CBPITRS- 263/02
EPA- 903-R-02-005
Jduly 2002

Ambient Toxicity Testing in Chesapeake Bay:

Year 9-An Assessment of
the Chester and Rappahannock Rivers

e

Chesapeake Bay Program
A Watershed Partnership




Ambient Toxicity Testing in Chesapeake Bay: Year 9
An Assessment of the Chester and Rappahannock Rivers

Prepared by:

Lenwood W. Hall, Jr. & Ronald D. Anderson
University of Maryland System
Agricultural Experiment Station

Wye Research and Education Center
Box 169
Queenstown, Maryland 21658

Alan Messing, Joe Winfield, A. Keith Jenkins & Irene J. Weber
Old Dominion University
College of Sciences
Applied Marine Research Laboratory
Norfolk, Virginia 23529-0456

Raymond W. Alden 111
University of Nevada Las Vegas
College if Sciences
4505 Maryland Parkway
Las Vegas, Nevada 89154

David Goshorn, Margaret McGinty
Maryland department of Natural Resources
Tidewater Ecosystem Assessment Division

Tawes State Office Building
Annapolis, Maryland 21401

Chesapeake Bay Program
A Watershed Partnership

Chesapeake Bay Program
410 Severn Avenue, Suite 109
Annapolis, Maryland 21403
1-800-YOUR-BAY

www.chesapeakebay.net

Printed for the Chesapeake Bay Program by the Environmental Protection Agency
Recycled/Recyclable - Printed with Vegetable Oil Based Inks on Recycled Paper 30% Postconsumer



FOREWORD

This study was designed to evauate ambient toxicity in the Chesgpeske Bay watershed by using
a battery of water column and sediment toxicity tests in concert with both fish and benthic community
assessments. A team of scientistsfrom two Chesapeske Bay research laboratories, Maryland Department
of Natural Resourcesand Versar Inc. worked jointly to complete this god. Water columntoxicity Sudies
and overd| project management were directed by Lenwood W. Hall, J. of the University of Maryland's
Wye Researchand Education Center. Sediment toxicity tests and water/sediment chemica analysswere
managed by Joe Winfidd of Old Dominion Univerdties Applied Marine Research Laboratory. Margaret
McGinty of Maryland Department of Natura Resources was responsible for the fish community
assessmentsand Roberto Llanso of Versar Inc. conducted the benthic community assessments. Raymond
Alden was respongble for the water and sediment index caculations. This report summearizes data from
theninthyear of anine-year anbient toxicity testing program. The U. S. Environmenta ProtectionAgencies
Chesapeake Bay Program Office supported this study.



ABSTRACT

This report summarizes data collected during the ninth year of a research program designed to
assess ambient toxicity of living resource habitats in Chesgpeske Bay. The gods of this study were to
identify toxic ambient areas in the Chesgpeake Bay watershed by using a battery of standardized water
column and sediment toxicity tests concurrently with fish and benthic community assessments (index of
bictic integrity gpproaches). The toxicity of ambient estuarine water and sediment was evauated during
the late summer/early fal of 1999 at ten dations inthe Rappahannock River and ten sations inthe Chester
River. The toxicity of ambient estuarine water was assessed a dl stations by using the 8-d larvd
sheepshead minnow, Cyprinodon variegatus, surviva and growthtest and three 48-hcoot dam, Mulinia
lateralis embryo/larva tests. Toxicity of ambient estuarine sediment was determined by using the 20-d
aurvivd, growth and reburid test with the amphipod Leptocheirus plumulosus and 20-d surviva and
growth test with the polychaete worm, Streblospio benedicti. Both inorganic and organic contaminants
were assessed in ambient sediment and inorganic contaminants were measured in ambient water
concurrently withtoxicity testing to assess "possible” causes of toxicity. Fishand benthic communitieswere
also assessed at the 20 gations. Anindex of biotic integrity (IBI) was determined for eachtrophic group.

Bothunivariate and multivariate (usng dl endpoints) Satistical techniqueswere used to andyze the
water column and sediment toxicity data. Results from univariate andysis of water column data showed
that surviva of sheepshead minnows was not sgnificantly reduced at any ste when compared with the
controls. However, sgnificant effectson growthwere reported for this speciesat two Chester River Sites.
Percent norma shell development withthe coot clamfromtest 1 was sgnificantly different thanthe controls
for four Stesineach river. Effectswere reported at the three downstream sites and the most upstream site
in the Chester River. For the Rappahannock River, effects from coot clam test 1 did not follow any type
of gpatia pattern. Results from coot clam tests 2 and 3 generdly did not show any sgnificant biologicd
effects(except the upstream Rappahannock River site). The combined test resultsfromcoot clamtests1-3
did not show sgnificant effects a any of the 20 sites. Results from multivariate of water column data only
showed sgnificant effects at one of the Chester River Sites. Metd's concentrations from the 20 gationsin
both the Chester and Rappahannock Rivers showed that chronic water quality criteria were exceeded at
two Chester River stesand one Rappahannock River stefor copper, a two Chester River sites and one
Rappahannock River ste for lead, at two Rappahannock River sitesfor nickdl, and at one Rappahannock
River gtefor zinc. However, only one site in eachriver showed any degree of postive correl ation between
metals concentrations exceeding criteria and biologicd effects (coot clantest 1). The Ste with highest
number of metas exceedances (copper, lead and zinc) in the Rgppahannock River showed no sgnificant
effects from either of the tests species.

Univariate results from the 20 day sediment amphipod (Leptocheirus plumulosus) test showed
that surviva was significantly different from the reference ste (Carters Creek, Virginia) a one Ste in the
Rappahannock river and three stes in the Chester River. Survivd results from sediment toxicity testswith
the polychaete worm Streblospio benedicti showed that this species was more sengtive than the
amphipod. Sx stes in the Chester River and four gtes in the Rappahannock River were significantly
different from the reference site based on the polychaete worm survival.  Growth of the amphipod,
expressed as achange of length, wassgnificantly different fromthe reference Ste at two Chester River sites
and one Rappahannock River site. The polychaete wormtoxicity test showed that two Stesinthe Chester
River were sgnificantly different for increase in length over the initid Sze. There was no significant



differences in change of weight for either test species when comparing test Sites and the reference Sites.
Reaults from the multivariate andysis showed sgnificant effects a eight Chester River dites and five
Rappahannock River sites. At the methods detectionlimit usedinthis study, no pesticides, PAHS, or PCBs
were detected in sediment from any site induding the reference and control sites. Nickel was found
throughout the Rappahannock River (8 of 10 Sites) at concentrations above the NOAA benchmark for
Effects Range-Low (ERL) but no other metals exceeded the respective ERLS or the Effects Range-
Median (ERM) benchmarksinthisriver. The ERL predictsalow probability of toxicity dueto nicke when
ambient concentrations are below that vaue and the ERM predicts a high probability of effectsto benthic
populations when exceeded. In the case of nickd, the religbility of the ERM is suspect and the probability
of effects a vaues greater than the ERL and lessthanthe ERM are difficuit to predict. The sites sampled
inthe Chester River had amilar ingtances where nicke was greater thanthe ERL (7 of 10 Sites), but there
were 4 Steswhere nickel, lead and zinc concurrently exceeded the ERL. Zinc exceeded the ERL at one
Chester River gteinadditionto nickd. The andyss for smultaneoudy extractable metds (SEM) and acid
voldile sulfides (AVS) SEM/AVS is conddered a rdliable approach for determining the bioavailability of
metals to benthic organisms. The AVSSEM reaults generdly suggest that metals are unlikely respongble
for sediment toxicity a any of the Sites.

Resaultsfromthe Fish1BI assessments showed that most of the stations ( 8 out of 10) inthe Chester
River had degraded fish communities based on ether seining or trawling methods. In contrast , fish
communities at dl Rappahannock River sites appeared reatively hedthy. The Benthic Index of Biotic
Integrity ( B-1BI) scores for the Chester River River showed that seven sites met the benthic restoration
god, one Ste was margina, one Site was degraded and one site was highly degraded. The degraded and
severdly degraded sSiteswere upstream. For the Rappahannock River, three Stesmet the restoration godl,
one ste was margina, three sites were degraded and three stes were severdy degraded. All three Stes
that met the god were bardly above the cut off between meeting the goa and degraded. The B-IBI results
weremorevariable in the Rappahannock River when compared to the Chester River. Although therewas
no clear spatid trend, the benthic communities in the Rappahannock River generdly appeared more
impaired than in the Chester River.

Insummary, sediment toxicity dataand impaired fishcommunities suggested some degree of stress
at most of the Chester River gations. Incontrast, water column toxicity and benthic community impairment
were generdly not reported at the various Sitesin this eastern shore river. At three Sites, ether toxicity or
biologica community impairment were reported fromthree of the four measures, three of thefour measures
faled to report ether toxicity or biologica imparment at two of the Sites. The other five Sites provided
mixed results as two measures showed effects and two measures showed no effects.

A find andyss of water column toxicity data, sediment toxicity data, fish community data and
benthic community data for the Rappahannock River demonstrated effectsfromtwo of the four measures
at four of the sites. Effects were reported for only one measure at four of the Sites and no effects were
reported for any of the measures a two sSites. A lower degree of toxicity and biologicd imparment was
reported in the Rappahannock River than in the Chester River.
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SECTION 1
INTRODUCTION

The potentia relationship between contaminants and adverse effects on Chesapeake Bay living
resourcesis of concern due to increasing population growthand associated anthropogenic activitiesinthe
watershed. Traditional approaches such as caculation of loading rates of toxic chemicads and/or chemica
monitoring studies provide useful datafor exposure characterizations but these approaches are not totaly
adequatefor ng the ecol ogica effects resulting from numerous sources such as multiple point source
effluents, nonpoint source runoff from agriculture, silviculture and urban Sites, atmospheric deposition,
groundwater contamination, and rel ease of toxic chemicas from sediments. The direct measureof biological
responsesinthe ambient environment isthe most redistic and ecologicdly revant gpproach for evauating
the adverse effects of toxic conditions on living resources. For the purposes of this report, the ambient
environment is defined as aguatic areas located outsde of mixing zones of point source dischargesin the
Chesapeake Bay.

Inrecent yearsvarious studies have been conducted to address the link between contaminantsand
adverse effectsonliving aguatic resourcesinthe ambient environment of the Chesapeake Bay watershed.
Theseambient toxicity testsare designed to detect toxic conditions onamuchbroader scale thantraditiona
effluent toxicity tests. These tests are considered afirst tier type gpproach used as a screening tool to
identify areas where ambient toxicity exiss and future assessment efforts are warranted. Biological
responses such as surviva, growth, and reproduction of resident species are used to identify stressful
conditions in the ambient environment resulting from point and non-point sources.

The ambient toxicity testing approach is congstent with the Chesapeske Bay Basinwide Toxics
Reduction Strategy whichhasa commitment to devel op and implement a planfor Baywide assessment and
monitoring of the effects of toxic substances, within naturd habitats, on sdected commercidly,
recregtionaly and ecologicaly important speciesof living resources (CEC, 1989). Thiscommitmentisadso
condggtent with the recommendations of the Chesapeake Bay Living Resource Monitoring Plan (CEC,
1988).

Previous ambient toxicity assessmentsinthe Chesapeake Bay (1990-1998) have been completed
and reports have been published (Hall et d., 1991; Hall et d., 1992; Hall et d., 1994; Hall et d., 1996;
Hall et d. 1997; Hall et d., 1998; Hal et d., 2000a; Hal et d. 2000b). General condusionsto date have
shown that 62% of the time water column tests conducted at 64 stations (19 rivers and harbors with
multiple years of testing at some sites) have suggested some degree of toxicity. The most toxic Steswere
located inurbanized areas such as the Anacostia,  Elizabeth and Middle Rivers. Water qudity criteriafor
copper, lead, mercury, nickd and zinc were exceeded at various Stes in these rivers. Water column
toxicity was also reported in localized areas of the South and Chester Rivers. Some degree of sediment
toxicity was reported from 58% of the ambient testsat 64 stations conducted during the nine year period
(1990 - 1998). The ElizabethRiver and Baltimore Harbor stations were reported as the most toxic areas
based on sediment results. Sediment toxicity guiddines (Longand Morgan, 1990; Long et d., 1995) were
exceeded for one or more of the following metds at these two locations: arsenic, cadmium, chromium,
copper, lead, nickel and zinc. At the Elizabeth River Sation tested in 1990, nine of sixteen semi-voldile
organicsand two of seven pesticides measured exceeded the Effects Range - Median as defined by Long
et a., 1995 (ER-M vaues). Various semi-volatile organics exceeded the ER-M vaues a a number of
Bdtimore Harbor sites;, pyrene and dibenzo (a, h) anthracene were particularly high a one of the gaions
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(Northwest Harbor). Sediment toxicity was aso reported from localized areas in the Chester, Magothy,
and Potomac Rivers.

The gads of this study were to conduct a suite of water column and sediment toxicity tests in
concert with fish and benthic community assessments (IBI type approach) at ten stations in the
Rappahannock River and ten stationsin the Chester River. The fish and benthic community assessments
were new componerts added to the ambient toxicity testing program in 1996 and continued annually
through 1999 to provide field data for assessing the status of biologica communities at the study Stes. In
order to provide limited exposure data for correlation with the toxicity dataand biologica assessments,
inorganic contaminants were evauated in water and both organic and inorganic contaminants were
evauated in sediment during these experiments.
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SECTION 2
OBJECTIVES

Thisambient toxicity study was a continuation of anassessment effort previoudy conducted from

1990-1998 inthe Chesapeake Bay watershed. The mgor god of this program wasto assess thetoxicity
of ambient water and sediment in selected areas of the Chesapeake Bay watershed by using a battery of
standardized water column and sediment toxicity tests in concert with limited chemical characterizations.
Biologica communities (fish and benthos) were dso evauated a the study Stes.

The specific objectives of the nineth year of this udy wereto:

assess the toxicity of ambient estuarine water and sediment during the late summer/early fdl of
1999 &t the ten tations in the Rappahannock River and ten gations in the Chester River;
determine the toxicity of ambient estuarine water described in the first objective by using the
following estuarine tests: 8-d larva sheepshead minnow, Cyprinodon variegatus survivd and
growth test and 48-h coot clam, Mulinia lateralis embryo-larval tests,

evaluate the toxicity of ambient sediment described in the first objective by using the following
eduarinetests. 20-d amphipod Leptocheirus plumulosus survivad, growth and reburid test and
20-d polychaete worm, Streblospio benedicti surviva and growth test;

measure inorganic contaminants in ambient water and organic and inorganic contaminants in
sediment concurrently with toxicity tests to determine "possible” causes of toxicity;

determine the rdlative sengitivity of test species for each type of test and compare between test
methods to identify regions where ambient toxicity exids,

assessthe gatus of fish and benthic communities a the ten Sationsin each river using anlndex of
Biotic Integrity approach; and

summarize water column and sediment toxicity datafrom 1990 to 1999 using acompositeindex
approach for each Site



SECTION 3
METHODS

3.1 Study Aress
Therationde for sdecting study stesinthe Rappahannock and Chester Riversis presented below.
The Rappahannock River was sdected for ambient toxicity testing because it is an ecologicaly important
western shore river in Virginia tha has not beentested previoudy in the ambient toxicity program (Figure
3.1). Historical contaminants data and aguetic toxicity data are limited for thisriver. Coordinates for the
ten Rappahannock River gtations were asfollows:
RP1- 3747 34 x 76 38 40
RP2 - 374759 x 76 42 24
RP3- 374824 x 76 40 52
RP4 - 37 48 33 x 76 41 33
RP5 - 374954 x 76 44 57
RP6 - 37 50 57 x 76 44 39
RP7-375408x 76 47 30
RP8 - 3754 58 x 76 49 25
RP9 - 375755 x 76 51 58
RP10- 375900 x 76 54 17

The Chester River was sdlected for ambient toxicity testing because previous ambient toxicity data
collected from this river at a limited number of stations in 1996 suggested potentid toxicity (Hal et d.,
1998). Ambient toxicity testing was therefore conducted on a broader spatial scale to  assess potential
toxicity in 1999 (Figure 3.2). Coordinates for the ten Chester River steswere asfollows:
CH1-390018x 76 10 27
CH2-390447x 7611 33
CH3-390620x 76 08 20
CH4-390935x 76 03 05
CH5-391041x 76 02 40
CH6-391152x 76 03 56
CH7-391304x 76 02 31
CH8-391414x 76 0050
CH9 - 3914 44 x 7555 03
CH10- 39 14 43 x 7555 26

3.2 Water Column Toxicity Tests

The objectives of the water column toxicity tests were to determine the toxicity of ambient water
at the 20 dtations described above. The following tests were conducted at these sations during the late
summer/early fal of 1999: 8-d larva sheepshead minnow C. variegatussurviva and growthtest and 48-h
coot clam M. lateralis embryo/larva tests. Water from dl sites was adjusted to a sdinity of 15 ppt to
provide data comparable to the 1990 through 1998 ambient toxicity data sets. A suite of metals was
measured in ambient water used for these tedts.




3.2.1 Test species

Larva sheepshead minnows, a previoudy used speciesfor the past eight years of ambient toxicity
testing, was used for the 1999 tedting. This test gpecies were sdlected because it meets the following
criteria (1) resdent Chesapeake Bay species, (2) senditive to contaminants in short time period (lessthan
10d) and (3) standard test organismthat does not require additiona research. Larva shegpshead minnows
are highly abundant, resident Chesapeske Bay organisms used extensvely in standard tests. Sheepshead
minnows have demonstrated moderate sengtivity in subchronic tests and are commonly used in EPA’ sand
MDE s Whole Effluent Toxicity Testing Program.

The coot dam, M. lateralis, was added to the suite of test organisms during the third year of
ambient toxicity testing. Thisdlamisasmdl (<2 cmlength) euryhdinebivave. Itisanumericaly dominant
gpeciesin the mesohdine areas of the Chesapeake Bay as wdl as numerous tributaries (Shaughnessy et
a., 1990). Embryo/larva development occursin the water column in approximately 6-8 days. Thisclam
is suitable for water column testing because the sengtive life stage occurs in the water column. The coot
clamisnot astandard test organism, however, the U.S. EPA has written a draft test method for estimating
toxicity of effluentsusngMulinia(Morrisonand Petrocelli, 1990a; 1990b). We dso devel oped aStandard
Operating Procedure for testing Mulinia (Hall and Ziegenfuss, 1993).

3.2.2 Test Procedures

Test procedures and culture methods have been previoudy describedinthe year 1 ambient toxicity
report for the 8-d larva sheepshead minnow survival and growth test (Hall et al., 1991). The test
procedures for the coot clam described in the year 3 report were used for these experiments (Hdl et 4.
1994). The sourcesfor the specieswere asfollows. sheepshead minnows, Aquatic Biosystems, Denver,
Colorado and and coot clams (U. S. EPA Laboratory in Narragansett, Rhode 19 and).

323 Setidica Anaysis

Univariate statistical tests described in Fisher et d. (1988) were used for each test species when
appropriate. Thegod of thisstudy was not to generatetypica LC50 datawith variousdilutions of ambient
water. For each test species response, control and test conditions (100 percent ambient water) were
compared usngaone-way Andyss of Variance (ANOVA). A satistical difference betweenthe response
of a species exposed to a control condition and an ambient condition was used to determine toxicity.
Dunnett’'s (parametric) or Dunn’s (non-parametric) mean testing procedures were used in cases where
comparisons of a species response on a patial scale was necessary.

3.24 Sample Collection, Handling and Storage

Samplecallection, handlingand storage procedures used inthe previous studieswere implemented
(Hdl et d., 1991). Ambient water was collected from al study areas and taken to our toxicity testing
fecility at the Wye Research and Education Center, Queenstown, Maryland for testing.

Grab samples were used because they are easer to collect, require minimum equipment (no
composite samplers), ingantaneous toxicity is evauated, and toxicity spikes are not masked by dilution.
Grab samples collected from each station represented a composite of the water column (top, mid-depth
and bottom). A metering pump with teflon line was used to collect samplesin 13.25 L glass containers.

The time lgpsed fromthe collection of agrab sample and the initiation of the test or renewal did not
exceed 72 hours. Water column samples were collected on days 0, 3 and 6 during the 8 day tests. Al
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samples were chilled after collection and maintained a 4C until used. Water from each ambient Ste and
control was renewed in test containers every 24 hours. The temperature of the ambient water used for
testingwas 25C. Sdlinity adjustments (incresse) were performed on samplescollected fromlesssdinestes
to obtain a standard test sdlinity of gpproximately 15 ppt.

3.25 Quality Assurance

A copy of our generd Standard Operating Procedures (SOP) Manud (including the sheepshead
minnow SOP) was submitted and approved by the sponsor prior to the study (Fisher et al., 1988).
Standard Quality Assurance (QA) proceduresused inour |aboratory for The State of Maryland's Whole
Effluent Toxicity Testing Program were followed (Fisher et d., 1988). These QA procedures were so
used during the previous eght years of ambient toxicity testing sudy. A specific SOP for M. lateralis was
followed (Hal and Ziegenfuss, 1993). The control water used for these experiments was obtained from
aprisineareaof the Choptank River. The water was autoclaved and filtered witha 1 umfilter. Hawaiian
(HW) Marine sea salts were used to sdlinity adjust samplesto 15 ppt. The pH was also adjusted to 7.5
to 8.0 after sdinity adjustmen.

Acute reference toxicant tests with cadmium chloride were conducted with the same stocks of
gpecies used for ambient toxicity tests. Cadmium chloride was selected as the reference toxicant because
there is an established data base with this chemica for al of the proposed tests. Reference toxicity tests
were used to establishthe vdidity of ambient toxicity data generated fromtoxicity tests by ensuring that the
test species showed the expected toxic response to cadmium chloride (Fisher et d., 1988). Thereference
toxicant testswere conducted on each saltwater test species and source (of species) once during this study
using procedures described in Hall et d. (1991).

3.26 Contaminant Analysis and Water Quality Evauations

The contaminant analyses used for these studies provided limited information on selected
contaminants that may be present inthe study areas. It was not our intention to suggest that the proposed
andyss for inorganic contaminants would provide an absolute "cause and effect relationship” between
contaminantsand biologica effectsif effects werereported. Information on suspected contaminantsinthe
study areas may, however, provide vauable ingghtsif high potentidly toxic concentrations of inorganic
contaminants were reported in conjunction with biologica effects.

Aqueous samples for andysis of inorganic contaminants listed in Table 3.1 were collected during
the ambient toxicity tests. These contaminants and methods for their measurement have beenused in our
previous ambient toxicity testing study (Hall et d., 1991). Anayticd proceduresandreferencesfor analyss
of these samplesare presented inTable 3.1. Totd inorganic contaminant analyss (dissolved metas) were
conducted on filtered samples usng 0.40 um polycarbonate membranes. All sampleswere preserved with
ultrexgrade nitric acid. The Applied Marine Research Laboratory of Old DominionUniversity conducted
the inorganic andyss.

