10(304),

ll(mean of 437)
Dibenzo(a,h)-
anthracene

3l 320 60 2û 5(68), 6(61), 7(45), 8(34), 9(144),
10(62), I of I

Fluoranthene 380 3200 600 3600 5(641), 6(465), 9(1648), 10(54 1),
I I lmeqn nf Rt9\ 1e\

þrene ¿9U i900 3s0 22t0 5(533), 6(428), 7 (3 t6), 9(l 339),
I I of &7),I

X PAHs 4000 35000 5(6855), 6(5353)m 9(1551 l), t0(5671),
tl(mean of 800e)

Metals

As 8 & 33 85 5(13), 6(14), r3), l1(16)
cd I 7.5 5 9 None

Ag 0.5 2.5 I )) 5(24), 6(3.4), 7 (3.3), 8(mean of 2.9),
l0(1.2),

Sb 2 25 None

Cr JJ 240 80 t45 5(ll8), 6(ll7), 7(81), 8(mean of 74),
10(705), ll(718),

Cu 28 t70 70 390 5(52), 6(96), 7(54), 8(mean of 43).
10(39), ll(57)
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Table 3-3 No-obserued-effec_t level and probable effects level (NOEL and pEL,
resp-ectlvely; MacDonald 1gg2) and effects range-low and effects ,ange-
medlan (ER-L and ER-M, respecüvely; Long ano lvtorgan 1990) tor ke!
contamlnants. Exceedances of the lower ñogl or eR-t values oy siátton
are also shown. (conilnued)

Contaminant NOEL PERL ER.L ER.M Stations NOEL or ER-LI

Metals

Pb 2t 160 35 110 l(57), 5(59), q9Ð, 7(67), 8(mean of
s4), 10(80), I

Hg 0.1 1.4 0.15 1.3 5(0.41), 6(0.67), 7(0.65), 8(mean of
0.30), 9(0.44), 10(0.53), I l(0.80),
I

Ni 30 50 None

Zn 68 300 t20 270 5(ll0), 6(136), 7(94), 8(mean of 84),
0( 08), I I I l2(81)

Be None

lvtn None

Se None

TI None
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3.0 Results and Dlscusslon (conilnued)

station 1. Three contaminants (dieldrin, chlordanc, and pb) exceeded the
corresponding NOE[,/ER-L values at this site by factors of 4.0, 2.6, and,2.7
respectively.

The most contaminated sites were in Boston and SalemÆeverly Harbors (Table 3_4).
The number of contaminants that exceeded the corresponding ÑoEL or pR-I- value
ranged from 2-5 to 16 in Boston Harbor and from 23 io 16 ñ SalemÆeverly Har.b'rs.
The magnitude of these exceedances was larger at sites in salemÆeverry Harbors.
For example, overall the amounts by which contaminants exceeded theh
goyesp_o¡djng NQEI*ÆR-L values wcre usually the largcst at Starions l0 and l l in
Salem Harbor, due mostly to high concentrations of peiticides and metals. Station 9in Beverly Harbor h1d the highest concentrations of iotal and individual pAHs. The
most contaminated site in Boston Harbor was Station 5 in the vicinity of Deer Island.

The chemicals of possible concern in V/ellfleet Harbor are d.ieldren, chlordane, andPb. However, none of these contaminants exceeded the higher pEi or Bn-frrf values
at these sites. Among Boston Harbor and SalemÆeverly Èarbor sites, all
contaminants except acenaphthylene, napthalene, 2-methylnaphthalene, cd, sb, and
fi -were 

present at concentrations that côuld pose a biológical threat. Holeuer. tt e
hlsher PEL and/or ER-M values were exceeded only by Ãg (Stations s, 6,7, g) cr(stations 9, 10, ll, l2), pb (station ll), chlord-r (stutloni à, 10, and lti, oor(station 5), and DDD (stations 9, 10, 1l). pcBs, dìeldren, total DDT, AÉ, cu, an¿Zn were_pJesent typically at higher concentrations among Boston Harbor ãies ttran
apong SalemÆeverly sites. In comparison, acenapthene-, anthracene, fluorene,
phenanthrene, benz(a)anthracene, benzo(a)pyrene; ðhrysene, dibenzo(â,h) anthracene,
lp¡gt!.1!, pyrene, total PAHs, chlordanè, toral DDE, total DDD,' 

' '
IDDT+DDE+DDD, As, Cr, Pb, and Hg were usually present at higher concentrations
among SalemÆeverly Harbor sites.

The toxicity imBane{ by PAHs is influenced by the composition as well as the
concentration of the PAH assemblage. In a reient similå investigation oi sedi-ent
toxicity in the Delaware Estuary, a iignif,rcant positive correlation was found between
sediment toxicity (10-day_ solid-phaseloxicity test with Ampelisca abdíta) un¿ peH
concentrations (Costa and Sauer 1994). Significant sediment toxicity was primarily
found-along a portion of the Delaware Rivðr where the sediment pRH assemblagei
were dominated by petroleum-derived PAHs (presumably related to the operation of
the numerous oil refîneries al-ong that portion ðt the Deláware River, cornrnonly
reierred to as "Refinery Row"). r¡e ÞAH assemblages at all 12 stations sampled in
this Massachusetts Bay.s Program study are dominatJa uy the 4- to o-ringelþnH,
(refer to PAH distributions presented in Appendix D). Th.r" pAH distriludons
indicate that the P,!{ loading at rhe study sìtes is primarily or pnog"ni. o.utn.
combustion-derived PAHs (e.g., fluorantúene, pyrrn", chrysene¡'arJwidely iound as
background contaminants in estuarine sedimentì-near urban, industrial uo*. Thus,
exceedances of NOELÆR-L values (refer to Table 3-g by Z_ and,3_ringed pAHs that
are primarily derived_from petroleum sources (i.e., uænuphth"ne, fluoreñej should be
yj.y.9. cautiously. Given the presence of the more abunäant pyrogenic pAHs
(including phenanthrene, anthràcene, and their alkylat.¿ tto.noióguãs, which derive
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Chemical Parameter

1 2 3 I 5 6 7 I 9 10 t1 12

E Sl¡
f -¡l

E Sr¡
5-8

t St¡
9-f2

PCBs 0 0 0 0 2.6 3.8 4.4 2.3 2.4 2.0 2.2 0 0 13. I 6.6
.A,cenaphthetre 0 0 0 0 l.l 0 0 0 1.6 0 0 0 0 l.l 1.6
Acenaphthylene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Anthracene 0 0 0 0 1.4 0 0 0 4.0 0 l.l 0 0 1.4 5.1
Fluorene 0 0 0 0 2.3 1.3 0 l.l 5.9 1.6 2.2 t.7 0 4.7 ll

I Naphthalene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2-Mahyl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Phenanthrene 0 0 0 0 2.4 1.5 1.2 t.2 6.5 t.E 2.6 0 0 6.3 lt
Benz(a)anthracene 0 0 0 0 ),, 1.8 1.2 Ll 5.0 1.7 2.5 1.3 0 6.3 ll

I n"nzo1"¡pyr"n" 0 0 0 0 1.7 1.4 0 0 3.8 1.4 2.0 1.0 0 3.1 8.2
Chrysene 0 0 0 0 1.6 l.z 0 0 3.5 1.4 2.0 0 0 2.8 6.9
Diben zo(a,h )anthracene 0 0 0 0 2.2 2.0 1.5 l.l 4.6 2.O 2.8 1.3 0 6.8 ll
Fluoranthene 0 0 0 0 t.7 t.2 0 0 4.3 t.4 2.2 l.l 0 2.9 9.0

I 
"r,",,"

0 0 0 0 1.8 1.5 l.l 0 4.6 1.5 2.2 1.2 0 4.4 9.5
X, PAHs 0 0 0 o t.7 1.3 0 0 3.9 t.4 2.O 0 o 3.0 7.3
Dieldrin 4.O 0 0 0 32 0 0 9.5 o 33 0 0 4 42 33
Total Chlordane 2.6 0 1.32 l.l6 6.8 l3 8.4 9.6 8.6 t2 l8 5.0 5.1 38 44
Total DDT 0 0 0 0 ll 0 2.5 3.8 0 2.O 2.3 aa 0 17.3 7.5
Total DDE 0 0 0 0 1.6 2.0 2.6 5.2 t.7 3.8 3.6 2.4 0 ll t2
Total DDD 0 0 0 0 6.0 7.O 6.5 4.6 l0 36 l4 t2 0 24 72
Total DDT, DDE, DDD 0 0 0 0 8.7 5.7 6.7 7.3 8.0 26 t2 6.7 0 28 53
.As 0 0 0 0 1.6 1.8 0 0 0 1.6 2.0 0 0 3.4 3.6
cd 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0
Ag 0 0 0 0 2.4 3.4 3.3 2.9 t.2 1.2 0 Ll4 0 12 t.2
sb 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0
Cr 0 0 0 0 3.6 3.5 2.5 2.2 ll 2t aa l0 0 t2 ul
Cu 0 0 0 0 1.9 3.4 1.9 1.5 0 1.4 2.0 0 0 8.7 3.4
Pb 2.7 0 0 0 2.8 4.5 3.2 2.6 2.8 3.8 6.9 2.7 2.7 l3 l6
Hg 0 0 0 0 4.1 6.7 6.5 3.0 4.4 5.3 8.0 4.0 0 20 ),
Ni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Zn 0 0 0 0 1.6 2.0 1.4 t.2 l.l 1.6 2.O 1.2 0 6.2 5.9
Number of contaminants

that exceeded corresponding

NOEL or ER-L value

3 0 I I 25 2t l6 l7 2t 23 ,,., l6

E Exceedance Factors 9.3 0 t.3 IJ t07 70 55 60 98 165 tt7 54

Table 3-4. Magnltude of NOEUER-L exceedances by contamlnant and stat¡on. zeros tndicate thatNOEUER-L value was not exceeded.
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3.0 Results and Dlscusslon (conilnued)

from both petrogenic and pyrogenic.sources), acenaphthene, fluorene (in panicular)
and o-ther petrogenic-sourced PAHs in general are n^ot likely causes oi tfrj observed
bioeffects. The naphthalenc fraction, which is often associáted with adverse effects
on the benthos, was at concentrations below NOELÆR-L values at all sires.

Within each harbor system, the stations targeted as reference sites were either the
least or second least contaminated site with respect to ovcrall contaminations (Table
|:1la þ1e_xample, in V/ellfleet Harbor, the outermost Station 4 had onty on" small
NOELÆR-L exceedance (chlordane). In Boston Harbor, Station 8 in HuU Bay had
the second lowcst frequency of exceedances (17 out of 3l contaminants). The
overall magnitude of thesc cxceedances were also thc second lowest at íhis site.
Among SalemÆeverly Harbor sites, Station 12 outside of the harbor had the lowest
frequency and magnitude of exceedances.

3.3 Sedlment Toxtclty

3.3.1 Adverse effects of sedtment on survlval of the amphtpod Ampe¡sca
abdlta. Raw data from analytical toxicity tesrs are given in appenaix B, îable B-5(for overall lO-day exposure results) and Table g-d(¿aitv survival). Dailv records of
P9, rt1ry,^temperaturq and pH are presented in Appendix B in Table_s'B-2, B-g,
B-9 and B-10, respectively.

Results of ANOVA revealed a significant difference (at p = 0.05) in mean percenr
survival of ampìipods ¿rmong thJvarious secliment ròuun"ntr, consisting of the 12
Massachusetts/Cape Cod Bays stations and negative conrrols Bor Cl u.iru, Stations
! 1lrough 4 and 9 through 12: calculated F raiio = 5.889; critical F value at g,36 df =2.27. For C2 versus Stations 5 through 8: calculated F ratio = 4.306; c¡tic¿ F value
at 4,20 df = 2.871. Dunnett's test (Figure 3.1) showed that sedimenrs from five
stations--Station 1 in Wellfleet Harboi, Stations 5 through 7 in Boston Harbor, and
Station 9 in Beverly Harbor--had significantly higher mórtality of amphipods (at p =0'05).in comparison to colresp-onding controls. ú"* survival of a-pftifoar after l0
days in sediments from these five siies ranged from 53 percent to 82'peicent while
mean control survival ranged from 92 percent to 95 perôent. Lowest ìurvival
occurred in sediment from Station I in inner Wellfleèt Harbor. No sublethal effects
(suc.h as emergences from sediment, inability to burrow when prodded, o. ó1n.,
obvious changes in appearances or behavior) were noted in any of the'sediments.

3.3.2 aciverse efiects ol sedtment porewater on gamete fertt¡zatton and
embryological development of the sea urchln Arbãcta punctutata. The sea
urchin fertilization and embryological development tests were both performed using
the same test and control porewaier samples. Water-quality measuräments made on
these samples are discussed above in Seðtion 3.1.

Raw data and means from the fertilization and embryological development tests are
given in Appendix B, Tables B-11 and B-12 respectívelyl Results of the Dunnert's
comparison performed on the data are presented in Tablê 3-5 and 3-6, and this
information is summanzed by station in taute 3-2. ECsos, where calculable, are
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1007o \{QAS' s0% wQas, 257o WQAS3 12.57o WQAS4

Site Mean t SD Site Mean t SD Site Mean t SD Site Mean t SD

REF5 95.8 r 1.9 REFs 95.8 r 1.9 REF5 95.8 r 1.9 REF5 95.8 r 1.9

9 97.0 + t.9 t2 97.0 t 2.3 9 97.5 !.2.4 ll QA) + 11

t2 96.2 t r.5 l0 96.0 r 1.9 r0 96.8 r.2.6 10 93.8 t 2.2

6 94.2 !. 1.3 I 94.8 r 3.1 ll 95.8 r 2.9 12 92.5 r 3.0

10 92.0 t 1.6 7 94.6 !.2.2 5 95.0 t 3.7 7 92.3 t 5.0

7 91.8 t 4.4 5 94.0 t 2.9 12 93.8 r 1.6 6 90.0 r 5.0

5 90.6 t 3.4 ll 93.4 t 4.3 8 93.8 r 1.5 5 88.4 r 3.7

ll 90.0 t 2.9* 6 93,4 x 3.0 7 89.0 t 4.4* 2 87.01 5.5

8 ffi.6 t 12.5** I 92.8 t 4.7 6 87.2 r 9.5* I 86.2 t 9.7

4 5.4 t 3.1** 4 15.4 t 4.9** 2 41.2 t 3.9** 9 8_r.6 t 11.6

J 2.6 t 2.4** 3 t4.4 t 7.3** 4 35.0 t 7.2** 4 76.0 + 6.1**
) 2.0 t 1.6** .,

9.4 x 2.9** J 24.4 !,5.2** 3 28.6 t 14.5**

I 0.6 t 0.5** I 2.8 + 2.0** I 2.6 t 1.5** I 3.6 t 2.2**

Table 3-5 Mean sea urchin fertillzation test data (ln percent) for sediment porewater
samples. Asterisks denote signiflcant differences between site and
reference porewater (Dunnett,s f-test; " p< 0.05, *t p1.0.001).

11007o of waær quality adjusted sample.

250Eo of water quality adjusæd sample.

3257o of waær qualiry adjusæd sample.

412.5Eo of water quality adjusæd sample.

5 Reference porewater extracted from sediment collected in Redfish Bay, Texas. The lO0To water quality
adjusted sample was used as the control for each dilution series.
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507o WQAS1 257o WQ!ßz L2.5% WQAS3 6.257o WQAS4

Site Mean t SD Site Mean t SD Site Mean t SD Site Mean t SD

REFs

7

98.6 r 1.1 REF5 98.6 r l.l REF5 98.6 r 1.1 REF5 98.6 r 1.1

97.0 I 0 7 98.4 r 1.5 9 98.2 r 0.8 5 98.4 f r.9

6 65.6 t 30.1** 9 98.0 r 1.2 6 98.2 t 0.4 7 98.2 r 1.9

9 37.6 t t6.2** 8 97.4 X t.5 5 97.8 r 1.3 11 98.0 r 0.7

4

2

t7.2 t 15.5** 4 96.5 r 1.9 7 97.8 r 0.8 4 97.8 r 1.3

ll.0 * 4.5*{, 6 96.2 t 2.0 t2 97.6 x 0.9 8 97.6 t 2.2

J 0t0** n 93.6 !.3.4* ) 97.0 r 3.3 a 97.6 !. t.r

8 0f0** 5 9r.2 t. r.3** 4 97.0 x 2.4 t2 97.6 + t.r

I 0 + ¡r'* t2 75.6 X 15.0** 8 96.2 x t.r 6 97.0 r 1.6

10 0t0** 3 21.0 t 10.7** l0 95.2 !.7.6 9 96.6 t 2.3

11 0t0** ll 0t0** 3 85.8 r 12.5* 10 96.6 t 2.3

t2 0t0** 10 0t0** t1 35.2 t 31.8*{, 3 87.2 t lt.6**
5 0t0** I 01 0*{, I 0t0** I 67.2 t 7.2**

Table 3-6 Mean sea urchln embryologlcal development test data (ln percent) for
sed¡ment porewater samples. Asterlsks denote slgnlflcant differences
between s¡te and reference porewater (Dunnett's f-test; * p s 0.0S, ,, p <
0.001).

t50%o of waær quality adjusæd sample.

257o of water quality adjusted sample.

3l2.5Eo of water quality adjusted sample.

46.25Eo of water quality adjusæd sample.

5 Reference porewater extracted from sediment collected in Redfish Bay, Texas. The 1007o water quality
adjusted sample was used as the control for each dilution series.
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Table 3-7 summary of Dunnett's f-test results for the sea urchin fertilizailon
and embryological development tests wlth sedlment porewater.

Site
Mean Vo Fertiliution at the 7o

WQAST Tested
Mean 7o Normal Development at

the % ITQAS! Tested

l00Vo 50Vo 25Vo 12.57o 507o 25Vo 12.SVo 6.25Vo

1

2

0.6** 2.9** 2.6** 3.6** 0** 0** 0** 67.2**

2.0** 9.4** 41.2** 87.0 I1.0** 93.6* 97.O 97.6

3

4

2,6** 14.4** 24.4** 28.6** 0** 21.0** 9.5.9* 87.2**

5.4** 15.4** 35.0** 76.0** 17.2** 96.5 97.0 97.8

5 90.6 94.0 95.0 88.4 0** 91.2** 97.8 98.4

6 94.2 93.4 87.2* 90.0 65.6** 96.2 98.2 97.0

7 91.8 94.6 89.0* 92.3* 97.0 98.4 97.8 98.2

8 66.6** 92.8 93.8 86.2 0** 97.4 96.2 97.6

9 97.0 94.8 97.5 85.6 37.6** oen 98.2 õt<7U.U

10 92.0 96.0 96.8 93.8 0** 0** 95.2 96.6

11 90.0* 93.8 95.8 94.2 0** 0** 35.2** 98.0

t2 96.2 97.0 93.8 92.5 0** 75.6** 97.6 97.6

tWater quality adjusted porewater sample.

Note: Significant differences from respective controls (* p < 0.05, ** p S 0.01).
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3.0 Results and Dlscusslon (contlnued)

given in Table 3-8. The results of the Dunnett's test indicated that fertilization was
significantly (P50.05) reduced in 6 of the 12 sediment porewater samples (Stations I
through 4, 8, and I l) in comparison to control porewater. Porewater samples from
Stations 1 through 4 (all in Wellfleet Harbor) were highly toxic, with mean percent
fertilization in l0O-percent samples ranging from 0.6 to 5.4 percent in comparison to
95.8 percent for the control. The 50 percent and 25 percent dilutions from these 4
stations in addition to Stations 6 and 7 were all significantly toxic as well, and the
12.5 prcent dilutions of samples from Stations 1, 3, and 4 also had significantly
reduced fertilization (Table 3-7).

In a preliminary assay (run in a dilution series of 100, 50,25, and 12.5 percent of the
original samples), all of the 50 percent dilutions were significantly toxic to sea urchin
embryos. In the present assay, in which a series of dilutions from 50 to 6.25 percent
were tested, results of Dunnett's test indicated that normal development was
significantly reduced in 92 percent (11 of 12) of the 50-percent sediment porewater
samples in comparison to control porewater. Fifty percent (6 of 12) of the 25 percent
dilutions and 17 percent Q of D) of the 12.5 percent and 6.25 percent dilutions had
significantly reduced normal development (Table 3-7).

ECro values for the fertilization test (Table 3-8) were lowest for Stations 1 through 4
in Wellfleet Harbor, with values ranging from <12.5 percent to 23.6 percent. EC,
values for the embryological development test were lowest for Stations I (7.5
percent) and 3 (18.6 percent) in Wellfleet Harbor, and Stations 10 (17.3 percenr) and
ll (11.2 percent) in Salem Harbor. Station 1 in V/ellfleet Harbor had the lowest
ECro values for both percent fertilization and percent normal embryological
development.

3.4 Benthlc Communlty Structure

3.4.1 Dlverslty and other communlty characterlsttcs. A breakdown of the
relative percent composition of major taxonomic g¡oups for each of the 12 stations is
presented in Table 3-9. Percentages were calculated with respect to both abundance
and numbers of species. Annelids (predominantly polychaetes) dominated the
samples by percent abundance (52 to 99 percent) and percenr species (51 to 66
percent). Crustaceans and molluscs were either second or third in rank for these
parameters depending on the station. Together, annelids, crustacea and molluscs
represented about 95 percent or more of the total fauna. A quantitative list of species
by station and replicate is given in Appendix B, Table B-13.

Table 3-10 summarizes diversity and other communityJevel parameters by station.
Total faunal densities (m-') and average numbers of species per sample (0.1 m2) are
also plotted by station in Figure 3.2. Densities ranged from22l3/r* at Station I in
V/ellfleet Harbor to 105,8431m2 at Station 8 in Boston Harbor. Average numbers of
species per sample ranged from 2l at Station I to 53 at Station 5 in Boston Ha¡bor,
and total numbers of species (over all replicates within a station) ranged from 31 at
Station 7 in Boston Ha¡bor to 69 at Station 12 outside of Salem Ha¡bor. H' ranged
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Table 3-8 EC* values for sediment pore water samples.

lPercent of water quality adjusted porewater sample.