Standard water quality conditions of temperature, sinity, dissolved oxygen, pH and conductivity
wereevauated at each Ste after sample collection. These conditions were evauated every 24 hours at all
test conditions during the tests.

3.3 Sediment Toxicity Tests
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All testsand andyseswere conducted according to the SOPs and QA plans previoudy submitted
to the sponsor.  All sediment toxicity tests were conducted by the Applied Marine Research Laboratory
(AMRL). Thetoxicity tetswereperformedin compliancewiththe AMRL Qudity Assurance Project Plan
(QAPRP) 1999 used for characterizing ambient toxicity in Chesapeake Bay. The Chesapeake Bay
Program Office of the U.S. Environmenta Protection Agency has approved the protocol s contained within
the QAPjP for conducting the 20 day amphipod (Leptocheirus plumul osus) surviva and growth bicassay
and the 20 day polychaete worm (Streblospio benedicti) survival and growth bioassay (Messing et d.,
1999). The details of the test methods were provided in the QAR P and summarized below.

3.3.1 Test Species
Two native benthic organisms were used to assess the potentia toxicity of estuarine sediments: the
estuarine amphipod Leptocheirus plumul osus and the polychaete worm Streblospio benedicti.

3.3.2 Test Procedures

All testswere conducted for 20 days at 25+1°C and monitoreddaly. Monitoring of test conditions
included measurement of water qudity parameters(Hall et al., 1991). The monitoring continued daily until
the test was terminated. On day 10 of the tests, all replicate vessels were Sieved to remove test animds
fromthe sediment. Surviving animalswere counted, returned to the origind test containers, and monitored
for anadditiona 10 days. Due to the potentia for damaging S. benedicti and miscounting of both species
at this stage in the bioassays, the Seving after 10 days of exposure was not gpplied as aggressively as
required to devel op rdliable counts of survivors. These data were not used in the statistical assessment of
potentia biologica effects. At day 20, dl ste replicates were Seved once more to obtain final counts of
surviving animals. Survivors were preserved to facilitate collection of length and weight measurements.

Treatment sediments were collected from ten dtes in the Rappahannock River, Virginia (RP1
through RP10) and from ten dtes in the Chester River, Maryland (CH1 through CH10). The exact
locations of dl steswere previoudy presented in Section 3.1. Reference sediments were chosen as the
bass for assessng differencesinsurviva of the test speciesagaing surviva in sediment fromthe study area
and the response of the test organisms in control sediments was used as a measure of acceptable
performance of the biocassays. Control sediment was collected from a location within the Ware River,
Virginia and reference sediment was collected from within a 100m x 100m area insde Carter Creek,
Virginia Particle Sze andyses were performed on each of the five field replicates from dl test Stes and
sediment from the reference and control Stesto determine smilaritiesin sand, silt, and clay content.

Culture, maintenance, and test procedures used for S. benedicti and L. plumulosus are described
inHdl et d. (1991) and Hall et a. (1993), respectively.

3.3.3 Satistical Analys's of Sediment Data

The objective of the study wasto eva uate the potentia toxicity of ambient sedimentsby comparing
al test endpoints of each species to the endpoints observed in reference sediments. Survival and weight
datawere tested for assumptions of normdity and equdity of variances usng Shapiro-Wilk’ sand Bartlett’'s
tests, respectively. Parametersviolating these assumptionsweretransformed to arc-sinevalues, ranksand
normalized rankits and then retested for these assumptions. If the origind or transformed data met the
assumptions, an ANOVA was used to test for Sgnificant differencesinmeansurviva and weght between
dations. A posteriori pairwise comparisons of surviva and weights between the test and reference Sites
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were made usng Fisher’'s LSD test. A posteriori pairwise comparisons of length data were conducted
using the Bonferroni T-test for unequa sample sizes. If transformed data did not meet the assumptions of
the parametric tests, a Kruska-Wallis test was used to test for sgnificant differences in median ranks
betweendations and a posteriori pairwise comparisons between the test and reference siteswere made
using Wilcoxon's Rank-Sum test.

Length was expressed as change in Sze from the mean initid length and weight was evauated as
the mean individua weight gain for each site. In order to diminate any potentid bias due to differentia
survivd, only those test Stes not exhibiting significantly lower surviva at the end of the 20 day tests were
andyzed for subletha effects. Toxicity was inferred in test sedimentswithendpointsthat were sgnificantly
lower than those observed for the test-specific reference sediments.

3.34 Sample Collection, Handling and Storage

Sediment collection, preservation, storage and preparation procedures for thisstudy are described
inHall et d. (1991). Sampleswere collected at each site by The University of Maryland and the Applied
Marine Research Laboratory (AMRL) personnd and returned to the laboratory for testing.  Sediments
were collected usng a petite ponar grab at sites in the Rgppahannock River from September 22-23, 1999
and in the Chester River on September 20, 1999 . True fidd replicates were maintained separately and
trangported to the laboratory. Sediment was collected at each sation by first randomly identifying 5 grab
sample locations within a 100 meter square grid. At each location adiscrete field replicate was collected
for bioassays and stored on ice, while a separate subset from the same ponar grab was placed into a
handiing container. Subsamples from al 5 random grab locations within the station were placed into the
handling container, homogenized, and distributed into sample containers designated for chemica andyses.
All samples were transported on ice in coolers, out of direct sunlight. Bioassay samples were held in
refrigerators at 4°C until initiation of the toxicity tests. Samples for chemica analysis were stored as
required for dl andyses.

3.35 Quality Assurance

All qudity assurance procedures were submitted previoudy to the sponsoring agency and were
implemented during sediment collection and analysis. Toxicity test control and reference sediments were
used as described in Section 3.3.2.  Laboratory quaity assurance procedures for organic and inorganic
chemica analyses, and for sediment pore water andyses, followed the AMRL QARP.

Static acute non-renewd, water-only reference toxicant tests were performed for each species
used for sediment toxicity testing. Cadmium chloride was used as a reference toxicant because thereis an
established data base for this chemica for both speciesused. Reference toxicant information was used to
verify the hedth and sengitivity of the test animds.

3.3.6 Contaminant and Sediment Quality Evaluations

Sediment bioassays were performed on each replicate sample (n=5) from a study site, but
contaminants were andyzed in composite samples of sediment from each site. It is assumed that if the
contaminants were present in sufficiently high concentration to cause sgnificant effects in the sediment
bioassays, the contaminants would be present in detectable concentrations in the composite samples.

Sediment sample collection was described in Section 3.3.4. Inorganic contaminant anaytical
methods are provided in Table 3.2. Polycyclic aromatic hydrocarbons (PAHS) were extracted and
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andyzed inaccordance with SW-846 Methods 3550, 3640, and 8270 (USEPA, 1994). Pedticidesand
Aroclors were extracted and andlyzed in accordance with SW-846 Methods 3350, 3640, and 8081
(USEPA, 1994).

Whole or bulk sediment was andyzed for acid volatile sulfides (AVS) and total organic carbon
(TOC). Sediment samples were andyzed for AVS usng USEPA (1991) draft methods. Details of the
andytica proceduresforbothAVSand TOC are described inHdl et d. (1991). Sediment pore water was
andyzed for anmonia, nitrite, and sulfides. Samples anadlyzed for TOC were frozenuntil analys's, at which
time they were thawed, then homogenized by gently dirring. Pore water samples were extracted from
sediment usng a nitrogen press.  All pore water samples were filtered and frozen until anayses were
conducted. Details of the methods are described in Hall et a. (1991).

Sediments were dso analyzed for Smultaneoudy Extractable Metals (SEM). The samplefor the
SEM andyss was obtained from the AVS procedure mentioned above. The SEM sample was the
sediment suspension remaining in the generation flask after the cold acid extraction had been completed.
The sediment suspension wasfiltered through a 0.2 micron membranefilter into a250 ml volumetric flask,
and was then diluted to volume with deionized water. The concentrations of the SEMs were determined
by the same andytica methods as bulk metals. The concentrations were then converted to micromolesper
gram (= M/g) dry sediment and summed to yield total SEM. SEM results were used in conjunction with
the AV S data to estimate the potentia toxicity of the sediment due to metals.

34 Anayssof Ten Year Data Base

A saries of summary multivaiae daisticd andyses were conducted in order to provide
environmenta managers with summeary informationconcerning the relative toxicity of water and sediments
fromthe collectionareas (see Section6). Theseandysesa so provide quantitative indicators of the degree
of confidence which may be given to differences between responses observed for "cdean” ("reference)
conditions and those seen for test media (water or sediments) of unknown qudity. These andysesare
based upon the summary composite indices first developed for the toxicity axis of the * sediment quality
triad” (Long and Chapman, 1985; Chapman, 1986; Chapman et a. 1987 and Chapman 1990). This
approach has been modified to provide confidence limits on composite indices designated as “ratio-to-
reference mean” (RTRM) indices (Alden, 1992). Details of the calculation of the RTRM indices for the
Ambient Toxicity Program are presented in the Y ear 3 report (Hall et d., 1994).

In order to make the RTRM indices more meaningful to managers, a method was developed to
scae the vaues, so that they range between a*best case” (uncontaminated) condition, represented by a
score of 0 and a“worst case” (highly contaminated and toxic) condition, represented by a score of 100.
A vaueof Owould represent the medianresponse of areference test of uncontaminated water or sediment,
while avaue of 100 would represent a condition producing the maximum detrimenta responsesin dl of
the endpoaints (e.g. no growth, reproduction, or surviva of dl test populations). Not only doesthis sort of
scding provide a*frame of reference’ to addressthe questionof “how bad isthisSte?’, but itdlowsscores
of RTRM indicesfromdifferent years(whichmay have had different numbers of endpoints) to be evauated
on thesame scae. Thiswell-defined scaling system is much more reedily interpreted than the sediment
qudity triad RTR vauesor the RTRM indices, whichhave areferencevaue of 1, but have an open-ended
scae for toxic conditions, the maximum vaue of which depends upon the number of endpoints, the
magnitude of the test responses, and the reference response vaues used in the calculations.

The scaled RTRM index, hereafter designated as“toxicityindex” or TOX-INDEX, wascaculated
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as folows. The RTRM vaues and confidence limits were caculated as in previous years (Hal et d.,
1994). Thereferencemedianfor any given sStewas subtracted from all reference and test vaues (medians,
lower and upper confidence limits). This step scales the reference median to 0. The values are then
divided by a“worst case” congtant for eachtest dataset. This“worst case” congtant is calculated by taking
the test data set and setting the values to the maximum detrimental responses for each endpoint (e.g., no
survivd, growth, reproduction, hatching of eggs, etc.), caculating the RTRM vauesfor these “worst case’
conditions by dividing by the appropriate reference means (i.e., for the sediment data set, each sample was
matched to the reference data set that most closely matched the sediment characteristics) and caculating
the “worst casg” congtant as the mean of RTRM vaduesfor dl endpoints. Thedivison by the*worst case”
condant makes dl vaues (medians and confidence limits) a fraction of the “worst case” condition. The
TOX-INDEX vdues are converted to a percentage scae by multiplying by 100. The TOX-INDEX
medians and confidencelimitsfor test and reference conditions of each Site are plotted on maps of the Bay
to indicate the rddive toxicity of various geographic locations. For graphical purposes, the lower
confidencelimits of the reference data are not shown, unlessthe test confidence limitsoverlap those of the
reference conditions (i.e. a portion of the confidence limits for both the test and reference conditions are
less than zero).

Inorder to providemoreinformationto the TOX-INDEX maps, pie chartsareincluded to indicate
the relative percentage of endpoints that were shown to be different between the test and reference data
setsinthe RTRM smulations. Therefore, a highly toxic Ste would not only be shown to have high TOX-
INDEX vaueswhich display alow degree of uncertainty (i.e., to have narrow confidence bands that are
well separated from reference conditions), but it would aso be shown to have a high percentage of
endpoints that were adversely affected by the toxic conditions.

Thistype of presentation should provide managers with a tool to eva uate the rel ative ecologica
risk of the stesincomparisonto each other and aid in targeting mitigation efforts on a patid scale. A ste
with TOX-INDEX confidence limits that overlap those of a reference dte, and which displays few
datigticaly significant endpoints, would be expected to pose little ecologicd risk with respect to ambient
toxiaty. On the other hand, a Ste displaying alarge TOX-INDEX vaue, with confidence limits that are
wel separated for the reference condition and with many sgnificantly impacted endpoints would be
expected to pose a much greater ecologica risk. The ecologica significance of toxicity at Stes with
intermediate TOX-INDEX scores would have to be interpreted through the best professiona judgement
of scientigts and managers, dthough the relative magnitude of the values does provide information on the
relative degree of toxicity withrespect to other sites. Although absolute ecologica risk assessmentswould
require much more intensive biologica evaduations of long-term population and community leve effects,
TOX-INDEX provides a screening system that indicates the rdative ranking by which regions can be
prioritized for management actions reated to toxicity. Thus, the maps provide quantitative indications of
the magnitude, certainty and consgstency of toxic effects.

Thesdtelocationsymbolsinthe TOX-INDEX mapsindicate the degreeto whichwater or sediment
benchmarks (water quality criteria or ER-M values, respectively) were exceeded. Thus, the maps dso
display the quditative degree of chemica contamination.

During the 1998 studies, the water column toxicity data sets were re-scaled (Hal et al., 2000Db).
The re-scaling effort was designed to make the scaled water column data sets more comparable to the
scaled sediment toxicity data sets. The issue to be resolved was the definition of the "worst case” for
growthendpoints (e.g., growth of shegpshead minnows, and inthe earlier years of the sudy, grassshrimp).
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Traditiondly, the growthendpointsfor the water column testswere measured as the absol ute weight of the
larvd organisms at the end of the test compared to the weight of controls. Conversdly, the sediment tests
measure growth asthe relative change in size of organisms as a percentage of the sarting Sze (i.e., growth
rates) intest treetments compared to controls. Either of these pproaches providesavaid test of subletha
effects on growth. However, a"worst case’ for the former case is zero weight, whileit isazero growth
rate for the latter. Our consensus was that the zero growth rate represented a more realistic "worst case”
scding factor, so the water column growth data from 1990 to 1999 were converted to growth rates and
re-scaled.

Since the "worg cases' for the growth endpoints were more in line with what could possbly be
achieved inthe tests, the re-scaled Toxicity Index vauestended to be greater by afactor of gpproximately
2. However, the re-scaling process did not scale equally across all sites for dl years. The performance
of controls, the number of endpoints, and the number of replicates dl influencethe scaing factor produced
for each data set. In addition, RTRM vaues had to be caculated for growth rates instead of absolute
growth. Thus, the relative toxicity rankings of sites changed somewhat during the re-scaling process.
However, the mgjor patterns of toxicity among stesremained (i.e. toxic Stes remained toxic) and made
environmenta sense from a "best professona judgement” perspective. The re-scaed water column
Toxicity Index vaues and rankings are discussed in
Section 6.

3.5 Fish Index of Biotic Integrity

3.5.1 Data Collection

All steswere sampled monthly for fishassembl ages during the summer index period (duly, August,
and September, 1999). This period reflectsthe time of greatest fish species diversity and abundanceinthe
Chesapeake Bay due to the function of the estuary as a pawning and nursery habitat for anadromous,
marine, and estuarine resident species.

Sitesin both rivers were sampled inshore usinga30.5 mX 1.2 mbeach seine with6.4 mmmesh.
The saine was pulled withthe tide employing the quarter sweep method. Two seine hauls were conducted
per ste with a30 minute interval between eachhaul to alow for repopulation of the seine area. Fish from
the first seine haul were held and released after completion of the second seine haull.

I nthe channel adjacent to the seining areg, fish were sampled usnga 3.1 motter or box trawl with
12.8 mm stretch mesh and 50.8 cm by 25.4 cmdoors. All sitesinbothrivers were sampled with asingle
trawl tow pulled with the tide at two knots for five minutes.

All fish captured in the seine and trawl were identified to species, counted, and minimum and
maximum length recorded for each species. Age of game and commercia species was aso recorded.
Scales were collected for fish when age determination could not be made in the fidd. When fidd
identification was not possble, specimens were retained for later |aboratory evaluation.

Water qudity parameters were sampled usng a Hydrolab. Water temperature, pH, dissolved
oxygen, conductivity, and salinity were measured a bottom, mid-water and surface depth profiles near
the trawl areafor each Site. Water clarity was measured witha Secchi disc. Detailed sampling methodsare
described in Carmichedl et d., 1992a.

Fish catch data and water qudity datawere recorded in the field on standardized data sheets. All
data sheets were verified prior to leaving the sampling Site. Data sheets were again proofed in the
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laboratory for errors and omissions. Datawere keypunched into ASCI| files, thencompared tothe origind
fidd sheetsto locate any dataentry errors. Corrected datafileswerethenconverted to PC-SAS data sets.
Datawere proofed again using a computerized quaity control program designed for the project. Findized
data sets were created for analysis and computation of IBI metrics.

3.5.2 Index of Biatic Integrity Caculations

Data for each dte were summed for the entire summer season. Data were prepared usng a
program which assigns spawning location, feeding strategy, and area of residence (freshwater, estuarine
or maine species) for each species (Table 3.3). These assgnments were made based on the adult life
stages of each species.

Nine metricswere used to calculate the provisond 1Bl scoreby site. The metricswere divided into
three categories: Richness Measures - total number of species, number of species caught inbottomtrawil,
and number of species comprising 90% of the catch; Abundance Measures- number of anadromous fish,
number of estuarine fish, and total number of fishwithmenhadenremoved; Trophic Measures - proportion
of planktivores, proportion of carnivores, and proportion of benthivores. Abundance and proportion
metrics were then normally transformed and ranked into thirds and assigned avalue of 5, 3, or 1. All
metrics in the upper third were given afive; middle third athree; and lower third a 1. Planktivores were
ranked in reverse because increasing trends in abundance are quantitatively associated with increasesin
pollutant loadings (V aas and Jordan, 1990). The individud rankswere thensummed to give atotal for each
gte. Thistotd representsthe provisond 1Bl score. A more detailed descriptionis presented in Carmichael
et al., 1992b.

3.5.3 Edablishing Reference Conditions
Reference | BI conditions were established based on examining numerous years of exising datafor

the WicomicoRiver. The 95% confidenceintervas about the mean Bl scorefor the Wicomico River were
cdculated. The lower limit of the 95% confidence interva (1Bl score of 31) was identified as the cut off
point for reference systems (any vaue below thisis not meeting the reference standard).

3.5.4 Trawl Index

A trawl index was caculated for each station. The index was derived by cdculaing the mean rank
of the monthly bottom trawl richness measures for each station. The mean ranks were then assigned a
narrative raing of good (meanrank greater than 1.33), fair (meanrank between0.67 and 1.33), and poor
(mean rank less than 0.67).

3.6 Benthic Index of Biotic Integrity

3.6.1 Sample Callection

Benthic samples for the Ambient Toxicity study were collected at the twenty Sites described in
Section 3.1 during the summer of 1999. The ten sites in the Chester River were sampled between
September 7 and September 15, while the ten Sitesin the Rappahannock River were sampled between
August 10 and 11. A Globd Postioning System (GPS) with differentia correction was used to locate
study sites. All steswere sampled in the summer window for gpplication of the Benthic Index of Biatic
Integrity (Weisberg et d. 1997). Bottom water temperature, conductivity, salinity, dissolved oxygen
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concentration (DO), and pH were measured at each Site.

3.6.2 Benthic Samples

In the Rappahannock River, three replicate samples were collected at each Site. Due to funding
limitations, one sample was collected at each Site in the Chester River. Benthic samples were collected at
each Ste using a Y oung Grab which samples an area of 440 cn? to adepthof 10 cm. The samples were
saived through a 0.5 mm screen using an elutriative process. Organisms retained on the screen were
transferred to labeled jars and preserved in 10% buffered formdin stained with rose bengd ( avita stain
used to aid separation of organisms from sediment and detritus). An additiona grab sample was collected
from each site for sediment sit/clay analysis. Samples were frozen until processed in the laboratory.

3.6.3 L aboratory Processing

Organismsweresorted fromdetritus under dissecting microscopes, identifiedtothelowest practical
taxonomic levd, and counted. Oligochaetes and chironomids were mounted on dides, examined under a
compound microscope, and identified to genus and species. Ash-free dry weight biomass was measured
for each species by drying the organiams to a constant weight at 60C followed by ashing ina muffle furnace
at 500C for four hours.

Silt-clay composition was determined by wet-Seving through a 631 dainless sed seve and
weighed using the procedures described by Plumb (1981) and Buchanan (1984).

3.6.4 Data Analysis and Benthic 1Bl Cdlculaions

Anayses were performed in the context of the Chesapeake Bay Program's Benthic Community
Restoration Goa's whichuse the Benthic Index of Biotic Integrity (B-IBI) to measure god attainment. The
newly devel oped Tidd Freshwater Benthic Community Restoration Goa's were gpplied to oneoligohdine
gtein the Chester River (Alden et d., 2000).

The B-IBI is a multiple-attribute index developed to identify the degree to which a benthic
assemblage meets the Chesapeake Bay Program's Benthic Community Restoration Goals (Ranasinghe et
a., 1994, updated by Weisberg et a., 1997). The B-IBI provides a means for comparing the rdative
condition of benthic invertebrate assemblages across different habitats. It aso provides a validated
mechaniam for integrating severa benthic community attributes indicative of "hedth" into asngle number
that measures overdl benthic community condition.

TheB-IBI isscaled from 1to 5, and sites with vaues of 3 or more are consdered to mest the
Restoration Goals. The index is calculated by scoring each of severa attributes as either 5, 3, or 1
depending on whether the value of the atribute gpproximates, deviates dightly from, or deviates strongly
from values a the best reference sitesingmilar habitats, and then averaging these scores across attributes.
The criteriafor assigning these scores are numeric and habitat-dependent.

Benthic community condition was classfied into three levels based onthe B-IBI. Vaueslessthan
or equal to 2 were classified as severdly degraded; vaues from 2 to less than 3.0 were classified as
degraded; and vaues of 3.0 or more were classified as meeting the god. A margind category of vaues
between 2.6 and 3.0 was aso applied to this Sudy.
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SECTION 4
RESULTS

4.1 Water Column Toxicity Tests
The fdlowing results from water toxicity column tests are presented below: toxicity data,
contaminants data, water quaity data and toxicity data from reference toxicant tests.

4.1.1 Toxicity Data

Survivd, growth, and percent normd shell development from the two estuarine tests conducted
from 9/28/99 to 10/6/99 are presented in Tables 4.1 and 4.2. Based on univariate andys's, surviva of
sheepshead minnowswas not Sgnificantly reduced at any of the 20 sites when compared with the controls
(Table 4.1). However, sgnificant effects on growth were reported for this fish species a two stesin the
Chester River (CH2 and CH5). Percent norma shdl development with the coot clam fromtest 1 was
sgnificantly different than the controls for four Stesineach river (Table 4.2). Specificdly, effects were
reported at the three downstream sitesinthe Chester River (CH1, CH2 and CH3) and the most upstream
gte (CH10). For the Rappahannock River, effects from clam test 1 did not follow any type of spatid
pattern (RP1, RP5, RP6 and RPS). Results from coot clam tests 2 and 3 generaly did not show any
sgnificant biologicd effects (except RP10). The combined test results from coot clam tests 1-3 did not
show dgnificant effects a any of the 20 Stes.

4.1.2 Contaminants Data

Inorganic contaminant concentrations fromthe 20 gtations in boththe Chester and Rappahannock
Riversshowed that chronic water quality criteriawere exceeded for copper (CH7, CH10 and RP3), lead
(CH8, CH10 and RP3) nickel (RP6 and RP7), and zinc (RP3) (Table 4.3). However, only CH10 and RP6
showed any degree of postive correl ation between metals concentrations exceeding criteria and biologica
effects (coot clam test 1). The site with highest number of metal s exceedances (copper, lead and zinc for
RP3) showed no significant effects from ether of the tests species.

4.1.3 Water Quality Data

Water qudity parameters reported from grab samples collected three times at all stations are
presented in Table 4.4. Most of these ambient water quality conditions appeared adequate for surviva of
test speci esexcept occasiond dissolved oxygen concentrations below 5.0 mg/L at three Stesinthe Chester
River. Water qudity conditions reported intest containers during testing are reported in Appendix A. All
of these parameters appeared adequate for surviva of test species.

4.1.4 Reference Toxicant Data

Forty-eight hour LC or EC50 vauesfor the two test species exposed to cadmium chloride during
reference toxicant tests are presented in Table 4.5. These toxicity vaues were compared with the vaues
from the previous eight yearsfor dl speciesexcept the coot clam, where six years of data were available.
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The sheepshead minnow LC50 of 11.0 mg/L is amilar to the value of 10.4 mg/L reported in year 8 but
bothof these vaues are higher than reported during the first seven years of the study (0.51 to 2.3 mg/L).
The EC50 for the coot clam (0.094 mg/L) is Smilar to the vaue of 0.082 mg/L reported the year 7 study.
The reference toxicant datain Table 4.5 demonstrates that the test species from the various sources are
hedthy and the ambient toxicity data were vdid.

4.2 Sediment Tests

4.2.1 Toxicity Data

The results of the 20 day exposure of the amphipods (Leptocheirus plumulosus) to  sediments
showed that surviva was sgnificantly different fromthe reference site (Carters Creek, Virginia) at severd
gtesin the Rappahannock and Chester Rivers(Table 4.6). One sitein the Rappahannock River (RP-10)
and three sitesin the Chester River (CH5, CH7 and CH8) were sgnificantly different from the reference
dgte. Results from sediment toxicity tests with the polychaete worm Streblospio benedicti in Table 4.7
showed that this species was more sendtive than the amphipod. The Stesin the Chester River that were
sgnificantly different fromthe reference site based on the polychaete worm bioassay included: CH4; CH5;
CH®6; CH8; CH9; and CH10. The stesin the Rappahannock River that were sgnificantly different from
the reference site were: RP1; RP5; RP9; and RP10. The agreement between thetwo toxicity testsfor the
reduced surviva endpoint at CH
5, CH8, and RP10 indicates an increased probability of anadverseimpact to benthic resources at these
gtes.

Growth of the amphipod, expressed as a change of length, was sgnificantly different from the
reference site at CH3 and CH10 in the Chester River, and RP5 in the Rappahannock River (Table 4.8).
The polychaete wormtoxicity test (Table 4.9) revealed that two Sitesinthe Chester River (CH2 and CH3)
were ggnificantly different for increase in length over theinitid Sze. There was no sgnificant differences
inchange of weight for either test specieswhen comparing test Stesand the reference sites(Tables 4.8 and
4.9). Thebassfor datidicdly andyzing only growth resultsfrom Stesnot dready shown to besignificantly
different from the reference gte for surviva was that if the sediment was acutely toxic, it would most
certainly be dgnificantly different for the sub-acute measurements (e.g., length and weight measurements).

4.2.2 Sediment Chemistry Data

4.2.2.1 Organic Contaminants
At the method detection limit for the anaytical methods used in this study, no pesticides, PAHS,

or PCBs were detected in sediment from any Site induding the reference and control stes. Thiswould
initialy appear to be an indication that these classes of compounds are not present inthe Sudy area. If the
detectionlimit was below benchmark concentrations treditiondly associated withrarely observing adverse
effectsto benthic populations or communities(e.g., effectsrange-low values, Long, et d., 1995), thenthere
isahigh degree of confidence that no impairment was occurring at the study sites. If the detection limit for
a compound was higher than the benchmark vaue associated with frequently observing adverse effects
(e.g., effectsrange-median value, Long, et d., 1995), then there is a low degree of confidence that the
condition at the Site could be characterized. Although the detectionlimit isa gatisticaly drivenestimate of
the sengtivity of the measurement process, guidance exigts for subgtituting the detection limit or one-half
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the detection limit into the exposure assessment (USEPA, 1992) when compounds are not detected in
environmental media. Advantagesand limitations to this approach and other means of assigning vauesto
contaminants a concentrations below the detection limits have beendiscussed by Newman (1994). The
assumption of compounds being present at one-half the detectionlimit was used in the following discussion
in cases where the detection limit was greater than the effects range-low (ERL) benchmark vaues.

4.2.2.2 Polycyclic Aromatic Hydrocarbons (PAHS) in Bulk Sediment

Since no PAHswere detected inthe sedimentsfromthe Rappahannock or Chester Rivers, Tables
4.10 and 4.11 (respectively) show only the detection limits unique to each compound for each site
concurrent withthe ERL and ERM benchmarks. At the reported detection limit, dibenz(ah)anthraceneis
the only PAH than cannot consistently be declared less than the ERM. If it is assumed that this PAH is
present a one-haf the detection limit, then no Stein ether river has an individud PAH in excess of the
ERM benchmark for that PAH. That is, thereis no strong evidencefor imparment to the benthos due to
the presence of individud PAHsin ether river. However, itisimpossible to declare any ste free of the
potentia for impairment since the mgority of the detection limits are greater thanthe ERL, evenwhen the
assumption of one-haf the detection limit is employed. The same conclusons can be drawvn when
comparing the ERL and ERM for low molecular weight PAHS, but al Sites can be assessed as unlikely to
be impaired based on high molecular weight PAHs and total PAHs with the assumption of one-hdf the
detection limit.

Although the assessment remains essentialy the same as above, the PAHS detection limits for the
Rappahannock and Chester Rivers sediment samples and the ERL and ERM (assuming 1% TOC) have
been convertedin Tables 4.12 and 4.13, respectively, to organic carbon normaized concentrations. The
only important change is that when evduating the data in this fashion, the organic carbon normaized
detectionlimitsarelessthanthe organic carbonnormdized ERL. Additionaly, when comparedtothedraft
sediment quditycriteria(USEPA, 1993 a-c) for acenanthrene (Table 4.14), fluoranthene (Table 4.15), and
phenanthrene (Table 4.16), there appears to be no ste with site-specific organic carbon normalized
detection limits that are gregter than the draft criteria

4.2.2.3 Pedticides in Bulk Sediment

The analyss of sediments for pesticidesreveal ed no detectable concentrations in any of the study
gtes. The sample-specific method detectionlimitsare provided in Table 4.17 for the Rappahannock River
and inTable 4.18 for the Chester River. For thelimited compounds with effects-based benchmark vaues,
the detection limits were less than the ERM in al cases, but greater thanthe ERL indl cases. Thus, it can
be said that thereis no evidence for the potentia for adverse impacts to the benthos for dieldrin, DDD,
DDE and DDT, but these pesticides cannot be diminated as potentid toxicantsinthe riverssince it cannot
be shown that they are not present above the ERL benchmark vaue.

Previous pesticide measurements conducted by Hall et d. (1998) in the Chester River in 1996 at
four dtesin the same study area used in 1999 showed the fallowing ranges of pesticide concentrations.
Diddrin- 1.5to 3.4 ug/kg; DDT - 4.3t063 ugkg, DDD - BDL t0 6.8 ug/kgand DDE - 1.410 5.1 ug/kg.
Our 1999 resultswith higher detection limits for these four pesticides ( or pesticide breakdown products)
showed that dl concentrations were less than 7.6 ug/kg. For Diddrin, DDD and DDE, the evauated
detectionlimitsused for the 1999 study preclude exact comparisonssincedl the 1996 concentrations were
less than 7.6 uglkg. However, two DDT concentrations (8.4 and 63 ug/kg) reported at two different
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gaionsinthe Chester River in 1996 were not confirmed withthe morerecent measurementsof < 7.6 ug/kg
conducted in 1999. These limited data suggest that DDT concentrations may have declined in sediment
from 1996 to 1999.

4.2.2.4 Polychlorinated Biphenyls (PCBs) in Bulk Sediment

Theabsenceof polychlorinated biphenyls measured as Arocl ors cannot beassumedto beevidence
that stes sampled in this study are free of PCBs at the stated detection limits (Table 4.19). It ispossible
that the mixture of congeners, in the concentrations required to meet the characterization requirements of
the specific Aroclorswas not sufficient for the andyst to confirm the presence at the stated detectionlimits
Because individua congeners degrade differentidly under physica and biogeochemica processes based
on chemicd dructure, it is possible, and even likdly, that identification and quantification of Aroclors can
be missed even in the presence of high concentrations of PCB congeners (USEPA, 1996). Thus, since
the differentia degradation of congenersis a plausible explanation for the absence of PCBs as Aroclors,
it cannot be assumed that PCB congeners are absent from these rivers.

4.2.2.5 Metasin Bulk Sediment

Nickel was found throughout the Rappahannock River (8 of 10 dtes) (Table 4.20) in
concentrations above the NOAA benchmark for Effects Range-Low (Long et d., 1995), but no other
metals exceeded the respective ERLs or the EffectsRange-Medianbenchmarks. The ERL predictsalow
probability of toxicity due to nickel when ambient concentrations are below that vaue and the ERM
predicts a high probability of effects to benthic populations when exceeded. In the case of nickd, the
religbility of the ERM issuspect and the probability of effects at values greeter than the ERL and lessthan
the ERM are difficult to predict. The stessampled in the Chester River (Table 4.21) had smilar instances
where nickel was greeter than the ERL (7 of 10 Sites), but there were 4 sites where nickel, lead and zinc
exceeded the ERL (CH4, CH5, CH6 and CH7). Zinc exceeded the ERL a CH2 in addition to nickel.
For most metds with ERL and ERM vaues, when an ambient concentration falls between the two
benchmarks; it is expected that toxicity due to the metd (s) is“ occasiondly” observed. Based onbulk meta
concentrations, there are at least 4 and possibly 5 stesin the Chester River with the potentia for toxicity
dueto zinc and lead, but there is no substantia evidence for metas toxicity at the Rappahannock River
gtes.

Another method of evauating the metals residues is to consider the contribution each metal may
have to any observed toxicity assuming that the toxicity of the individua metasis additive. If the ambient
concentration is divided by the ERL benchmark vaue, the quotient or toxicity unit (TU) may express the
relative contribution of the individua metd to the overdl potentid toxicity of the sediment. In Table 4.22,
the concentrations of the metals are expressed as toxic units (TU) relative to the respective ERL
benchmarks defined by Long et d., 1995. The TU is defined as the observed concentration divided by
the ERL such that TU vaueslessthan “1" express a low probability that the specific metd islikely to be
responsible for any observed toxicity. TUs greater than “1" for ERL benchmark values indicates when
toxicity is*occasondly” observed. If thetoxicity of metals can be assumed to be additive in nature, when
thetotal of dl TU ERLsfor agivensite(SUM TU ERL) isless than one, toxicity is not expected to bedue
to the metds. The SUM TU ERL for the study Sites does not adlow for ruling out metds as potentidly
responsible for any observed sediment toxicity.



4.2.2.6 Smultaneoudy Extracted Metas and Acid Volatile Sulfides (SEM/AVS)

The reaults of the SEM andysis for the 6 divalent metasis presented in Table 4.23. At dl dtes
in the Rappahannock and Chester Rivers neither cadmium or mercury were detected and nickel was not
detected anywhereinthe Rappahannock River asasmultaneoudy extracted metd. Copper, lead and zinc
appeared to be similar throughout both study aress, the reference area and the control Sites.

The sum of the SEM, the acid volatile sulfides and the ratio (SEM/AVS) for the study Sites are
presented in Table 4.24. Thelargest ratio of 1.4 occurred at RP8 in the Rappahannock River.
Thelargest ratio (1.7) for the Chester River wasreported insedimentsfromCH3. Thevaueof theseratios
are not sufficiently large to warrant concern for any toxicity being due to the presence of these 6 metds.
The amount of AV S was much more varigble than the SEM, not between Riversbut betweensitesineach
waterbody. Inthe Rappahannock River, the highest AV Swas a RP10 ( 15.2 uM/g) with the next highest
concentration at RP3 (7.9 uM/g). At three sites in the Chester River ( CH8, CH5 and CH7) the
concentration of AVS was elevated aswdll (21.8 uM/g, 18.9 uM/g, and 10.7 uM/g, respectively). The
Chester River appears to have a greater overal concentration of SEM (mean = 1.4 uM/g) but an even
greater amount of AV'S (mean = 6.6 uM/g) than the Rappahannock River (mean SEM = 1.1 uM/g ad
mean AV S = 5.5 uM/g). With respect to these metal sin sediment, theamount of AV Sinthe Chester River
hasadightly greater capacity for binding withthe metds than the sites sampled inthe Rappahannock River.

4.2.2.7 Pore Water Characteristics

Sediment pore water was andyzed for severd naturally occurring substances .e., nitrate,
ammonia, and sulfide) that can affect surviva and growth of the test organisms (Table 4.25). Nitrate
concentrations ranged from 0.0001 to 0.0018 mg/L in the Rappahannock River; the range inthe Chester
River was 0.0006 to 0.0025 mg/L. Ammonia concentrations ranged from 4.9 to 11.9 mg/L in the
Rappahannock River while these vaues ranged from 2.6 to 10.6 mg/L in the Chester River. Sulfide
concentrations ranged from < 0.005 to 0.015 mg/L in the Rappahannock River; the range of this
porewater parameter in the Chester River was < 0.005 to 0.011 mg/L.

4.2.2.8 Totd Organic Carbon in Sediments
The reaults of the andysis of sediment for organic carbon content is provided in Table 4.25.

Organic carbon (expressed as percent TOC dry weight basis) in the Rappahannock River ranged from
0.82% t0 2.44% witha mean vdue of 1.87%. Therewere5 stesin thisRiver with organic carbon greater
than 2% (RP2, RP5, RP7, RP9 and RP10). The Chester River sites were more enriched with organic
carbon than the Rappahannock River. Inthe Chester River there was one site with more than 5% TOC
(CH9), 5 sites with more than 3% TOC (CH4, CH6, CH7, CH8 and CH10) and 2 sites with more than
2% TOC (CH2 and CH5). The minimum organic carbon concentration in the Chester River was 0.64
% (CH1), avaue smilar to the lowest vaue from the Rappahannock River (0.82% at RP6). The mean
organic carbon content in the Chester River was 2.88% as compared to the Ragppahannock River at
1.88%. The organic carbon content in sediment from the reference site in Carters Creek (4.91%) was
amilar to the mean TOC for the Chester River sites and the control Ste in the Ware River (2.53%) was
smilar to the mean TOC for the Rappahannock River Stes.

Organic matter, including organic carbon, in and on the sediment is used by the test organisms as
a source of food. Concurrently, organic carbonmay bind with organic compounds and render them non-
bicavailable which reduces toxicity to benthic organisms exposed to interdtitia or pore water in the
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sediment.  The organic carbon data are used esewhere in this report to normaize PAH and pesticide
residues for comparison againgt sediment quality benchmarks and guiddines. It should be noted however
that if there were amilar concentrations in both Rivers, the amount of organic carbon throughout the
Chegter River would produce lower organic carbon normalized organic contaminant concentrations than
the Rappahannock River.

4.2.2.9 Particle Size Characteristics of Sediments

Hed surveys were performed in advance of the sediment sampling events in an effort to select
areas with sediment deposition greater than eroson. The results of characterization for particle Sze is
presented in Table 4.26. The reference and control sites for this study were composed of sediment that
was more than 90% fines (St plus clay) and sediment from 12 of the 20 steswere Smilar in particle Sze
characterigics. Sediment fromseveral Steswas more than80% fines, and only 4 stes had sediment with
more sand thaneither gt or clay. Only three of the Sites that had markedly different sediment typesamong
the randomly located samples within the 200 x 100 m grid (RP8, CH9 and CH10).

4.2.3 Reference Toxicant Data

The relative sengitivities of each set of test organisms were evaluated by reference toxicant tests.
Theresultsof eachtest are shown in Table 4.27. All animasweretested using cadmium chloride (CdCl).
The response of the amphipod to the reference toxicant fdl within the expected range for this toxicant,
however, the polychaegte worm response fell outside of the expected range.
These data suggest that both species are hedthy but the polychaetes used for these tests may be more
tolerant than polychaetes used in previous experiments. Despite the increased tolerance of this species, it
was gill moresengtivethanthe amphi podswhen detecting toxicity at the various Sites(Tables4.6 and 4.7).

4.3 Fish Index of Biatic Integrity

4.3.1 Fish Community

A summary of the fish data for dl Stes on the Chester River showed that 6,144 individuas
representing 32 species were captured (Appendix B). White perch were the most dominant species,
followed by Atlantic slversdde and bay anchovy. These three species combined composed 73% of the
overdl catch. Rappahannock River data showed that 4,606 individual were captured representing 39
species. Bay anchovy, white perchand Atlantic Slversdes were the most dominant species, representing
78% of the catch.

Individud metrics for eachstationinthe Chester River are presented in Table 4.28. Station CH-3
showed the highest overdl abundance and station CH-9, the lowest. Totd estuarine individuas declined
deadily from station CH-1 (mouth of the river) where the count was highest at 415 individuas to Station
CH-10 (most upstream site) wherethe count was alow 26 individuds. Anadromous fishabundance varied
among the gations, with station CH- 3 representing the largest total catch for the season of 565 individuds
Both gations CH-5 and CH-9 showed low anadromous counts of 192 and 159, respectively. In the
Chester River, carnivores comprised the largest proportion of the catch at station CH-8. Planktivorous
fish dominated the catch a station CH-1. Benthic feeders were observed in low numbers, however, the
largest proportionof benthivores was observed at station CH-10. Station CH-10 had the highest species

4-6



richness with 23 species observed intotd. This stationa so had the largest number of species observed in
the trawl, and showed the greatest richness, with nine species representing 90% of the overdl catch.
Stations CH-4 and CH-5 showed the poorest measures of richness and diversity.

Table 4.29 showsthe individua metricsfor each of the Rappahannock River gations. The largest
catchwasrecorded at station RP-4, with 1011 individuas and the lowest at sation RP-7 showing only 127
individuas. Estuarine fishabundance seemed to follow this trend with the largest anadromous catch found
at station RP-4 and the lowest at stationRP-7. Anadromous fish were observed at al stations; however,
station RP-1 had only oneindividua recorded. The greatest anadromous fishcount was observed at station
RP-10 (the most upstream station). The largest proportion of carnivorous fishwas observed at ation RP-
10, and thelowest at station RP-4 where planktivoresdominated. The largest proportion of benthic feeders
was observed at station RP-7. The total number of species ranged from alow of 12, recorded at station
RP-3, to ahigh of 20 which was observed at three sations, RP-8, RP-9, and RP-10. Stations RP-8 and
RP-10, both yidded 10 species in the bottom trawl. Station RP-4 showed the lowest value for species
richness with only 2 individuals representing 90% of the catch.

IBI scores for the Chester River ranged from alow of 21 at station CH-4 and CH-5 to a high of
35 at station CH-7 (Table 4.30). Only three stations, CH-1, CH-7 and CH-10 scored at or above the
reference criteria of 31. Scoresfor the Rappahannock River ranged from 31 to 35; dl stations met or
exceeded the reference criteria of 31.

Thetrawl index for the Chester River (Table4.31) showedapoor raingsfor dl lower river ations
(CH-1 to CH-6). Station CH-7 and CH-10 rated good and CH-8 and CH-9 were rated far. For the
Rappahannock River, the trawl index rated good at all stations except RP-6 and RP-7whereafar raing
was reported (Table 4.31).

4.3.2 Water Quality

Summer mean dissolved oxygen leves at dl stations on both river systems met the requirements
recommended by the U.S. Environmenta Protection Agency’s Chesapeake Bay Program Office. Mean
dissolved oxygenvaueswere greater than’5.0 mg/L at the surface and greater than 3.0 mg/L at the bottom
a dl stations (Table 4.32). Summer mean Secchi depth measurements were below the criteria for SAV
recovery (0.97m) at dl Stesinthe Rappahannock River. Secchi depth measurementsfailed to meet criteria
at al Chester River stations except for CH-5 and CH-3 (Table 4.33).

4.4 Benthic Index of Biatic Integrity

Water qudity measurements, sediment composition, species abundances, species biomass and
benthic IBI scores for each site are presented in Appendix C. The number of benthic taxainthe Chester
River (6-15) was generdly more variable by dte than in the Rappahannock River (9-14).

Abundance measurements ranged from 1,068 to 4,545 per sq. meter in the Chester River. In the
Rappahannock River, abundance measurements were more variable as they ranged from 879 to 20,917
per sq. meter.

The B-1BI scoresforthe Chester River River in Table 4.34 showed that seven Sites met the benthic
restoration god, one Site was margina, one Site was degraded and one Ste was severdly degraded. The
degraded (CH10) and severely degraded (CH9) sites were upstream. The benthic communities at these
gtes had low divergty, low biomass and a high number of pollution-indicative species. For the
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Rappahannock River, three Stesmet the restorationgod, one sStewas margind, three Steswere degraded
and three dites were severdy degraded (Table 4.34). All three Sites that met the goa (RP3, RP7, and
RP10) did so barely with aB-IBI of 3.0 whichis at the cut off between meeting the god and degraded.
Three of the Stesthat failed to meet the goad (RP6, RP8 and RP9) had low diversity and were dominated
by the oligochaete Tubificoides heterochaetus. This oligochaete is often an indicator of eutrophic
conditions. The B-IBI results were more variable in the Rappahannock River when compared to the
Chegter River. Although there was no clear spatial trend, the benthic communities in the Rappahannock
River were generdly more impaired than in the Chester River.