457o confidence limits nor reliable.

Site
Fertilization Test Embryological Development

Test

ECsol 957o ConÍidence
Limits

ECsol 957o Confidence
Limits

1 <12.5 7.5 NA2

2 23.6 21.5-25.8 36.2 35.t-37.4

3 <12.5 18.6 16.9-20.4

4 20.7 t8.3-23.4 37.6 36.1-39.t

5 73.3 7t.2-75.5 33.5 32.2-34.9

6 >100 >50

7 >100 >50

8 >100 68.3 65.1-7t.6

9 >100 43.6 39.9-47.7

r0 >100 17.3 16.8-17.8

11 >100 It.2 10.5-12.0

t2 >100 34.2 28.4-32.0
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Table 3-9

I

2

3

4

5

6

7

I
9

l0

lt
12

Relatlve percent composlüon of mafor
statlon. for cach

7o Abundance

Station % Annelida Zo Crustacea % Mollusca

86.1

85.2

51.5

76.0

87.3

94.7

98.0

94.7

86.5

96.8

99.2

90.5

7.4

lt.4

6.2

3.3

4.4

0.3

l.t
o.2

tt.4

2.t

0.3

1.3

6.3

3.1

42.3

20.7

8.1

5.0

0.9

5.0

1.9

1.0

0.5

8.1

Vo'Other

2.7

2.6

0.0

1.9

4.4

5.1

3.2

3.1

3.1

2.2

2.0

4.3

q¡
a

o

Species

7o Annelida %(Xher

o!2

0.3

0.0

0.0

0.1

0.0

0.0

13.3

o.z

0.1

0.0

0.2

54.1

59.0

56.4

57.4

55.9

59.0

ó1.3

&.t

58.5

60.9

66.0

50.7



Station Ind/m2 avg No. Sps" Total Sb H'b J'b

I 2213 2l 37 t.963757 0.5438

2 4947 27 39 2.31428 0.63t7

3 6930 25 39 2.243341 0.6123

4 12437 34 54 2.343514 0.5875

5 66243 53 68 2.095865 0.4967

6 t4557 25 39 1.153274 0.3148

7 17677 20 3l t.133395 0.3301

o.2289I 105843 46 64 o.952034

9 11100 44 65 2.671838 0.6401

10 23200 29 46 1.055915 0.2758

11 37863 30 50 0.9t2633 0.2333

t2 34967 48 69 2.103694 0.4968

ïable 3-10 Diversity and other community-level parameters by stailon.

?er replicate (0.1m2)
bBased on 3 combined replicates (0.1m2 each)

3-19



3.0 Results and Dlscusslon (continued)

from 0.95 at Station 8 to 2.34 at Station 4. J' ranged from 0.23 ar Starion 11 to 0.64
at Station 9.

On the average, densities and numbers of species were lower at Wellfleet Harbor
stations than in the other two harbor systems (Figure 3.2). Also, these variables were
either the highest or second highest at the designated reference sites within each
harbor system (i.e., Station 4 in Wellfleet Harbor, Station 8 in Boston Harbor, Station
12 in SalemÆeverly Harbor). H'diversity typically was highesr or second highest
for reference sites with the exception of Station 8 in Boston Harbor. The low
div-ersity at this site- was due largely to the extremely high density of thc polychaetc
Polyfura corruûa (86,530/m2), which redtrced the evennéss componenr.

3.4.2 Domlnant taxa. Dominant (10 most abundant) species and estimates of their
abundances by station are presented in Table 3-11. These species, which accounted
for 83 percent or more of the cumulative percent abundance of all species at a given
station, largely characterizes the benthic communities of these shallow subtidal harbor
systems. In all but two cases (Stations 4 and 9), the two highest-ranked dominants
represented more than 50 percent of the cumulative percent abundance of all species.

'nL^ 
-^^. -^-^:--^-' -,^t -^,,-, 1 I r rrrrç rrrust PçrsrsrË¡lt ¿ülu s[ongry rdnKeo oonunant Írmong me weilileet Harbor

stations was the polychaete Streblospío benedicrt. The pblychaete Polydora cornuta
was the most persistent and strongly ranked dominant among Boston Harbor and

lalemlBeverly Harbor stations. Densities of these two species are plotted by station
in_Figures 3.3a (Streblospio) and 3.3b (Polydora). Both species a¡é known io be
tolerant of a wide range of polluted and organically enrich'ed sediments (Pearson and
Rosenberg 1978). The high densities of these species at some stations--e.g., at
Stations 6,7 and 8 in Boston Harbor and Stations 10 and 11 in Salem Haibor, where
proportions of these species represented more than half of the total faunal abundance-
-may be in response to polluted conditions at these sites.

3.4.3 Numerlcal classlflcatlon of statton groups. Numerical classifîcation of
samples combined over the three replicates within a station defines two major cluster
$oups (Figure 3.4). These $oups consist of Cluster Group A containing all but one
station (Station 7) in Boston Harbor and SalemÆeverly Harbors, and Cluster Group
B containing Station 7 in Boston Harbor and all stations in Wellfleet Harbor. The
separation of these two cluster gloups reflects the generally lower total d.ensities and
numbers of species, and higher-ranked dominance of Steblospío benedtcti (in
^^ñþôô1 e^ D^l-.)^-^ ^^---.,¿^\ ^¿ õr^-l^,- - - - i . õ^ ,.vurrl¡(rùL Lv r u,)/uutu cutttutu), ¿tt ùtauun / ano at ùIauons r mrougn 4 rn companson
to the other sites.

3.4.4 Statlstical analysís oÍ among-statlon ditferences. Results of ANOVA, run
on log,o-transformed data, revealed a highly significant difference in mean total
density among the 12 stations [P > F=0.0001; calculated F ratio = 11.154; df = rl
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Table 3-11 Domlnant macrolnfaunal specles (A=Amphlpoda, B=Blvalvla, C-Cumacea, D=Decapoda, G=Gastropoda,
O=Ol lgochaeta, P=polychaeta),

(,
N

Vo

41.0

51.3

58.1

&.0
69.9

75.5

79.4

83.1

86.3

89.3

43.2

55.6

67.8

75.7

82.7

E6.7

90.0

91.9

93.4

100.0

Ind.m-'

2030

510

333

293

2m
277

197

180

157

150

2623

1543

l5l7
987

863

s03

410

237

183

ru37

Species

benedicti

Leito s co loplo s r o bus tus (P)

Tubíftcoide s nr. pseudo ga.s¡¿r (OI-
Capitellø capitata species complex @)
H et er onus tus ftl ifo r mi s @)
M er c enaria mer c e nar ia @)
Spio setosa @'¡

Acleociru canaliculata

squamata (P)

Polydora cornutø (P)

I

I7

filþrmisHeteromastus

(P)Sneblospio benedicti

lnitos coloplos roåzsrns @)
Polydora cornuta

Ampelisca spp. juv. (A'¡

nr. pseudogasler

Tharyx acutus Q)
C øpitella capitata s peAe siontpiex çp)
Tellina agilß
All fauna (54 species)'

CWVo
40.2

58. r

65.8

73.2

77.t

80.1

83.0

8E.4

90.4

100.0

50.5

&.5
72.4

77.0

83.6

86.3

88.8

9t.2

Ind.m''
890

396

t70
163

87

67

63

57

43

2213

1397

913

5s0

3r7

250

187

t73
167

Species

M icropht halmus s czelkowii p)
(P)Heteromastus filiþrmis

Tubificoides nr. pseudogas¡¿r (O)

Crassostrea virginica (b
Polydora cornuta @)
Pagurus longicarpus (D)

Capitella capitata species complex @j
Polydora spp. juv.

Tellina øgilis (B)

All fauna (37 species)'

Streblospio

Ampelisca

Ampelisca spp. juv. (l+)

H e ter omas I us filiþrmi s

Leucan sp. / (C)

capitata species complex @)

Asabellides oculata

Tharyx acutus Q)
nr. pseudogaster

All

"Total of 3 replicaæ samples (0.1m2 each)



Table 3-11 Domlnant macrolnfaunal species (A=Amphlpoda, B-lBlvalvla, C=Cumacea, D=Decapoda, G=@stropoda,
O=Ol lgochaeta, P=Polychaeta).(conünued)

(¡¡
I

¡9
t9

73.3

E3.8

87.8

9t.3
93.2

94.3

95.3

96.0

96.6

97-r

100.0

85.2

87.9

90.5

92.2

93.5

94.8

96.1

97.r

97.5

100.0

tM73
1527

577

513

270

t6l
150

93

87

77

14557

3683

2800

2733

1827

1393

r353

1350

rt20
390

105843

6
Species

Polyda'ra cornuta

(P)Strebla,spio

Ampelisca

Tharyx acutus

nr. pseudagasterTubifuoides

longa

species complex @)Capitella cøpitata

(A)Ampelisca spp. juv.

Nephtys neotena Q)
All

1.8cornuta
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mucosa

Neanthes virerc @)
catherinae

apectirwtus (O)

spp. juv

nr. pseudogasterTubiJicoides

thulini

Polydora spp. juv. @)
All fauna

CUM%
4r.4

ó0.5

7t.t
76.6

81.2

84.9
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91.8

r00.0

89.4

95.2

96.2
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97.4

98.0

98.4

98.8

99.0

Ind.m''

7V20

3617

3083

24p.3

2U20

1107

777

683

6É,243

6237

l0l7
177

t23
r03

103

70

63

47

5

Polydora cornuta (P)

Phyllodoce mucosa (P)

Eteone

Ampelisca abdita (/+)

benedicti (P\

Spio thulini (P)

Ail

virens (P)

Tharyx acutus P)
oculata

7

Polydora cornuta

oculalaAsabellides

abdita (A)Ampelisca

nr. pseudogaster

Mya arenaria (B)

capitata species complex Q)Capitella

spp. Juv.

Tharyx acutus (P)

N as saruis triviuatus (G)

"Total of 3 replicaæ samples (0.1m2 each)



Table 3-11 Domlnant macrolnfaunal specles (A=Amphlpoda, B=Bivalvia, C=Cumacea, D=Decapoda, G=Gastropoda,O=Oligochaeta, p=polychaeta).(conilnued) -

(¡
¡\)(¡)

79.2

E4.l

E7.3

90.4

92.0

93.4

94.2

75.6

82.r

87.2

89.4

91.0

92.5

93.1

1m.0

18373

1140

740

7?û

380
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2893
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1790

76t
553
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34967

Species
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Tharyx acuttts

Nephtys neotena
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Phyllodoce mucosa @')

Tubiftcoide s ape ctimtus (O)

All fauna

95.0I

T4
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All fauna (69 species).

CUM%
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59.8
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7t-t
75.4
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83.4

100.0

E7.7

90.3

92.3

94.t
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96.2

96.6

96.9

97.1

100.0

Ind.m''
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1293

1053
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477
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11100
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4r7
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9
Species

Polydora cornuta Q)
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apectinatus

hebes

Mytilidae spp. juv
TubiJìc oide s nr. p se udo gasrer (O)-
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spp. Juv
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cornutø @)
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abdita

"Total of 3 replicaæ samples (0.1m2 each)



3.0 Results and Dlscusslon (contlnued)

versus 241. Tukey's HSD test revealed significant differences (at P < 0.05) for the
following statistical pairs: 1 versus 2,3,4,8,9, 10, 11; 3 versus 5;4 versus 5; 5
versus 8 and 1l; 6 versus 8 and 11;7 versus 8 and 11;8 versus 12;9 versus 11; l0
versus l1; and 1l versus 12. Table 3-12 summaries these results on aper-harbor
basis (also refer to Figure 3.2 for plots of station means). Among Wellfleet Harbor
sites, Station 1 (in the innermost harbor area) had a significantly lower density than
the other three stations, which were similar to one another. Among Boston Fiarbor
sites, Station 8 in Hull Bay had a significantly higher density than the other three
stations, which were similar to one another. Among SalemÆeverly Harbor sites,
Station l1 (in the innermost harbor a¡ea) had a significantly higher density than the
other three sites, which were similar to one another.

Results of the Kruskal-V/allis nonparametric test revealed a highly significant
difference in mean numbers of species among the 12 sites [P >F=0.0001; calculated
F ratio = 8.943; df = 11 versus 241. Scheffe's test revealed significant differences (at
P < 0.05) for the following station pairs: I versus 12 and 5; 3 versus 5; 6 versus 5;
and 7 versus 12 and 5. There were no significant differences in this variable among
stations within V/ellfleet Harbor or SalemÆeverly Ha¡bor (Table 3-12, also refer to
Figure 3.2 for plots of station means). Among Boston Harbor sites, Station 5 off
Il--- l-t^-l L^l ^:--:f:^^-¿r-- -^- --^^i^^ -L-_- õ^_-1 _,- . 1 ñvwvr r'f,rd,rr\¡ rró\¡ ùrëulrlu.lilrry rrrurç sPçt.;rçs tltalt ùtauon o ln ljorcneste)r öay ano
Station 7 in Quincy Bay.

3.5 Relatlonshlps Between Sedlment chemlstry, Sedlment roxlclty, and
Conditlon of Benthlc Communltles.

Statistical conclusions from correlation analysis between selecæd chemicüphysical,
biological, and toxicological variables, using station means as observations, are
summarized in Table 3-13. The chemical contaminant variables included in the
analysis were those variables that exceeded corresponding bioeffect (NOEL or ER-L)
values at one or more of the stations (Section 3.2). Contaminants without reported
bioeffect values were excluded. Most of these contaminants (e.g., Be, Se, Tl) were
below detectable concentrations at all stations. Conclusions are given for correlations
between each key biological or toxicological variable (infaunal density, infaunal
species richness, amphipod percent survival, sea urchin percent fertilization, and sea
urchin percent normal embryological development) and the various chemicaVphysical
variables, including (1) un-normalized chemicaVphysical variables, (2) sed.iment
chemical variables (both organic compounds and metals) normalized to silt+clay, and
¡/?\ nrconi^ ¡haøi^ol ".;^Ll^. -^*-¡|--l +^'r'r'\¡'r ^-l -^¡^r^ -^_.-l:-^J --\J/' vrõsrrv wrrvr¡uwsr Yqr4utvù ¡rvrrrrau¿t'\l L(, I\J\, a1rru rllçta1lù lrullltauzËu !u
aluminum. Determination of significance was based on whether the Type I error
probability for the null hypothesis of no correlation (FIo: r=0) was < rhsDunn-Sidák
adjusted significance level (based on an unadjusted P of 0.05). Append^ix E, Tables
E-1 through E-15, presents individual correlation coefficients (r values) and
associated Type I error probabilities for each combination of variables.
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Table 3-12 Summary of results of Tukey's HSD test (A) and Schetfe's test (B)
for palr-wlse comparlsons of statlon dlfferences ln denslties and
numbers of specles, respectlvely, grouped by harbors. Stailons
connected by bars are not signlficantly different at P = 0.05.

A. Denslty

Wellfleet Harbor: 1 2 3 4

Boston Ha¡bor: 56 7 8

SalemÆeverly Harbors: 1291011

B. Numbers of Specles

V/ellfleet Harbor: 1 23 4

Boston Harbor: 5 876

SalemÆeverly Harbors: 9101112
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Tsblc 3-13. Stat¡sllcsl concluslonc ol Pear¡on'¡ product momonl correlatlon¡ between ¡clectcd chcmlcal/phyelcal, blologlcal, and
loxicologlcel Ysrlsbles. UN = corrclatlon wlth un-normallzcd chcmlcal/physlcel varlablc; S&C = corrolation with sodlment chemical
veriablc (organlc and lnorganlc) normallzcd lo clll & clay; TOC/AI = corrolatlon wlth organlc chcmical verlable normalized to TOC
and inorganlc chcmlcal varlablc normallzed to Al. S = clgnlficanl corrclatlon ¡t Dunn-Sldók edlurtcd rigniftcencc tcvC (to control
for experlmenl.w¡ac error rale), besed on unadlucted P of 0.05; NS = not rlgnlflcenl. Sec Appendlx E, Tabler E-l through E-15 for
dcl¡il¡ on cornl¡llon co¡fflclont¡ (r valurc) ¡nd ¡o¡ocl¡tcd Typc I crror probrbllhlcr.
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3.0 Results and Dlscusslon (confinued)

Infaunal density 
-was.not significantly correlated (at the Dunn-sidrik adjustetlsignificance level) with any of the un-normalir.¿ .rt"-i"avphtsic-¿l uåuïr", exceptDDT (r{'860, P=0.000, Table E-1). significani;;;ili"r correlations also occuredbetween infaunal denlity 3ng DDT normälized o ãitrrrt ,itï.luy or Toc (silt+clay:14.798, p4.002, Tabló E_6; ToC: 14.798, rã¡ñã,'rable E_il). The strongpositive correlations between these variables are or" i-g"ly;ril;;ã"n." ar veryhigh densities of-the opporn¡nistic and polluti""-tãirt*t polychaete polydora cornutaat stations (e.g., Station 8, 11, and S) wittr ro,n. of t¡. highestDDTloadings.

Tlere were.fairly :trong positive correlations between infaunal densiry and mostother organic and inorganic contaminant penimetcrs (all except pCBs, dieldrin, andPb; Table E-1). Though not significant aì the more òonservative Dunn-Sid¿íkadjusted signifîcance lével, theJe corretations tra¿ itõ;; error probabilities under theunadjusted significance level of P=0.05. These òo.".iu,ionr ;;ã;l*ã.ry to thestrong positive correlation between infaunal density -¿ ,tt" silt+crãy ta"iion14'627' P4'029, 
Jabfe E-1) and the tendency roi rn"nv of these contaminants to bepositively correlated with this same sedimen, i*urnr*. It is interesting to note thatwhen the chemical coltlmin^ant par¿rmeters are normalized to silt+clay, the strengthof their associations with infaunal density ¿iminlsrr nãtauly (Table E_6).

Infaunal species richness was not significantly correlated (at the Dunn-sidrík adjustedsignificance level) Yt.h *y of the u-n-normalized or normalized chemical andphysical variables (ta,bte j-t¡). Type I ,oo, probubiiiti;r for most comparisons werevery large and exceeded even the lêis conservàtive, unadjusr"d ,igrifi;;; levol ofP=o'05 (Tables E-z,E-7, and E-12 for un-normalized, silt+clay-normalized, andToc/Al-normalized chemical data, respectively). ããpÏip"a percenr survival showedsimila¡ insignificant correlations with all un-normalized and normarizedchemicavphysical variables (Table ¡-r¡ ru**y;-iãuì", E-3, E-g, and E-13 fordetails of correlations with un-normali"r¿, ril-tãåy-"ãr-"rized, and ToC/Al-normalized chemical data, respectively).

Sea. urchin percent fertilization was significantly correlated with most un-normalizedsediment contaminant variables, consiíting ;¡;¿.*dñ;;", anthracene, fluorene,phenanthrene, benzþ)anthracene, fluorantñe1., pyr.n., i pAHr, total chlordane,DDE, DDD, x DDT, cr, and Hg (Table 3-13): 'óo..lutions 
with these chemicalvariables were all positive:1{_tri4ty significant;ih ü;. I error probabilities

:i5,i:"1"i::fl,::ll1 9.00r qffåt) il eJdrìiài,l tr,",, were marsinauys¡õ¡rurwqrr pvùruvç çurrclallons wrm rtru (r=u.757, p=0.004), As (r=0.76g,P=0'004), and Cu (r=0.783, P=0.003). The positivå ¿ir.l,ion of these correlarionsdid not.suggest a pattern of increasing sedimen, ,"-i.ity ;ith increasing sedimentcontamination among the various st.tionr. However, *t 
"n 

the chemical variableswere norrnalized \ttl,ll|y:a. marginally significani inul.rr correlation with THCresulted (rc0.757, P=0.004; Table E--9). Âtrõ, u ug"ifi;, inverse correlation withAs (r=-0'787, P=0.002) resulted when this .ontu-iiun;;r normalized to Al (TableE-14).
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3.0 Results and Dlscusslon (contlnued)

Sea urchin percent normal development was not significantly correlated with any of
the un-normalized or normalized sediment contaminant variables (Table 3-13). Type
I error probabilities for all comparisons were large and exceeded even the less
conservative, unadjusted significanCe level of P=0.05 (Tables E-5, E-10, and E-15 for
un-normalized, silt+clay-normalized, and TOC/Al-normaliznd chemical data,
respectively). However, there were significant inverse correlations between sea
urchin percent normal development and concentrations in porewater of both total
ammonia (TAN, rc-O.972, P=0.000) and unionized ammonia (UAN, r=-0.804,
P4.002) (Table E-5).

Overall, the correlation analysis did not reveal clear patterns of increasing sediment
toxicity or benthic community degradation with increasing sediment contaminarion
among the 12 sampling stations for most contaminant variables. The clea¡est
patterns, as discussed above, were depicted only for associations be¡veen the
following variables: sea urchin percent fertilization and THC normalized to silt+clay,
sea urchin percent fertilization and As normalized to Al, sea urchin percent normal
development and UAN, and infaunal density and DDT (un-normalized or normalized
to either silt+clay or TOC).

A second, more straightforwa¡d data comparison methd was used as a means of
interpreting results of the three SQT components collectively (Table 3-I4). A simila¡
approach was introduced by Chapman (1990) and adopted by Car (1993) in other
sediment quality surveys. In the present application, evidence of contaminant-
induced degradation at a station is provided by the combination of one or more
NOELÆR-L exceedances, one or more significant toxicity occurrences, and the
presence of a stressed benthic community. Low species richness (< 50 species from
combined replicates at a station) was used in this study as a somewhat subjective
indicator of a stressed benthic community; other benthic community p¿uameters were
too variable to use for this purpose. A cut-off point of 50 species was based on
comparison of numbers of species at reference sites relative to the other sites. All
reference sites had nìore than 50 species.

Based on these criteria, there are six stations (Stations 1 and 3 in Wellfleet Harbor,
Stations 6 and 7 in Boston Harbor, and Stations 10 and 11 in SalemÆeverly Ha¡bors)
with strong evidence of contaminant-induced degradation of the benthic environment.
At least one contaminant (at Station 3) and up to 23 contaminants (Station l0) were
present at these sites at potentially toxic concenEations (i.e., at concentrations that
exceeded reported NOELÆR-L values). It should be noted, however, that unionized
ammonia (UAN) was present in porewater at three of these sites (Stations 1, 10, and
11) at concentrations that could have caused toxicity and benthic community
degradation. Station 1 also had a very high concentration of sulfide, which could
have contributed to the observed bioeffects.
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Table 3-14 Summary of sediment quality triad results (adapted from chapman et al. 1 990, and Carr 1993).
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3.0 Results and Dlscusslon (conünued)

Elevated chemical contaminants (above NOEL or ER-L values) and significant
toxicity occurrences (one or more significant reductions in amphipod s-u*irral, sea
urchin fertilization, or sea urchin embryological development) were observed at
Stations 4,5,8,9, and 12, though there was no clea¡ indication of a stressed benthic
community at these sites. Stations 8 and 12 had high concentrations of unionized
ammonia (UAN) in porewater, which could have caused or contributed to the
observed toxicity. All 12 stations showed some indication of envi¡onmental
degradation (either high contaminant loading, presence of toxic sediments, or a
species-poor benthos). However, at one station (Station 2), the combined SeT data
suggested that unmeasured chemicals or conditions wer€ causing the observed
biological impacts.

These results are summarized in Figure 3.5. This summary also provides an
indication of the dgeree of chemical contamination at a site by diitinguishing
between sites at which the threshold-level NOELÆR-L valuei *ete J*ceedeã and
those at which the higher-level PELÆR-M values were exceeded.

Sites with PELÆR-M exceedances indicate the presence of contaminants at relatively
high concentrations expected to cause adverse eifects on a wide range of benthic
organisms.. fndependent field studies have shown that ER-M e*ceeõances correctly
predict toxicity in a series of two to three tests in about 90 percent of the cases
(comment from Massachusetts Bays program reviewer). Cóntaminants at
concentrations that are above the NOELÆR-L values but less than the PELÆR_M
values could be responsible for some of the observed toxicity, but have a lower
probability of being the cause relative to those contaminants-that ¿ue present at
concentrations above the PELÆR-M values. All sites in Boston an¿ S¿emÆeverly
Harbors had one or more chemicals that exceeded the higher PELÆR-M values.
None of the sites in Wellfleet Harbor had chemical contaminants present at
concentrations that exceeded PELÆR-M values.

3.6 Relatlve Status of Pollutlon-lnduced tmpacts Among the Dlfferent Harbor
Systems

Stations were ranked from most to least degraded with respect to each of the three
SQT components (Table 3-15). A rank sum was calculateã for each station and these
values were used in an overall relative ranking of stations.

Station I in Wellfleet harbor, an area removed from major urban and industrial
centers such as Boston and SalemÆeverly Harbors, showed the strongest evidence of
a degraded benthic system. This station had the second lowest speciel richness and
the strongest toxicity responses among the 12 sites. Station 1 wás ranked No. I
consistently for all three toxicity tests and was the only site where all three toxicity
endpoints were significantly reduced.

All stations in Wellfleet Harbor showed one or more significant toxicity test results.
These sites received the four lowest average toxicity rankings. In addiiion, most

3-33



Boston

WelÍfleet

ì

I

5

I

Wr
FEI valu

tlne or
Adverss chonricat {Cl,
toxicologicarl {T}, ur
biological {[tl rttur,

P
ff

Flgure 3.$ $umrnary of $edlment eusllty Trlad,



Table 3-15 Ranking of stations with respect to sediment chemistry, toxicity, and benthic community data. The higherthe ranking, the less degraded the stat¡on retative to the other ðiaüons.
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'Based on tl¡e overall magnitude of NOELÆR-L exceedences for all chemicals (Table 34).bBased on 7o survival daø (Figure 3.1).
'Based on mean Vo fettihzaaon data at l007o WeAS (Table 3-5).
dBased on EC50 daø from ttre embryological developmenr test (fable 3-g).
'Based on average no. species/sample (Table 3-10).
Ð chemistry rank and average toxicity rank and infaunal species richness rank.
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3.0 Results and Dlscusslon (conilnued)

stations except Station 4 (the targeted reference site) had benthic communities that
were relatively species poor (defined here as < 50 species per site for comparative
purposes; see Table 3-14).

Contaminants that could have been responsible for the observed bioeffects at
V/ellfleet Harbor sites are dieldrin (Station 1), Pb (Station 1), and chlordane (Stations
1, 3, and 4). All th¡ee of these contaminants were present at concentrations that
exceeded corresponding NOEL or ER-L values, whìch serve as th¡eshold effects
levels, though none exceeded the higher PEL or ER-M concentrations above which
adverse bioeffects on a wide variety of benthic organisms are expected. Factors other
than chemical conaminant loading must be consiðered as causes of the adverse
conditions of these sediments. Concentrations of unionized ammonia and sulfide, for
example, were very high at Station 1 and could have caused, or contributed to, the
observed bioeffects at this site. Sulfide, in fact, was higher at all four Wellfleet
Harbor sites than in any of the other harbor sites. A põssibte source of the high
ammonia and sulfide content of these sediments, partiiularly in the inner harbõr, is
the. natural decomposition or organic matter in an area of hígh organic loading (due
to inputs from adjacent marshes) and elevated summer water temperatures (due to the
shallowness of the harbor). In recent ye¿ìrs, local residents of the we1fle"i H-bo,.
a¡aa L^.'o ^L^^-,^l ^ 

-^--.:- - ---Lrqvq ¡¡cvv wr-rùr;r Yu(¡ 4 Ë¡uwu¡B PlUUrem Wfm SUnUOn And StAgnatfgn fn the inngf
harbor.

Though the _sEongest bicæffects were observed in Wellfleet Harbor (par:ticularly
station 1), the sites in this harbor system had the lowest overall sediment
contadfiadon-(higtrest rankxcotes for ehemisry column in-Table 3-15).'Tñ" -õrtcontaminated sites were in Boston and SalemÆeverly Harbors. The númber of
contaminants that exceeded the corresponding NOEL or ER-L values ranged from 25
to 16 among Boston Ha¡bor sites, and fromi3 to 16 among salemlBeveriy Harbor
sites, compared to only I to 3 among v/ellfleet Harbor sites.

Stations l0 and ll in Salem Harbor were the most and second-most contaminated
sites with respect to the overall amounts by which contaminants exceeded their
corresponding NOELIER-L values. Concentrations of pesticides and metals were
especially high at these two sites. The third-most contàninated site was Station 5 off
Deer Island in Boston Harbor. This station had among the highest concentrations of
dieldrin and total DDT. Station 9 in Beverly Harbor õas ranked as the fourth most
contaminated site, which had the highest concenrrations of total and individual pAHs.

Typically, PCBs, dieldrin, total DDT, Ag, cu, and.zn were present at the highest
concentraúons among Boston Harbor sitðs. In comparison, âcenaphthene, unìhru."na,
fluorene, phenanthrene, benz(a)anthracene, benzo(afpyrene, chrysóne,
dibenzo(a,h)anthracengfluoranthene, pyrone, x pAH;, chlordane, total DDE, total
DDD, r DDT+DDD+DDE, As, cr, pb, and Hg were usually pt"i"nt at the t igt.rt
concentrations Írmong Salem/Beverly Harbor sites. All statiôns in Boston and
salem/Beverly Harbors had one or more of these contaminants present at
concentrations that exceeded NOEL or ER-L values and thus, cõuld have contributed
to the observed bioeffects. These effects consisted of significant sed.iment (or
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3.0 Results and Dtscusslon (conilnued)

porewater) toxicity at all sites and the presence of a species-poor benthos at Stations
6 and 7 in Boston Harbor and stations r0 and l1 in Salem Harbor.

Contaminants that are more likely to be causing the most ecological harm in these
latter two harbor !rytgry are Ag, chlordane, an¿ OOf in Bostoi Ha¡bor and Cr, pb,
chlordane, and DDD in Salem/Beverly Harbors. These contaminants were presenr at
one or more sites at concenrrations that exceeded the higher pEL anüor rri_vr
bioeffect guidelines (see Table 3-3). Ag exceeded PELÞR-M values at all four sites
in Boston Harbor. In comparison, Cr eiceeded PEI-,/ER-M values at all sites in
-S$eyÆeverly 

Harbors. Remaining PEI-,/ER-M exceedances were as follows: pb
(station 1l), chlordane (stations 6, l0 and 1l), DDT (station 5), and DDD (stations
9,10, l1).

Statio_ns targeted as reference sites within each harbor system received the highest
overall rank scores (Table 3-15). Station 4 (Wellfleet Fiarbor) was ranked 101h,
Station 8 (Boston Harbor) was ranked llth, and Station tz (S¿emlB.u"ity Harbor)
was ranked 12th based on the combined SQT data. These sites seem reaónable to
use as reference sites- in_ any future secliment quality monitoring in the region.
However, as this srudy has shown, it is very dirncúlt to find uñy n"*rnô?,
depositional environment in the region that is completely free of chemical
contaminant inputs or some level of ecosystem degradation.

This study also demonsmæs that factors other than chemical contaminant loading
must be considered as possible causes of the biologically adverse cond^ition of
sediments in some of these coastal harbor systems.- Higi organic toaaing ano
associated increases in the ammonia and hydrogen sulficle content of sediment
p_orewater may be important factors contributing to the higth toxicity of Wellfleet
larbor sediments, which appear to have experienced far lãss chemió¿ contamination
than the more urbanized Boston and SalemÆeverly Harbor systems.
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Appendtx A

Llst of Standard Operailng procedures (SOps)
Used by Partlclpatlng Laboratorles





soP No. sEP-v90-20; operation of the van-veen or young Grab sampler

SOP No. Corpus Christi F10.9; Extraction and Storage of Pore-Water Samples

SOP No. SEP-V90-21; Collection and Handling of Subtidal Sediment Chemistry
Samples at Station F (-10 m to -30 m or maximum depth)

SoP No. ADL-2819; Extraction of organic Compounds -- polycyclic Aromatic
Hydrocarbons (PAHs), Polychlorinated Biphenyls (pcBs) and chlorinated
Pesticides -- from Sediment or Shoreline Soil Samples

SOP No. ADL-2821: Fractionation/Cleanup of Sample Exrracrs for Polycyclic
Aromatic Hydrocarbon, Polychlorinated Biphenyl and Chlorinated Pesticide Analyses

SOP No. ADL-2827; Determination of Polynuclear Aromatic Hydrocarbons and
Selected Heterocyclic Compounds by Gas ChromatographylMfass Spectrometry in the
Selected Ion Monitoring Mode

SOP No. ADL-2818; Determination of Chlorinated Pesticides and PCB Congeners by
Gas Chromatography-Electron Capture Detection

SOP No. ADL-2829; Determination of Total Organic Carbon (Weight Percent) in
Sediment Samples

soP No. corpus christi F10.6; sea urchin Fertilization Toxicity Test

SOP No. Corpus Christi F10.7; Sea Urchin Embryological Development Toxicity
Test
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Appendlx B

Raw Data
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Table B-1.

SAMPLEID FIELDID LABID

AN.S-27 PB NA
AN-S.28 SRM NA
AN-S'gMS NA
AN.S-30T. REF. NA

Sedlment Hydrocarbons, TOC, Graln Slze

STATION FILEìTAME MATRIX SIZE ANAIDATE I,JNIT

7.5

10.16

coN coNQ 2-CrN 2-C1NQ t_clN I-CINQ

MBTOOT
MBTOOS
MBTOOS-LDUP
MBTMg
MBTOIO
MBTOIl
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOT6
MBTOIT
MBTOIS

MBSQT9306m
MBSQT93ll00
MBSQTg3llm
MBSQTg30800
MBSQT93l0m
MBSQT930500
MBSQT930t00
MBSQT930200
MBSQT9303m
MBSQTg3l2m
MBSQT930900
MBSQT9304m
MBSQT930700

AN-S-27 PB
AN.S-28 SRM
AN-S-29 MS
AN.S-30 T. REF
MBTOOT
MBTOO8
MBTOOS.LDUP
MBT@
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTOIT
MBTOIS

29.89
297
54.9
8.E5
41.8

56
49.6

21.08
42.35
51.03

14.3
14.o7
5.133 J
29.92
83.6ó
13.42
24.42

1.7934 I
121

NA
2.4t9 I
25.96
35.28
36.5E

12.4
23.65
23.31
t.495 J
0.871 J
1.4t6 J
I 1.56
41.83
l.@8 J

16.5

1.0004 I
71.5

NA
l.7ll J
t2.32
2t.84
n32
6.82

14.85
13.86
0.845 I

05u25 r
0.944 I
7.48

34.71
0.732 I
7.92

)x4440
)x444t
)x443
)x4444
)x4445
)x4446
)x4447
)x444E
)x4M9
)x4450
)x4451
)x44s2
)x4453
)x4455
)x4456
)x4457
)x445E

SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED

r r.54
16.57
2222

15.2
t3.n
15.75
19.86
15.18

l0
5.1

10.12
30.13
11.67

nglg
¡ele
7o

nele
nclg
nsle
nele
ngle
nele
ngr'g
ngle
¡ele
ngle
ngle
nele
n$lg
nele

09n9ß3
w^9t93
w^9t93
09^9t93
@I9t93
@figt93
wn9p3
091r9193
w^9t93
wlt9t93
@lt9t93
09119t93
@120193
wt20t93
09120193
09t2w3
wnu93

wet
wet

6
1l
ll
8
l0
5
I
I

3
t2
9
4
7

7.41
t3.29

09-Nov-93 MASSBAYS.W at \/



0.4697 r
13.2

NA
J
J
I
I
I
J
J
T

T
J
T

o5782
3.256

5.32
5.n

1.984
3.52

4.158

0.732 I
224 r

o.n95
0.1876
0.2832
r.76
31.15

ND
28.05

N.A,
t.947 I
6.16

rt.76
I1.78
4.5?ß I
9.35

tt.Et
o.3& r

ND
OJ6I I
5.304 J
29.37
0.671 r
4.818 J

t.952
115.5

2.478
23.76
35.28
35.34
11.78
24.75
22.O5

1.56
1.005
t.652
11.56
6.28

t.22
15.18

I
NA
I

I
J
T

J

J.

a.

2¡,5C3N æ,5{3NQ CrN CrNQSAMPLEID FIELDID

AN-S-27 PB NA
AN-S.28 SRM NA
AN.S¿gMS NA
AN-S-30 T. RËT. NA

C2NQ CN e3NQ C4N OINQ ACEY ACEYQ ACE ACEQ

t{D
2805

ì{A
9.4

31.68
56

82
23.ft
4L9

57.33
1.56 t

lfD
4.779 I
23.12
tu.6
4.Ogt I
25.74

l7.l I
44

78.4
86.8

32.24
55

88.2
Ly25

7.08
36.72
E4.55
2,Ot3
19.14

35.2
65.88

8.2ß
16.72
21.28
22.94

8.68
18.7

23.3t
0.975 I

0.3082 J
2.655 I
12.24

89
2.928 I

9.24

ND
17.05
@39
3.363 J

15.4
16.8

19-22
13.o2
13.75
22.68
0.338 J

ND
0.826 I
9.52

34.7t
0.61 J

|t.22

ND

NA

I
ND

I

ND
99

NA

MBTOOT
MBTOOS
MBTMS-LDI'P
MBTfi}g
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOIó
MBTOIT
MBTOIs

T

J
J

I

\\'Qû09-Nov-93 MASSBAYS.



SAMPLEID FIELDID

AN-S-27 PB NA
AN-S.28 SRM NA
AN-S.29MS NA
AN.S-30T. REF. NA

BIP BIPQ COF COFQ ClF CIFQ CzF' CT'Q C3F C3FQ COP COFQ COA COAQ I.CIP I{IPQ CrP/A

NDND

NA
t.t2

282.9

MBTMT
MBTOO8
MBTOOS.LDUP
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTOIT
MBTOIE

MBSQT930600
MBSQT93ll00
MBSQT93It00
MBSQT930800
MBSQTg3l000
MBSQTg30500
MBSQT930l00
MBSQT930200
MBSQTg303m
MBSQTg3l200
MBSQT930900
MBSQT930400

5.9
t3.&
25.76
26.M
t3.u2
t9.25
28.35

0.5135 J
ND

1.652 I
t2.24
72.98
2.074 I
tt.22

17.48
36.6
2t1.6
59.94
26.n
,16.E6

60.,18
1.54 J

0.3465 J
4.ú2 I
33.62
164.8

6J
26.t8

2.623 I
39.05

NA
t.652 r
7.92

13.44
t2.4

4.E98 J
8.8

10.08
t.82 I

I.Nl J
l.ú2 r
5.712 I
15.13
t.525 I
6.006 J

36.3
77.47
10.62
23.76
35.28
42.16
19.22
29.t5
41.58

0.91
o.n47
2.478
21.08
106.8
2.501

16.5

E8

7.67
29.92
38.64
ß.3

19.84
30.8

41.58
t.43

3.127
16.32
97.9

2.623
18.48

225.5

5.428
22.44
29.t2
37.E2
13.02
23.t
44.1

2.655
15.64
64.08
2.257
15.E4

3.57 I
331.2

173.34 &.
t29.2
2t6.2-
345.6-
392.2
t70.4-
250.8 -
338.4 -
10.78
4.235 I
3t.82

205-
906.4 -

36
t69.4 -

t24.2
83.43
31.r6
65.8
83.2

103.6
55.38
72.6

1t5.2
1.54 J

0.62 I
5.92 J

59.86
339.9
9.7s

47;t4

0.3122
68.31

ND

&.

I
J
J

J

53.9
ND

NA

T

ND
J

¡

ND

NA
T

ND
ND
T

J

NA

MBSQTg30700

6ó.88
136.3
2r7.6
244.2
106.5
178.2
208.8
5.7"t5
1.463
fl.a
13t.2
597.4
22.5

107.8
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¡--
I

,lr

SAMPÍ,EID coDQ Cr$ ctDQ C2D C2DQ c3D C3DQ FLU FLUQ

AN.S-27 PB
AN-S-28
AN-S,29 MS

ND

NA
T

NA
NA
NA
NA

ND
6.U

NA
5548 J
æ.68

32
34.04

897
249.79
364.8
465.3

768
888

333.7
54t.2
640.8
n.72
5.236

81.4
4t8.2
1648
97.5

36t.9

151.8

7.5A
40.89
47.36
54.V2
t9.t7
&.y2
6t.y2
1.3E6

0.4158
2.5t6
23.78

I(B
2.r75
25.4r

4.94
¿16.06

41.6
43.6
t7.75
35.A
62.&
1.84E

ND

&

J

ND ND
193.2

NA NA
J

AN-S-30T.
MBTOOT
MBTOOS
MBTMS.L
MBTOæ
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTOIT
MBTOIs

t3.49
25.74

T

J
J

J
I
J

33.r2
1.001

03008
r.998

16.4
7E.28
2.t75
tú,.17

J
J
J LtÆ

2t.32
82.4

t.725
28.49

T

ND
J

JJ J

I

I

l!

324.3

22.A4
79.9

12t.6
103.6
¡ló.86

E5.8
t29.6
4.62

7.4
54.t2
226.6
8.25

60.06

ND

NA

T

ND

50.16
117.5
t19.2
162.8
70.29
t25.4
t72.8
4:t74 I

ND
9.62

E2

28E.4
13.5
u.7

351.9
ND

NA

c3P/A C3P/AQ OûP/A C4P/AQill

lÍ
ilr

ill

ì[
:l
.i

ll

.tl
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SAMPLEID FTELDID C3CQ C4C C4CQ BBF BBFQ BKF BKFQ BEP BEFQ BAP BAPQ PER, PERQ INDP I}¡DFQ DAHA DAIIAQ

N'D

NA

ND

NA

AN-S.27 PB NA
AN-S-28 SRM NA
AN-S¿g MS NA
AN-S-30 T. REF. NA
MBTOOT
MBTOOS
MBTOO8-L DUP
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOl3
MBTOI4
MBTOI5
MBTOI6
MBTOI7
MBTOl8

MBSQTg30600
MBSQT93ll00
MBSQT93ll00
MBSQTg30800
MBSQT93l000
MBSQTg30500
MBSQT93OIm J
MBSQT9302m ND
MBSQT9303m r
MBSQTg3l2m
MBSQT9309m
MBSQT9304m J
MBSQTg30700

82-8

15.2
39.48
55.04
53.28
2r.3

38.28
a.4E
1.3@

2.22
22.96
79.3t
3.15
30.8

ND

NA

J
ND
T

J

I 104
l,+0.13
258.4
455.9
633.6
673.4
262.7
475.2
518.4
20.79
2.849
6.62
311.6
l 133
55.5

338.8

ND

&.