SECTION 5
DISCUSSION

5.1 Cheder River

The water column/sediment toxicity data, water column/sediment contaminants data and the
biologica community metric data for fish and benthos presented inthis report alowsa cumulative “weight
of evidence gpproach” for assessing the conditionof eachrespective river (Table 5.1). Univariateandyss
of water column toxicity datafrom the Chester River showed sporadic toxicity at afew sites based on
sheepshead minnow growth and normal shell development in the coot clam (from only one of three tests).
Four of the Chester River gtations (CH2, CH4, CH5 and CH6) tested for water column toxicityin 1999
wereasotested in 1996 (Hal et d., 1998). The 1996 results from both the sheepshead minnow (growth
endpoint) and coot clamdevelopment (two tests) showed toxicity at three of the four sitesfor sheepshead
growth and toxicity at dl dtesfor clan development. Multivariate andys's showed water column toxicity
at dl four stestested in1996. The 1999 results showed muchlesstoxicityinthe water column as sgnificant
effects were only reported at CH4 based on multivariate andlysis (Table 6.1). The association between
inorganic contaminants in the water column and biologica effects at station CH4 is weak because
concentrations of metasinthe water columnare below established biologica thresholds. Ingenerd metas
in the water column at al 10 Chester River Stesare generaly low (except for lead at two Sites) and other
contaminants such as pesticides or other organics were not measured.

Sediment toxicity data based on univariate andyss of surviva and growth of the amphipod and
polychaete showed dgnificant effects from two of the four endpoints at four of the Chester River Stes.
Sediment toxicity was reported from at least one endpoint at nine of the ten Stes. Multivariate andyss
showed ggnificant effects at aght of the ten sites (Table 6.2). In contrast to the water column data
discussed above, sediment toxicity fromfour sStestested inboth 1999 and 1996 was reasonably cons stent
(Hdl et d., 1998). In 1996, sediment toxicity based on multivariate anadysis was reported at CH2, CH4,
CH5 and CHBG; toxicity was reported at al stes except CH2 in 1999. Linkage of biologicd effects in
sediment and contaminants was weak as organics were not reported above detectionlimitsand dl metds
concentrations were below ERL vaues except lead, nickd and zinc at various stes. The generdly low
SEM/AV S ratios suggested that toxicity due to metas was unlikely.

Fishcommunity data suggested disturbance at eight of the ten Sations. These datawere condstent
withthe fish community assessments conducted at CH2, CH4, CH5 and CH6 in 1996 asimparment was
also previoudy reported for fish communities at these sites (Hall et d., 1998). In contrast to the fish
community data, the benthic community data showed no sgnificant effects at seven of the ten Stes. These
results are in agreement with benthic assessments conducted in 1996 at four Sites aso sampled in 1999
(Hdl et d., 1998). The consgtent lack of agreement for fishand benthic assemblage satus isnot surprising
and has been reported in previous Chesgpeake Bay ambient toxicity studies (Hdl et d., 1999) and other
dudies (Yoder and Rankin, 1994). Tedting both biologica assemblages increases the discriminatory of
detecting impairment and reduces the possibility of reporting “fase negetives’.

Insummary, sediment toxicity dataand impaired fishcommunities suggested some degree of stress
at most of the Chester River stations. Incontrast, water column toxicity and benthic community impairment
were generdly not reported at the various Chester River Sites. At three Sites, either toxicity or biologica
community impairment were reported fromthreeof the four measures; three of the four measuresadso failed
to report ether toxicity or biologicad imparment a two of the Stes. The other five Sites provided mixed
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results as two measures showed effects and two measures showed no effects. These data suggested that
the contaminants measured in the water column and sediment during this study are unlikely responsible for
the toxicity or biologica impairment reported at the Chester River Sites.

5.2 Rappahannock River

A discussionof the Rgppahannock River “welght of evidence’ for assessng water column/sediment
toxicity data, water column/sediment contaminants data, and community metric data for fish and benthos
is presented below (see Table 5.1). Results from water column toxicity tests in the Rappahannock River
showed no effects at any of the 10 sites from sheepshead minnow toxicity tests using surviva and growth
endpoints. Coot clam devel opment was reduced at four of the Stesduring the first 48 htest but on effects
werereported at any of the sitesduring two other tests. Multivariate results presented in Table 6.1 showed
no ggnificant effectsbased onwater column tests at any of the ten sites. Withthe exceptionof lead and znc
a daion RP3, metals concentrations were generdly low in thisriver.

Sediment toxicity datafor the Rappahannock River showed effects at five of ten Stes based on
multivariate analyss presented in Table 6.2. A higher degree of toxicity was reported a the upstream
dations (RP10) and mid-stream dation (RP5). The association between toxicity and presence of
contaminants in sediment is week since toxic metas were unlikely bioavailable due to low SEM/AVS
ratios and organic contaminants were not detected at the reported detection limits.

Fish communities at the 10 Rappahannock River Stes appeared to be reasonably healthy. In
contrast, the benthic communitieswere somewhat impaired at sevenof the ten sites. As discussed above,
it isnot surprising that the fish and benthic community data provide contrasting results (Hal et ., 2000b;
Yoder and Rankin, 1994). These data support the need to evauate both biologica assemblages for a
complete ecologica assessment in lotic systems.

A find andyss of water column toxicity data, sediment toxicity data, fish community data and
benthic community data for the Rappahannock River demonstrated effectsfromtwo of the four measures
at four of the stes (Table 5.1). The contaminants measured during this study were unlikely respongible for
the reported toxicity or biologica impairment. Effects were reported for only one measure at four of the
stes and no effects were reported for any of the measures at two Sites. A lower degree of toxicity and
biologica impairment was reported in the Rappahannock River than in the Chester River.
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SECTION 6
ANALYSISOF TEN YEAR DATA BASE

6.1 Water Column Toxicity

Thereaults of Toxicity Index cdculaions for water column toxicity for the 1990, 1991, 1992-93,
1994, 1995, 1996, 1997, 1998, and 1999 experimentsare summarized inFigures6.1, 6.2, 6.3, 6.4, 6.5,
6.6, 6.7, 6.8, and 6.9 respectively. The species tested and the number of endpoints used varied dightly
from year to year. Therefore, comparisons of index vaues within the figures for the same year are more
comparable to each other than to those of different years. The Toxicity Index calculations generated for
each gtation and year from concurrent reference (control vaue) and test conditions, therefore, provide
interpretation on the relaive magnitude of the toxic response of the various sites. This analyss dso
provided a degree of confidencethat could be given to differences between reference and test values. A
summary of comparisonof Toxicity Index vauesfor reference (control) and test Sitesispresented in Table
6.1.

The Toxicity Index anadyss for the 1990 datain Figure 6.1 showed that the Elizabeth River was
clearly the mogt toxic Ste tested. The confidencelimitsfor thereference and test condition did not overlap
at thislocation. Nearly hdf of the endpoints displayed Sgnificant differences betweenthe reference and test
conditions. Theresultsfrom the Elizabeth River are not surprising since sgnificant mortaity was observed
intwo of the three teststhat were conducted. The Patapsco River displayed sgnificant mortaity inone out
of three tests. However, the confidence interva was fairly wide (indicating variability) for this station and
there was no difference in the median values for the reference and test site. Morgantown and Dahlgren
gaions on the Potomac River displayed sgnificantly elevated Toxicity Index vaues, largely driven by
sgnificant mortdity with the sheepshead minnow test. However, the results from the Indian Head,
Freestone Point and Possum Point Stes were not significantly different from the reference conditions. The
Wye River stedid not produce sgnificant water column toxicity.

The Toxicity Index cdculations for the 1991 experimentsare presented inFigure6.2. Four water
columntestswithtwo endpointsfor each test were used to determinethe find valuesfor two testing periods
(summer and fdl). The Wye River ste showed the mogt significant effects as sgnificant mortality was
reported for two different test species during different testing periods. Although the median values from
the reference and test sSiteswere different, there was overlap of confidence limitswiththese two conditions.
A comparisonof reference and test index values for the Patapsco River, Morgantown and Dahlgrensites
showed no sgnificant differences. However, reduced growth of the shegpshead minnow was reported at
both the Morgantown and Dahlgren Sites during the summer experiments.

The resultsfrom the 1992-93 experiments presented in Figure 6.3 include experiments conducted
during the fal (1992) and spring (1993) at each of the 6 Sites (2 Sitesper river). Themost toxic Steswere
reported at bothMiddle River gations (WilsonPoint and FrogMortar Creek). Resultsfrom the coot clam
toxicity tests (2 tests per experiment conducted in the fal and spring) showed consistent toxicity at both
dtes. Median toxicity vaues were smilar for these two Middle River sites, both falling within the top
quartileof dl Stestested. Water qudity criteria for sel ected metals were exceeded at both sites. The results
from Toxicity Index andyss a the other 4 sites showed no difference between the reference and the test
condition. The only other biologica effect reported at any of these 4 Sites was significant mortaity of E.
affinis at the Quarter Creek site during the pring experiments.



The results of the 1994 experimentsare presented inFigure 6.4a and 6.4b. Except for the South
Ferry site, whichwas shown to be non-toxic, dl stessampledinthe Severn, Magothy and Sassafras Rivers
displayed moderately low, but sgnificant toxicity (Figure 6.4a). On the other hand, Sparrow Point in
Bdtimore Harbor displayed sgnificant toxicity, with Toxicity Index vaues faling within the top quartile of
those observed from dl Stes tested (Figure 6.4b). The Bear Creek dte in Batimore Harbor displayed
sgnificant but low toxicity. The other Batimore Harbor Stes displayed no datidticaly sgnificant toxicity.

The results of the 1995 studies are presented in Figure 6.5. The Toxicity Index vaues for the
Lynnhaven River were not sgnificantly different from the reference. In the James River basin, the James
River "Above' and the Willoughby Bay sSites displayed Toxicity Index vaues that were datidicaly
sgnificant. In contrast, the James River "Below" did not display sgnificant toxicity. The York River sites
aso displayed indgnificant to moderate water column toxicity: the Pamunkey "Above' and Y ork River
"Below" sites had Toxicity Index vaues that were not Sgnificantly different from the references; the Y ork
River "Above' had only a very dight elevation of toxicity above controls, and the Pamunkey "Below”
displayed a moderate leve of toxicity.

Figure 6.6 presents the results of the 1996 studies on the Chester and the Patuxent Rivers. The
water fromadl of the sitesexcept Jack Bay inthe Patuxent River exhibited significant differencesin Toxicity
Index values compared to the reference conditions. The CH5 and CH6 ditesin the Chester River had
the highest vaues. The vaues from the remaining sites were indicative of low to moderate toxicity.

The results of the 1997 studies in the South River and the Elizabeth River are presented in Figure
6.7. The water from dl of the Stes displayed sgnificant differencesin Toxicity Index vaues compared to
thereference conditions. Three of the Siteson the South River (SR1, SR3 and SR4) exhibited amoderately
high degree of toxidty, with Toxicity Index values ranking in the top 10% of al vaues through 1997.
Eurytemora affinis surviva and reproductionwere sgnificantly affected at dl threeof thesesites. Site SR2
was somewhat lower in toxicity. The Toxicity Index vauesfromthe Sitesinthe ElizabethRiver were quite
high, ranking in the top quartile of the data sets evaluated to date. However, the rdative toxicities of the
gtesin 1997 were lower than the level observed at the Elizabeth River dte in 1990 (see discussion of
sediment data below).

The reaults of the 1998 studies in the Choptank and Anacogtia Rivers are presented in Figures
6.8a and 6.8b, respectively. Water column toxicities in the Anacodtia River were quite heterogeneous.
running from nonggnificant at Sites AR2 and ARG; through dgnificant but relativdy low at Site AR4; to
moderately toxic at Site AR1; and to quite toxic at Sites AR3 and ARS. In fact, the toxicities at the latter
two Stes were the highest (AR3) and the third highest (AR5) observed during the first eight years of
AMTOX sudies (see below). Coot clam larva surviva was the most impacted endpoint, with sgnificant
effects observed at Sites AR1, AR3, AR4, and ARS5. Sheepshead minnow growth was dgnificantly
affected at Sites AR1, AR4, and AR5, while Eurytemor a affinisreproductionwasimpacted at AR3. In
contrast to the heterogeneity in toxicity observed for the Anacogtia River, the water column toxicity was
very homogeneous among the Choptank River sites. All four sites displayed sgnificant, moderatetoxicities.
For these Sites, Eurytemora affinis surviva and reproduction were the endpoints that were impacted.

Theresultsof the 1999 studies in the Chester and Rappahannock Rivers are presented in Figures
6.9a- 6.9d. Four of theditesinthe Chester River had been previoudy sampled in 1996: CH2; CH4; CH5;
and CHG6. The degree of toxicity observed for the water column samples taken from both rivers was
minmd. While the bootstrap evauations indicated that sheepshead minnow growth was depressed for
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some of the gtesin both rivers, the effect was dight and the Toxicity Index was not Sgnificantly different
for 19 of the 20 dtes. Chester River sSteCH4 wasthe only sitefor whichthe Toxicity Index was setigticaly
ggnificant and this difference was negligible.

A summary of the tenyear water column data base using the Toxicity Index andyss (Figures6.10
aC) indicated the following ranking of toxicity for the various Stes

1 thesites (and dates tested) displaying the greatest water
column toxicity (15% to >30%) were as follows:

#
#

3R

Anacogia River: Site AR3 and Site AR5 (1998)

Elizabeth River: Elizabeth River Site (1990); Southern Branch, Site SB (1997);
ManStem, SiteEL (1997); WesternBranch, Site WB (1997); & EasternBranch,
Site EB (1997)

South River: Site SR1, Site SR3 & Site SR4 (1997)

Middle River: Wilson Point Site & Frog Mortar Creek Site (1994)

Chester River: Site CH6 and CH5 (1996)

1 thesdtesthat displayed alow to moderate degree of water
column toxicity (5% to 14%) were:

HHERER BB THE ORH

South River, Site S2 (1997)

Batimore Harbor: Sparrows Point Site (1994) &

Patapsco River Site(1990)

Potomac River: Morgantown and Dahlgren Sites (1990)

Wye River, Manor House Site (1991)

Anacogtia River, Site AR1 (1998)

Choptank River: Sites CR59, CR61, CR62 & CR63

(1998)

Chegter River, Site CH4 (1996 & 1999)

Pamunkey River, ste below West Point in the Y ork River basin (1995)
James River, site above Newport News (1995)

Severn River sitesat Anngpolis and Junction with Route 50 (1994)
Patuxent River: Broomes Idand & Chak Point Sites (1996)
Chester River, Site CH2 (1996)

1 the sites (listed geographicaly, from north to south) that
displayed water column toxicity that was low in magnitude (<5%), but sgnificantly different
from reference (control) responses were:

#

#
#

Sassafras River: Betterton and Turner Creek Sites
(1994)

Batimore Harbor, Bear Creek Site (1994)
Magothy River, Gibson Idand Site (1994)
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Anacogtia River, Site AR4 (1998)

Patuxent River, Buzzard Idand Site(1996)

Y ork River, Ste above Cheatham Annex (1995)
James River Basin: Willoughby Bay Site (1995)

ST

1 the sites (listed geographicaly, from north to south) that
disolayed no sgnificant water column toxicity were:

# Bdtimore Harbor: Patapsco River Site (1991); Curtis Bay, Middle Branch,
Northwest Harbor and Outer Harbor Sites (1994)

Chester River: Site CH1, CH2, CH3, CH5, CH6, CH7,

CH8, CH9, CH10 (1999)

Magothy River, South Ferry Site (1994)

Wye River: Manor House Site (1990, 1992-3); &

Quarter Creek Site (1992-3)

Anacogtia River, Sites AR2 and AR6 (1998)

Patuxent River, Jack Bay Site (1996)

Nanticoke River: Bivave Site & Sandy Hill Beach Site (1992-3)

Potomac River: Dahigren (1991), Freestone Point (1990), Indian Head (1990),
Morgantown (1991), and Possum Point (1990) Sites

Rappahannock River: Sites RP1, RP2, RP3, RP4, RP5,

RP6, RP7, RP8, RP9, RP10 (1999)

Pamunkey River, Ste above West Point in the Y ork River basin (1995)

York River, ste below Cheatham Annex, (1995)

James River, site below Newport News (1995)

Lynnhaven River Site(1995)
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6.2 Sediment Toxicity

The results of the Toxicity Index caculations for sediment toxicity for the 1990, 1991, 1992-93,
1994, 1995, 1996, 1997, 1998, and 1999 sudiesare ummarizedinFigures6.11, 6.12, 6.13, 6.14, 6.15
6.16,6.17,6.18, and 6.19, respectively. It should be noted that the species and the number of endpoints
tested varied dightly from year to year, S0 index vaues within the figures (within the same year) are more
comparable than are those between figures. Nonetheless, the comparisons of concurrent reference and
test experimentsprovideindght into the relative magnitude of the toxic responses of the various Sites. Table
6.2 summarizes the comparisons presented in Figures 6.11 - 6.19.

During the 1990 study, the Elizabeth River wasclearly the most toxic of the Sites, since dl species
displayed nearly complete mortdity during the first 10 days of the experiment (i.e., the medianfor the index
for the test data was gresetly separated from the median for the reference data with little variation; Figure
6.11). The Elizabeth River provides an example of the worst case Toxicity Index values. The confidence
limits of the test dataindex valueswere wdl separated from those of the corresponding reference sites for
anumber of other Stes: Patapsco River; Wye River; and the Freestone Point, Possum Point and Dahlgren
gtes on the Potomac River (dthough the latter two Sites displayed a consderable degree of variation in
index values). The Indian Head and Morgantown stes on the Potomac River displayed only dight
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separation between the median index vaues for the test and reference conditions. Thus, the magnitude of
potentia toxicity appearsto be lessfor the IndianHead and Morgantown sitesthanfor the others. It should
be noted, however, that dl Stes salected for thefirst year of the study were those consdered potentially
toxic due to the results of previous studies, S0 it is ot surprising that most displayed Sgnificant deviations
from the reference conditions.

The 1991 study involved an assessment of the effects of short-termtempord variability (a summer
versus afdl collection) on the gpparent toxicity of sedimentsfromfour sites. The separation between test
and reference treatments was greatest for the Patapsco River site, withless separation being displayed for
Dahlgren, Morgantown, and the Wye (Figure 6.12). The resultsof the Patapsco River index comparison
wereremarkably smilar to those observed for the 1990 sudy. The Dahlgren Steindex vaues, whichwere
quitevariable inthe 1990 study, were dill separated fromthe reference vauesinthe 1991 study. The smdl
degree of separation observed between the Morgantown index limitsand reference limitsin 1990 was aso
observed for 1991. The Wye River index limits were only dightly separated from the reference limits due
to the fact that only one of the two sets of experiments displayed significant differences between test and
control trestments. This dight variability in reponses could be due to tempora variationintoxicity, but is
more likely due to smal scae spatid heterogeneity (i.e., sediments were taken from the same generd
gation, but there may have been patchiness in sediment qudity in the grabs composited for the two sets
of tests). Overdl, the degree of variahility observed in the Toxicity Index limits for the combination of the
two sampling events was quite smdl for dl four sites. The patterns were remarkably consistent with those
observed at these same sites during the previous year.

The 1992-93 study aso involved two sampling periods during the Fall and Spring. The test and
reference Toxicity Index limits overlgpped for dl of the Stes selected for testing (Figure 6.13). Thus, the
gtesin the Middle River (Frog Mortar and Wilson Point), the Wye River (Quarter Creek and Manor
House), and the Nanticoke River (Sandy Hill Beach and Bivalve) appeared to contain sediment displaying
litle or no overd| toxicity compared to reference conditions. It should be noted, however, that the Frog
Mortar sediments were quite heterogeneous in character and they displayed somewhat eevated metdsin
the composite samples(see Hdl et al., 1993). Therefore, theremay be patchesof contaminated sediments
at this site, which may have produced responsesinafew of the fidd replicates. The purpose of taking true
fidd replicates at two different times during the 1992-93 study wasto produce confidence limitsto indicate
the probability of observing the same sort of response if the Ste were sampled again, so the observed
variability providesingght into the variaion in sediment quality expected for this Ste.

Theresultsof the 1992-3 studies on the two Wye River sites (Quarter Creek and Manor House)
displayed little difference from the reference conditions, which is in contrast to the gpparent toxicity
observed in 1990 and one of the sampling period of the 1991 study. The Wye River Manor House Site
was sampled three times during the first four years of testing.

The 1994 sudies focused on the Sassafras River, the Severn River, and the Baltimore
Harbor/Patapsco River (Figures 6.14a and 6.14b). The Sassafras River sites displayed no sediment
toxicity (Figure6.14a). TheMagothy River Stesexhibited dight to moderatetoxicity, particularly the South
Ferryste, whichwas highly varigble (Figure6.14a). The Anngpolissteonthe Severn River dso displayed
sgnificant but moderately lowtoxicity. In contrast, the Toxicity Index limits from the Severn River site a
the Route 50 bridge overlapped those of the reference Ste. The Batimore Harbor sites showed various
degrees of toxicity fromdight (Outer Harbor) to quite high (Bear Creek and Northwest Harbor), withmaost
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digplaying moderate toxicity (Sparrow Point, Middle Branchand Curtis Bay; Figure6.14b). All Batimore
Harbor sites contained sediments that exceeded ER-M vaues for 3 or more contaminants.

The 1995 sudiesinvolved stesin the James and Y ork River basns and a Ste in the Lynnhaven
River (Figure 6.15). The Toxicity Index was elevated for the Willoughby Bay site, which islocated near
the mouth of the James River and in the vicinity of heavy military, resdentid, and marina activities. The
JamesRiver stebel owNewport News displayed Toxicity Index va uesthat were a so sgnificantly elevated
relaive to the reference, but the degree of toxicity was lower than for the Willoughby ste. None of the
other stes displayed overdl dgnificance in the Toxicity Index comparisons to references, dthough the
Lynnhaven Ste was the only one to display no sgnificant endpoints in the univariate comparison of
confidence limits.

The 1996 studies focused on the Chester and the Patuxent Rivers (Figure 6.16). All Stesin the
Chester River displayed some degree of toxicity. The CH2 and CH4 sites in the Chester River had
sediments that produced alow to moderate levd of toxicty, while sediments from sites CH5 and CH6
were associated with a higher degree of toxicity. The magnitude of toxicity diolayed by sediments from
the latter two Steswas of the same overdl magnitude as that observed during earlier sudies for the South
Ferry stein the Magothy River and two of the sites (Possum Point and Dahlgren) in the Potomac River
(seebelow). Incontrast, sedimentsfromthe Patuxent River were, for the most part, not significantly toxic.
While the median toxicity index vaues (5-10 onthe toxicity index scale) for the Patuxent River Steswere
somewhat higher thanfor the reference condition, variationinresults made these differences not getisticaly
sgnificant except for the Buzzard Idand ste. The Buzzard Idand sitedisplayed amoderately low leve of
toxicity that was Saidticaly greater than the reference condition.