J

358.8
t20.@

83.6
145.7
185.6
229.4

92.3
151.8
165.6

7.7
1.078
17.u2
I14.8
40t.7
18.75
tû7.8

ND

&,

J

483
131.22
191.6

329
448

473.6
t9r.7

330
388.8
12.32
1.848
34.78
229.6
865.2
44.25
215.6

ND

&

J

282.9

50.n

538.2
ND

NA
t2t.6

235
339.2
362.6
tn.8
44.2
259.2
10.01
t.6t7 r
23.68

t&
576.8
26.25
r17.r

ND
&r.7

153.09 &
167.2
n7.3
396.8
429.2
163.3
290.4

324
9.24

1.84 I
n38
180.4
710.7
31.5

2t5.6

ND
158.7

130.41 &
30.4
61.1
83.2
88.8

34.08
62.04
68.4

2.W2 I
0.2849 I

4.81 J
39.36
144.2
6.525 I
44.6

84.6
108.8
I18.4
55.38

85.8
100.8
3.08 J

0.3696 J
8.14

59.8ó
226.6

10.5
59.29
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i

I

i
I

I

I
I

l

ir

SAMPLEID

.{N-S-Z7 PB
AN-S-28SRM
AN-S"29MS

BAA BAAQ CoC CrcQ Crc crcQ c2C ÇzCQ C3C

ND
476.1
ß5.n &
t67.2

282
3W.4
ñt

t70.4
m.2
352.8
12.32

t.6r7 I
3/J.34

205
793.t
45:15
1E4.8

ND
53t.3

t2E:t9 &.
159.6
nL6

416
45&8
t63.3
303.6
345.6
t6.t7
2.t56 I
32.56
2t3.2
76L2

42
t9z5

358.8 234.6
ND

NA
200.1

21.28
75.2
89.6
96.2

45.44
6

'19.2

t.617

3.848
45.92
t33.9
4.575
60.83

ND

NAAN-S-30 T.
MBTOøT
MBTM
MBTOOS.L
MBTM9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTOIT
MBTOIS

60.04
t@.2

2U
2t4.6

92.3
15E.4
t87.2
5.082 J

0.646E J
ILl
98.4

39r.4
l5

lüt.8

ns6
103.4
t34.4
140.6
56.8
92.4

1t5.2
26IE I

0.46 I
5.55 J
65.6
2M
6.75 J
E4.7

FIELD

NA
NÀ
NA
NA mß

421.7
6æ..8
6t3.4
276.9
448.E
532-8
mt9
3.465 I
57:12
344.1
1339

74.25
3t5J .

0.,1{}6 I
759

t54.7r &

PlR rrRQ

6L32
188

249.6
n3.8

99.4
1E4.8

2t6
6.622 I
1.3E6 J
14.(b
IB

463.5
16.5

130.9

.6

J

255.3

T
J

ND

NA
476.t

ND

NA

6ß!
67.76

26.6
94

tzt.6
125.E
51.&Ì
y¿.4

1m.E
2.6tE I

0.3619
5.994

57.4
t95J

cm/rq c2r'/P c2F/ÞQ €F/P

09-1.$ov-93
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SAMPIÆID FTELDID BGHI BGHIQ DSN DSNQ Dloa DroaQ D10p DlopQ Dr2Bp DUBFQ T()c
wt%

Toc(dry)
wT%

%%
GRAVEL SAND

AN-S-27 PB NA
AN.S-2E SRM NA
AN-S.29 MS NA
AN.S-30 T. REF. NA
MBTOOT
MBTOOS
MBTOOE.LDUP
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTOIT
MBTOI8

MBSQT930600
MBSQT93ll00
MBSQI93ll00
MBSQTg308m
MBSQTg3l000
MBSQT9305m
MBSQT930l00
MBSQTg3û2m
MBSQT93ßm
MBSQT93l2m
MBSQTg3@m
MBSQT9304m
MBSQTg30700

2.03 I
@-t.7

160.3E &
159.6
286.7

4t6
444

t70.4
297
324

10.78
1.848 J
28-t2
196.E
793.1
30:t5
n3.3

2.43 2.52 0.0
0.0

o.2
0.4
0.0
6.5
0.4
1.4
0.0

10.8
1.6
0.4

3.01

4.29

t.@
0.87
2^t2
293
0.23
t.{t
l.8l
LUI
0.87
l.!)6

&
93

1ß
99
6l
85

n
94
y2

tß
Ð
92
9l

tt2
t4l
94

108

70
69
8l
76
4'l
&
74
7t
6
72
77
77
74
82

103
75
77

6l
55
6l
59
44
56
62
62
!f
63
65
67
59
68
89
6l
6

63
37
43
37
34
4t
4t
48
38
46
54
62ß
44
63
48
48

36.6
ll.0

58.1
51.4
29.6
85.8
96.7
E4.l
72.3
6'l.o
90.9
36.0
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SAMPLEID T¡IELDII)

AN-S-27 PB NA
AN-S.28 SRM NA
AN-S.29 MS NA
AN-S.30 T. REF. NA

% THC
CI"AY (mg/gsed)

16.7
4.9

TPAH TPAH+PER,
(ndgsd) (ndgsed)

%
SILT TPAIITOC TPAIVSILT+CLAy THC/IOC THC/SILT+CLAy

(ng,/g TOC) (ng/g S+C) (me/g TOC) - 
1ms,/g 5+C¡

MBTOOT
MBTOOS
MBTMS-LDUP
MBTM9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTO17
MBTOIS

43.791
t2265.O1

1979.89
n91.435

5352.9
7708.24
8309.54

33 19.938
5670.5

6854.85
247.5689

54.3Æ9
582.ß5

3955.992
l55l I

716.458
3893.626

43i.791
1254i1.97

1979.89
2842.355

5437.5
7817.04
842.7.94

3375.3r8
5'.156.t

6955.65
250.Ø89
54;tr65
590.175

,1015.852

15737.6
726.958

3952.916

220283.95
17967925

ß;l
E4.O 6.W

5.62

0.88
0.28
0.15
0.15
0.20
0.21
o.2t
0.22
0.21
o.24
0.25
0.45
o.20
0-21
0.23
0.19
0.20

NA
ll.4
NA
NA

3.86
5

5.2
2.31
3.57
4.r2

0.96ó
0.473

t.@
1.88
2.22
1.06
2.67

8444.79
86r'3.49

158.85
I r6.55

a1 a

34.8
44.6
4.5
t.4
8.8

19.4
t5.l
4.5

49.4

14.4
t3.4
25.8
3.2
1.5
5.7
8.2
7.t
3.0

t4.t

7y75.88
ttTn.75
9732.76
32r0.51
1870.19
ñ20.14

14298.03
7000ó.95

9552.93
6t25.16

t36.69
4to.34
t94.34
32.97

205.65
tt4.97
103.87
w.25
121.84
t36.22

5.55
7.4t
5.85

12.53
16.28
I 1.67
6.79

10.u2
t4.t3
4.20

t96446.O4
651781.61
323341.98

8449.45
23629.ú
39594.22

218563.09
749323.67

E2351.49
198654.39

@-Nov-93 MASSBAYS.WQT



SAMPLEID FIELDID TCON.C4N TCON.C4N/TOC TC2N.C4N
(ne/e ToC)

TC2N.C4N/TOC
(ng/g TOC)

TPHE¡{ TPIIEN/TOC
(ng/g TOC)

czUc2P ctUC3P c2CIc',D SC/C3D

AN-S-27 PB NA
AN-S.28 SRM NA
AN-S.29MS NA
AN-S-30 T. REF. NA

33.ú2
935
54.9

43.778
172.48
280.56
295.74

108.5
204.05
258.93
22.425
16.013
21.83
122.4

428.@
23.79

107.58

t.22
522.5

0
32.45

106.92
189.28
210.8
75.&

136.95
r85.85
6.565
0.938

15.045
80.92

298.r5
9.r5

67.98

5.67
1593.9
173.34
315.4
672.t
1056

I 102.6
479.25
n8.8
lü4

31.493
7.W
77.7

570.72

2482.3
96.75

514.36

0.00
0.50 0.60

0.22
0.58
0.34
0.42
0.3E
0.42
0.48
0.,10

0.29
0.39
0.36
o.2t
0.47

MBTOOT
MBTOOs
MBTMS-LDUP
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTOIT
MBTOIS

MBSQT930600
MBSQT93Ilm
MBSQT93ll00
MBSQTg30800
MBSQTg3l0m
MBSQTg30500
MBSQT930l00
MBSQT9302m
MBSQT930300
MBSQTg3l200
MBSQT9309m
MBSQT930400
MBSQT930700

7W7S42
6539.860

6420.1 l8
23454.U23
t22r3.679

765.358
6962.t74
1485.034
6762.43r

20680.676
2734.483
s488.776

4475.74A
t574t.379
8766.509
224.Mt
ñt.826

t023.469
4470.7t8

Á4AßE2
105t.724
3ß.367

28357.988
895t7.24t
49245.283
tvt4.86
3046..522
52E5.7t4

3t53t.492
1t9917.E74
lllæ.690
262A.857

1.55 1.04

4.3t
1.63
2.15
2.20
2.56
1.85
1.26
0.88

t.79
2.r5
1.63
2.65
2.14

44m.000
Mtz.r2t

n658.436
24615.385

0.16
0.33
0.25
o.n
0.23
0.30
o.32
0.25
0.32
0.21
0.24
0.22
0.13
0.28

3.&
2.53
2.84
2.ffi
2.96
2.26
1.86
1.89
1.07
2.2t
2.76
2.00
3.10
3.33

09-Nov-93 M.A,SSBAYS.WeI
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Table B-2.

Mass Bays - Metals

STATION SAMPLEID

Sediment Metals

Tot¡l ICÀP Metåls (conc. In ug/g)

Al* Be Cd Cr Cu Fe* I\ft Nl

Toad AA Met¡ls (conc ln ug/g)

AC As HC Pb

3.39 13.5 0.612 94 ND ND 17.6 NDL9l 15.5 0.795 t4s ND ND l3.l ND47ç 5.38 0.ß2 55.1 ND ND i¡.¡ NDLg| 9.08 0.43 51.9 ND ND iO.O ND3 8.ó5 NA 54.5 ND ND 10.9 NDt.22 12.7 o.sn 80.4 ND ND S-5¡ ND244 13.3 0.,109 58.7 ND ND 6.75 NDqlq 3.61 ND 5ó.5 ND ND ND NDND 2.N ND 3.3 ND ND ND ND0.11 6.1 0.061 [.7 ND ND ND NDo57 7.85 0.349 56.5 ND ND s.09 NDolE 7.44 0.435 58.2 ND ND 8.94 NDND 2-78 ND 4.8 ND ND ND NDt29 6.34 0.&7 67.t ND ND 7i5 ND

7^

r36
133
83.6
82.8
86.E
t08
ll0
16.8
ND
35.2
E0.9
n.2
14.0
94.0

5ND ND tt7 96.0 2.û 328 NDND ND 7lE 57.4 2.56 262 4.73ND ND 77.7 46.4 2.25 135 NDN'D ND '10.3 ,t0.l Z2f 3lB NDND ND '12.8 43.6 2.22 :318 NDND ND 7ù5 3E.8 2.M :n4 4.69ND ND llE 51.9 2.ft6 :351 NDND ND 6.20 3.80 0.43 38.0 NDND ND 4.48 ND 0,32 36.4 NDND ND ll.0 5.47 0.n s5.6 NDND ND 345 20.4 LV2 244 NDND ND 363 A.9 1.30 r42 NDND ND 5.23 ND 0.33 tt¿.1 NDND ND E0.7 54.2 1.83 1250 ND

2.t0
2.t5
t.92
1.90
1.73
1.56
2.50
0.28
0.21
0.46
t.37
1.05
o.2l
LS4

6
ll
I
8

I
l0
5
I
n

3
12

9
4
7

MBTO(r/
MBTOOS
MBTOO9
MBTOOg DUP I
!ÍBTOO9 DUP2
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTO14
MBTDI5
MBTOI6
MBTOIT
MBTOIS

3
7

r Al AND FeREHORTED AS WEIGITT%

i¡

Ir

,/25-Oc¡-93 MB_METALWQI



Table B-3. Sedlment PCBs

SAMPLEID FIELDID t¿bID sTAfiON MATRD( SIZE ANALDATE IJMT TOC 1l/T7o s sQ l8 l8Q 28 28Q

AN.S-27 PB NA
AN-S-28 SR NA
AN-S.29 MS N.A.
AN.S-3OTR NA

AN.S-27 PB
AN-S.28 SRM
AN-S-29 MS
AN-S-3OTRF

MBTOÛ/
MBTOO8

MBTOOS-L
MBTOO9
MBTOIO
MBÏOll
MBT()I2
MBTOI3
MBTO14
MBTO15
MBT0I6
MBTOIT
MBTOIS

SED
SED
SED
SED

6 SED
II SED
II SED
E SED

IO SED
5 SED
I SED
2 SED
3 SED

12 SED
9 SED
4 SED
7 SED

ND
7.9

63
0.19 Nc
4.97

0.648 NC
0.ó14
l.l3 Nc

0.511 Nc
t.34

0.044 NC
ND

0.1ó2 Nc
0.335
0.481
0.018 Nc

3.57

MBTOOT
MBTOOs

MBTOOs.L
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTO16
MBTOIT
MBTOIS

MBSQTg30600
MBSQT931l00
MBSQTg3ll00
MBSQT930800
MBSQT931000
MBSQT93O500
MBSQTg30l00
MBSQT930200
MBSQT930300
MBSQT93l2m
MBSQT930900
MBSQT93Or00
MBSQT93ü/00

12s
5'l g

10.12 g
30.13 g

11.67 s
7.5 e

7.4r s
13.29 g
10.16 g

11.54 g
16.57 s
D.22 e

15.2 s
13.97 s
15.75 z
19.86 g
15.18 g

wt08t93
@twt93
wlo8l93
09/08/93
09/08/93
@tMt93
09/08/93
@t0Et93
08.tßt93
09/08/93
@t08t93
wto8,t93
@toBt93
wtwt93
@108t93

0.289
l.6l
2.W
1.06
2.75

0.3t2
2.8

0.773
0.228

1.72
0.651

2.33
t.34
3.14

ND

NA
6.4

ND

NA
ND

N'D
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

.2

l.ß

o.n6

2.43
4.29

1.69
0.E7
., l,
L93
0.23
t.{l
l.8l
z.ut
0.87
1.96

îEIE
rr9lC

Vo

nclg
n9lc
n9lc

^clEîEIE
rylE
nglE
nclc
NEIS

îEI8

'J,EIEnclc
nglg
nglE

wl08l93
@t08t93

MB-PcB.wQl l,/-



lj

SAMPLE gt n 77Q

2.t2

77ßOC
(ng/g ToC)

49.4t7

291.716
698.E5r

43.86E

52t7
2.t@

57.459
86.9s7
37.47t

0.931

9.65
5.24
5.9

4.25
4.33
4.95

0.063
L78
4.57

153ll8 llsQ

AN.S-27 PB
AN.S-28 SR
AN-S-29MS
AN-S-30 TR

MBTOOT
MBTOOS

MBTOOS-L
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTOIT
MBTOIs

L@
4.93
6.08
0.93

8.2
76

t.25
t2.5
7.74
9.r9
6.37
6.96
8.26

0.056

ND

NA

ND
ND

ND

ND
ND
NA
ND
ND

ND

ND

14.5

9.95

0.181
3.81
7.78

l5.l

0.012
0.ü¡l

1.04
1.8

0.326

r'!r

52 52Q 44 44Q 6ó@ l0l'

l0.E
t.2ß

0.611
8.17

6
0.0E9
0.5,lE

I l.l
6.36
12.7

9.t7

4.49
3.52

MB PCB.



SAMPLE ID FIELD ID l53Q 105 t0sQ 138 t38Q t26 tz6Q t26fiOC
(nglgTOc)

38.313
65.035

52.899
296.552
135.849

80.663

55.612

187 l87Q 128 l28Q 200 2@ 180 l80Q

AN-S-27 PB NA
AN.S-28 SR NA
AN.S-29MS NA
ANS.3OTR NA

ND ND

NA

ND

NA

ND
3.47

NA
0.43 NC
L95
l.El
2.t4
1.34
1.57
3.04

ND

NA

ND
ND
NC
NC
NC
NC
NC
NC
NC
NC
ND
ND
ND
NC
ND
ND
NC

0.894
2.58
2.8E

1.46

1.09

ND

ND

t7.2

0.825
10.9
6.03
6.76
5.2

5.49
6.31

0.148

5.08

0.3
3.85
2.37
2.39
1.52
1.33
1.97

0.1ól

12.5
70

0.391

4.55
3.2
3.5

2;t6
3.05
7.68

0.158
o.w7
0.188

1.37
2.9

0.t26
5.71

ND

NA
ND

ND
ND

ND
ND
ND

ND

ND
2.ffi

0.79t

0.283
0.67E
0.4?s

0.14'l

NC
ND
ND

ND

t2.4

MBTMT
MBTOOS

MBTOOS.L
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOI5
MBTOI6
MBTOIT
MBTOIS

MBSQT930600
MBSQTg3ll00
MBSQT93ll00
MBSQT930800
MBSQTg31000
MBSQT930500
MBSQT930I00 Nc
MBSQT93@00 ND
MBSQTg30300
MBSQT931200
MBSQTg30900
MBSQT930400 ND
MBSQT93CÍ00

0.525
3.r8
\59
2.75
t.@
t.62
2-78

0.109 NC
ND

0.1û3
0.616

1.82
ND

4.12

0.157 NC
ND

0.188 NC
l.15
3.85

0.189 NC
294

73
o.En
0.931

2.79
3.4

r.0l
2.t9

3.75

0.1l5
2.76
5.93

13.3

0.361

0.81

MB_PCB.WQI



SAMPLEID MLÐID 170 l70Q 195 l95Q 206 20úl 209Q TOTALPCBs TOTALPCBsÆOC
(ngle TOc)

%DBOFB %DBOFBQ

AN.S-27 PB NA
AN.S-28 SR NA
AN.S-29 MS NA
AN-S-3OTR NA 0.319

1.06
1.15
l.4l

0.699
0.896

t.2
0.198 NC

ND
5.47 NC

0.583
o-949

ND
t.24

0.314
7.98

7.68
2.36
t.63

1

1.03
1.53
5.w

0.193
0.5E2
o.n6
0.72
1.56
o.07
3.17

NC
DB
NA

DB
DB
DB
DB
DB
DB
DB
GNC
DB
DB
DB
DB
DB

6.25
7l

0.242
2.t4
1.44
1.24

t.23
0.88
1.56

0.216
0.483
o.244
0.376
0.535

5.77
2.8

0314
188.4t

569
20.528
92.3U2
49.5t9
54.t33
54.n5
47.45

63.t92
10.615
't.&2
9.06

n.9tl
57.894
t4.199

¡05.2(b

3798.436
1t54.289

ND
1.58 DB

NA

70
8l
83
80
50
72
E2

82
76
84
85
84
82
89
9l
82
90

NC
ND

ND

I
7

0.
l.
4.

MBTOOT
MBTOOS

MBTOOS.L
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTOI4
MBTOl5

MBSQTIB'1600
MBSQT9Bll00
MBSQTg3ll00
MBSQTgB0m
MBSQTIBlm
MBSQTgS{b00
MBSQT930I00
MBSQT93æ00
MBSQT9303C0
MBSQT9312Ð0

NC
GNC

GNC
DB

3252.959
5454.V23
2980.755

362.2ß7
3218.26t

61s.374
l2ó5.801
n96.8r2
t632.69
5367.653

MBT0I6 MBSQT9309,I0
MBTOI7 MBSQT93O4,I0
MBTOI8 MBSQT9307'10

MB_PCB.V/Ql



Table B-4. Sedlment pesüctdes

SAMPLEID FIELDID l-ablD STATION MATRD( SrzF ANALDATE UNTT TOCWT%

AN-S-27 PB NA
AN.S.28 SRM NA
AN-S-29 MS NA

AN.S-30 TRF NA
MBT007 MBSQT930600D
MBT008 MBSQT93Il00D

MBTOOS-L MBSQTS3IIOOD
MBTO@ MBSOTg3OsOOD
MBTOIO MBSQT93I000D
MBTOII MBSQTg3O5OOD
MBTOI2 MBSQT930100D
MBT0I3 MBSQT930200D
MBT0I4 MBS0I930300D
MBT015 MBSQT931200D
MBml6 MBSQT930900D
MBT0lz MBsoTg3o4ooD
MBT0I8 MBSQT930700D

AN.S-27 PB
AN-S-28 SRM
AN-S-29 MS
AN.S-30 TRF

MBTOü
MBTOO8

MBTOOS-L
MBTOO9
MBTOIO
NíBT0ll
ÀíBT0l2
MBTOI3
MBMI4
MBTO15
MBTO16
MBTOIT
MBIOIS

SED
SED
SED
SED

6 SED
II SED
II SED
8 SED

IO SED
5 SED
I SED
2 SED
3 SED

12 SED
9 SED
4 SED
7 SED

t2
5.1

10.12
30.13
1r.67

t9108193
wtoBt93
wtMt93
@togt93
@t08t93
wto8t93
wtMt93
@t08t93
@togt93
09i08/93
@toBt93
09to8.t93
wlæt93
wlo8l93
@lüt93
@/08193
a9n8t93

c
c
E

c
E
g

8
c
c
c
s
c
c
c
I
c
g

nelg
nc/c

lo
NEIE
nslg
îüc
nelS
ngle
ng/g
nglg
nglc
nglB
nglS
nelE
nelg
nglg
nglS

33

HCB HCBQ HCB/TOC
(ngle TOc)

ND

NA
ND
ND
ND
ND

8. t3
7.3

481.065
839.080

4.V¿ 1747.826
789.1 16

GBHC GBHCQ GBHC/TOC HEFI
(nglg TOc)

2.21
NA

2.43
4-29

t.@
0.87
2.t2
2.93
0.23
t.47
t.8l
2.Ut
0.s7
1.96

0.296
0.871
l.4l
r.52

0.865
l.l5

0.872
o.544
0.391
0.695
0.797

1.42
0.508

0.74

35.844
32.867

0.30r
0.002
0.086

0.224

0.428

7.5
7.4t

13.29
10.16
I1.54
16.57
22.22

15.2
13.97
1515
19.86
15.18

ND
ND

N'D
ND
ND
ND

.6

51.183
t32.tw
4t.t32
18.567

170.000
47.279
44.033
68.5Ð
5E.391
37.755

MB_PEST.WQI



SAMPLEID FIELDIÐ

AN-S-27 PB NA
AN-S.28 SRM NA
AN-S-29MS NA

AN.S-3OTRF NA

HEPTQ HEPT/Tæ
(ns/g TOC)

t2.3gI
0.047

10.56

21.8?7

ALD ALDQ ALD/TOC
(nglg TOC)

0.711 Nc
ND
NA

358.848
356.&3

4l 1.834
t26.368

59.386
n8.z6t
165.986
453.U39
618.357
254.U23
36ñ,.837

HE HEQ TIE/TOC
(ng/g ToC)

CIS/TOC
(nele Toc)

80.200
70.ú2

tzt.302
281.609
108.019
13.686
93.043
37.891

llo.497
188.406
ó7.01I

l 19.898

TRANS

0.4n
0.418

1.44

z,4',-DrrB 2í'-DDEQ crs cxsQ

MBTOÛ7
MBTOOS

MBTOOs.L
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTO14
MBT0I5
MBTOI6
MBT0IT
MBTOI8

0.108 GNC
ND
ND
ND
ND

0.873

0.24
1.06
1.66
1.36

o.957
0.909
0.878

ND
ND
NÀ
ND

3.3
3.88 NC
4.33 NC
1.4 NC

2.76 NC
ND
ND
ND

ND
8.72
15.3 NC
17.4 NC
6.96 NC

ll Nc
ND

1.74 NC
0.64 NC
2.44 NC
8.2 NC

12.8 NC
2.21 NC
7.19 NC

ND
ND
NA
ND
ND
NC
NC
ND
ND
NC
ND
ND
ND
ND
ND
ND
NC

MBSQTg3C600D
MBSQTg3il00D
MBSQTg31t00D
MBSQTg$8mD
MBSQT93lomD
MBSQT930500D
MBSQT930l00D
MBSQT93@00D
MBSQT93ßmD
MBSQT93l2mD
MBSQTg30900D
MBSQTg3O400D
MBSQTg3O700D

135.802
n.M3

82.840
3t7.Ut

7.347

75
0.285

0.,l(I¡
0.52i
0.795
0.587

o.n6

ND
ND

NC
ND

ND
ND

ND
ND
ND
ND
ND

4.49

0.56ó
1.95
3.04
3.33
2.05
2.45
2.29

0.401
o.2t4
0.557

)
3.9

0.583
2.35

ÀrD

NIA

NC
NC

NC

MB_PEST.WQt



SAMPLEID FTELDID

AN.S-27 PB NA
AN-S.28 SRM NA
AN.S-29MS N.A,

AN.S.3O TRF NA

TRANSQ TRANS/TOC
(ng/g TOC)

DIEL DIELQ DIEUTOC 4,4'-DDE 4,4'-DDEQ 15412,4'.DDD I542,4'.DDDQ 4,4'-DDD 4,4'-DDDQ 2,4,.DDT(ng/g ToC)

t.2

ND

NA
ND

ND
NC
NA
NC
NC

ND
ND
ND

ND

43.621
38.695

56.627
104.4E3

41.415

n.459
20.t93

73.69

ND
ND
NA
ND
ND
ND
ND

0.191 NC
o.&6
0.634
0.cr/5 Nc

ND
ND
ND
ND
ND
ND

rt3t2
74.253
29.96
2.5û

2.6
3.4

5.46
5.81
8.13
5.8

2J4
0.428
LN

0.6t7
3.98
2.93

0.376
4.45

0.58
7.05

NA
I l.l 10.6

86
2.94
7.92
t4.7
t7.3
6.41

?.ó
0.6E2
o.799
0.788

8.58
ll.4

o.752
8.89

MBTOOT
MBTOOS

MBTOOS-L
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOT3
MBÏOI4
MBTOI5
MBTOI6
MBTOIT
MBTOIs

MBSQT930600D
MBSQT93IlmD
MBSQT93Il00D
MBSQT930E00D
MBSQTg3lomD
MBSQTg30500D
MBSQT930ImD
MBSQTg30200D
MBSQT9303mD
MBSQT93l200D
MBSQT9309mD
MBSQT930400D
MBSQT930700D

5.62
l0
ll

2-73
13.7
4.7

0.078
4.9E
8.98

ND
ND

0.943
0.808

3.23

0.003

2.12

ND
3.95

MB_PEST.WQI



SAMPLEID MLDID 2,4'.DDTQ 4,4'-DDT 4,4'.DDTQ MIREX MIREXQ DDDTDDE+DDT DDDTDDE+DDT/TOC
(ng/g T0C)

'117.695
't68.834

ToDBOFB ToDBOFBQ

AN-S-27 PB NA
AN.S-28 SRM NA
AN-S-29 ly¡S NA

AN-S-30 TRF NA
MBTOø
MBTO$

MBrO08¿
MBTOO9
MBTOIO
MBTOII
MBTOI2
MBTOI3
MBTO14
MBTÐI5
MBTOI6
MBTOIT
MBTOIE

25.4t4
o.n5
1o.575
92704

0.58
29.95

250
5.798
t7.44

3L9E3
36.929
21.E38
79.495
zft.w
l.l I

L34E
1.,183

t9J5
23.829

1.128
t9.74 -

t292.tE9
9'137.356
t230.ffi

37.884
1020.870

n00.884
1091.160
lrL5l.l59
\29.655

t(wt.t43

70
8l
83
80
50
72
82
82
76
84
85
E4
82
89
9l
82
90

ND

NA
ND
ND
ND

0.743

ND

NA
ND
ND
ND
ND

NC
ND

ND
ND
ND
ND

89
0.1 13

0.5
2.42
2.29
2.83

t.2
7.82

2.2t
0.519

0.33

ND
ND

NC
NC
NC

ND
ND
ND

NC
ND
NC

t.2t
0.262
0.545
0.528

0.46
LM

0.@2
0.64r

t5.503
6LU4
u.%

ND
ND
ND

NC

'4

MB_PEST.\ryQI



Table B-5. Amphlpod Toxlclty Results: 10 Day Exposure

Sarnph ID
(See Note Bdow)

Stadon Repllcate % Survlval % 
^Ífúrd 

% Burlal

Control I

Control 2

MBSQT930l00AT

MBSQT930200AT

MBSQT930300AT

MBSQT9304æAT

MBSQT930500AT

MBSQT930600AT

MBSQT930700AT

MBSQT930800AT

MBSQT930900AT

MBSQT93tmoAT

cl

Q

a

3

4

5

6

I
,,

3
4
5

I
a

3
4
5

¡
a

3

4
5

I
2
3
4
5

I
2
3
4
5

I
t
3
4
5

t
J

3
4
5

I
2
3
4
5

I
a

3

4
5

I
a

3
4
5

I
,,

3

4
5

I
t
3

0.95
0,85
0.90
0.95
0.95

1.00
0.95
0.90
0.90
1.00

o.25
0.65
0.60
0.50
0.65

0.95
0.70
0.75
0.80
o.75

0.90
0.90
0.75
0.80
0.85

t.00
o.70
0.80
o.75
0.60

0.60
0.80
0.85
0.80
0.85

0.85
0.85
0.80
0.80
0.55

0.70
0.90
0.80
0.75
0.95

0.90
0.90
0.95
0.80
0.85

0.45
0.70
0.60
o.75
0.90

0.85

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0

0.95
0.85
0.90
0.95
0.95

1.00
0.95
0.90
0.90
1.00

0.25
0.65
0.@
0.50
0.65

0.95
o.70
0.75
0.80
o.75

0.90
0.90
o.75
0.80
0.85

t.00
0.70
0.80
0.75
0.60

0.60
0.80
0.85
0.80
0.85

0.85
0.85
0.80
0.80
0.55

0.70
0.90
0.80
0.75
0.95

0.90
0.90
0.95
0.80
0.85

0.45
0.?0
0.@
0.75
0.90

0.85
0.E5
1.00

7

8

9

0.85

294ct-93 MB_ATIO.WQI

l0

1.00



4 0.95

0.70
0.85
0.95

0 0.95

MBSQry31200Á,1 12

U
0
0
0

0
0
0
0

3
4
5

I
a

3

4

0.90
1.00
1.00
0.90

u.ð)
0.70
0.85
0.95

0.90
Lm
1.00

Noæ: Control I was n¡¡ wtith shtims l-4 and 9-12;
Cor¡t¡ol2 w¡s n¡n wtth st¡tions 5-8.

a

290ct-93 MB_ATI0.WQI



Table 8-6. Amphlpod Toxlclty Resutts: Daily Survtval

Ih¡ Dey D¡y Ihy Ihy lhy llay lhy D¡y lhy lley
01234567t910

Semple ID St¡don Replheûe
(See Note Bdow)

Control I

Control 2

MBSQT93or00 I

MBSQT93û2m

MBSQT930300

MBSQT930400

MBSQT930500

MBSQT930600

MBSQT930700 7

MBSQT930800

MBSQT93090O 9

MBSQT93l000

20
l9
20
20
20

20
20
20
20
20

)o
20
l9
l9
20

20
19

20
20
20

20
20
20
20
20

20
20
r9
2n
20

20
20
20
l6
l8

l9
20
20
l9
20

20
t9
20
20
20

20
20
20
20
20

20
20
l9
20
20

20
20
20
l6
IE

l9
20
20
l9
20

20
l9
2n
20
?ß

20
20
20n
2A

20
20
l9
20n

l9
2A
20
l9
20

20
20
20
?Ã

?ß

20
20
20
20
20

20
20
t9
20
20

l9
20
20
l9
20

20
20
20
20
20

20
20
20
20
20

20
20
2A
2n
20

l9
20
20
l9
20

n
n
mn
n
n
m
2n
20
20

?Ã
?n
m
20
n

cl

c2.

2

3

t7
t7
20

20
20
20
20
20

20
20
20
20
20

20
z0
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

l9
l8
20

m
2Ð

20
2n
m

20
m
20
20
20

20
20
m
m
2A

20
20
20
20
20

20
20
m
2n
20

l9
l8
m

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

19
l8
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

19
l9
20

5

6

I
.,

3
4
5

I
a

3
4
5

I
2
3
4
5

I
2
3
4
5

I
2
3
4
5

I
2
3
4
5

I
a

3
4
5

I
2
3
4
5

I
a

3

4
5

I
,,

3
4
5

I
2
3
4
5

I
,,

3

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

2ß
20
20
20
20

20
20
20
24
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
l9
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
19
20

n
2D

2ß
l6
IE

l9
2D
n
l9
20

20
m
20
20
19

20
20
20
n
n
m
20
m
?t
2n

20
20
20
20
20

20
n
n
m
20

20
2Ð
n
m
20

l9
l9n

20
20
20
l6
l8

20
20
20
l6
t8

20
20
20
20
l9

20
2Ð

20
l6
l8

m
l9n
2A
2A

2A
20
20
20
20

20
20
r9
l9
2ß

2Dn
n
l6
l8

l9
nn
t9
m

20
20
2A
?t
l9

mn
20
20
20

m
20
m
20
20

20
20
20
20
2ß

20
20
z0n
20

20
20
20
20
?n

t8
18
20

20
20
2Ã
l6
l8

5
l3
t2
l0
t3

l8
l8
l5
t6
t7

t7
t7
l6
l6
ll
l4
l8
l6
l5
l9

9
l4
t2
l5
l8

l9
t7
l8
l9
t9

20
l9
l8
l8
20

20
t4
l6
l5
t2

t2
l6
t7
l6
t7

4 20
20
20
20
l9

20
20
m
20
l9

20
20
20
20
l9

20
20
20
20
l9

l9
20
20
l9
20

20
20
20
20
l9

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

l8
l8
20

l9
t4
l5
l6
l5

IE
1E

l9
l6
t7

8

25-Oct-93 MB_DS.WQI

l0 r9
l8
20
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Table B-7. Amphtpod Toxtctty: Daily DO (mg/L)

St¡a¡on Repllcrte D¡y
0

D¡y IÞy
910

IhvtDey
7

Ihv
6

Iley
5

Dry
4

Dey
3

Ihv
2

Dey
I

Control I

Control 2

MBSQTß0rmAT

MBSQT930200AT 2

MBSQT930300AT 3

MBSQT93040OAT 4

MBSQT930500AT 5

MBSQT930600AT 6

MBSQT930700AT 7

MBSQT930800AT I

MBSQT930900AT 9

MBSQT93I000AT 10

ót
ót
6t
67
&7

7.t
7.t
7.t
7.t
7.1

7.0
7.t
7.1
7.t
7.t

7.O
7,O

6.9
't.0
6.9
6.9
6.9

cl I
t
3
4
5

I
2
3
4
5

¡
2
3
4
5

I
2
3
4
5

I
2
3
4
5

I
2
3
4
5

I
2
3
4
5

I
2
3

4
5

I
2
3
4
5

I
a

3
4
5

I
a

3

4
5

I
2
3
4
5

7.0
7.O
7.0
7.1
7.1

6.7
6.7
6.7
6.7
6.7

7.0
7.O
7.0
7.O

7.O

6.9
7.0
6.9
6.9
6.9

7.1
7.t
7.O

6.9
6.9
7.0
7.O
7.0

7.0
7.O
7.O,
7.O
7.t

7.0
7.O
7.1
7.1
7.1

7.2
7.2
7.2
7.2
7.2

7.t
7.1
7.1

7
7
7
1
7

7.0
7.0
7.1
7.0
7.O

67
6.7
6.7
6.8
6.8

óE
6.8
ó8
6.E
óE

a

7.t
7.2
7.1
7.t
7.1

7
7
7
7
7

7.t
7.t
7.1
7.t
7.1

7.O
7.0
6.9
7.0
7.O

7.t
7.t
7.t
7.t
7.t

7.2
7.t
7.1
7.1
7.0

7.1
7.t

ó.9
7,0
7.0
7.r
7.1

7.t
7.t
7.0
7.t
7.0

7.t
7.1
7.t
7.2
7.t

6.9
6.9
7.0
7.1

7.t
7.t
7.2
7.t
7.0

7.2
7.2
7.2
7.t
7.t

7.1
7.1
7.O
7.2
't.t

7.t
7.1
7.1
7.t
7.O

7.O

7.2
7.2
7.1
7.2
7.1

7.t
7.O

7.0
7.0
7.1

.l

.l

.0

.t

.0

7.O
7.0
7.0
7.O

7.0

7.0
7.0
7.0
6.9
6.8

7.t
7.2
72
7.t
7.1

7.1
7.t
7.0
7.t
7.t

7.O
7.O
7.1
7.1
7.t

7.O
7.O
6.9
7.0
7.0

1.O
6.9
6.9
6.9
7.O

7.O
7.O
7.0
6.9
7.O

7.0
6.9
6.9
7.O
7.0

7.0
7.O
7.O
7.O
6.9

7.1
7.O
7.t
7.t
7.t

7.t
7.2
7.r
7.t
7.1

7.O
7.t
7.O
7.0
7.O

7.t
7.O
7.0
7.O
6.9

7.t
7.0
7.1
7.O
7.t

7.t
7.O
7.1
7.t
7.t

7.1
7.O
7.0
7.t
7.1

7.1
7.O
7.O
7.O
7.O

7.O
7.0
7.O
7.O
7.2

7.2
7.2
7.0
7.1
7.1

7.t
7.0
7.t
7.O
7.t

7.0
7.0
7.0
7.0
7.O

7.t
7.t
7.t
7.t
7.t

7.t
7.1
7.O
7.1
7.1

7.1
7.1
7.t
7.2
7.t

7.t
7.1
7.t
7.t
7.1

6.9
7.0
7.O
7.0
6.9

7.O
7.0
7.O
7.1
7.t

7.t
7.0
7.t
7.t
7.1

7.t
7.t
7.O
7.O
7.1

7.0
6.9
7.0
7.0
7.1

7.O
7.0
7.O
6.9
7.0

7.t
7.1
7.t
7.0
7.0

7.t
7.1
7.t
7.t
7.1

7.O
7.O
7.O
6.9
7.O

6.8
6.8
6.8
6.8
6.8

7.t
7.t
7.1
7.t
7.t

)
.l
.l
.l
.t

7.t
7.t
7.t
7.1
7.1

7.0
7.0
6.9
7.0
7.O

7.O

6.9
6.9
6.9
7.0

7.t
7.t
7.2
7.2
7.1

7.O
7.t
7.2
7.1
7.t

7.O
7.0
7.0
7.O
7.0

7.2
7.2
7.t
7.2
7.2

7.t
7.2
7.t
7.2
7.1

7.0
7.t
7.O
7.t
7.0

7.1
7.t
7.t
7.0
7.O

7.t
7.t
7.t
7.r
7.2

7.t
7.t
7.1

7.t
7.r
7.0
7.0
7.t

7.1
7.t
7.t
7.0
7.0

7.t
7.t
7.t
7.0
7.0

6.9
6.9
6.9
7.0.
7.0

7.1
7.t
7.0
7.0
7.t

7.O
7.1
7.t
7.0
6.9

6.9
7.0
7.0
7.1
7.0

7.t
7.O
7.t
6.9
6.9

6.9
6.9
7.0

7.1
7.2
7.2
7.1
7.t

7.t
7.r
7.2
7.2
7.1

7.2
7.1
7.t
7.r
7.2

7.2
7.t
7.1
7.0
7.O

7.O
7.0
7.0
'1.0

7.1

7.0
7.2
7.t
7.2
7.2

7.1
7.2
7.2
7.2
7.t

7.O
7.O

7.t
7.t
7.t
7.1
7.1

7.2
7.t
7.t
7.t
7.O

7.O
7.2
7.t
7.t
7.0

7.1
7.t
7.t
7.t
7.1

7.t
7.0
7.0
7.0
7.0

7.0
7.t
7.t
1.0
6.9

7.1
7.2

7.t
7.0
7.t
7.0
7.0

7.t
7.2
7.2
7.t
7.2

6.9
6.9
7.0
6.9
6.9

7.0
6.9
7.0
7.1
7.0

7.r
7.t
7.1
7.2
7.2

7.1
7.t
7.t
7.t
7.O

7.0
7.0
7.1
7.2
7.t

7.0
7.t
7.0
7.0
7.1

.0

.l

.l

.l

.0

7
7
7
7
7

7.1
7.1
7.2
7.2
7.2

6.8
6.8
6.8
6.E
6.8

7.t
7.1
7.t
7.0
7.0

6.9
6.9
7.O
7.O
6.9

7.0
6.8
6.9
7.0
7.0

6.9
6.9
7.0
7.t
6.9

7.
7.
7.
7.
7.

7.t
7.t
7.t

.0

.l

.l

.l
,l

7
7
7
7
7

.0

.l

.l

.l

.0

7
7
7
7
7

7.2
7.2
7.2
7.t
7.1

6.7
6.9
6.9
6.9
7.0

7.1
7.0
7.1
7.t
7.2

7.t
7.0
7.0
7.t
7.1

7.t
7.1
7.0
7.t
7.t

6.8
6.E

6.E
6.9
6.8

254c¡-93 MB_DO.WQI

6.8
6.7
6.E
6.7
6.8

7.0
7.r

7.0
7.O
7.0
7.t
7.0



¡vrNDryt ¡ vrqry . utlty turB,L,

St¡t¡on Repllcete D¡y
0

Ihy Dey Ihyat6
Dey
3

Day
2

Dey
I Ihy Dey Dey

7-89
Day
-lo

MBSQT93II00AT ll I
a

3
4

7.O
7.O
6.9

7.O
7.0
7,0

7.t
7.t
7.1

.l

.t

.o

7
7
7

7.O
7.0
6.9

7.t
7.1
7,t

6.7
6.8
67

7.2
7.2
7,0

6.9
6.9
7,O

7.0
6.9
7.0

6.9
6.8
6.E

MBSQT93I200AT 12 I
2
3
4
5

6.8
6.9
6.9
6.9
6.9

7.1
72
7.2
7.t
7.t

6.8
67
6.7
&7
6.7

7.0
7.1
7.1
7.O
7.O

1.0
7.O
7.1
7.t
7.1

7.1
7.0
7.1
7.0
7.0

7.O
7.t
7.t
7.O
6.9

7.0
7.1
7.0
6.9

7.1
7.O
7.1
7.1
7.1

7.0 6.9
7.O 6.9
6.9 6.8
6.9 ó.8
7 6.9

Noæ: C.ontrol I was run writh statiq¡s 14 and
. Co¡¡tpl 2r+¡¡s¡¡D{l¿i¡hs¡¡ûüor¡¡-á.& -,

9-t2;

250ct-93 MB_DO.WQI



Table B-8. Amphtpod Toxtctty: Da[y Satlntty (pt)

St¡tion Ilay lhy Ihy lhy
2345' Ihy l)ay

67
Iley Iley D¡y
8910

Control I Cl 32 32 32 32 33 ?g 33 33 33 33 33

Control2 C2. 33 33 33 33 3g 33 33 34 34 34 34

MBSQT93oIæ t 32 32 32 32 33 33 33 33 33 33 34

MBSQT930200 2 32 33 32 32 33 33 33 33 93 33 34

MBSQT930300 3 32 33 32 32 33 33 33 33 33 33 34

MBSQT930400 4 32 33 32 32 33 33 33 33 33 33 y
MBSQT930500 5 33 33 33 33 33 33 33 34 34 34 34

MBSQT930600 6 33 33 33 33 33 33 33 35 35 35 3s

MBSQT930700 7 33 33 33 33 33 33 33 35 35 35 35

M8SQ1930800 I 33 33 33 33 33 33 33 35 35 35 35

MBSQT9309m 9 32 33 32 32 33 33 33 33 33 33 34

MBSQT93Im0 l0 32 33 32 32 33 33 33 33 33 33 34

MBSQT93IIæ u 32 33 32 32 33 33 33 33 33 33 34

MBSOTg3l2rn 12 32 33 32 32 33 33 33 33 39 33 34

Noæ: Cont¡ol I was nm wrirh statiq¡s l-4 and 9-12:
Control2 was nm with stations 5-8.