The 1997 sudiesinvolved four stesinthe South River and four Stes in the Elizabeth River (Figure
6.17). While there was ggnificant sediment toxicity detected at Six of the eight sites, the degree of toxicity
was moderatdly low. South River Sites 1 and 2 displayed the highest level of toxicity, but Toxicity Index
vaues only ranged between 7% and 12%. Streblospio benedicti surviva and growth, Leptocheirus
plumulosus growth, and fish egg hatching success were the endpoints that were the most affected in the
experimentsfor these sites. Incontrast, Sites SR3 and SR4 displayed no sgnificant toxicity. The sediments
from dl the Elizabeth River stes digolayed sgnificant but low levels of toxicity. Obvioudy, the toxicity of
the Elizabeth River sediments studied during 1997 was consderably less than the degree of toxicity
detected in 1990. Possible explanations were that the toxicity of the sediments has decreased during the
intervening sevenyears and/or the toxicity of the sedimentsishighly patchy. There hasbeenaconsderable
degree of management efforts focused on the Elizabeth River during the 1990s (e.g. the Elizabeth River
Project; pollutioncontrol actions of the Virginia Department of Environmenta Quadlity; activitiesassociated
with the Region of Concerngtatus of the River in the Chesapeske Bay Program), so it is entirdly possible
that the degree of contamination/toxicity has sgnificantly decreased. However, it should be noted that the
Elizabeth River site studied in 1990 was selected to be extremely contaminated to serve as a sort of
“pogtive control” duringthe development phase of the ambient toxicity tests. The 1990 samplesweretaken
in proximity to a Superfund dte that was highly contaminated with creosote (polynuclear arométic
hydrocarbons). The 1997 samples were taken to be more representative of the Elizabeth River main stem
and its threemgor branches. Thus, the gpparent decrease of toxicity may have been due to Site selection
in a patchy system. Nonetheless, the more representative 1997 samples indicate that the overdl toxicity
of the sedimentsis relaively modest.
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The 1998 studiesfocused onsedimentscollected fromthe Anacostia and Choptank Rivers(Figures
6.18a and b). Except for ARG, al of the Anacogtia River Stes displayed significant toxicity, ranging from
low (5% for AR1) to moderate (13% for AR4). While a number of endpoints were impacted,
Leptocheirusplumul osussurviva was the most sgnificantly affected for al of these Sites. Incontrast, none
of the stes from the Choptank River displayed sgnificant toxicity.

The 1999 studiesinvolved studiestaken fromthe Chester and Rappahannock Rivers(Figures6.19
ad). Asprevioudy indicated, four of the Stesinthe Chester River had been previoudy sampled in 1996:
CH2; CH4; CH5; and CH6. While the lower reaches of the Chester River (stes CH1 and CH2) had
sediments that produced Toxicity Index vaues that were not sgnificantly different from those of the
reference, the remaining sites (CH3 to CH10) had toxic sediments. Toxicity for these gtes tended to
increaseto amaximum at CH8, wherethe Toxicity Index was approximately 40% of the worst case vaue.
This ste was upstream from Chestertown (CH6) that had a median Toxcity Index of 31%. Sediment
toxicity in the Rappahannock River was somewhat more variable; sgnificant Toxicity Index vaues were
observed at sites RP1, RP4, RP5, RP9 and RP10. Maximum toxicity (27%) was observed at RP10.
Variable toxicities were observed at RP9, where the Toxicity Index was sgnificant, and at RP6 and RP3,
where they the Toxicity Index vaues were not sgnificant. Moderately high sediment toxicity (21%) was
aso observed for RP1 near the mouth of the Rappahannock River.

A summary of the tenyear sediment data base usng the Toxicity Index andyssinFigures6.20 a-c
indicated the following ranking of toxicity for the various Stes:

1 thesites (and dates tested) displaying the greatest
sediment toxicity (15% to 100%) were as follows:

Elizabeth River Site (1990)

Bdtimore Harbor: Northwest Harbor, Bear Creek, Sparrows Point, Curtis Bay,
and Middle Branch Sites (1994)

Chegter River: Site CH5 (1996); and

Site CH6 (1996); Sites CH4, CH5, CH6, CH7, CH8, CH9, and CH10 (1999)
James River basn: Willoughby Bay Site(1995)

Magothy River, South Ferry Site (1994)

Rappahannock River: Sites RP1, RP9, RP10 (1999)

Potomac River: Possum Point Site; and Dahigren

Site (1990)

FHEHEHRE O HH

1 the Stesthat displayed alow to moderate degree (5% to
14%) of sediment toxicity were:

Patapsco River Site (1990, 1991)

Potomac River: Freestone Point Site (1990) and Dahlgren Site(1991)
Chegter River, Site CH2, Tams Point (1996)

South River, Site S1 (1997)

Severn River, Annapalis ste (1994)

AnacodiaRiver: StesAR4, AR3, AR2, AR5 & AR1

T oHOE R
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(1998)

Wye River, Manor House Site (1991)

Chester River, Site CH4 (1996); Site

CH3 (1999)

James River, site below Newport News (1995)
Rappahannock River: Site RP4 and RP5 (1999)
Patuxent River, Buzzard Idand Site (1996)
Batimore Harbor, Outer Harbor Site (1994)

1 the sites (listed geographicaly, from north to south) that
displayed sediment toxicity that was low in magnitude (<5%), but sgnificantly different from
reference responses were:

S

Magothy River, Gibson Idand Site (1994)

Wye River, Manor House Site (1990)

South River, Site SR2 (1997)

Potomac River: Morgantown Site (1990, 1991) and

Indian Head Site(1990)

Elizabeth River: Main gem, Site EL; Western

Branch, Site WB; Eastern Branch, Site EB; and Southern Branch, Site SB (1997)

1 the sites (listed geographicaly, from north to south) that
disolayed no sgnificant sediment toxicity were:

#

FHRFHFHHFHFEHE HFH OH

Middle River: Frog Mortar Site & Wilson Point Site

(1992-3)

Sassafras River: Betterton Site & Turner Creek Site

(1994)

Chester River: Sites CH1 and CH2 (1999)

Wye River: Quarter Creek Site & Manor House Site

(1992-3)

South River: Site SR3 and Site SR4 (1997)

Anacogtia River, Site ARG (1998)

Choptank River: Sites CR59, CR61, CR62, CR63 (1998)
Patuxent River: Broomes Idand Site, Jack Bay Site, and Chalk Point Site(1996)
Nanticoke River: Bivadve Site & Sandy Hill Beach Site (1992-3)
Rappahannock River: Sites RP2, RP3, RP6, RP7, and RP8 (1999)
Pamunkey and Y ork River stes (dl Sites) (1995)

James River, site above Newport News (1995)

Lynnhaven River Ste (1995)
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Table 3.1 Andyticd methods used for inorganic andyss in water samples. The following abreviations

are used: AA-H (Atomic Absorption - Hydride), AA-F (Atomic Absorption-Furnace), AA-DA
(Atomic Absorption - Direct Aspiration) and AA-CV (Atomic Absorption-Cold V apor).

Contaminant Method Method # Reference
Arsenic AA-H 206.3 U.S. EPA, 1979
Cadmium AA-F 213.2 U. S EPA, 1979
Chromium, Totd AA-F 218.2 U. S EPA, 1979
Copper AA-F 220.2 U. S. EPA, 1979
Lead AA-F 239.2 U. S EPA, 1979
Mercury AA-CV 245.1 U. S EPA, 1979
Nickel AA-F 249.2 U. S EPA, 1979
Sdenium AA-H 270.3 U. S EPA, 1979
Zinc AA-DA 200.7 U. S EPA, 1979




Table 3.2 Andytica methods for inorganic analyss of sediment samples. The detection limits (DL) for
the target anaytes vary with the amount of sample digested and are typicaly lower than shown.

ELEMENT METHOD REF DATE INSTRUMENT DL (ug/g)
Aluminum Al 7020 1 Sep-86 FAA 100
Arsnic  As 3114B 2 1995 AA/Hydride 0.025
Cadmium Cd 7131A 1 Sep-94 GFAA 0.01
Chromium Cr 7190 1 Sep-86 FAA 1.00
Copper Cu 7210 1 Sep-86 FAA 5.00
Lead Po 7420 1 Sep-86 FAA 10
Mercury Hg 7470A 1 Sep-94 CVAA 0.025
Nickel Ni 7520 1 Sep-86 FAA 5.00
Sdenium  Se  3114B 2 1995 AA/Hydride 0.025
Tin Sn 2822 3 Mar-83 GFAA 0.50
Zinc Zn 7950 1 Sep-86 FAA 1.00

NOTE:

1 - Test Methods for Evauating Solid Waste Physical/Chemica Methods (EPA SW-846)
2 - Standard Methods for the Examination of Water and Wastewater, 19th Ed., 1995
3 - Methods for the Chemica Analysis of Water and Wastes (EPA-600/4-79-020)

Digestion Method is Method 3050B from SW-846 (December 1996)
AA/Hydride = Atomic Absorption - Hydride
CVAA = Atomic Absorption - Cold Vapor

FAA = Atomic Absorption - Flame
GFAA = Atomic Absorption - Graphite Furnace
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Table 3.3 Trophic classfication, spawning location and resdency of fish captured at the twenty

sampling locations.

SPECIESNAME TROPHIC FAMILY SPAWN LOCATION RESIDENCY
Alewife Planktivore Clupeidae Freshwater Non-resident
Alosa pseudoharengus Anadromous
American edl Benthic Anguillidae Marine Resident
Anguilla rostrata Catadromous
Atlantic croaker Benthic Sciaenidae Marine Non-resident
Micropogonias undulatus
Atlantic menhaden Planktivore Clupeidae Marine Non-resident
Brevoortia tyrannus
Atlantic needlefish Carnivore Belonidae Marine Non-resident
Srongylura marina
Atlantic silverside Planktivore Atherinidae Estuarine Resident
Menidia menidia
Atlantic stingray Benthic Dasyatidae Marine Non-resident
Dasyatis sabina
Banded killifish Planktivore Cyprinodontidae Freshwater Resident
Fundulus diaphanus
Bay anchovy Planktivore Engraulidae Estuarine Resident
Anchoa mitchelli

Blackcheek tonugefish Benthic Soleidae Marine Non-resident
Symphurus plagiusa

Blue catfish Benthic Ictaluridae Estuarine Resident
Ictaluris furcatus

Blueback herring Planktivore Clupeidae Freshwater Non-resident
Alosa aestivalis Anadromous

Bluefish Carnivore Pamatomidae Marine Non-resident
Pomatomus saltatrix

Bluegill Planktivore Centrarchidae Freshwater Resident
Lepomis macrochirus

Brown bullhead Benthic Ictaluridae Freshwater Resident
Ameiurus nebulosus
Channel catfish Benthic Ictaluridae Freshwater Resident
Ictalurus punctatus
Gizzard shad Planktivore Clupeidae Freshwater Resident
Dorosoma cepedianum
Golden shiner Planktivore Cyprinidae Freshwater Resident

Notemigonus crysoleucas
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SPECIESNAME TROPHIC FAMILY SPAWN LOCATION RESIDENCY
Harvestfish Carnivore Stromateidae Marine Non-resident
Peprilus alepidotus
Hogchoker Benthic Soleidae Estuarine Resident
Trinectes maculatis
Horse-eye jack Carnivore Carangidae Marine Non-resident
Caranx latus
Inland silverside Planktivore Atherinidae Estuarine Resident
Menidia beryllina
Inshore lizardfish Carnivore Synodontidae Marine Non-resident
Synodus foetens
Mummichog Planktivore Cyprinodontidae Estuarine Resident
Fundulus heteroclitus
Naked goby Benthic Gobiidae Estuarine Resident
Gobiosoma bosc
Northern kingfish Benthic Scisenidae Marine Non-resident
Menticirrhus saxatilis
Northern pipefish Planktiovre Syngnathidae Estuarine Resident
Syngnathus fuscus
Pigfish Benthic Haemulidae Marine Non-resident
Orthopristis chrysoptera
Pumpkinseed Planktivore Centrarchidae Freshwater Resident
Lepomis gibbosus
Rough silverside Planktivore Atherinidae Estuarine Resident
Membras martinica
Sheepshead minnow Planktivore Cyprinodontidae Estuarine Resident
Cyprinodon variegatus
Silver perch Benthic Scisenidae Estuarine Resident
Bairdiella chrysoura
Eastern silvery minnow Planktivore Cyprinidae Freshwater Resident
Hybognathus regius
Skillet fish Benthic Gobiesocidae Estuarine Resident
Gobiesox strumosus
Spanish mackerel Carnivore Scombridae Marine Non-resident
Scomberomor us maculatus
Spot Benthic Scisenidae Marine Non-resident
Leiostomus xanthurus




SPECIESNAME TROPHIC FAMILY SPAWN LOCATION RESIDENCY
Spottail shiner Planktivore Cyprinidae Freshwater Resident
Notropis hudsonius
Spotted sea trout Carnivore Scisenidae Marine Non-resident
Cynoscion nebulosus
Striped anchovy Planktivore Engraulidae Marine Non-resident
Anchoa hepsetus
Striped bass Carnivore Moronidae Freshwater Non-resident
Morone saxatilis Anadromous
Striped killifish Planktivore Cyprinodontidae Estuarine Resident
Fundulus majalis
Summer flounder Benthic Bothidae Marine Non-resident
Paralichthys dentatus
Tessellated darter Benthic Percidae Freshwater Resident
Etheostoma ol mstedi
Unidentified scianidae Carnivore Sciaenidae Marine Non-resident
Cynoscion sp.
Wesakfish Carnivore Sciaenidae Marine Non-resident
Cynoscion regalis
White catfish Benthic Ictaluridae Freshwater Resident
Ameiurus catus
White perch Carnivore Moronidae Freshwater Non-resident
Morone americana Anadromous
Yellow perch Carnivore Percidae Freshwater Resident
Perca flavescens Anadromous
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Table4.1. Surviva and growth data for shegpshead minnow larvae after 8 day toxicity tests conducted
from 9/28/99 to 10/6/99.

Cumulative % Survivd Dry Weight Per Individua?®

Station Survivd +SE. n (day 8) Weight (mg) +SE.
Control 95.8 4.17 42 1.31 0.069
CH1 100 0.0 45 1.39 0.025
CH2 95.8 4.17 44 0.96* 0.134
CH3 100 0.0 46 1.12 0.090
CH4 79.2 9.46 34 1.26 0.071
CH5 93.8 4.00 45 0.84* 0.106
CH6 97.9 2.08 42 154 0.044
CH7 97.7 2.28 44 1.09 0.074
CHS8 97.5 2.50 41 1.53 0.059
CH9 100 0.0 44 1.23 0.132
CH10 97.9 2.08 43 1.12 0.113
RP1 97.7 2.28 45 1.28 0.074
RP2 95.7 2.52 43 1.34 0.029
RP3 100 0.0 46 1.37 0.043
RP4 95.2 2.76 42 1.01 0.088
RP5 97.9 2.08 44 1.36 0.058
RP6 95.8 4.17 41 131 0.103
RP7 97.9 2.08 42 1.27 0.111
RP8 95.5 2.63 42 1.37 0.134
RP9 95.8 4.17 45 1.06 0.077
RP10 97.5 2.50 42 1.16 0.158

2nitid weight per individud (day 0) 0.22 mg.
* |ndicates significant difference from control vaue ( P<0.05).
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Table4.2. Percent norma shell development from 48 hour coot clam embryo/larvd toxicity tests
conducted from 9/28/99 to 10/6/99.

Combined Reaults
Tes #1 Test #2 Test #3 Tests 1-3
Percent Percent Percent Percent

Station | Norma +SE. Normal +SE. Normal +SE. Normal +SE.

Control 96.5 0.76 97.9 0.63 99.2 0.80 97.9 0.53
CH1 84.0* 4.83 96.9 1.40 96.5 0.97 925 2.58
CH2 79.3** 4.70 97.0 1.79 97.4 0.36 91.2 3.32
CH3 83.6* 1.10 96.6 0.88 96.9 1.10 924 2.25
CH4 95.0 1.72 98.5 0.78 975 0.96 97.0 0.80
CH5 89.8 2.87 97.7 0.67 98.4 0.55 95.3 1.63
CHG6 95.4 0.73 975 0.47 97.9 0.75 96.9 0.50
CH7 93.7 1.92 98.4 0.78 98.5 0.12 96.9 0.98
CH8 96.5 0.60 99.2 0.10 98.7 0.15 98.1 0.45
CH9 95.3 1.56 98.6 0.95 99.0 0.46 97.6 0.79

CH10 84.7% 2.90 97.8 0.80 98.9 0.47 93.8 2.45
RP1 86.7* 1.01 98.4 0.29 98.8 0.91 94.6 2.03
RP2 88.8 1.95 95.7 0.79 99.1 0.28 94.6 1.63
RP3 92.2 3.45 99.1 0.47 99.1 0.21 96.8 1.53
RP4 91.7 2.20 95.3 1.79 98.8 0.17 95.2 131
RP5 82.5% 4.19 98.0 0.55 99.0 0.08 93.2 294
RP6 86.1* 3.24 98.5 0.47 97.0 0.58 93.9 2.18
RP7 89.1 1.82 96.3 1.02 96.8 0.85 94.0 1.41
RP8 83.7* 3.09 97.2 1.16 97.8 0.98 92.9 2.51
RP9 88.4 3.76 95.3 2.54 98.7 0.44 94.1 2.01
RP10 90.1 2.88 91.6* 1.20 95.9 1.99 92.5 1.38

* |ndicates sgnificant difference from control vaue ( P<0.05).
** |ndicates sgnificant difference from control value ( P<0.01).
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Table 4.3. Inorganic contaminants data from the 20 stations sampled in the Chester and
Rappahannock rivers during the fall of 1999 (9/28 - 10/06/99). Marine U.S. EPA chronic water
qudity criteria (WQC) are listed below each meta. Metas exceeding the criteria are underlined.

Metal Concentration

(WQC -glL)

As Cd Cr Cu Pb Hg Ni Se Zn

Stations () (9.3 (50) (2.9 (85 (025 (8.3 (71) (86)
CH1 <0.25 <0125 <1.00 1.63 <1.00 <050 2550 <025 <100
CH2 0566 <0.125 <1.00 1.36 <1.00 <025 <200 <025 <10.0
CH3 0.467 <0.125 <1.00 1.60 6.20 <025 <200 <025 <100
CH4 0.665 <0.125 <1.00 1.65 <1.00 <025 <200 <025 <10.0
CH5 0517 <0.125 <1.00 1.98 <1.00 <025 <200 <025 <10.0
CHG6 0.616 <0.125 <1.00 1.87 <1.00 <025 <200 <025 <10.0
CH7 0418 <0.125 <1.00 362 3.07 <0.25 3.83 <0.25 <100
CH8 0.270 <0.125 <1.00 2.68 20.5 <025 <200 <025 <100
CH9 0220 <0.125 <1.00 2.37 <1.00 <025 <200 <025 <10.0
CH10 <0.25 0.082 20.3 6.4 125 <025 <200 <025 <100
RP1 <0.25 0.347 1.01 1.16 <1.00 <025 <200 <025 <10.0
RP2 <0.25 <0125 <1.00 1.68 <1.00 <025 <200 <025 <10.0

RP3 <0.25 0424 2.97 3.61 185 <0.25 <200 <025 144
RP4 <0.25 <0125 <100 <100 <100 <025 <200 <025 <100
RP5 0.122 0.243 475 <1.00 <100 <025 <200 <025 <100
RP6 <0.25 <0125 <1.00 1.04 <1.00 <025 133 <0.25 <100
RP7 <025 <0125 <100 <100 <100 <025 321 <0.25 <100
RP8 <025 0128 <100 <100 <100 <025 <200 <025 <100
RP9 <0.25 <0125 <100 <100 <100 <025 <200 <025 <100
RP10 <0.25 <0125 <100 <100 <100 <025 <200 <025 <100
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Table4.4. Water qudity parameters from field collections in the Chester and Rappahannock rivers in
thefal of 1999.