Ihy Dey
0l

254ct-93 MB_ATS.IVQI



Table B-9. Amphlpod toxlclty: Daily temperature ('C)

Semple ID
lSeeNote Bdow)

Þy lhy D¡y lhy Ihy D¡y0t23.lS- ryy lhy Ihy lhy Dey67t910
St¡th.r

Control I

Control 2

MBSQT930r00AT

MBSQT930200AT

MBSQT930300AT

MBSQT9304O0AT

MBSQT930500AT

MBSQTg30600AT

MBSQT930700AT

MBSQT930800AT

MBSQT930900AT

MBSQT93lmoAT

¡áBSQT93u00AT

MBSQTg3r200AT

cl

C2

I
a

3

4

5

6

7

I
9

l0

ll
t2

20.5

19.6

202

20.1

20.0

20.0

19.5

t9.4

19.8

19.6

20.0

20.3

20.2

20.o

20.1

19.9

20.0

r9.9

19.8

t9.9

19.6

l9.E

19.9

t9.7

20.0

20.0

20.0

19.9

n.6

m.2

zl5

2A.5

20.4

2t.3

2n.3

m.t

2ß.O

n.4

2n.4

?t.t

m.2

n.4

20.6

20.0

20.9

20.4

20.3

20.2

19.7

20.1

r9.9

19.8

205

20.3

20.2

20.1

20.3

?Ã.0

24.2

19.9

20.3

19.9

20.0

20.2

20.3

20.0

20.0

20.0

20.0

19.8

n.4

19.9

20.5

2A.3

n.4

20.2

19.8

m.o

19.9

20.0

20.4

n.5

20.3

n.2

t9.6

20.0

20.t

20.2

19.8

2n.t

t9.9

20.t

2n.0

?n2

20.3

20.0

t9.7

19.9

20.4

l9.E

2Ã.9

20.5

2ß.4

20.4

t9.8

19.8

19.7

r9.8

20.3

20.4

20.5

20.3

n.0

?n.o

æ.0

2n.t

19.9

r9.9

2n.t

19.9

19.8

19.9

20.0

20.1

n.o

19.8

20.2

t9.9

2Ð.t

20.3

20.o

r9.9

l9.E

r9.E

t9.9

20.o

20.t

20.2

20.t

20.o

20.t

20.0

2û3

20.5

20.5

20.5

19.9

t9.9'

20.1

20.o

2n.o

20.o

2n.o

20.t

Noæ: Cont¡ol I was nur wtith statiurs 1,4 and 9-12;
Cont¡ol2 w¡s run with st¡tions 5-8.

25Ðcç93 MB_ATT.V/QI



Table B-10. Amphlpod Toxlclty: Dally pH

Sample ID
lSee Note Bdow)

Strtion Dey
0

Þy D¡y lhy lhy lhy lhy Dey12345-6-7- Ihy Iley Dey
t910

Contrcl I

Control 2

ÀrBsQT%0100AT

MBSQT930200AT

MBSQT930300AT

MBSQT930400,A,T

MBSQT930500AT

MBSQT930600AT

MBSQT93Û700AT

MBSQT930800AT

MBSQT9309mAT

MBSQT93r000AT

MBSQT93ll00AT

MBSQT93l200AT

cl

e
I

)

3

4

5

6

7

I
9

t0

u
t2

8.1

8.0

8.2

8.2

8.1

8.1

8.0

8.0

8.0

8.0

8.1

8.2

8.2

8.2

8.6

E,2

8.8

8.7

8.7

8.7

8.2

8.2

8.2

8.2

8.7

8.8

8.8

8.E

8.0

8.1

8.2

8.1

8.1

8.1

E.l

8.2

8.2

8.2

8.2

8.3

8.2

8.2

8.0

8.2

8.0

8.1

8.t

8.1

8.7

E,2

8.2

E.2

82

8.2

8.1

E.l

8.6

8.5

8.9

8.8

8.9

8.8

E.6

8.6

8.6

8.6

8.9

8.9

8.9

8.9

8.3

8.2

8.5

8.5

8.6

8.6

8.7

8.5

8.4

8.7

8.6

8.5

8.6

8.6

8.3

8.4

8.8

8.6

8.8

8.7

8.5

8.5.

8.5

8.5

8.8

8.7

8.7

E.7

8.3 8.2

8.2 8.3

8.3 8.3

E.3 8.4

8.3 8.3

85 8.6

8.5

8.5

8.5

E.5

8.6

8.5

8.5

8.5

8.5

E.5

8.5

E.4

8.5

85

8.6

8.5

t.4

8.6

8.5

85

85

85

8.3

8.2

8.3

8.4

8.4

6.4

8.5

8.2

8.3

8.2

83

E.3

8.4

8.3

8.2

8.4

8.3

8.4

8.4

8.4

8.4

8.4

Noæ: Control I was n¡r wtith si¡tiqls l-4 end 9-12:
Cont¡ol 2 was nm with st¡tions 5-8.
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Table B-f 1. sea urchln fertlllzatlon test raw data and means for sedlment
porewater samples from Massachusetts Bay Massachusetts

Rep,4'.

REF2 100

Rep l
97 96 93 95 9E 95.8 r 1.9

I 100 I 0 I 0 I 0.6 + 0.5

I 50 I ) I 5 5 2.8 + 2.9

I 25 2 J 2 5 I 2.6 + 1.5

I t2.5 4 J J t 7 3.6 + 2.2

2 100 0 2 J 1 4 2.0 t 1.6

2 50 9 l4 6 9 9 9.4 + 2.9

2 25 40 47 37 39 43 41.2 + 3.9

2 12.5 87 78 92 87 9t 87.0 + S.S

J 100 0 2 4 6 I 2.6 + 2.4

J

J

50 7 22 2l l5 7 14.4 + 7.3

25 16 27 23 29 27 24.4 + 5.2
,,. 1¡}< AA .| 1rì a.l aa

^OaL1^E

4 100 4 l0 7 4 2 5.4 + 3.1

4 50 ll 10 T9 t6 2l 15.4 + q.8

25 25 JJ4 42 JJ 42 35.0 + 7.2

834 12.5 76 74 67 80 76.0 + 6.t

100 9l 865 92 95 89 90.6 x 3.4

5 50 98 92 96 9T 93 94.0 ! 2.9

5 25 95 99 90 96 303 95.0 t 3.7

5 i2.5 87 83 93 89 90 88.4 + 3.7

6 100 95 93 93 96 94 94.2 t 1.3

98 93 90 926 50 94 93.4 t 3.0

25 92 97 t56 83 89 87.2 + 8.5

90.0 r 5.06 12.5 84 96 89 9T 663

7 100 96 85 94 94 90 91.8 + 4.4



o/"

wQASI

7 50 98 94 95 94 92 94.6 + Z.Z

7 25 92 82 88 90 93 89.0 + 4.4

7 12.5 97 87 93 323 363 92.3 + 5.0

I 100 69 53 84 56 7t 66.6 + t2.5

I 50 90 97 96 86 95 92.8 + 4.7

I 25 92 95 95 93 g03 93.8 + 1.5

8 t2.s 86 96 90 73 293 86.2 + 9.7

9 100 98 97 97 94 99 97.0 + t.9

9 s0 9l 96 98 97 92 94.8 + 3.1

9 25 94 98 99 99 66s 97.5 + 2.4

9 12.5 98 93 79 89 69 85.6 + ll.6
l0 100 90 93 9t 94 92 92.0 + 1.6

10 50 95 94 95 98 98 96.0 + t.q

10 25 97 93 96 100 98 96.8 + 2.6

10 12.5 95 95 94 95 90 93.8 + 2.2

1l 100 9l 92 93 86 88 90.0 + 2.9

11 50 88 92 93 98 98 93.9 + 4.3

l1 25 9T 99 96 96 97 95.8 + 2.9

11 t2.5 96 95 95 9t g33 94.2 + 2.2

t2 100 96 98 94 96 97 96.2 + t.5

12 50 97 93 98 98 99 97.0 + 2.3

l2 25 9t 95 94 94 95 93.8 r 1.6

l2 12.5 88 94 94 94 573 92.5 t 3.0

r Percent of water quality adjusted porewater sample.

2 Reference pore water extracted from sediment collected in Redfish Bay.

3 Value is an outlier and was excluded from statistical analyses.



Table B-12. Sea urchln embryologlcal development test raw data and means for
sediment porewater samples from Massachusetts Bay
Massachusetts

Site

100 99 99 97REFI 98 100 98.6 + l.l
50 0 0 0I 0 0 0r0
25 0 0 01 0 0 0+0

12.5 0 0 0 0I 0 0+0
I 6.25 67 56 68 76 69 67.2 + l.Z

50 6 10 9 l2 182 11.0 + 4.5

25 97 9l 95 892 96 93.6 + Z.q

12.5 100 92 100 97 962 97.0 + 3.3

2 6.25 98 99 98 97 96 97.6 + l.I
1 50 0 0 0 0 0 0r0
-t 25 36 r6 24 22 7 21.0 + 10.7

J t2.5 67 94 96 79 93 85.8 + 12.5

-*ffi5- --4*- --9v- ---{"+- --{+- _-_98- --8##
8 2l 0 4t4 50 t6 17.2 + t5.5

8g3 98 94 984 25 96 96.5 + 1.9

t2.5 96 94 99 g43 994 97.0 *, 2.4

6.25 98 99 97 96 994 97.8 + t.3

50 0 0 0 0 05 0r0
5 25 T3 90 93 9l 91 91.2 + 1.3

5 t2.5 97 r00 97 97 98 97.8 + t.3

5 6.2s 99 95 99 99 100 98.4 + 1.9

6 50 93 70 9t 20 54 65.6 r 30.1

6 25 93 98 96 96 98 96.2 + 2.0

6 12.5 98 98 98 98 99 98.2 x 0.4

97.0 + t.66.25 97 95 96 99 986

97 97 97 977 50 97 97.0 r 0



7 25 99 100 98 96 99 98.4 + 1.5

7 12.5 97 98 99 97 98 97.8 + 0.8

7 6.2s 99 95 99 98 100 98.2 + 1.9

I 50 0 0 0 0 0 0+0
8 25 99 97 98 98 95 97.4 + 1.5

8 12.5 96 98 96 96 95 96.2 + 1.1

8 6.25 98 94 98 100 98 97.6 + 2.2

9 50 52 43 50 30 13 37.6 + t6.2

9 25 98 96 99 98 99 98.0 t 1.2

9 12.5 99 97 98 98 99 98.2 + O.g

9 6.25 98 93 96 99 97 96.6 + 2.3

l0 50 0 0 0 0 0 0+0
10 25 0 0 0 0 0 0+0
l0 t2.5 97 100 603 100 84 95.2 + 7.6

l0 6.25 93 96 99 97 98 96.6 + Z.Z

11 50 0 0 0 0 0 010
11 25 0 0 0 0 0 0r0
11 t2.5 0 55 72 4 45 35.2 ! 31.8

11 6.25 98 98 97 98 99 98.0 + 0.7

12 50 0 0 0 0 0 0r0
t2 25 87 91 55 79 66 75.6 r 15.0

I2 t2.5 97 97 98 99 97 97.6 + 0.9

t2 6.2s 97 98 98 99 96 97.6 + l.l

I Percent of water quality adjusted porewater sample.

2 Reference pore water extracted from sediment collected in Redfish Bay
3 Value is an outlier and was excluded from statistical analyses.



Table B-13. lnfauna Data

Mrsg B¡ys - Inf¡un¡ llrt¡

Spedes Neme
T¡xonomlc

Group + St¡dm Rçllcate
I¡ID"/

0.1 Msq.

Nemerte¡ spp. indet-
L'apirelh capitata rpccicr canplcx
Ermidr ranpincr
H¡rinothoé inbrtc¿ra
Lagisca exænuata
Microphthalmus sczelkorvü
Neanthes succine¡
PsrenÀi¡.i.s specioea
Polydora comuta
Polydorr spp. juv.
Streblospio benedicri
Tubilicidae spp. indet-
Am¡relisce aMita
Leucon sp. I
Limulus polyphemus
Orchometre minut¡
Pagurus longicarpus
Xanthidae sp, I
Crassostrcs virginica
Crçidula plana
Mysdle planulata
Tellina agilis
Capitell¡ capúuta species ccnpler
Eæanc heteropoda
Heteromasurs filiformis
l-eitoscoloplos ¡obusù¡s
Microphthalmus sczelkowü
Nean¡hes sueeinea
Parougia caeca
Polydora cornuta
Polydora spp. juv.
Sabellaria vulgaris
Sueblospio benedicti
Syllides verrilli

N
¡,
P
P
P
P

P
P
P
P
P

o
c
c
c
c
c
c
B
c
G
B
P
P
P
P
P
v
P
P
P
P
P
P

I
I
I
t
I
I
I
I
I
I
I
I
t
I
I
I
t
I
I
I
I
l
2)
')

2
2
¿
)
J
)
.,

a

2

I
lt
t
I
I
4
)
I

l5
8

81

I
a

5

I
4
3
3

23
.,

)
6
I
I

38
I

&
i
3
3
3
â

9l
I

nr.
Ampelisca
Crangør sepærnspinosa
Leucon sp. I
Limulus polyphemus
Pagurus longicarpus
Anachis evara
Crassostrca virginica
Ctçlûile forr¡rcru
Tellina agilis
Capitetla capitata species canplex
Heteromash¡s filiformis
Leitoscoloplos n.sp. B
Microphthalmus sczelkowü
Neanlhes succinea
Paranaitis speciosa
Paror:gia caeca
Polydora cornuu
Polydora spp. juv.
Sueblospio benedicti
T.,L:Ê-:i^- -- --^..¡^-^-.^-r uuu¡wtuç! ¡il. l^gusvE6tç¡
Gammerus mucfanaû¡s
Pagunrs longicarpus
Xanthidae sp. I
Crassostrea virginica
Crepidula plana
Crepidula spp. juv.
Mulinia lateralis
Tellina agilis
Asabellides oculata
Capitella ca¡Étata species canplex
Heteromastus ñliformis
Leitoscoloplos robustus

o
c
c
c
c
c
G
B
6
B
P
P
P
P
P

P
P
P
P
P

c
c
c
B
G
G
B
B
P
P
P
P

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
,,

)
2
)

7
)
t
1
.,
a

2
t
t
a

3
3
J.

3
3

3
3
J
3
I

J
3
J

J
J

3
3
3

J
I
I
I
I

32
I
t
3

I
ll
I
I
I
2
7

t3
I

5l
3
I
I
1

6
95
tt
I
5
I
)
I
I
)
5
)

n
21
33
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ll{rss Beys . Infeunr I)¡t¡

Spede Nrme
T¡xor¡or¡¡lc
Group. St¡tion Rçlicate

IND-/
Ol Msq.

l-eiøscoloplos n.sp. B
Microphthalmur ¡czelkowü
Pea.inaria granulau
Polydora comuta
SaÞIlaria vulgaris
Scolelçis squamrts
Serprlidae spp. juv.
Spio sctca
Spiochaetopæms costarum
Spiçhanes bornb1"r
Streblospúo benedicti
Tlury¡ acuos
Tubifi coides nr. pceudogaster
Ampelisca abdita
Ampelisca spp. juv.
Microprotopus ranyei
Pagunrs longicarpus
Acreocin¡ c¡neliculet¡
Mercina¡ia merin¡ri¡
Mulini¡ late¡alis
Spisula solidissima
Tellina agilis
Nemerter rpp. inder.
As¡bellides ocr¡la¡¡
Cçitella ca¡iteta rpecier canplex
Erccrc hcæropoda
Eusyllinae spp. inder
Hctcrqnasu¡s ñliformis
I-citoscoloplos robusurs
Lcioscoloplos n.sp. B
Microphthalmus sczelkowü
Polydora comuø
Scolelçis squametå
Spio setoca
Spiochaetçærus coståru¡n
Spiçhanes bombyr
StreblospÉo benedicti
Th¡¡yx ¡cuu¡s
Tubificoides apectinaurs
Tubifi coides nr. pseudogaster
Ampelisca rbdita
Ampelisca spp. juv.
Acæocina canaliculata
Bivalvi¡ spp. juv.
Crepidula fornicata
Crçidula spp. juv.
Mercinaria mercinari¡
Mulinia lateralis
Mysella planulata
Spisula solidissima
Tellina agilis
Nernerte¡ spp. indet-
Cçitella ca¡{tau species complex
Clymenella torquaø
Eæmc heæropoda
Glycera capitata
Heteromsstus filiformis
Leitoscoloplos robustr¡s
l.eitoscoloplos n.sp, B
Microphthalmus sczelkowü
Nephrys piaa
Polydora comuta
Scolelepis squa$at¿
Spio setosa
Spiochaetopærus costarum
Spiçhanes bombyx
Sueblospio benedicti
Tharyx acuû¡s

P
P
P
P
P
P
P
P
P
P
P
P
o
c
c
c
c
G
B
B
B
B
N
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
o
o
c
c
G
B
B
B
B
B
B
B
B
N
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

1
a
a
a
I
2
7

2
)
,,

n

a
)
)
2
a

2
J
2
2

')
2
a

2
2
2
2
a

2
I
.,

1

2
a

)
,,

)
2
2
7
7

2
a

2
)
2
.,

2
2
t
a

a
)
)
)
)
2
)
a

1

2
J
)
J
)
2
)

I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
7

2
)
2
a
a

2
1
)
2
,,

1
,,

)
7
a

2
2
.,

)
2
a
)
7
)
)
)
2
J

3

3
3
3

3
3
J

3
3

3
3
3

J
3

3
J
3

a

t3)
t2
I

l0
I

23
a

9
l19

I
43
t2
4
1

I
3

l8
I
I
I
2
a

38
a

I
n
58

I
t4
n
17
t4
I
a

25t
2
I

l9
I
3

29,
2
4

30
4
I
2
I
2

23
I
I
1

39
62

a

4
3
6

20
22

I
J

239
2
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Mrs Brys - Infrunr Ihtr

Spedes Neme
'I¡xonornlc

Group t Stadon Repllceûe
INDJ

0.1 Msq.

Tubfi coides nr. pseudogaster

Ampcli¡c¡ ¡bdi¡¡
Astpq¡¡¡o¡ !pp.juv.
Acææin¡ cu¡liculau
Ensis direca¡s
Mcrcinari¡ mercin¡¡i¡
Mulini¡ l¡t€r¡lis
Pandon ganldiane
Spisula solidissima
Telline agilis
As¡bellides oculu¡
Capitellr ca¡itau specics canplex
Clymcriella torquaø
Eæanc hcæropoda
Eæcre longa
Eurnida sanguinea
Exogane verugera
Heærqnesu¡s ñliformis
Lcioscolo,plos robusurs
Mediqn¡s¡¡¡ c¡lifomiensis
Nicole¡ zosæricol¡
Pholoc minut¡
Polydon comuu
Splucrcryllis langicauda
Strcblos¿io bcnedicti
Tharyr icuurs
Tubiñæides nr. pseudogaster
Ampelisce aMita
Ampelisce spp. juv.
Cøophiurn ulberculaû¡m
Edotca triloba
l,cucon sp, I

1

2
2.
t
)
a
.,

t
a

7

3

3
3
3

3
3

3
3
3
3
3

3
3
3
3
3
3

3
3

3
3
3

3
3

o
c
c
G
B
B
B
B
B
B
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
o

c
c
c
c
c
c

3

3
3
3
3
3

3
3
3
3
I
I
I
I
I
I
t
I
I
I
I
t
I
I
I
I
I
Ì
I
I
t
I
I
I

3E

6
10
22

I
35

a

I
I
I

26
t2
I
6
6
I
I

87
2t
I
I
I
6
I

?s5
l8
23

225
t67

I
I

47
43

5

Mc¡sina¡ia mcrcin¡¡ia
Telline agilis
As¡bellides ocul¡r¡
Çapitella capiutr species complex
Eæme heæropoda
Heæromas¡us filifo¡mis
I-eioscoþlos robusu¡s

--'trtqltdlrrsu-sdffõmËn¡Í¡
Microphthalmus sczelkowü
Ne¡nthes succine¡
Phyllodoce mucosa
Polydora cornu¡a
Sphaerosyllis brevifrons
Sueblospio benedicti
Syllides verrilli
Tharyx acutus
Tubifi coides nr. pseudogaster
Tubificidae spp. indet-
Ampelisce abdita
Ampelisce spp. juv.
l,arcør sp. I
Micropraopus ranyei
Oxyurostylis smithi
Acteocin¡ ca¡raliculeta
Hia¡ella arctics
Lyonsia spp. juv.
Mercinaria mercinaria
Pandora spp. juv.
Tellina agilis
Asabellides oculua

9apit¡tr capitata species canplex
È,teme hetefopods

B
B
B
P
P
P
P

T-
P
P
P
P
P
P
P
P
o
o
c

c
c
c
G
B
B
B
B
B
P
P
P

n
1

ó
20
29

J
70

6
4
9
I

I
l3
I

269
5

29
24'

I
147
It}4
24
l0
I
7
I
I
)
I

l0
l0
34
I

3
3
3
3
3
3

3
s
3
3
3
3
3
3

3
3

3
J
3

3
3

3
3

5
J
3

J
3
J
3
5

I
I
I
a
n
.,

a

a
-z

a
a

1

2
1
,)

)
2
1
a
)
a
')
a

J
7
,)

)
n

)
')

3
3
3
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Mes Brys - Infaun¡ IÞt¡

Spede N¡me
T¡xonornlc

Group r St¡tion Replicete
INDJ

0.1 Msq.

Heærom¡sû¡s filiformis
kitoscoþlos robustus
Neanthes succinc¡
Phyllodocc mucosa
Polydor¡ comut¡
Streblospio benedicti
Tharyr acuurs
Tubifi coides nr, pseudogaster
Ampelirca aMite
Ampelisca spp. juv.
Edo{e¡ trilobs
Lancon rp, I
Microprotopus nnyei
Acreocina c¡nalicul¡t¡
Lymsir hyalina
Mercinari¡ mercinåria
Mulini¡ latenlis
Tellina agilis
Ampharae antic¿
Crpitella ca¡iuu species canplex
Eæoe heteropoda
Glycen capiuu
Heæ¡qn¡s¡¡s filifomis
Lcitoscoloplos roh¡sn¡s
PoMon corr¡ut¡
Streblospio bcncdicti
Th¡ryx ¡cu¡¡s
Tubificoides nr, pseudogaster
Ampelisca spp. juv.
Acæocina canaliculata
Lyonsia arenosa
Mercinaria mercinaria
Nassaruis triviuah¡s
Oenopora spp,juv.
Tellina agilis
Asabellides oculata
Capitella capitata spec'ies canplex
Clymenella torquate
Eæcre heæropoda
Eurnida sanguinea
Eusyllinae spp. indet-
Exogcre verugera
Glycera capitatr
Heæromasos filiformis
l,cioscoþlos ¡obustus
Mediqnasu¡s c¿lifomiensis
Microphthalmus sczelkowü
Nephtys piaa
Nicolea zosæricol¡
Onuphidae spp. juv,
Paror.lgia caeca
Peainaria granulaø
Pholoe minut¡
Phyllodoce mucosa
Polydora comuta
Polydora spp. juv.
Spio setosa
Spiochaetcpænrs costarum
Spiçharæs bombyr
Streblos¡Éo benedicti
Syllides verrilli
Tharyx acutus
Tubificoides nr. pneudogaster
Ampelisca abdiø
Ampelisca spp. juv.
Carcinus maenas
Gammarus mucronatus
læucon sp. I

P
P
P
P
P
P
P
o
c
c
c
c
c
G
B
B
B
B
P
P
P
P
P
P
P
P
P
o
c
c
B
B
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IlÍrss Brys . Infeun¡ Drt¡

Species N¡me
Taxonomlc

Group * Statlon Replicate
INDJ

0.1 Msq.

Microprotopus ranyei
Or¡,uoetylie rmithJ
,¡{p1þg¡¡ aqoliorln.
Ensic dùecû¡s
Lyonsir erenosa
Mulini¡ l¡¡e¡ali¡
N¡ss¡ruis triviu¡u¡¡
Oenopota spp.juv.
P¡¡rdon spp. juv.
Tellina agilis
Nernerte¡ spp. indcL
Ampharae araica
Asabcllides ocr¡lar¡
Capit¡l l¡ capitata spe.cies cunplcx
Clymenella torqurtå
Eæanc hcæropoda
Glycera ca¡riuta
Heærom¡stus filiformis
Leioscoþlos robusu¡s
l,ciøscoloplos n.sp. B
Medicrnasu¡s califomiensis
Microphthalmus sczelkowü
Nephtyr ¡dar
Nicole¡ zosæricol¡
Onuphidae spp. juv.
Parugie caeci
Peainaria grrnulaø
Polydora comuu
Polydora spp. juv.
Sabellaria vulgaris
Spio setoea
Spiochaetoptorus costatr¡m
Spiçhrnes bonb¡r,
Saeblospio benedicti
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Ampelisca abdita
Ampelisca spp. juv,
Caprcllidae spp. indet"
Ctangm sçternspinosa
Edoæ¡ triloba
Larcon sp. I
Mlcro¡roropus ranyei
Oxyurostylis smithi
Tanaidacea spp. indet-
Ensis di¡ectus
Lyonsia arcnosa
Mercinaria mercinaria
Mulini¿ la¡eralis
Odostomia if. producta
Tellina agilis
Turridae spp. juv.
Anthozoa sp. 2
Nemertes spp. indet-
Á;;l-. ^-rh-.i^--
Asabellides oculats
Capitella capiuø species cunplex
Eæane longa
Gauyana cirrosa
Harmothoe imbricâtå
l:gisca extenuata
Mediomas¡us califomiensis
Microphthalmus sczelkowü
Neanthes virens
Nephtys ciliata
Nephrys neoæna
Peainaria granulata
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Mes Beys - Infeunr I)¡t¡

Spedcs N¡me
Taxonomlc

Group + Station Replicate
IND./

0.1 Msq.

Pherusa affini¡
Pholoe minut¡
Phyllodoce maculata
Phyllodoce mucosa
Polycimx meduse
Polydon cornuta
Polydora quadrilobeu
Polydora spp. juv.
Proccr¡e¡ comut¡
þgospio elegans
Scolçlos spp. juv.
Spio ñlicomis
Spio thulini
Streblospio benedicti
Thar¡a acuurs
Typosyllis spp.juv.
Tubificoides apectinatus
Tubiñcoidcs nr. peeudogaster
Ampelisca aMiø
Ampclisca spp. juv.
Caprcllidae spp. indet-
Corophiwn bonelli
Diastylir scril¡r
Dyopedos rnanacntha
Edote¡ trilob¡
G¡mm¡n¡s l¡wrenci¡nus
Ischyroccrus anguipas
I-çtocheirus pinguis
Leucon sp. I
Photis pollex
Unciola ir¡or¡t¡
Cyrtodaria siliqua
Ensis direc¡¡s
Gastropoda spp. indet-
Modiolus modiolus
Mya arenaria
Mytilidae spp. juv.
Nass¡n¡is triviu¡os
Tellina agilis
Anthozoa sp. I
Nemenea spp. indet-
Aricidea catherinae
Asabellides oculu¡
Capitell¡ capitau species canplex
Enipo torelli
Eæane longa
Euchane incolor
Ganyana cirrosa
Harmothoe imbricata
Lagisca exænuata
Mediqnastus c¿lifomiensis
Microphthalmus sczelkowü
Neanthes vircns
Nephtys ciliata
Ninoe nigrþs
Peainaria granulata
Pheruse affinis
Pholoe minuta
Phyllodoce maculata
Phyllodoce mucosa
Polycimx eximius
Polycimx medusa
Polydora comuø
Polydora quadrilobata
Polydora spp. juv.
Prionospio steenstrupi
Proceraea comub
þgospio elegans
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Mrss Brys ' Infeun¡ Ihtr

Spedes Neme
T¡ronomlc

Group t Stetlon Repllceie
INDJ

0.t Msq.

Scoloplos spp. juv.
Spio filiærnis
Spio thulini
Strcblospio benedicti
Th¡Drx acuos
Tubifi coides Ep€ctinsu¡s
Tubi.ficoides nr. peeudogaster
Tubificidae spp. indet
Ampclisca abdita
Ampelisca spp. juv.
Caprcllidac spp. indet-
Carcinus maen¡s
Cnrnphiun lnnelli
Diastylis scuþte
þopcdos mmacantha
Edoæ¡ triloba
Lcptochcirus pinguis
Murura sp, I
Pagurus longicarpus
Photis pollex
Unciola irrorat¡
Biv¡lvi¡ sp. juv.
Ensis di¡ecu¡s
Modiolus modiolus
Mya arenaria
Mytilidae spp. juv.
Nass¡ri¡is triviü¡ü¡g
Tellina agilis
Anthozoa sp. 2
Nernenea spp" lndeL
Aricidca c¿therinac
As¡bcllidcs oculeu
Auolyurs elcxu¡dri
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Harmothoe imbricata
Lagisca extenuau
Mediqnastus califomiensis
Microphthalmus sczelkowü
Ne¡nthes virens
Nephtys ciliata
Nephtys n€otsn¡
Pectinaria granulata
Pherusa affinis
Pholoe minut¡
Phyllodoce maculata
Phyllodoce mucosa
Polydora comuta
Polydora quadrilobata
Prionospio sæenstmpi
Proceraeâ comuta
Spio filicomis
Spio thulini
S irebiospio'oenaiicti
Thar)¡x acuü¡s
Tubiñcoides apectinatus
Tubifi coides nr. pseudogaster
Tubificidae spp. indet-
Ampelisca abdita
Ampelisca spp. juv.
Brachyu¡a spp. indel
Corophiurn bonelli
Crangør septemspinosa
Diastylis sculpta
Dyopedos mq¡aca¡¡tha
Edoæa trilobe
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Mess Beys. Infeun¡ Ilet¡

Spedes N¡me
Taxonornlc
Group r Steúion Repllcaûe

IND./
0.1 M sq.

I-çtochcirus pinguis
Phais pollex
Unciol¡ ir¡or¡t¡
Bivalvi¡ spp, juv.
Ensis di¡ecu¡s
Mya arenaria
Mytilid¿e sp,p. juv.
N¡ssaruis triviu¡û¡s
Tellina agilis
Anthozoa sp. I
Aricidea c¡therinec
Asabellides oculu¡.
Cçitclla capitata species cønplex
Eæcre longa
Lurnbrineridae spp. juv.
Medianasu¡s califomiensis
Neanthcs vircns
Nephrys incisa
Nephtys neoæna
Paranaitis speciosa
Phyllodoce mucosa
Po$ora cornuta
Poþdon spp.juv.
Scolçlos spp. juv.
Strcblospio benedicti
Th¡ryx acun¡s
Tubiñcoide¡ nr. pceudogaster
Ampelisca aMita
Ampelisca spp. juv.
Caprellidae spp, indec
Crangcr sepærnspinosa
Edoæ¡ triloba
Photis pollex
Gasucpoda spp.juv.
Lyonsia spp. juv.
Mulini¡ late¡alis
Mnilidae spp. juv.
Tellina agilis
Phoronis archiæcts
Aricide¡ catherinae
Asabellides oculata
Capitella capitata species cunplex
Eæore longa
Neanthes virens
Nephtys caeca
Nephtys incisa
Nephtys neoænr
Paranaitis specioca
Phyllodoce mucosa
Polydora comuø
Polydora quadrilobaø
Polydora spp. juv.
Strcblospio benedicti
Tharyx acuos
Tubifi coides apectinatus
Tubiñcoides nr, pseudogaster
Ampelisca aMita
Ampelisca spp, juv.
Crangør septemspinosa
Lçtocheirus pinguis
Mya arenaria
Tellina agilis
Aricideå catherìnae
Asabellides ocr¡lata
Capitella capitata species ccnplex
Ci¡rau¡lidae spp, indet.
Ereure longa
Mediünasu¡s califomiensis
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Mess Beys - Inf¡un¡ D¡t¿

Spedes N¡me
Taxommlc

Group t St¡don Repliceûe
INDJ

0.1 Msq.

Pñytrodoce mucosa
PoMora comut¡
Polydon spp. juv.

þgospio elegans
Scolçlos spp. juv.
Strcblospio benedicti
Thar¡rx acutus
Tubiñcoides apectinatus

Ne¿¡ithes virens
Ncphtyr crliru
Nepñtyr neotanr

Tubiñcoides nr. pceudogaster
Ampelisca abdite
Ampelisca spp juv.
Crangcr sepæmspinosa
Tellina agilis
Yoldi¡ limatul¡
Aricidea catherinae
Asabellides ocula¡¡
Capitdla capiøta species ccnplex
Eæcre heæmpoda
Eæane longa
l.citoscoloplos robusu¡s
Mediqnasn¡s celifomiensis
Neanthcs virens
Nephtys ne¡ten¡
Pholoe minuu
Phyllodoee mueosa
PoMor¡ comut¡
Polydora spp. juv.
P¡oceraea comuta
Streblospio benedicú
Thar¡n acutus
Tubifi coides nr. pseudogaster

P

P
P
P
P
P
P
P
P
P
o
o
c
c
c
B
B
P
P
P
P

P
P
P
P
P
P
Y
P
P
P
P
P
o

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
ó
6
7
7
7
7
1
'l

7

7
7
7
7
7
7
't
7
7

3

3
3

3
3
3

3
3
3
5

3
J
1
3
3
3

3
I
I
I
I
I
I
I
I
I
I
i
t
I
I
l
I
I

4
I
6
5

534)
I
I

85
43

I
1a

2¡
3
6
I
I
2

32
a
,,

I
a

I.
2
3
I
7.

1416
2E

I
1399

l4
52

Mulinia lateralis
Mya arenaria
N¡ssaruis triviu¡tus
Pandora gorldiana
Tellina ag.ilis
Nemerte¡ soo. inde¡-
Aricidcr caïterin¡c
Asabellldes ocular¡
Capitella capitata species ccnplex
Euclymeninae spp. juv.
læioscoloplos robustus
Nephtys neotena
Polydora comuø
Polydora spp. juv.
Streblospio benedicti
Thar¡rx acutus
Tubificoides nr. p,seudogaster
Ampelisca abdiø
Ampeìisca spp. juv.
Crurgur septemspinosa
Bivalvia spp. juv.
Mya arenaria
Nassaruis triviuau¡s
Pandora gouldiana
Tellina agilis
Asabellides oculat¡
Capitella capitata species complex
Leitoscoloplos ¡obustus
Nephtys neoæna
Nercididae spp. indet.
Polydora comuta
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Mass Beys.Infeun¡ Dat¡

Spede N¡me
Taxonomk
Group. Stadon Replicete

INDJ
0.1 Msq.

Poþdon spp. juv.
Streblospio benedicti
Tharyx acuurs
Tubfi coides nr. pßcudogsster
Ampelisca abdiø
Mya arenaria
Nsssaruis triviuau¡s
Tcllina agilis
Yoldi¡ limau¡l¡
Ncmerte¡ spp. indet
Aricidce c¡therinae
Asabellides ocr¡la¡¡
Capitella capitata species complex
Clymenella torquata
Eæcre longa
Exogcre hebes
Harmothoe imbricat¡
Leioscoþlos spp. juv.
Lumbrineridae spp. juv.
Mediqn¡su¡s califqniensis
Neanthqs virens
Nephtys ciliau
Nephtys ¡r€otsn¡
Ninoe nigripes
Ophelina aorminata
Peainaria granulaø
Pherus¡ ¡ff¡nis
Pholoc minut¡
Phyllodoce maculaø
Phyllodocc mucosa
Polycimrs medusa
Polydora comun
Polydora spp. juv.
Polygordius sp. A
þgospio elegans
Scoletqn¡ hebes
Spio filicomis
Spio thulini
Spiçhanes bombyx
Streblospio benedicti
ThaD¡x acu¡us
Tubificoides apectinatus
Tubificoides nr. paeudogaster
Tubificidae spp. indet-
Ampelisca aMita
Ampelisca spp. juv.
Caprcllidae spp. indet-
Corophium bonelli
Crangan septemspinosa
Photis pollex
Unciola irrorat¡
Ensis di¡ectus
Gastropoda spp. juv.
Hiarella arctica
Modiolus modiolus
Mya arenaria
Nassaruis triviu¿n¡s
Petricola pholadiformis
Tellina agilis
Phoronis architect¡
Nemertea spp. indet-
Aricidea catherinae
Asabellides oculat¡
Capitella capitata species complex
Exogane hebes
Ganyana cirrosa
Lagisca extenuaø
Lumbrineridae spp. juv.
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t92
7
4
3

I
I
7
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Mrss Brys - Infeun¡ Detå

Spedcs Neme
T¡xonomk
Groupt St¡don Rçlicete

INDJ
û1 Msq.

Medisn¡stus calif omiensis
Nc¡nthcs vi¡cns
Neúry¡ cili¡t¡
Nephtys neo&îâ
Ninoe nigrþs
Pherus¡ affinis
Pholoe minuta
Phvllodocc maculat¡
Phllodoce mucosa
Polydora cornuta
Polydora quadrilobata
Polydora spp. juv.
Scolaqna hebe.s
Scoloplos spp. juv,
Spio thulini
Strcblospio benedicti
Tha4rx acutus
Tubilicoides apectinatus
Tubifi coides nr. pceudogaster
Tubiñcidae spp. indet-
Ampelisca abdiø
Ampelisca spp. juv.
Photis pollex
Unciola i¡¡orata
Ensis di¡ec¡¡s
M¡ilidae spp. juv.
Petricola pholadiformis
Tellina agilis
Phoronis ¡rchiæcu
Aricidc¡ c¡thcrin¡c
Asabellides oculata
Cçitella capiøu species canplex
Eæcrc longa
Exogøre hebes

I
I
I

'8
I
I
I
I
8
8
I
8
8
I
8
I
8
E

8

I
8

8
8
I
I
I
8
8
8
I
8
I
8
I

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
o
o
o
c
c
c
c
B
B
B
rt
Ph
P
P
P
P
P

)
1

2
J
)
1

7
1

I
1
)
)
2
I

.,

)
)
1

)
',
2
.,

1

7
,,
.,

2
2
j

J
3
3
J
3

t7
157'2
'8

l6
5

5
a

157
5235

t
J
3
I

53
l0
l0
70
9l
29

288
135

I
6
5
3
I
I
I

135
15
7

4
.,

Lrgisca exænuata
Lr¡nbrineridae spp. juv.
Mediqn¡su¡s c¿lifomiensis
Mo¡rticellin¡ baptisæee
Neanthes virens
Nephtys ciliata

3
3

3
3
J
J
J

P
P
P
P
P
P
P
P

I
3
4

23
I

397
9

Pectinari¿ granulaø
Pherusa affinis
Pholoe minuu
Phyllodoce maculata
Phyllodoce mucosa
Polycimrs spp. indet-
Polydora comuta
Polydora spp. juv.
Polygordius sp. A
Scoletøna hebes
JP¡V rUWr¡ul
Spio thulini
Spiçhancs bombyx
Sueblospio benedicti
Thar¡rx acutus
Tubifi coides apectinatu s

Tubifi coides nr. pseudogaster
Tubificidae spp. indet
Ampelisca abdita
Ampelisca spp. juv.
Corophiurn spp. indet-
Crangan sepæmspinosa
Diastylis sculpta

tnclsa

n¡gnP€s P
P
P
P
P
P
P
P
P
P
P
Dr
P
P
P
P
o
o
o
c
c
c
c
c

3
3
)
J
5
J

3
J

3
J
3
J
3
.5

J
J

3
J
3

3
J

J
3
3

8
I
8

I
I
I
8
8

I
8
8
ö
I
I
I
I
I
I
8

I
I
I
8
I

29
a

8

l3
6

392
I

v276
4l

I
1

i
140

)
l6
13

181
50
I

450
120

I
5
2
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Mrss Beys.Infeun¡ D¡t¡

Spede Nrme
Taxor¡ornlc

Group r Sbtion Replicaæ
INDJ

0.1 Msq.

Edote¡ triloba
I-çtocheirus pinguis
Phocis pollex
Unciole irrorau
Ensis direcu¡s
Lyonsia spp. juv.
Modiolus modiolus
Mya arcnaria
M¡ilidae spp. juv.
N¡ssaruis ¡riviu¡u¡s
Petricola pholadiformis
Tellina agilis
Cerebran¡lus l¡cæus
Nernenc¡ spp. indet.
Ampharae araica
Aricidca catherinac
Capitella capiøu spccies complex
Eæme longa
Gauyana cirrosr
Harmorhæ imbricsr¡
Lurnbrineridae spp. juv.
Mcdiqn¡sa¡s c¡lifomiensis
Ne¡nthes virens
Ncphty¡ cili¡t¡
Nephtys neotsria
Ninoc nigripes
Paranaitis speciosa
Parougia caeca
Pherusa affinis
Pholoc minut¡
Phyllodoce maculaø
Phyllodoce mucosa
Polydora cornuta
þgospio elegans
Scole¡qna hebcs
Thsryx acutus
Tubificoides apectinanrs
Tubificoides nr. pseudogaster
Ampelisca abdita
Carcinus m¡enas
Corophiurn bonelli
Der¿mine the¿
Edoæ¿ triloba
Ischyrocerus anguipes
Oxyurostylis smithi
Photis pollex
Phoxocephalus holbolli
Bivalvia spp. juv.
Doto coronata
Ensis di¡ectus
Gastrçoda spp, juv.
Lyonsia arenosa
Mya arenaria
Mytilidac spp. juv.
Nassaruis rriviüaû¡s
Spisula solidissima
Tellina agilis
Nemerte¿ spp. indet-
Ampharere arcrica
Aricidea catherinae
Cçitella capiøta species cornplex
Eæane longa
Glycera dibranchiata
l.eioscoloplos ¡obustus
Lr¡nbrineridae spp. juv.
Medisnasu¡s califomiensis
Microphthalmus sczelkowü
Neanthes virens

c
c
c
c
B
B
B
B
B.

G
B
B
N
N
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
o
o
c
c
c
c
c
c
c
c
c
B
B
B
G
B
B
B
G
B
B
N
P
P
P
P
P
P
P
P
P
P

8

I
I
8
8
I
8
8
8

I
I
8
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
I
9
9
9
9
9
9
9
9
9
9
9
9
9
9

9
9
9
9
9
I
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

5

J
J

3
3
3

3
3
3

3
3

3
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
)
.|

a

a

)
2
)
)
)
.,

2

I
59

.,

I
9
I

l0
4
I

3
I
.,

I
3
)

49
t3
I
I
I

60
lt
6

l5
I
I
I

22
I
I
I

35
250

l4
68
94
9l
7r

3
J

3
I
J
I
I

'))
3
.,

I
23
)
I

l5
58
t2
I

23
I
J

109

ll
I
I
J

l0
6
I
5
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Mess Beys. Inf¡un¡ D¡t¡

Spedes N¡me
T¡xonornlc

Group + Stetion Repllceûe
IND"/

0.1 Msq.

Nephtys ciliaø
Nephlyr ncrlrua
Nhoo nigripss
Pr¡oogie.'€EG¡
Pherus¡ affinis
Pholoc minut¡
Phyllodoce mucosa
Poþdor¡ comu¡¡
Polydon quadrilobata

þgospio elegans
Scolaqna hebes
Spio thulini
Spiopharrcs bombyr
Str,eblosp.io benedicti
Th¿ryr acutus
Tubifi coides apectinatus
Tubiñcoides nr. prseudogaster
A.mpelisca aMiu
C¡rcinus maenas
Corophiurn bonelli
Edotes trilobû
I-çtocheirus pinguis
Oxyurostylis smithi
Phais pollex
Phoxoccoh¡lus holbolli
Unciol¡ irrorat¡
Ensis di¡ecos
Mya arcnaria
Mytilidae spp. juv.
Nass¡ruir triviustu¡
Pandora gouldiana
Tellina agilis

I

2
2
2,,
a
,,

a
'')

)
')

)
1

)
a
a

2
1
')
a

,)

J
)
n
)
)
)
.,

2
)

2
3

9
I
I
9
9
9
9
I
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
I
9
9

9
9
9
9
9
I

P
P
l¡
P
P
P
P
P
P
P
P
P
P
P
P
o
o
c
c
c
c
c
c
c
c
c
B
B
B
G
B
B
B
N

t4
l8ll
t6

I
I

48
280

4

9
t20

4
a

I
l3

t57
5l

5
I
I
I
4
,,

2
I
I

t3
IJ

Juv.