Date Station Temp Sinity Conductivity DO pH
(C) (ppt) (umhosicm) (mg/L)

9/20/99 CH-1 215 8.5 14000 8.5 7.98
CH-2 21.2 6.0 10000 8.1 7.73

CH-3 21.7 3.3 5000 7.4 7.20

CH-4 22.7 25 4500 54 6.69

CH-5 216 25 4500 5.2 6.65

CH-6 20.8 15 2600 4.5 6.45

CH-7 20.3 0.5 300 4.4 6.30

CH-8 19.6 0.0 130 4.4 6.23

CH-9 19.3 0.0 125 5.2 6.19

CH-10 18.9 0.0 110 6.1 6.16

9/22/99 RP-1 20.0 14.2 21500 8.4 7.93
RP-2 20.1 13.0 20000 8.4 7.96

RP-3 19.6 12.7 19000 8.7 7.86

RP-4 19.6 12.0 19000 8.5 7.82

RP-5 20.0 11.7 18000 8.8 8.02

RP-6 18.2 95 14200 8.4 1.74

RP-7 18.7 8.5 13000 8.1 71.73

RP-8 19.9 7.0 10000 9.0 8.09

RP-9 195 5.5 8000 8.1 7.53

RP-10 195 4.0 6800 8.0 7.55

9/27/99 RP-1 214 135 21000 84 8.26
RP-2 21.2 12.0 20000 8.2 8.16

RP-3 214 135 21000 8.2 8.10

RP-4 21.2 13.0 21000 84 8.10

8-9



Date Station Temp HAinity Conductivity DO pH

(©) (Ppt) (umhos/om) (mglL)

RP-5 21.3 115 18000 8.7 8.18
RP-6 21.0 110 18000 8.4 8.09
RP-7 20.9 9.0 14000 8.3 8.00
RP-8 215 8.0 12500 8.1 7.85
RP-9 21.0 7.0 11000 8.2 7.84
RP-10 21.2 5.5 9000 8.2 7.82
9/28/99 CH-1 20.2 104 17500 7.6 797
CH-2 20.7 8.0 14000 7.6 7.80
CH-3 20.6 9.0 15000 6.6 7.53
CH-4 21.0 7.5 12000 5.0 6.99
CH-5 211 6.7 10500 5.4 7.09
CH-6 21.2 4.0 6500 5.2 6.97
CH-7 211 3.0 4600 5.3 6.91
CH-8 211 12 2500 5.2 6.77
CH-9 211 0.6 1450 5.2 6.72
CH-10 21.3 0.0 315 8.6 7.15
10/1/99 RP-1 20.0 14.0 21500 -- 8.18
RP-2 20.0 12.0 17500 -- 8.18
RP-3 20.6 14.0 21500 -- 7.70
RP-4 204 13.0 19500 -- 8.18
RP-5 19.9 110 16500 -- 8.05
RP-6 20.3 10.0 15000 -- 8.05
RP-7 20.3 8.2 13000 -- 7.98
RP-8 19.3 6.0 9500 -- 7.81
RP-9 20.2 4.5 7000 -- 7.76
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Date Station Temp HAinity Conductivity DO pH

(©) (Ppt) (umhos/om) (mglL)

RP-10 20.0 3.5 5000 -- 8.01
CH-1 194 110 14000 7.4 8.04
CH-2 20.1 9.6 14000 7.4 7.92
CH-3 20.5 9.0 13500 7.0 7.74
CH-4 20.3 5.5 8000 6.8 7.42
CH-5 20.1 4.3 6500 6.0 7.39
CH-6 20.6 2.7 4000 6.4 7.33
CH-7 204 16 3500 6.0 7.23
CH-8 20.3 1.0 1500 6.2 7.24
CH-9 20.3 0.0 700 7.0 7.48
CH-10 19.2 0.0 275 8.6 8.09
10/3/99 RP-1 20.6 10.0 20000 -- 7.74
RP-2 20.2 9.5 15000 -- 7.87
RP-3 204 105 15500 -- 797
RP-4 20.5 105 17000 -- 7.80
RP-5 20.3 8.0 12500 -- 7.70
RP-6 20.5 8.0 13000 -- 7.85
RP-7 20.6 6.0 9000 -- 7.53
RP-8 20.7 3.0 4700 -- 7.87
RP-9 20.9 2.0 2650 -- 7.79
RP-10 20.9 15 1900 -- 7.87
10/4/99 CH-1 19.9 11.8 18000 8.4 8.26
CH-2 20.6 9.7 15000 8.7 8.43
CH-3 20.5 9.2 14000 8.2 7.62
CH-4 20.8 6.7 10000 6.6 7.18

8-11



Date Station Temp Hinity Conductivity DO pH
(C) (ppt) (umhos/cm) (mglL)
CH-5 20.8 5.7 9000 6.7 6.98
CH-6 20.7 3.6 5050 6.2 6.98
CH-7 20.8 2.7 4000 6.6 6.90
CH-8 20.7 17 2000 7.0 6.87
CH-9 20.6 1.0 1100 9.2 7.06
CH-10 20.1 0.0 260 9.8 7.78
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Table4.5. Toxicity data (48h LC50s or EC50s) from 1999 reference toxicant tests conducted with cadmium chloride for the two test species.
Previous vaues from years 1 thru 8 are reported.

Previous 48h LC50 values (mg/L)
LC50
Date Species (mglL) Yrl Yr2 Yr3 Yr4 Yr5 Yr6 Yr7 Yr8
11/3/99  Sheepshead 11.0 0.51 1.54 1.18 0.71 1.03 2.30 1.34 104
minnow
10/26/99  Coot clam 0942 eeem e .005? .0082 .069? .040% .0822 0492

2Vaueisan EC50 (percent norma shell development is the endpoint).
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Table 4.6 Surviva of the amphipod Leptocheirus plumulosus in sediment bioassays. The survivors
were scored on day 20 (termination) of the biocassay. The reference site chosen for this amphipod was
mogtly st and clay (Carters Creek). An agterisk marks Ste results significantly different from the test
organism response to reference site sediment. The means and standard errors (SE) are based on
sediment bioassays using amphipods (n = 20) exposed to five randomly located grab samples from
each ste.

MEAN %
SITENAME SITE SURVIVAL SE

Rappahannock River, Virginia

Lancaster Creek RP-1 81 5.3
Wildwood Beach RP-2 89 3.7
Farnham Creek RP-3 77 6.0
Sharps RP-4 61 8.0
Bowlers Wharf RP-5 80 35
Neds Point RP-6 76 3.7
Lowery Point RP-7 62 8.0
Jones Point RP-8 69 3.7
Malorys Point RP-9 66 4.3
Mulberry Point RP-10 53* 6.0
Chester River, Maryland
QACC CH-1 73 11
Grays Inn Creek CH-2 74 3.3
Cliffs Wharf CH-3 81 4.0
Southeast Creek CH-4 76 4.3
Duck Blind CH-5 44* 9.9
Chegtertown CH-6 76 4.3
Peach Tree Point CH-7 57* 9.4
Buckingham Whatf CH-8 59* 6.2
Cow Pasture CH-9 62 4.6
Crumpton CH-10 61 9.5
Control and Reference Sites
Ware River Mud WRM 77 6.4
CartersCreek Mud CCM 78 2.0

* Significantly different from the reference sediment (p<0.05).
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Table 4.7 Surviva of the polychaete worm Strebl ospio benedicti in sediment bioassays. The survivors
were scored on day 20 (termination) of the bioassay. The reference site chosen for the polychaete
worm was mogtly st and clay (Carters Creek). An asterisk marks Site results significantly different
from the test organism response to reference site sediment. The means and standard errors (SE) are
based on sediment bioassays using S. benedicti (n = 12) exposed to five randomly located grab
samples from each site.

MEAN %
SITENAME SITE SURVIVAL SE

Rappahannock River, Virginia

Lancaster Creek RP-1 72* 2.0
Wildwood Beach RP-2 90 3.1
Farnham Creek RP-3 80 18.7
Sharps RP-4 87 4.2
Bowlers Wharf RP-5 82* 49
Neds Point RP-6 75 20.2
Lowery Point RP-7 88 3.3
Jones Point RP-8 92 2.6
Mdlorys Point RP-9 70* 16.2
Mulberry Point RP-10 72* 57

Chester River, Maryland

QACC CH-1 87 5.0
Grays Inn Creek CH-2 87 1.7
Cliffs Wharf CH-3 83 5.3
Southeast Creek CH-4 75* 3.7
Duck Blind CH-5 77* 7.6
Chegtertown CH-6 62* 10.1
Peach Tree Point CH-7 80 8.6
Buckingham What CH-8 55* 8.2
Cow Pasture CH-9 80* 2.0
Crumpton CH-10 67* 16.9
Control and Reference Sites
Ware River Mud WRM 98 55
CartersCreek Mud CCM 97 3.3

* Significantly different from the reference sediment (p<0.05).
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Table 4.8 Growth of the amphipod Leptocheirus plumulosus in sediment biocassays. Length (mm) and
weight (mg) increase over the initid size and sandard error (SE) of 5 replicates of the mean of the
surviving animals for eech replicate. An agterisk marks ste results sgnificantly different from the test
organism response to reference Ste sediment for Sites not aready determined to be significantly based
on percent surviva. “N1" isthe number of survivors that remained intact after the 20 day breskdown
of thetest. “N2” isthe number of locations within a ste that had survivors in the sediment biocassay a
the end of 20 days.

MEAN MEAN
SITENAME STE N1 LENGTH SE N WEIGHT SE

N

Rappahannock River, Virginia

Lancaster Creek  RP-1 79 1574 10.38 5 0.110 0.011
Wildwood Beach RP-2 88 1.275 9.83 5 0.104 0.008
Farnham Creek RP-3 76 1.379 11.17 5 0.098 0.019
Sharps RP-4 60 1.031 11.51 5 0.088 0.021
Bowlers Wharf RP-5 74  0.883* 10.52 5 0.076 0.008
Neds Point RP-6 75 1.321 10.37 5 0.106 0.020
Lowery Point RP-7 60 1.303 11.48 5 0.114 0.022
Jones Point RP-8 65 0.967 11.18 5 0.076 0.013
Mdlorys Point RP-9 66 1.113 10.33 5 0.124 0.018
Mulberry Point  RP-10 52 0.377 10.43 5 0.066 0.013
Chester River, Maryland
QACC CH-1 73 1.502 9.08 5 0.148 0.017
GraysinnCreek CH-2 72 1.006 9.34 5 0078 0.020
Cliffs Wharf CH-3 79 0.670* 8.51 5 0.066 0.016
Southeast Creek CH-4 76 1.305 10.71 5 0.148 0.017
Duck Blind CH-5 43 1.673 16.75 5 0.132 0.028
Chestertown CH-6 72 1.090 10.71 5 0.074 0.011
Peach TreePointt CH-7 57 1.164 10.29 5 0.126 0.016
Buckingham Whaf CH-8 58 0.835 9.71 5 0.072 0.020
Cow Pasture CH-9 57 0.998 11.33 5 0.100 0.038
Crumpton CH- 59 0.790* 12.40 5 0.096 0.020
10
Control and Reference Sites
WaeRiver Mud WRM 76 1.630 10.56 5 0.128 0.025
CatersCreek Mud CCM 78 1.404 9.31 5 0.102 0.015

* Sgnificantly different from the reference sediment (p<0.05).
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Table 4.9 Growth of the polychaete worm Streblospio benedicti in sediment bioassays. Length (mm)
and weight (mg) increase over theinitid Sze and standard error (SE) of 5 replicates of the mean of the
surviving animals for eech replicate. An agterisk marks ste results sgnificantly different from the test
organism response to reference Ste sediment for Sites not aready determined to be significantly based
on percent surviva. “N1" isthe number of survivors that remained intact after the 20 day breskdown
of thetest. “N2” isthe number of locations within a ste that had survivors in the sediment biocassay a
the end of 20 days.

MEAN MEAN
SITENAME STE N LENGTH SE N  WEIGHT SE

Rappahannock River, Virginia

Lancaster Creek  RP-1 43  1.849 22.20 5 0.028 0.007
Wildwood Beach RP-2 48  2.397 17.51 5 0.036 0.007
Farnham Creek RP-3 46 2.406 14.77 5 0.074 0.035
Sharps RP-4 48 2371 21.22 5 0.084 0.026
Bowlers Wharf RP-5 46 2.093 18.62 5 0.032 0.020
Ned s Point RP-6 45 1828 20.38 4 0.044 0.004
Lowery Point RP-7 46 1.463 17.73 5 0.040 0.009
Jones Point RP-8 50 1.849 19.29 5 0.036 0.008
Malorys Point RP-9 42 2.009 25.38 5 0.044 0.008
Mulberry Point RP-10 38 1.540 17.59 5 0.032 0.009
Chester River, Maryland
QACC CH-1 44 1920 18.84 5 0.052 0.006
GraysinnCreek CH-2 49 1.107* 19.54 5 0.042 0.006
Cliffs What CH-3 48 0.555* 16.18 5 0.010 0.015
Southeast Creek CH-4 40 1.774 21.25 5 0.016 0.016
Duck Blind CH-5 39 0947 22.55 5 0.028 0.014
Chestertown CH-6 36 1.395 21.89 5 0.016 0.012
Peach Tree Point CH-7 46 1.738 13.21 5 0.048 0.013
BuckinghamWhaf CH-8 33  1.357 22.52 5 0.038 0.007
Cow Pasture CH-9 47 2075 16.31 5 0.038 0.006
Crumpton CH-10 34 1.849 28.09 4 0.044 0.009
Control and Reference Sites
WaeRiver Mud WRM 49  1.708 18.51 5 0.038 0.010
CatersCreek Mud CCM 54  2.265 17.84 5 0.040 0.006

* Sgnificantly different from the reference sediment (p<0.05).
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Table 4.10 Reaults of the andys's of composite sediment samples for polycyclic aromatic hydrocarbons (PAHS) for Sitesin the Rappahannock
River, Virginia. The vaues reported are the method detection limits (as ppb dry weight) sSince no compounds were observed above the

detection limits.
Method Detection Limit (ng/g or ug/kg or ppb sediment dry weight)

Compound CASRN ERL ERM RP-1 RP-2 RP-3 RP-4 RP-5 RP-6 RP-7 RP-8 RP-9 RP-10 WRM CCM
Acenaphthene 83-32-9 16 500 260 280 250 260 300 150 240 190 300 290 200 200
Acenaphthylene 208-96-8 14 640 260 280 250 260 300 150 240 190 300 290 200 200
Anthracene 120-12-7 853 1100 260 280 250 260 300 150 240 190 300 290 200 200
Fluorene 86-73-7 19 540 260 280 250 260 300 150 240 190 300 290 200 200
Naphthalene 91-20-3 160 2100 260 280 250 260 300 150 240 190 300 290 200 200
Phenanthrene 85-01-8 240 1500 260 280 250 260 300 150 240 190 300 290 200 200
2-Methylnaphthalene* 70 670 NA NA NA NA NA NA NA NA NA NA NA NA
Low Molecular Weight PAHs 552 3160 1560 1680 1500 1560 1800 900 1440 1140 1800 1740 1200 1200
Compound CASRN ERL ERM RP-1 RP-2 RP-3 RP-4 RP-5 RP-6 RP-7 RP-8 RP-9 RP-10 WRM CCM
Benzo(a)anthracene 56-55-3 261 1600 260 280 250 260 300 150 240 190 300 290 200 200
Benzo(a)pyrene 50-32-8 430 1600 260 280 250 260 300 150 240 190 300 290 200 200
Benzo(b)fluoranthene ~ 205-99-2 260 280 250 260 300 150 240 190 300 290 200 200
Benzo(g,h,i)perylene 191-24-2 260 280 250 260 300 150 240 190 300 290 200 200
Benzo(k)fluoranthene ~ 207-08-9 260 280 250 260 300 150 240 190 300 290 200 200
Chrysene 218-01-9 384 2800 260 280 250 260 300 150 240 190 300 290 200 200
Dibenz(ah)anthracene  53-70-3 63.4 260 260 280 250 260 300 150 240 190 300 290 200 200
Fluoranthene 206-44-0 600 5100 260 280 250 260 300 150 240 190 300 290 200 200
Indeno(1,2,3-cd)pyrene 193-39-5 260 280 250 260 300 150 240 190 300 290 200 200
Pyrene 129-00-0 665 2600 260 280 250 260 300 150 240 190 300 290 200 200
High Molecular Weight PAHs 1700 9600 1560 1680 1500 1560 1800 900 1440 1140 1800 1740 1200 1200
Total PAHs 4022 44792 3120 3360 3000 3120 3600 1800 2880 2280 3600 3480 2400 2400



Table4.11 Results of the andlysis of composite sediment samples for polycyclic aromatic hydrocarbons (PAHS) for dtesin the Chester River,
Maryland. The vaues reported are the method detection limits (as ppb dry weight) since no compounds were observed above the detection

limits
Method Detection Limit (ng/g or ug/kg or ppb sediment dry weight)
Compound CASRN ERL ERM CH-1 CH-2 CH-3 CH-4 CH-5 CH-6 CH-7 CH-8 CH-9 CH-10 WRM CCM
Acenaphthene 83-32-9 16 500 130 240 210 300 290 290 300 290 200 190 200 200
Acenaphthylene 208-96-8 44 640 130 240 210 300 290 290 300 290 200 190 200 200
Anthracene 120-12-7 85.3 1100 130 240 210 300 290 290 300 290 200 190 200 200
Fluorene 86-73-7 19 540 130 240 210 300 290 290 300 290 200 190 200 200
Naphthalene 91-20-3 160 2100 130 240 210 300 290 290 300 290 200 190 200 200
Phenanthrene 85-01-8 240 1500 130 240 210 300 290 290 300 290 200 190 200 200
2-Methylnaphthalene* 70 670 NA NA NA NA NA NA NA NA NA NA NA NA
Low Molecular Weight PAHs 552 3160 780 1440 1260 1800 1740 1740 1800 1740 1200 1140 1200 1200
8- 19

Compound CASRN ERL ERM CH-1 CH-2 CH-3 CH-4 CH-5 CH-6 CH-7 CH-8 CH-9 CH-10 WRM CCM
Benzo(a)anthracene 56-55-3 261 1600 130 240 210 300 290 290 300 290 200 190 200 200
Benzo(a)pyrene 50-32-8 430 1600 130 240 210 300 290 290 300 290 200 190 200 200
Benzo(b)fluoranthene 205-99-2 130 240 210 300 290 290 300 290 200 190 200 200
Benzo(g,h,i)perylene 191-24-2 130 240 210 300 290 290 300 290 200 190 200 200
Benzo(k)fluoranthene 207-08-9 130 240 210 300 290 290 300 290 200 190 200 200
Chrysene 218-01-9 384 2800 130 240 210 300 290 290 300 290 200 190 200 200
Dibenz(a,h)anthracene 53-70-3 634 260 130 240 210 300 290 290 300 290 200 190 200 200
Fluoranthene 206-44-0 600 5100 130 240 210 300 290 290 300 290 200 190 200 200
Indeno(1,2,3-cd)pyrene  193-39-5 130 240 210 300 290 290 300 290 200 190 200 200
Pyrene 129-00-0 665 2600 130 240 210 300 290 290 300 290 200 190 200 200
High Molecular Weight PAHs 1700 9600 780 1440 1260 1800 1740 1740 1800 1740 1200 1140 1200 1200

Total PAHs 4022 44792 1560 2880 2520 3600 3480 3480 3600 3480 2400 2280 2400 2400



Table4.12 Reaults of the andyss of composite sediment samples for polycyclic aromatic hydrocarbons (PAHS) for Sitesin the Rappahannock
River, Virginia The valuesreported are the method detection limits reported as ug/g organic carbon normaized concentrations (note: no
compounds were observed above the detection limits).  Benchmark values (ERL and ERM) have been converted to the same units.

Method Detection Limit (expressed as ug/g oc normalized concentrations)

Compound CASRN ERL ERM RP-1 RP-2 RP-3 RP-4 RP-5 RP-6 RP-7 RP-8 RP-9 RP-10 WRM CCM
Acenaphthene 83-32-9 2 50 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Acenaphthylene 208-96-8 4 64 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Anthracene 120-12-7 9 110 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Fluorene 86-73-7 2 54 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Naphthalene 91-20-3 16 210 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Phenanthrene 85-01-8 24 150 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Low Molecular Weight PAHs 57 638 850 751 759 905 899 1095 66.9 794 737 840 245 474
8- 20 Compound CASRN ERL ERM RP-1 RP-2 RP-3 RP-4 RP-5 RP-6 RP-7 RP-8 RP-9 RP-10 WRM CCM
Benzo(a)anthracene 56-55-3 26 160 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Benzo(a)pyrene 50-32-8 43 160 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Benzo(b)fluoranthene*  205-99-2 32 188 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Benzo(g,h,i)perylene 191-24-2 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Benzo(k)fluoranthene*  207-08-9 28 162 142 125 1277 151 150 182 111 132 123 14.0 4.1 7.9
Chrysene 218-01-9 38 280 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Dibenz(ah)anthracene  53-70-3 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Fluoranthene 206-44-0 60 510 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Indeno(1,2,3-cd)pyrene 193-39-5 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
Pyrene 129-00-0 66 260 142 125 127 151 150 182 111 132 123 14.0 4.1 7.9
High Molecular Weight PAHs 293 1720 99.1 87.7 88.6 1056 104.8 127.7 78.0 927 86.0 98.0 285 553

Total PAHs 350 2358 184.1 162.8 164.6 196.1 194.7 237.2 1448 1721 159.6 1819 53.0 102.7
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Table 4.13 Results of the andlysis of composite sediment samples for polycyclic aromatic hydrocarbons (PAHS) for dtesin the Chester River,
Maryland. The vaues reported are the method detection limits reported as ug/g organic carbon normalized concentrations (note: no

compounds were observed above the detection limits).

Benchmark values (ERL and ERM) have been converted to the same units.

Method Detection Limit (expressed as ug/g oc normalized concentrations)

Compound CASRN ERL ERM CH-1 CH-2 CH-3 CH-4 CH-5 CH-6 CH-7 CH-8 CH-9 CH-10 WRM CCM
Acenaphthene 83-32-9 2 5 204 120 132 9.8 10.8 8.6 9.9 8.2 3.8 54 4.1 7.9
Acenaphthylene 208-96-8 4 64 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
Anthracene 120-12-7 9 110 204 120 132 9.8 10.8 8.6 9.9 8.2 3.8 54 4.1 7.9
Fluorene 86-73-7 2 54 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
Naphthalene 91-20-3 16 210 204 120 132 9.8 10.8 8.6 9.9 8.2 3.8 54 4.1 7.9
Phenanthrene 85-01-8 24 150 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
Low Molecular Weight PAHs 57 638 1224 719 794 59.0 647 516 594 492 226 323 245 474
Compound CASRN ERL ERM CH-1 CH-2 CH-3 CH-4 CH-5 CH-6 CH-7 CH-8 CH-9 CH-10 WRM CCM
Benzo(a)anthracene 56-55-3 26 160 204 120 132 9.8 10.8 8.6 9.9 8.2 3.8 5.4 4.1 7.9
Benzo(a)pyrene 50-32-8 43 160 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
Benzo(b)fluoranthene*  205-99-2 32 188 204 12.0 132 9.8 10.8 8.6 9.9 8.2 3.8 54 4.1 7.9
Benzo(g,h,i)perylene 191-24-2 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
Benzo(k)fluoranthene*  207-08-9 28 162 204 120 13.2 9.8 10.8 8.6 9.9 8.2 3.8 54 4.1 7.9
Chrysene 218-01-9 38 280 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
Dibenz(ah)anthracene  53-70-3 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
Fluoranthene 206-44-0 60 510 204 120 132 9.8 10.8 8.6 9.9 8.2 3.8 54 4.1 7.9
Indeno(1,2,3-cd)pyrene 193-39-5 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
Pyrene 129-00-0 66 260 204 120 132 98 108 86 99 82 38 5.4 4.1 7.9
High Molecular Weight PAHs 293 1720 1429 838 926 68.8 755 60.2 69.3 574 264 377 285 553
Total PAHs 350 2358 265.3 155.7 172.0 127.8 140.2 111.8 128.6 106.6 48.9 70.0 53.0 102.7



Table4.14 An evduation of the method detection limit as compared to the USEPA (draft) sediment
quality criterion for the PAH acenaphthene. MDL isthe weight adjusted method detection limit for
each sediment sample, PAHb is the concentration of acenaphthene detected (al below the detection
limit or BDL), the fraction of organic carbon (foc), and the Effective PAHb concentration isthe
minimum concentration that could be detected at the MDL expressed asug/g oc. “RP’ Stes are from
locations in the Rappahannock River, Virginia, “CH” stes are from the Chester River, Maryland,
“WRM?” isthe control Stein the Ware River, Virginiaand “CCM” isthe reference Stein Carters
Creek, Virginia

ACENAPHTHENE
MDL PAHb foc = Effective USEPA SQC DRAFT

ugkg ug/kg % oc PAHb  95% CL 95% CL

SITE dry wt dry wt dry wt uglgoc Lower SQC Upper
RP-1 260 BDL 1.836 14 110 240 500
RP-2 280 BDL 2.236 13 110 240 500
RP-3 250 BDL 1.975 13 110 240 500
RP-4 260 BDL 1.724 15 110 240 500
RP-5 300 BDL 2.003 15 110 240 500
RP-6 150 BDL 0.822 18 110 240 500
RP-7 240 BDL 2.154 11 110 240 500
RP-8 190 BDL 1.435 13 110 240 500
RP-9 300 BDL 2.443 12 110 240 500
RP-10 290 BDL 2.072 14 110 240 500
CH-1 130 BDL 0.637 20 110 240 500
CH-2 240 BDL 2.004 12 110 240 500
CH-3 210 BDL 1.587 13 110 240 500
CH-4 300 BDL 3.051 10 110 240 500
CH-5 290 BDL 2.689 11 110 240 500
CH-6 290 BDL 3.373 9 110 240 500
CH-7 300 BDL 3.032 10 110 240 500
CH-8 290 BDL 3.535 8 110 240 500
CH-9 200 BDL 5.313 4 110 240 500
CH-10 190 BDL 3.529 5 110 240 500
WRM 990 BDL 4.905 20 110 240 500
CCM 870 BDL 2531 34 110 240 500
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Table4.15 An evauation of the method detection limit as compared to the USEPA (draft) sediment
quality criterion for the PAH fluoranthene. MDL isthe weight adjusted method detection limit for each
sediment sample, PAHD is the concentration of fluoranthene detected (all below the detection limit or
BDL), thefraction of organic carbon (foc), and the Effective PAHb concentration is the minimum
concentration that could be detected at the MDL expressed as ug/g oc. “RP’ gtes are from locations
in the Rappahannock River, Virginia, “CH” dtes are from the Chester River, Maryland, “WRM” isthe
control Stein the Ware River, Virginiaand “CCM” isthe reference Ste in Carters Creek, Virginia

FLUORANTHENE
MDL PAHb foc = Effective USEPA SQC DRAFT
ugkg ugkg % oc PAHb  95% CL 95% CL
SITE dry wt dry wt dry wt ug/lgoc Lower SQC Upper
RP-1 260 BDL 1.836 14 140 300 640
RP-2 280 BDL 2.236 13 140 300 640
RP-3 250 BDL 1.975 13 140 300 640
RP-4 260 BDL 1.724 15 140 300 640
RP-5 300 BDL 2.003 15 140 300 640
RP-6 150 BDL 0.822 18 140 300 640
RP-7 240 BDL 2.154 11 140 300 640
RP-8 190 BDL 1.435 13 140 300 640
RP-9 300 BDL 2.443 12 140 300 640
RP-10 290 BDL 2.072 14 140 300 640
CH-1 130 BDL 0.637 20 140 300 640
CH-2 240 BDL 2.004 12 140 300 640
CH-3 210 BDL 1.587 13 140 300 640
CH-4 300 BDL 3.051 10 140 300 640
CH-5 290 BDL 2.689 11 140 300 640
CH-6 290 BDL 3.373 9 140 300 640
CH-7 300 BDL 3.032 10 140 300 640
CH-8 290 BDL 3.535 8 140 300 640
CH-9 200 BDL 5.313 4 140 300 640
CH-10 190 BDL 3.529 5 140 300 640
WRM 200 BDL 4.905 4 140 300 640
CCM 200 BDL 2.531 8 140 300 640
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Table4.16 An evauation of the method detection limit as compared to the USEPA (draft) sediment
quality criterion for the PAH phenanthrene. MDL is the weight adjusted method detection limit for
each sediment sample, PAHD is the concentration of phenanthrene detected (dl below the detection
limit or BDL), the fraction of organic carbon (foc), and the Effective PAHb concentration isthe
minimum concentration that could be detected at the MDL expressed asug/g oc. “RP’ Stes are from
locations in the Rappahannock River, Virginia, “CH” stes are from the Chester River, Maryland,
“WRM?” isthe control Stein the Ware River, Virginiaand “CCM” isthe reference Stein Carters
Creek, Virginia

PHENANTHRENE
MDL PAHb foc = Effective USEPA SQC DRAFT
ugkg ugkg % oc PAHb  95% CL 95% CL
SITE dry wt dry wt dry wt uglgoc Lower SQC Upper
RP-1 260 BDL 1.836 14 110 240 510
RP-2 280 BDL 2.236 13 110 240 510
RP-3 250 BDL 1.975 13 110 240 510
RP-4 260 BDL 1.724 15 110 240 510
RP-5 300 BDL 2.003 15 110 240 510
RP-6 150 BDL 0.822 18 110 240 510
RP-7 240 BDL 2.154 11 110 240 510
RP-8 190 BDL 1.435 13 110 240 510
RP-9 300 BDL 2.443 12 110 240 510
RP-10 290 BDL 2.072 14 110 240 510
CH-1 130 BDL 0.637 20 110 240 510
CH-2 240 BDL 2.004 12 110 240 510
CH-3 210 BDL 1.587 13 110 240 510
CH-4 300 BDL 3.051 10 110 240 510
CH-5 290 BDL 2.689 11 110 240 510
CH-6 290 BDL 3.373 9 110 240 510
CH-7 300 BDL 3.032 10 110 240 510
CH-8 290 BDL 3.535 8 110 240 510
CH-9 200 BDL 5.313 4 110 240 510
CH-10 190 BDL 3.529 5 110 240 510
WRM 200 BDL 4.905 4 110 240 510
CCM 200 BDL 2531 8 110 240 510
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Method Detection Limits as ug/kg or ng/g or ppb dry weight

Table4.17 Results of the analyss of composite sediment samples for pesticides for Sites in the Rappahannock River, Virginia The vaues
reported are the method detection limits (as ppb dry weight) since no compounds were observed above the detection limits.

Compound CAS ERL ERM RP-1RP-2 RP-3 RP-4 RP-5 RP-6 RP-7 RP-8 RP-9 R P -WRMCCM
10

Aldrin 309-00-2 33 35 33 34 38 19 31 24 39 37 29 2.8
Diddrin 60-57-1 0.02 8 6.6 7 66 68 76 38 62 48 78 74 58 5.6
Endosulfan | 959-98-8 33 35 33 34 38 19 31 24 39 37 29 2.8
Endosulfan I 33213-65-9 6.6 7 66 68 76 38 62 48 78 74 538 5.6
Endosulfan sulfate 1031-07-8 6.6 7 66 68 76 38 62 48 78 74 58 5.6
Endrin 72-20-8 6.6 7 66 68 76 38 62 48 78 74 58 5.6
Endrin aldehyde 7421-93-4 13 14 13 14 15 7.6 12 9.6 16 15 12 11
Endrin ketone 53494-70-5 13 14 13 14 15 7.6 12 9.6 16 15 12 11
Heptachlor 76-44-8 33 35 33 3834 38 19 31 24 39 37 29 2.8
Heptachlor epoxide 1024-57-3 33 3 33 34 38 19 31 24 39 37 29 2.8
Methoxychlor 72-43-5 33 35 33 34 38 19 31 24 39 37 29 28
dpha-BHC 319-84-6 33 3 33 34 38 19 31 24 39 37 29 2.8
beta:BHC 319-85-7 33 35 33 34 38 19 31 24 39 37 29 2.8
delta-BHC 319-86-8 33 35 33 3834 38 19 31 24 39 37 29 2.8
gamma-BHC (Lindane) 58-89-9 33 3 33 34 38 19 31 24 39 37 29 2.8
4,4'-DDD 72-54-8 2 20 6.6 7 66 68 76 38 62 48 78 74 58 5.6
4,4'-DDE 72-55-9 2.2 27 6.6 7 66 68 76 38 62 48 78 74 58 5.6
4,4'-DDT 50-29-3 1 7 6.6 7 66 68 76 38 62 48 78 74 58 5.6
DDT Total 158 46.1



Table 4.18 Reaults of the anadlyss of composite sediment samples for peticides for Stesin the Chester River, Maryland. The va ues reported
are the method detection limits (as ppb dry weight) since no compounds were observed above the detection limits.

Method Detection Limits as ug/kg or ng/g or ppb dry weight

Compound CAS ERL ERM CH-CH-2CH-3CH-4CH-5CH-6CH-7CH-8CH-9CH-10WRM CCM
1
Aldrin 309-00-2 17 29 26 38 36 36 38 36 25 24 29 28
Diddrin 60-57-1  0.02 8 33 58 52 76 72 72 76 712 5 4.8 58 56
Endosulfan | 959-98-8 17 29 26 38 36 36 38 36 25 24 29 28
Endosulfan I 33213-65-9 33 58 52 76 72 72 76 72 5 4.8 58 5.6
Endosulfan sulfate 1031-07-8 33 58 52 76 72 72 76 7.2 5 4.8 58 56
Endrin 72-20-8 33 58 52 76 72 72 76 72 5 4.8 58 5.6
Endrin aldehyde 7421-93-4 6.6 12 10 15 14 14 15 14 10 9.6 12 11
Endrin ketone 53494-70-5 6.6 12 10 15 14 14 15 14 10 9.6 12 11
8- 26 Heptachlor 76-44-8 17 29 26 38 36 36 38 36 25 24 29 28
Heptachlor epoxide 1024-57-3 17 29 26 38 36 36 38 36 25 24 29 28
Methoxychlor 72-43-5 17 29 26 38 36 36 38 36 25 24 29 28
dpha-BHC 319-84-6 17 29 26 38 36 36 38 36 25 24 29 28
beta-BHC 319-85-7 17 29 26 38 36 36 38 36 25 24 29 28
detaBHC 319-86-8 17 29 26 38 36 36 38 36 25 24 29 28
gamma-BHC (Lindane) 58-89-9 17 29 26 38 36 36 38 36 25 24 29 28
4,4'-DDD 72-54-8 2 20 33 58 52 76 72 72 76 1.2 5 4.8 58 5.6
4,4'-DDE 72-55-9 2.2 27 33 58 52 76 72 72 76 7.2 5 4.8 58 56
4,4'-DDT 50-29-3 1 7 33 58 52 76 72 72 76 72 5 4.8 58 56

DDT Total 158 461



Table4.19 Results of the andyss of composite sediment samples for polychlorinated biphenyls (PCBs) as Aroclor (ppb dry weight) for Stesin
the Rappahannock River, Virginiaand Chester River, Maryland. The values reported are the method detection limits (as ppb dry weight) sSince
no compounds were observed above the detection limits.

Rappahannock River, Virginia
Method Detection Limits as ug/kg or ng/g or ppb dry weight

Compound CAS ER ER RP-RP-RP-RP-RP-RP-RP-RP-RP-RP-WRMC C
L M 12 3 4 5 6 7 8 9 10 M

Aroclor 1016 12674-11-2 66 70 66 68 76 38 62 48 78 74 58 56

Aroclor 1221 11104-28-2 66 70 66 68 76 38 62 48 78 74 58 56

Aroclor 1232 11141-16-5 66 70 66 68 76 38 62 48 78 74 58 56

Aroclor 1242 53469-21-9 66 70 66 68 76 38 62 48 78 74 58 56

Aroclor 1248 12672-29-6 66 70 66 68 76 38 62 48 78 74 58 56

Aroclor 1254 11097-69-1 66 70 66 68 76 38 62 48 78 74 58 56

Aroclor 1260 11096-82-5 66 70 66 68 76 38 62 48 78 74 58 56

8- 27 PCBs 22.7 180
Chester River, Maryland
Method Detection Limits as ug/kg or ng/g or ppb dry weight
Compound CAS ER ER CH-CH-CH-CH-CH-CH-CH-CH-CH-CH-WRMC C
L M 12 3 4 5 6 7 8 9 10 M

Araoclor 1016 12674-11-2 33 58 52 76 72 72 76 72 50 48 58 56
Aroclor 1221 11104-28-2 33 58 52 76 72 72 76 72 50 48 58 56
Araclor 1232 11141-16-5 3 58 52 76 72 72 76 72 50 48 58 56
Aroclor 1242 53469-21-9 33 58 52 76 72 72 76 72 50 48 58 56
Aroclor 1248 12672-29-6 33 58 52 76 72 72 76 72 50 48 58 56
Aroclor 1254 11097-69-1 33 58 52 76 72 72 76 72 50 48 58 56
Aroclor 1260 11096-82-5 33 58 52 76 72 72 76 72 50 48 58 56
PCBs 22.7 180
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Table 4.20 Inorganic contaminants in sediment from 10 Sitesin the Rapphannock River, Virginia (RP) aswell as control (Ware River) and
reference (Carters Creek) Sites. Single underlined values indicate when concentrations of specific metals exceed the Effects Range Low
benchmarks defined by Long et ., 1995. There were no instances where the Effects Range Median benchmarks were exceeded.

TOTAL METAL IN BULK SEDIMENT (ug/g dry weight)

SITE NAME SITE Al As Cd Cr Cu Pb Hg Ni Se Sn Zn
Rappahannock River, Virginia
Lancaster Creek RP1 33762 6.16 0505 465 241 279 0.060 222 0537 0.677 1190
Wildwood Beach RP2 51670 758 0.604 536 277 279 0.071 263 0665 0.606 1240
Farnham Creek RP3 52490 563 0475 495 253 263 0.071 243 0569 0499 1190
Sharps RP4 41140 448 0411 527 237 274 0.056 246 0539 0926 107.0
Bowlers Wharf RP5 45990 427 0566 465 255 267 0.064 241 0576 0.815 1130
Nesdls Point RP6 10092 309 0.213 164 74 118 0.026 80 0177 1360 277
Lowery Point RP7 47100 378 0483 588 210 220 0.030 262 0503 0358 910
Jones Point RP8 37992 245 0426 340 186 206 0.035 174 0366 0.679 79.7
Mdlorys Point RP9 43780 6.70 0750 531 306 291 0.063 269 0.650 1.870 129.0
Mulberry Point RP10 63101 439 0523 522 333 358 0066 295 0.752 0953 118.0
Control (WRM) and Reference (CCM)Sites
Carters Creek Mud CCM 21820 630 0204 491 186 272 0.055 188 0509 0284 1320
Ware River Mud WRM 25156 569 0475 374 186 371 0.077 192 0.69% 0545 127.0
Sediment Quality Benchmarks (Long et al., 1995)
Effects RangeLow ERL 8.2 1.2 81 34 467 015 209 150
Effects Range Median ERM 70 9.6 370 270 218 071 516 410
Method Detection Limit MDL 122 0012 0006 244 122 488 0027 244 0012 020 0.488



Table4.21 Inorganic contaminants in sediment from 10 Stesin the Chester River, Maryland (CH) aswell as control (Ware River) and
reference (Carters Creek) stes. Single underlined values indicate when concentrations of specific metals exceed the Effects Range Low
benchmarks defined by Long et d., 1995. There were no instances where the Effects Range Median benchmarks were exceeded.

TOTAL METAL IN BULK SEDIMENT (ug/g dry weight)
SITE NAME SITE Al As  Cd Cr Cu Pb  Hg Ni Se Sn Zn

Chester River, Maryland

QACC CHI 5792 176 0380 131 78 195 0019 110 0255 0551 555
Grays Inn Creek CH2 22181 7.95 0008 381 244 423 0060 339 0864 0472 159.0
Qliffs Wharf CH3 17931 710 0979 440 185 370 0068 285 0646 0472 137.0
Southeast Creek CH4 31670 610 0987 538 233 486 0068 325 0787 0755 1510
Duck Blind CH5 136752 7.65 0941 646 243 495 009 344 0778 1050 1740
Chestertown CH6 32850 388 0920 519 222 467 0086 282 0773 1230 1550
8- 29 peach Tree Point CH7 31304 644 0992 550 214 497 0087 276 0766 0899 1550
Buckingham Wharf CH8 33272 470 1034 583 209 462 0080 281 0719 0434 1440
Cow Pasture CH9 15582 322 0576 298 92 274 0029 118 0395 0744 548
Crumpton CH10 13160 234 0007 318 7.2 258 0027 127 0221 0514 593

Control (WRM) and Reference (CCM)Sites

Carters Creek Mud CCM 21820 6.30 0204 491 186 272 0.055 188 0509 0.284 132.0
Ware River Mud WRM 25156 569 0475 374 186 371 0.077 192 0.69% 0545 1270

Sediment Quality Benchmarks (Long et al., 1995)

Effects Range Low ERL 8.2 12 81 34  46.7 0.15 20.9 150
Effects Range Median ERM 70 9.6 370 270 218 0.71 51.6 410

Method Detection Limit MDL 122 0012 0.006 244 122 488 0.027 244 0.012 0.20 0.488



Table 4.22 Concentrations of inorganic contaminants in sediment expressed as toxic units (TU) relative
to the Effects Range Low (ERL) benchmarks defined by Long et d., 1995. TU isdefined asthe
observed concentration divided by the ERL vaue such that TU vaues lessthan “1" expressalow
probability that the specific metd islikely to be responsible for any observed toxicity. TU greater than
“1" indicate when toxicity is occasondly seen when the metal concentration is greeter thanthe ERL. If
the toxicity of metals can be assumed to be additive in nature, when the total of al TU ERLsfor agiven
gte (SUM TU ERL) islessthan one, toxicity is not expected to be due to the metals.

TOTAL METAL IN BULK SEDIMENT (ug/g dry weight) as TU ERL SUM
STE NAME SITE As Ccd Cr Cu Pb Hg Ni Zn  TUERL
Rappahannock River, Virginia
Lancaster Creek RP1 075 042 057 071 060 040 106 0.79 5.3
Wildwood Beach RP2 092 050 066 081 060 047 126 083 6.1
Farnham Creek RP3 069 040 061 074 056 047 116 0.79 5.4
Sharps RP4 055 034 065 070 059 037 118 071 5.1
Bowlers Wharf RP5 052 047 057 075 057 043 115 0.75 5.2
Neals Point RP6 038 018 020 022 025 017 038 018 2.0
Lowery Point RP7 046 040 073 062 047 020 125 061 4.7
Jones Point RP8 030 036 042 055 044 023 083 053 3.7
Mallorys Point RP9 082 063 066 090 062 042 129 086 6.2
Mulberry Point RP10 054 044 064 098 077 044 141 0.79 6.0

Chester River, Maryland

QACC CH1 021 032 016 023 042 013 053 037 2.4
Grays Inn Creek CH2 097 076 047 072 091 040 162 106 6.9
Cliffs Wharf CH3 087 082 054 054 079 045 136 091 6.3
Southeast Creek CH4 074 082 066 069 104 045 156 101 7.0
Duck Blind CH5 093 078 08 071 106 060 165 116 7.7
Chestertown CH6 047 077 064 065 100 057 135 103 6.5
Peach Tree Point CH7 079 083 068 063 106 058 132 1.03 6.9
Buckingham Wharf ~ CH8 057 08 072 061 099 053 134 096 6.6
Cow Pasture CH9 039 048 037 027 059 019 056 037 3.2
Crumpton CH10 029 001 039 021 05 018 061 040 2.6

Control (WRM) and Reference (CCM)Sites
Carters Creek Mud ~ CCM 077 017 061 055 058 037 090 0.88 4.8
Ware River Mud WRM 069 040 046 055 079 051 092 0.85 5.2
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Table 4.23 The concentration of Smultaneoudy extracted meta's obtained following the determination
of acid volatile sulfides in bulk sediment samples from 10 stesin the Chester River, Maryland (CH) and
10 sitesin the Ragpphannock River, Virginia (RP) as well as control (Ware River) and reference
(Carters Creek) sites. The results are expressed as umoles per gram dry weight sediment.

SEM (uM/g dry weight)
SITE NAME SITE Cd Cu Pb Hg Ni Zn

Rappahannock River, Virginia

Lancaster Creek RP1 0.000 0.109 0.083 0.000 0.000 1.094
Wildwood Beach RP2 0.000 0.126 0.094 0.000 0.000 0.947
Farnham Creek RP3 0.000 0.120 0.091 0.000 0.000 0.857
Sharps RP4 0.000 0.130 0.079 0.000 0.000 1.062
Bowlers Wharf RPS5 0.000 0.139 0.099 0.000 0.000 0.885
Neals Point RP6 0.000 0.041 0.015 0.000 0.000 0.311
Lowery Point RP7 0.000 0.086 0.057 0.000 0.000 0.733
Jones Point RP8 0.000 0.096 0.061 0.000 0.000 0.547
Mallorys Point RP9 0.000 0.159 0.094 0.000 0.000 1231
Mulberry Point RP10 0.000 0.089 0.118 0.000 0.000 0.924

Chester River, Maryland

QACC CH1 0.000 0.051 0.044 0.000 0.052 0.549
Grays Inn Creek CH2 0.000 0.151 0171 0.000 0.213 1.273
Cliffs Wharf CH3 0.000 0.128 0.130 0.000 0.170 1.195
Southeast Creek CH4 0.000 0.134 0.146 0.000 0.134 1.844
Duck Blind CHS 0.000 0.088 0.156 0.000 0.126 1.584
Chestertown CHG6 0.000 0.093 0.157 0.000 0.118 1.478
Peach Tree Point CH7 0.000 0.060 0.146 0.000 0.076 1.386
Buckingham Wharf CHS8 0.000 0.039 0.125 0.000 0.078 1.167
Cow Pasture CH9 0.000 0.017 0.052 0.000 0.035 0.597
Crumpton CH10 0.000 0.018 0.037 0.000 0.037 0.482

Control (WRM) and Reference (CCM)Sites

CartersCreek Mud  CCM 0.002 0.127 0.106 0.000 0.099 1.013
Ware River Mud WRM 0.000 0.088 0.137 0.000 0.100 0.793
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Table 4.24 Comparison of smultaneoudy extracted metds (SEM) to the acid volatile sulfides (AV'S)
available to potentialy bind with the divalent metals such thet they are no longer bicavallable. A ratio

of lessthan “1" suggests that toxicity due to the divaent metdsis unlikely.

RATIO OF SEM TO AVS

SEM AVS SEM/AVS

SITE NAME SITE (uM/a) (uM/q) RATIO
Rappahannock River, Virginia
Lancaster Creek RP1 1.285 7.106 0.2
Wildwood Beach RP2 1.167 5.439 0.2
Farnham Creek RP3 1.068 7.908 0.1
Sharps RP4 1.272 6.005 0.2
Bowlers Wharf RP5 1.124 3.450 0.3
Neds Point RP6 0.366 0.304 1.2
Lowery Point RP7 0.876 6.068 0.1
Jones Point RP8 0.704 0.496 14
Madlorys Point RP9 1.485 1.556 1.0
Mulberry Point RP10 1.131 15.205 0.1
Control (WRM) and Reference (CCM)Sites
QACC CH1 0.696 0.745 0.9
Grays Inn Creek CH2 1.809 4.215 04
Cliffs Wharf CH3 1.622 0.929 17
Southeast Creek CH4 2.258 4.036 0.6
Duck Blind CH5 1.954 18.864 0.1
Chestertown CH6 1.847 7.621 0.2
Peach Tree Point CH7 1.667 10.702 0.2
Buckingham Wharf CH8 1.409 21.750 0.1
Cow Pasture CH9 0.701 3.917 0.2
Crumpton CH10 0.575 1.369 0.4
Control (WRM) and Reference (CCM)Sites

Carters Creek CcC 1.347 1.392 1.0
Ware River WR 1.117 3.956 0.3
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Table 4.25 Results of the andyss of composite sediment samples for organic carbon (% tota organic
carbon or TOC) and pore water extracted from the same samples that was analyzed for nitrite (NO,
mg/L), ammonia (NH;) and sulfide (mg/L).