6
I
I
5
3
Iinde¡.

Capitella capiuta species complex
Eæmc longa
Glyccra dibranchiata
Lcitoscoloplos robusu¡s
Lrmb¡inerid¡e spp. juv.
Mediqnasn¡s califomiensis
Ne¿nthes vircns

3

3
3

3
3
3
3

9
9
I
9
9
9
9

P
P
P
P
P
P
P

7
3
I
2

23
t7
5

Nephrys neoæna
Ninoc nigripes
Parougia caeca
Pectinaria granulaø
Pholoe mi¡ut¡
Phyllodoce mucosa
Polydora comuta
Polydora quadrilobata
Polydora spp. juv.
Prionospio sæenstrupi

þgospao elegans
Scole¡crna hebes
Spio ñlicomis
Spio seøsa
Spio thulini
Spiophanes bombyx
Tharyx acuus
Tubifi coides apectinatus
Tubifi coides nr. pseudogaster
Corophiurn spp. indet-
Oxyurostylis smithi
Photis pollex
Phoxoccphalus holbolli

P
P
P
P
P
P
P
P
P
P
Þ

P
P
P
P
P
P
o
o
c
c
c
c

9
9
9
9
9
9
9

9
9
9
9
9
9

9
9
9
9
9

9
9

9
9
9

J

3
3

3
3
J

3
3

3
3
3

J
3

J
J

J
3
3

J
3

3
J
3

9
l7
t2
9
5
4

3l
3t'l

5
I
I

zffi
J

I
9
",

36
192
64

I
I
4
7
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Mrss Beys. lnfaun¡ I)¡t¡

Spede Name
T¡xonomlc
Group t Station Replicate

INDJ
0.1 Msq.

Unciol¡ irtorsu
Ensis direcu¡s
Hi¡¡ell¡ arctic¿
Lyonsia arcrrcsa
Mya arenaria
Mytilid¡e spp. juv.
N¡ss¡n¡is triviurn¡s
Tellina agilis
Yoldia spp. juv,
Ne¡nerte¡ spp. indet-
Aricide¡ c¡therinae
Capitella capitata species complex
Ne¿nthes virens
Nephtys incisa
Ninoe nigripes
Pherusa sffinis
Phyllodoce mucosa
PoMor¡ comut¡
Polydora spp. juv.
þgospio elegans
Tharyr acuos
Tubifi coides ap€ctinsn¡s
Dirstylir sculpta
I-çtocheirus pinguis
Phoris pollex
Mytilid¡e spp. juv.
Tellina agilis
Yoldia liman¡la
Yoldia spp. juv.
Aricidea catherinae
Capitella capiøta species complex
Eæcre longa
Gauyana cirrosa
lagisca exænuata
[,eitoscoloplos robustu s

Mediqnas¡us c¡lifomiensis
Microphthalmus sczelkowü
Neanthes vircns
Nephtys neoæna
Ninoe nigripes
Parougia caeca
Peainaria granulaø
Pherusa aff¡nis
Pholoe minuø
Phyllodoce mucosa
Polydora comuø
Polydora quadrilobata
Polydora spp. juv.
Proceraea comut¡
Pygospio elegans
Spio thulini
Streblospio benedicti
Tharyx acurus
Tubificoides apectinatu s

Ampelisca aMiø
Anonyx sp. I
Diastylis sculpta
Lçtocheirus pinguis
Photis pollex
Biv¡lvia spp. juv.
Ensis direcu¡s
Mya arenaria
Mytilidae spp. juv.
Naticidae spp. juv.
Siliqua costau
Tellina agilis
Yoldia limatula
Nemertea spp. indet-

c
B
B
B
B
B
G
B
B
N
P
P
P
P
P
P
P
P
P
P
P
o
c
c
c
B
B
B
B
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

P
P
P

P
P
P
o
c
c
C
c
c
B
B
B
B
G
B
B
B
N

9
I
9
I
9
9
9
9
9
l0
l0
t0
t0
l0
l0
l0
t0
l0
l0
l0
l0
10
l0
l0
l0
l0
l0
t0
l0
l0
l0
l0
l0
l0
l0
l0
l0
l0
l0
l0
l0
10
l0
l0
l0
l0
l0
t0
l0
l0
l0
l0
l0
l0
l0
10
l0
l0
l0
l0
l0
l0
l0
l0
l0
l0
l0
l0

I
6
I
I

ll
r7
l0
20
)
)
4
I
5

l14
5
I
I

2588
3

9
t07

I
a

2
t2
l4
I
5

36
ll
5
4
I
)
4

4t
3

185
9

35
I
2
J

l4l
1846

I
2
I

I
a

155
94

I
5

l9
lt
10
7

5
5l
ll
I
I
7
I
3

3

3
3

3
3
3

3
3
3
I
I
I
I
I
I
¡

I
I
I
I
I
I
I
I
I
I
I
I
I
2
a

)
)
I
.,

a
)
1

2
J
a
I
)
.,

)
1

)
)
)
)
)
)
1
)
2
)
)
)
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Mrss Beyr . Infeun¡ D¡t¡

Spedes Neme
Ta¡onomlc

Group + Station Repllcate
INDJ

0.1 Msq.

Aricide¡ catherinee
Assbollidcs oçulsts
Etcmc{ongr-- -1ffi¡co6p6b1tüañ¡ - --

Pr03
Pt03P -r0 3--- T.- *'Ttr 'T-
Pl03
Pl03
Pl03
Pt03
Pl03
Pl03
Pt03
Pr03
Pl03
P --10 3
P103Pl03
ol03
cl03
cl03
cl03
Bt03
8103
Bl03
Bl03
Bl03
Bt03
Bl03
PuI
P lt I
PnI
P ll IP 1l l.
PilI
P lt I

Medisn¡su¡s c¿lifomiensis
Microphthalmus sczelkowü
Neanthes vircns
Ncphtys neorena
Ninoc nigrþs
Pholoe minut¡
Phyllodoce mucosa
Polydora comuta
Polydon rpp.þv.
Polygordius-sp; A
þgospio cþans
Thary¡ ¡cuos
Tubificoides apectinarus
Diastylis sculpu
Lçtocheirus pinguis
Photis pollex
Bivalvia spp. juv.
Ensis direcn¡s
Modiolus modiolus
Mytilidac sp,p. juv.
Spisula solidissima
Tellinidae spp. juv.
Yoldi¡ limau¡la
Ämpharete ¡ntica
Aricide¿ cathe¡inae
Asabellides ocula¡¡
Cçitella capitate species canplex
Etccro longo
G¡t¡y¡n¡ cforos¿
Median¿su¡s c¡lifomiensis

l6
?.:l*T
I
I
4

37
4
I

74
1078

I
-- I

4
80

I
3
4
4
I
1

3
20

I
a

I
I

4
37

3
2
I

vlrtng
Paranaitis spccioca
Parougia caeca
Phyllodoce mucosa
PoMon cornut¡
þgospio elegans
Scole¡qn¡ hebes

P
P
P
P
P
P
P

ll
lt
ll
ll
ll
lt
ll

I
I
l.
I
I
I
I

45
I
I

62
2465

I
I

apectinaus
Tubifïcoides nr. pneudogaster
Tubificid¡e spp. indet.
Ampelisca aMiø
Crangør seplemspinosa
Oxyurostylis smithi
Unciola irroraø
Tellina agilis
Nemetea spp. inder
Aricide¿ c¿therinae
Asabellides oculara
Capitella capiiata species compiex
Chaetozane sp. A
Eæane longa
Fabricia sællaris stellaris
Gauyana cirrosa
l:gisca extenuatr
Mediomastus califomiensis
Microphthalmus sczelkowü
Neanthes virens
Nephtys incisa
Nephtys neotena
Ninoc nigripes
Parougia caeca

o
o
o
c
c
c
c
B
N
P
P
P
P
P
P
P

P
P
P
P
P

P
P
P

lt
lt
n
ll
n
lt
ll
u
ll
ll
ll
1i
ll
1l
1l
ll
n
11
ll
ll
ll
lt
lt
n

I
I
I
I
I
I
I
I
a

2
1

')
a
a

a
t
2
j

2
2)
)
)
2

l2
I
)
a

2
4
I
3

I
a

6
95

6
6
I
",

)
a

6
47

I
6
I
I
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Mess Beys - Inf¡un¡ Dat¡

Spedes Name
T¡xo¡rornic

Gror¡p r Saåt¡on Repllcaúe
INDJ

0.1 Msq.

Phyllodoce mucosa
Polycimrs spp. indet-
Polydora cornuta
Polydora spp. juv.
þgospio elegans
Spio filicomis
Spio thulini
Spiçhanes bombyr
Strcblospio Þnedicti
Tharyx ¡cuos
Tubifi coides apectinau.rs
Tubificoides nr. pceudogaster
Tubilicid¡e spp. inder
Ampelisc¡ eMit¡
Cçrcllidae spp. indet"
Corophiurn bonelli
Crangcr sepæmspinosa
Dyopedos mq¡scaritha
Oxyurostylis smithi
Pontogeneia inermis
Mya arcnaria
Siliqua costata
Tellina egilis
Aricide¡ catherinae
Asabellides oculat¡
Capitella capitata species complex
Eæane longa
læitoscoþlos n.sp. B
Microphttralmus sczelkowü
Ne¡nthes virens
Ninoe nigripes
Parougia caeca
Pholoe minuu
Phyllodoce mucosa
Polydora comuø
þgospio elegans
Streblospio benedicti
Thaqtx acutus
Tubificoides apectinatus
Tubiñcoides nr. pseudogaster
Ampelisca aMita
Comphium bonelli
Diastylis sculpta
Leptocheirus pinguis
Leucon sp. I
Oxyur,ostylis smithi
Hiatell,a arcúca
Nuculanidae spp. juv.
Tellina agilis
Nemerte¡ spp. indeu
Ampharete arctica
Aricidea ca¡herinae
Capitella capitate species complex
Chaerozme sp. A
Eteane longa
Exogane hebes
Ganyana cirrosa
Goniadella gracilis
l,eitoscoloplos robustus
Medisnastus califomiensis
Microphthalmus sczelkowü
Neanthe.s virens
Nephtys ciliata
Nephtys neot€ne
Ninoe nigrþs
Paror-rgia caeca
Peainaria granulata
Pherusa affinis

a
a

)
't
a
a
.|
I

)
a
)
)
)
a

,
,
)
)
1

t
n

7

3

3
3
3

3
3

3
3
3

3
3
3
3
3

3
3
J
3
3
3
3
3

3
3
J
3
I
I
I
¡

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

P

P
P

P
P
P

P
P
P

P
o
o
o
c
c
c
c
c
c
c
B
B
B
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
o
o
c
c
c
c
c
c
B
B
B
N
P
P

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

ll
ll
n
n
ll
1l
n
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ll
ll
n
ll
lt
ll
ll
ll
¡l
ll
ll
il
il
ll
ll
l1
ll
ll
ll
ll
ll
ll
ll
ll
ll
ll
¡l
ll
lt
lt
ll
ll
ll
II
ll
ll
lt
n
ll
n
ll
l2
l2
t2
t2
t2
t2
t2
t2
12

t2
t2
t2
t2
t2
t2
t2
t1

t2
t2

176
I

5601
L4
I
a

l0
1

t2
908

45
t75

7
t2
I
6
1

3
1

I
6
a

12
4
I

l0l
7
I

20
33

a

7
I

54
993

6
l5
70
63
3l

6
I
I
I
I
4
I
2
I
)
I

335
l0l

1

29
)
5
I

l3
12

2
7

50
l6
ll
23

I
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Mrss Br¡s.Infeun¡ D¡tr

Spedes Neme
T¡xonornic

Group * St¡tion Repllcete
INDJ

0.1 Msq.

Pholoe minuta
Phvllodocc m¡cul¡t¡
Phi'llodoce mucosr
Poþdon comurr
Polydora quadrilobata
Polydora spp. juv.
Polygordius sp. A
Prionocpio steer¡strupi
Pygospio elegans
Spio ñlicomis
Spio thulini
Spiqhanes bomby¡
TLaryr ucutus
Tubifi coides apectinaurs
Ampclisca abdita
Ampelisca spp. juv.
Ca¡cinus maen¡s
Crangan septernspirrcsa
Diastylis scuþta
Edoæ¡ trilob¡
Lçtocheirus pinguis
Oedicerotidae sp. I
Oxyurostylis smithi
Photis pollex
Cyrtodaria siliqua
Ensis direcu¡s
Linorina spp. juv.
Modiolus modiolus
Nassaruis triviuåü¡s
Nucuh Enuis
Siliqua costata
Tellinr ¡8ili¡
Yoldi¡ lim¡u¡la
Anthozoa sp. I

P

P
P

P
P
P

P
P
P
P
P

P
P
o
c
c
c
c
c
c
c
c
c
c
B
B
G
B
G
B
B
B
B
A

t2
l2
l2
l2
t2
12
t2
l2
t2
l2
12

l2
tz
t2
l2
12

t2
t2
12

l2
t2
t2
t2
t2
t2
t2
t2
t2
t2
t'2
t2
1?
t2
12

)
I

720
1877

.,

5
J
E

r37
I
I
4

488
518

t
6
1

9
l4

J
3
J
5

92
a

8
I
3
a

I
I

4()
I
I

Capitella capitata species complex
Chaetozane sp. A
Eæone longa
Exogøre hebes
Gauyana cirrosa
kitoscoloplos ¡obustus

P
P
P
P
P
P
P

t7
t2
l2
l2
t2
t2
t2

a
.,

.,

a

)
7

2

tt2
44

I
l9

I
I
9

Lumbrineridae

sczclkou¡ü
Neanthes vircns
Nephtys ciliata
Nephtys neoæna
Ninoe nigripes
Parougia caece
Pherus¿ affinis
Pholoe minuta
Phyllodoce maculaø
Phyllodoce mucosa
Polydora comuø
Polydora quadrilobata
Prionospio sæenstrupi
Pygospio elegans
Spio filicomis
Spio thulini
Spiçhanes bombyx
Thaqrx acutrrs
Tubificoides apectinaûrs
Ampelisca aMita
Ampelisca spp. juv.
Anonyx sp. I
Ca¡cinus maenas
Corophirrn crassicome

P
P
P
P
P
P
P
P

P
P
P
r
P
P

P
P

P
P
o
c
c
C
C
C

t2
12
12

t2
t2
l2
t2
t2
t2
t2
12

l¿
L2
t2
t2
t2
t2
t2
t2
t2
t2
t2
t1
tz

a
.,

2
.,

)
)
)
a

')
)
2
¿
)
t
)
7
)
)
J
.,

1

a

2
,)

t5
5

33
l7
24
l3
9

t2
J

5
813

2t46
5
J

54
I

l4
I

487
238

I
6
8
I

12
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Mess Beys. Inf¡un¡ D¡t¡

Spedcs Name
Taxonomic
Grorp t Station Replicate

INDJ
0.1 M sq.

Diastylis sculpta
Edoæa triloba
Lçtocheirus pinguis
Oedicerotidae sp. I
Oxyur,ostylis smithi
Photis pollcr
Biv¡lvi¡ spp. juv.
Ensis direcu¡s
Mya arwraria
Mytilidae spp. juv.
Nassaruis triviuau¡s
Tellina agilis
Yoldia spp. juv.
Anthozoa sp. 2
Nemene¿ spp. indet-
Aricidea catherinae
Capitella capiøta species canplex
Eæane heteropoda
Eæane longa
Gauyana cirrosa
Lagisca exænuata
Leitoscoloplos ¡obustus
Lumbrineridae spp. juv.
Mediqnastus califomiensis
Microphthalmus sczelkowü
Neanthes vircns
Nephtys ciliata
Nephtys neoten¡
Ninoc nigripcs
Parougia caeca
Pherusa affinis
Pholoe minura
Phyllodoce maculata
Phyllodoce mucosa
Polydora cornuta
Polydora quadrilobao
Polydora spp. juv.
Prionospio sæenstrupi
þgospio elegans
Spio thulini
Spiophanes bomb'.x
Tharyx acutus
Tubiñcoides apectinatus
Ampelisca aMita
Argissa hamatipes
Corophirmr crassicome
Crangon seprernspirrcsa
Diastylis sculpta
Dastylis spp. indet-
Dyopedos monacantha
Edotea triloba
l-amprops quadriplicata
Oedicerotidae sp. I
Pagurus longicarpus
Photis pollex
Ensis directus
Gastropoda spp. juv,
Nassaruis trivitt¿tus

c
c
c
c
c
c
B
B
B
B
G
B
B
A
N
P
P
P
P
P
P

P
P
P
P
P
P
P
P
P
P
P

P
P

P
P
P
P
P
P
P
P
o
c
c
c
c
c
C
c
c
c
c
c
c
B
c
G

t2
t2
t2
l2
t2
t2
12
t2
t2
t2
l2
t2
t2
l2
t2
t2
t2
t2
t2
t2
t2
t2
t2
l2
t2
t2
t2
t2
t2
l2
t2
t2
12
t2
t2
t2
t2
t2
t2
t2
t2
t2
t2
t2
t2
t2
l2
t2
t2
l2
t2
12
l)

L2
12

t2
t2
12

6
t2
I
I
J

425
I

l8
23

3
a

l4
I
I
5

90
t7
I
3

I
,,

)
I
I
5)
I

l8
7

t34
4
)
5

t34
225

I
4
)

39
l5
I

t75
l12

4
')

l3
5

l0
I
)
5

13

ll
I

158
7
I
3

)
2
.,

7
7
)
)
.,

)
)
)
.,

)
J

3
3

3
3
3

3
3

3
3
3

3
3
J

3
3

3
3
J

3
J

3
3
3
3
J

J
3
J

3
J
J

J
J

J
3
J

J
J

3
J
)
J
J
3

* Note: A=,¿tnthozoa, N=Nemerte¿, P=Polychaeta, O=Oligochaeta,
C={rustacea, B=Bivalvia, G=Gasuopoda, Ph=Phoronida
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Table B-14 Sedlment redox data

rvrN Dryt. wm€nf Ãooox lral¡

St¡don Rcpliceûe Sed Deph (cn) EII(MÐ

4
6
I
a

4
6
I
.)

4
6
a

I
I
I
I
L
2
.,

',
3
3
3
3

I
I
I
1

I
I
I
¡
I
I
I
I
I
I
I
I
a

2
2
2

,.2

4Tt.3
427.3
42:t.3
427,9

_,xt3"&
-135.0
-135.2
-t35.2
-Nt.4
-321.1
-321.5
-32t.5
-l@.3
-149.8

2
4
6
I

-l6EJt
-"IYrr

2
2
2
',
2
2
a

2
3
3
3
3
3
3
3
3
3
3
3
3

2
4
6
I
2
4
6
I
2
4
6
I
2
4
6
I
2
4
6
I

2
2
2
2
3
3
3
3
I
I
I
I
2
2
2
2
3
3
3
3

28.3
-30.2
41.3
-54.4
-73.4

-t23.7
-r2E.3
-148.8
-2M.2
-215.8
-xn.4
-229.6
-183.0
-t99.9
-229.3
.243.4
-289.9
-3(b.3
.tt2ß
-319.6

6I
2
4
6
E
2

I
I
2
2
2
a

3

4
4
4
4
4
4
4

-36.3
-2t7.0

-9.0
-535
{ó.0
-84.t

-l 14.0

4
5
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6

3
I
I
I
I
a

,
2
.,

3
3
3
3
I
I
I
I
2
a

)
a

3
3
3

8
2
4
6
8
2
4
6
I
2
4
6
I
1

4
6
8
2
4
6
I
2
4
6

-t4'.5
-t49.2
-t92.5
-2t0.7
-134.5
-1,10.3
-144.4
-l't2,0
-l13.3
-tu7.3
-107.4
-l l l.8

79.0
75.0
@.0
50.1

-2r3.0
-228.5
-242.5
-u9.4
-81.4

-104.4
-128.1
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St¡don Repllcete Sed IÞpah (crn) EII (MV)

-14ó.5

-16.5
-14.8
-t4.4
-t2.5
-98.9

-tn.6
-133.5
-t33.5
-t5.7
-9.2
-8.4
-8.3

tu.5
t47.2
t47.5
r47,8

49.4
39.2
xt.t
29.6
-28.9
4E.t

-lût.9
-108.2
-83.8

-159.E
-176.3
-t815

-33.2
-82.3
-98,4

-n9.7
133.8
108.1
t47.7
t{t.3
tu.7
-22.8
:l.g
E.9

t99.7
192.6
ll.4
t5.7

-95.2
-15E.0
-178.5
-?m.5

-l.l
4.2

49.6
-72.4

-133.2
-159.8
-160.6
-165.1
190.5
192.8
180.7
70.8
fl.0
79.6
84.6
2.t

42t.8
474.t

E

2
4
6
I
2
4
6
8
.,

4
6
8
a

4
6
8
2
4
6
I
2
4
6
I
2
4
6
I
2
4
6
E
2
4
6
8
2
4
6
I
n

4
6
I
2
4
6
8
2
4
6
I
4
6
E
2
4
6
I
a

4
6
E
u

4
6
I
2
4

3
I
I
I
I
2
J
2
2
3
3
3
3
I
t
I
I
a

2
2,,

3
3
3
3
I
I
I
I
t

2
2
3
3
3
3
I
I
I
I
2
2

I

3
3
3
3
I
I
I
I
a
I
a

2
3
3
3
3
I
I
I
I
2
2
2
a

3
3

6
7
7
7
7
7
7
7
7
7
7
7
7
8

8
8
I
I
8

8
I
I
8
I
E
9
9
9
9
9
9
9
9
9
9
9
9
l0
l0
l0
10
t0
l0
l0
l0
l0
l0
l0
l0
ll
ll
ll
ll
ll
ll
ll
ll
ll
ll
n
It
t2
t2
t2
12
t2
12
t2
t2
t2
t2
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Strdon Repllcete Sed Depth (or¡) EII (MV)

t2
t2

3

3
6
I

44ú,.4

3t5.7

I
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Appendtx C

Bar Graphs of concentraüons of sedlment Hydrocarbons,
metals, pCBs and pesficldes by Stailon
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