SITE SAMPLE NO2 NH3  Sulfide
W

Rappahannock River, Virginia

Lancaster Creek RP-1 09/23/1999 1.836 0.0006 6.649 <.005
Wildwood Beach RP-2 09/23/1999 2.236 0.0005 9.919 <.005
Farnham Creek RP-3 09/23/1999 1.975 0.0009 8.481 <.005
Sharps RP-4 09/23/1999 1.724 0.0006 5.313 <.005
Bowlers Wharf RP-5 09/23/1999 2.003 0.0008 11.089 <.005
Nedls Point RP-6 09/23/1999 0.822 0.0006 7.260 0.005
Lowery Point RP-7 09/23/1999 2.154 0.0004 5.637 <.005
Jones Point RP-8 09/22/1999 1.435 0.0009 5.396 0.006
Madlorys Point RP-9 09/22/1999 2.443 0.0018 11.894 0.005
Mulberry Point RP-10 09/22/1999 2.072 0.0001 4.864 0.015
Chester River, Maryland
QACC CH-1 09/20/1999 0.637 0.0025 5.396 <.005
Grays Inn Creek CH-2 09/20/1999 2.004 0.0010 4,758 <.005
Cliffs Wharf CH-3 09/20/1999 1.587 0.0015 2.645 <.005
Southeast Creek CH-4 09/20/1999 3.051 0.0009 4,994 <.005
Duck Blind CH-5 09/20/1999 2.689 0.0006 5.336 <.005
Chegtertown CH-6 09/20/1999 3.373 0.0015 6.460 0.013
Peach Tree Point CH-7 09/20/1999 3.032 0.0009 4777 0.009
Buckingnam Whaf  CH-8 09/20/1999 3.535 0.0011 5.683 0.008
Cow Pasture CH-9 09/20/1999 5.313 0.0014 5.567 0.011
Crumpton CH-10 09/20/1999 3.529 0.0010 10.603 0.008
Control (WRM) and Reference (CCM)Sites
Ware River Mud WRM 10/13/1999 4,905 0.0007 14.049 0.010
CatersCreek Mud  CCM 10/13/1999 2.531 0.0005 10.474 0.006

8- 37



Table 4.26 Sediment particle Size characteristics from the 20 Sites. Reaults of particle Sze andysis
for grab samples that were collected from 5 randomly located positions (REP 1-5) a& each SITE in the
Rappahannock River, Virginia (RP) and Chester River, Maryland (CH). The particle Size description
for percent (%) grave isthetotal weight of particles greeter than 2.0mm (usudly shell hash and debris,
rarely “gravd”). The percentage reported for sand, lt, and clay isthe percent of the whole sediment
sample minus the gravel fraction. The assgnment of a TY PE to each replicate follows the
physical/geologica characterization described in Folk (1980) and is used to evauate the Smilarity of
sediment characterigticswithin aSITE.

% % % %

SITE NAME SITE REP GRAVEL SAND SILT CLAY TYPE
Lancaster Creek RP-1  R1 1.0 15.2 29.1 55.8 sandy mud
Lancaster Creek RP-1 R2 0.0 14.3 29.5 56.2 sandy mud
Lancaster Creek RP-1 R3 0.2 11.8 32.5 55.7 sandy mud
Lancaster Creek RP-1 R4 0.0 139 30.6 55.5 sandy mud
Lancaster Creek RP-1 RS 0.0 13.0 29.8 57.2 sandy mud

Wildwood Beach RP-2 R1 0.0 2.3 31.3 66.4 clay
Wildwood Beach RP-2 R2 0.0 15 35.9 62.6 mud
Wildwood Beach RP-2 R3 0.0 15 37.6 60.9 mud
Wildwood Beach RP-2 R4 0.0 12 32.9 65.9 clay
Wildwood Beach RP-2 R5 0.0 19 324 65.7 clay

Farnham Creek RP-3 Rl 0.0 4.5 33.0 62.5 mud
Farnham Creek RP-3 R2 0.0 5.0 33.0 62.0 mud
Farnham Creek RP-3 R3 0.0 3.8 34.3 61.9 mud
Farnham Creek RP-3 R4 29 4.6 32.3 63.0 mud
Farnham Creek RP-3 R5 0.0 4.6 315 63.9 mud

Sharps RP-4 R1 0.3 8.6 32.7 58.7 mud
Sharps RP-4 R2 0.0 85 31.8 59.7 mud
Sharps RP-4 R3 0.0 8.7 321 59.2 mud
Sharps RP-4 R4 0.7 9.0 31.2 59.8 mud
Sharps RP-4 R5 0.0 8.3 32.8 58.9 mud

Bowlers Wharf RP-5 R1 12 6.3 29.3 64.4 clay

Bowlers Wharf RP-5 R2 0.0 7.0 29.4 63.6 clay

Bowlers Wharf RP-5 R3 4.5 8.8 28.7 62.5 clay

Bowlers Wharf RP-5 R4 2.0 7.2 29.9 62.9 clay

Bowlers Wharf RP-5 R5 0.4 6.9 31.3 61.7 clay
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Table 4.26 - continued

% % % %

SITE NAME S TE REP GRAVEL SAND SLT CLAY TYPE
Nesdls Point RP-6 R1 0.0 68.7 12.5 18.8  muddy sand
Nedls Point RP-6 R2 0.0 15.6 314 53.0 sandy mud
Nedls Point RP-6 R3 0.0 81.8 6.4 11.8  muddy ssnd
Nesdls Point RP-6 R4 0.0 83.7 5.6 10.7 dayey sand
Nesdls Point RP-6 R5 0.0 89.6 3.7 6.7 sand

Lowery Point RP-7 R1 0.0 3.8 41.6 54.6 mud
Lowery Point RP-7 R2 0.0 1.7 29.1 69.2 clay
Lowery Point RP-7 R3 0.3 4.1 35.9 60.0 mud
Lowery Point RP-7 R4 0.0 6.5 30.5 63.0 clay
Lowery Point RP-7 R5 0.0 7.1 34.8 58.1 mud
Jones Point RP-8 R1 0.0 40.6 195 39.9 sandy clay
Jones Point RP-8 R2 0.0 14 30.2 68.4 clay
Jones Point RP-8 R3 14 34.2 20.4 45.4 sandy clay
Jones Point RP-8 R4 0.5 46.2 17.8 36.0 sandy clay
Jones Point RP-8 R5 0.0 45.7 17.0 37.3 sandy clay

Mdlorys Point RP-9 R1 0.0 0.3 33.6 66.1 clay

Mdlorys Point RP-9 R2 0.0 0.9 29.8 69.3 clay

Mdlorys Point RP-9 R3 0.0 0.1 33.8 66.1 clay

Mdlorys Point RP-9 R4 0.0 0.3 30.9 68.8 clay

Mdlorys Point RP-9 R5 0.0 0.4 315 68.1 clay

Mulberry Point  RP-10 R1 39.9 13 25.3 734 clay

Mulberry Point  RP-10 R2 0.0 15 25.8 72.7 clay

Mulberry Point  RP-10 R3 0.0 16 27.3 711 clay

Mulberry Point  RP-10 R4 0.2 14 26.2 724 clay

Mulberry Point  RP-10 R5 3.3 2.2 26.7 71.1 clay

QACC CH-1 R1 0.0 62.9 271.7 9.4 slty ssnd
QACC CH-1 R2 0.0 62.3 27.7 10.0 slty ssnd
QACC CH-1 R3 0.2 51.8 34.1 14.1 slty ssnd
QACC CH-1 R4 0.0 53.1 33.9 13.0 slty ssnd
QACC CH-1 R5 0.7 63.2 26.2 10.6 slty ssnd
Graysinn Creek CH-2 R1 0.0 10.0 442 45.8 mud
Graysinn Creek CH-2 R2 0.0 13.3 44.1 42.6 sandy mud
GraysIinn Cree&k CH-2 R3 15 12.9 42.1 45.0 sandy mud
Graysinn Cree&k CH-2 R4 0.0 121 43.6 44.3 sandy mud
GraysIinn Cree&k CH-2 R5 0.0 13.3 441 42.6 sandy mud
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Table 4.26 - continued

% % % %

SITE NAME STE REP GRAVEL SAND SILT CLAY TYPE
Cliffs Wharf CH-3 R1 134 29.3 28.3 424  sandy mud
Cliffs Wharf CH-3 R2 0.0 336 28.4 380  sandy mud
Cliffs Wharf CH-3 R3 29.7 29.9 29.7 404  sandy mud
Cliffs Wharf CH-3 R4 9.8 21.5 27.8 50.7 sandy mud
Cliffs Wharf CH-3 R5 3.0 28.1 30.2 41.6 sandy mud

Southeast Creek CH-4 R1 0.4 6.1 26.7 67.2 clay
Southeast Creek CH-4 R2 0.0 9.3 40.2 50.5 mud
Southeast Creek CH-4 R3 0.0 3.9 26.5 69.6 clay
Southeast Creek CH-4 R4 0.0 2.8 29.2 68.0 clay
Southeast Creek CH-4 RS 0.0 4.6 26.7 68.7 clay
Duck Blind CH-5 R1 0.0 16 26.8 71.6 clay
Duck Blind CH-5 R2 0.0 4.0 29.0 67.0 clay
Duck Blind CH-5 R3 4.1 55 28.7 65.8 clay
Duck Blind CH-5 R4 0.0 4.2 29.0 66.8 clay
Duck Blind CH-5 R5 0.0 4.0 43.5 52.5 mud
Chestertown CH-6 R1 0.0 15 27.6 70.9 clay
Chestertown CH-6 R2 2.7 18 355 62.7 mud
Chestertown CH-6 R3 18.7 2.7 335 63.8 mud
Chestertown CH-6 R4 0.3 19 32.3 65.8 mud
Chestertown CH-6 R5 28.9 11 34.5 64.4 mud
Peech TreePoint CH-7 R1 375 29 27.5 69.6 clay
Peach TreePoint CH-7 R2 0.4 5.6 34.7 59.6 mud
Peach TreePoint CH-7 R3 0.0 3.0 26.0 71.0 clay
Pesch TreePoint CH-7 R4 0.0 2.5 29.0 68.5 clay
Peech TreePoint CH-7 RS 0.0 2.6 31.7 65.7 clay
BuckinghanWhaf CH-8 R1 0.0 35 32.7 63.8 clay
Buckingham What CH-8 R2 36.7 104 33.2 56.4 mud
Buckingham Whaf CH-8 R3 514 6.2 321 61.7 mud
BuckinghamWhaf CH-8 R4 15 4.5 32.8 62.7 mud
BuckinghamWhaf CH-8 R5 55.2 11.6 321 56.3 mud
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Table 4.26 - continued

% % % %

SITE NAME S TE REP GRAVEL SAND SLT CLAY TYPE
Cow Pasture CH-9 R1 0.0 45.4 17.2 37.4 sandy clay
Cow Pasture CH-9 R2 0.0 38.6 24.0 37.4 sandy mud
Cow Pasture CH-9 R3 11 38.3 25.0 36.7 sandy mud
Cow Pasture CH-9 R4 25 36.0 25.5 38.5 sandy mud
Cow Pasture CH-9 R5 6.8 80.3 7.9 11.8  muddy sand

Crumpton CH-10 R1 16 73.8 12.9 13.3  muddy sand
Crumpton CH-10 R2 1.8 90.6 5.6 3.8 sand
Crumpton CH-10 RS 0.0 4.3 44.5 51.2 mud

Crumpton CH-10 R4 0.9 83.5 8.0 8.6 muddy sand
Crumpton CH-10 R5 0.0 21 441 53.8 mud
WareRiver Mud ~ WRM 0.0 4.0 40.9 55.1 mud
CartersCreek Mud CCM 0.0 2.5 53.8 43.7 mud
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Table 4.27 Sediment bioassay reference toxicant data. The reference toxicant bioassays were water-
only exposures. Test duration was for 96 hours. The LCs, for the polychaete worm fals outsde of the
95% confidence limits for the historical response of this species to CdCl,.

LCs 95% CL (mg/L) Historic Mean
Species Toxicant (mg/L) LCg (mglL)
Polychaete worm CdCl, 3.23 1.34-2.55 1.892
(Streblospio benedicti)
Amphipod CdCl, 1.98 1.36-3.30 0.971

(Leptocheirus plumulosus)
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Table 4.28. Individual fish metric values for each station on the Chester River.

Chester River Stations

Metric 1 2 3 4 5 6 7 8 9 10
Total abundance 785 698 893 705 508 558 530 473 267 500
with menhaden

removed

Abundance 415 371 289 330 302 167 92 64 30 26

estuarine individuals

Abundance 239 296 565 359 192 223 371 316 159 321
anadromous
individuals

Proportion of 0.22 0.38 0.62 0.50 0.38 0.42 0.64 0.67 0.60 0.65
carnivores

Proportion of 0.77 0.62 0.36 0.50 0.62 0.56 0.34 0.31 0.33 0.26
planktivores

Proportion of 0.01 0.00 0.02 0.00 0.00 0.03 0.02 0.02 0.07 0.09
benthivores

Total number of 17 16 15 12 10 15 17 13 13 23
species

Number of species 1 2 2 0 2 3 6 4 4 8
captured in bottom
trawl

Number of species 7 5 4 4 4 5 5 4 7 9
comprising 90% of
catch
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Table 4.29. Individual fish metric values for each station on the Rappahanock River.

Rappahannock River Stations

Metric 1 2 3 4 5 6 7 8 9 10
Total abundance 422 382 150 1011 198 348 127 473 993 493
with menhaden

removed

Abundance 388 241 89 959 136 284 45 383 683 272

estuarine individuals

Abundance 1 52 30 4 35 12 26 15 139 145
anadromous
individuals

Proportion of 0.03 0.19 0.23 0.01 0.20 0.06 0.26 0.06 0.13 0.32
carnivores

Proportion of 0.92 0.59 0.57 0.95 0.61 0.83 0.39 0.83 0.78 0.45
planktivores

Proportion of 0.05 0.21 0.21 0.04 0.19 0.11 0.35 0.11 0.09 0.23
benthivores

Total number of 16 18 12 15 15 17 17 20 20 20
species

Number of species 6 5 5 5 7 4 6 10 6 10
captured in bottom
trawl

Number of species 3 8 5 2 6 4 8 5 6 8
comprising 90% of
catch
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Table 4.30. Fish IBI scoresfor stations sampled in 1999.

River Station IBl Score
Chester CH-1 31
CH-2 29
CH-3 27
CH-4 21
CH-5 21
CH-6 25
CH-7 35
CH-8 23
CH-9 27
CH-10 33
Rappahannock RP-1 31
RP-2 33
RP-3 31
RP-4 33
RP-5 33
RP-6 33
RP-7 33
RP-8 31
RP-9 35
RP-10 35
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Table 4.31. Trawl Index score and rating for each station sampled in the Chester and Rappahannock
Rivers 1999.

River Station Trawl Index Score Rating
CH-1 0.00 Poor
Chester CH-2 0.33 Poor
CH-3 0.67 Poor
CH-4 0.00 Poor
CH-5 0.67 Poor
CH-6 0.00 Poor
CH-7 1.33 Good
CH-8 1.00 Far
CH-9 1.00 Far
CH-10 2.00 Good
Rappahannock RP-1 1.33 Good
RP-2 1.33 Good
RP-3 1.67 Good
RP-4 1.33 Good
RP-5 1.67 Good
RP-6 1.00 Far
RP-7 1.00 Far
RP-8 2.00 Good
RP-9 2.00 Good
RP-10 1.33 Good
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Table 4.32. Surface and bottom dissolved oxygen (DO) concentrations for study Sites.

River Station Surface DO (mg/L) Bottom DO (mg/L)
Chester CH-1 6.73 5.18
CH-2 7.19 511
CH-3 6.82 5.84
CH-4 6.58 5.36
CH-5 5.88 5.44
CH-6 6.03 5.84
CH-7 6.23 6.16
CH-8 5.69 5.62
CH-9 5.04 5.02
CH-10 6.37 6.26
Rappahannock RP-1 6.65 7.09
RP-2 7.56 6.71
RP-3 7.37 6.92
RP-4 7.23 6.47
RP-5 7.95 7.45
RP-6 7.83 6.83
RP-7 1.27 7.33
RP-8 7.28 6.96
RP-9 7.29 7.24
RP-10 7.38 7.10
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Table 4.33. Secchi depth by gtation. The habitat requirement for one meter retoration of SAV in the
Chesapeske Bay for mesohdine habitat is 0.97m; 0.75misused for oligohaine and tida fresh habitats.

River Station Mean Secchi Depth (m)
Chester CH-1 0.89
CH-2 0.96
CH-3 0.98
CH-4 0.90
CH-5 112
CH-6 0.94
CH-7 0.64
CH-8 0.61
CH-9 0.44
CH-10 0.34
Rappahannock RP-1 0.82
RP-2 0.74
RP-3 0.84
RP-4 0.71
RP-5 0.78
RP-6 0.83
RP-7 0.71
RP-8 0.66
RP-9 0.60
RP-10 0.53
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Table 4.34. B-IBI vdues and benthic community condition for the Chester (CH) and Rappahannock

River (RP) sites sampled in 1999.

Station B-1BI Vdue Benthic Community Condition
CH1 3.7 Meets Goal
CH2 2.7 Margind
CH3 5.0 Meets Goal
CH4 3.8 Meets Goal
CH5 3.0 Meets Goal
CH6 34 Meets Goa
CH7 34 Meets Goal
CH8 3.0 Meets Goal
CH9 1.8 Severely Degraded

CH10 2.6 Degraded
RP1 2.7 Margind
RP2 2.3 Degraded
RP3 3.0 Meets Goal
RP4 2.0 Severely Degraded
RP5 2.3 Degraded
RP6 1.7 Severely Degraded
RP7 3.0 Meets Goal
RP8 1.7 Severely Degraded
RP9 2.2 Degraded
RP10 3.0 Meets Goal
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Table5.1 Comparison of toxicity results from water column and sediment toxicity tests (multivariate
andlysis), dong with fish and benthic IBI datafor ambient stations tested in 1999. A yes (Y) means
some significant level of toxicity or impaired biologica response was reported. A no (N) means it was
not.

Station

=
2
Q

Sediment Figt Benthos

CH1 N N

CH2

CH3

CH4

CH5

CH6

CH7

CH8

CH9

CH10

RP1

RP2

RP3

RP4

RPS5

RP6

RP7

RP8

RP9

zlzlzlzlzl|lzlzlz|lz|z|lz|lz|zlz|z|lz|<|z|z|z
<|<|lzlz|lzl<|<]|z|lz|<|=<|<|<|<]|<|<]|<]|<x]|=z
zlzlzl|lzlzl|lz|lzlz|lz|z|z|<|<l|z|<|<]|<|<]|<|<
z|<|<lz|<]|<|<]|z|<x]|<|<|x|zZzlzZz]lZz|2]|Z2|Z2|<

RP10

21f ether fish saining or trawling suggested impairment “yes’ was included.
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Table 6.1 Summary of comparisons of water column RTRM indices for references and test sites presented in Figure 6.1-6.9.
Comparisons for which confidence limits overlap are indicated by “O”, those for which the confidence limits do not overlap are
indicated by “X”, while “--" indicates no data taken for the period.

STATION 1990 1991 1992-3 1994

BALTIMORE HARBOR - - - X
BEAR CREEK (1)

CURTISBAY (2)

MIDDLE BRANCH (3)

NORTHWEST HARBOR - - - o)
4

OUTER HARBOR (5)

PATAPSCO RIVER (63, b)

SPARROWS POINT (7) - - - X

ELIZABETH RIVER (8) X - - -

MAGOTHY - - - X
GIBSON ISLAND (9)

SOUTH FERRY (10)

MIDDLE RIVER - - X -
FROG MORTAR (11)

WILSON POINT (12)

NANTICOKE RIVER - - o) -
BIVALVE (13)

SANDY HILL BEACH (14)

POTOMAC RIVER X o) - -
DAHLGREN (153, b)

FREESTONE POINT (16)

INDIAN HEAD (17)

MORGANTOWN (18a, b)

POSSUM POINT (19) o - - -

SASSAFRAS - - - X
BETTERTON (20)

TURNER CREEK (21)

SEVERN - - - X
ANNAPOLIS (22)

JUNCTION ROUTE 50 - - - X
(23)
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WYE RIVER (0]
MANOR HOUSE (24a, b,

<)

QUARTER CREEK (25)

Table 6.1 (cont.)

STATION

1995

1996

1997

1998

1999

PAMUNKEY RIVER
PAMUNKEY RIVER ABOVE WEST POINT (26)
PAMUNKEY RIVER BELOW WEST POINT (27)

YORK RIVER
YORK RIVER ABOVE CHEATHAM ANNEX (28)
YORK RIVER BELOW CHEATHAM ANNEX (29)

JAMESRIVER

(31)

JAMES RIVER ABOVE NEWPORT NEW SHIPBUILDING (30)
JAMES RIVER BELOW NEWPORT NEW SHIPBUILDING

WILLOUGHBY BAY (32)

LYNNHAVEN RIVER (33)

CHESTER RIVER CH1 (60)
CHESTER RIVER CH2 (344, b)
CHESTER RIVER CH3 (61)
CHESTER RIVER CH4 (353, b)
CHESTER RIVER CH5 (363, b)
CHESTER RIVER CH6 (372, b)
CHESTER RIVER CH7 (62)
CHESTER RIVER CH8 (63)
CHESTER RIVER CH9 (64)

CHESTER RIVER CH10 (65)

©0O|]o|©o

X

O J]o]J]ojJjo|]o |oO

PATUXENT RIVER BROOMES ISLAND (38)
PATUXENT RIVER JACK BAY (39)
PATUXENT RIVER BUZZARD ISLAND (40)

PATUXENT RIVER CHALK POINT (41)
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SOUTH RIVER-1 (42) - - X . .
SOUTH RIVER-2 (43) - - X - -
SOUTH RIVER-3 (44) - - X - -
SOUTH RIVER-4 (45) - - X - -
Table 6.1 (cont.)
STATION 1995 | 1996 | 1997 | 1998 | 1999
SOUTH RIVER-1 (42) - - X - -
SOUTH RIVER-2 (43) - - X - .
SOUTH RIVER-3 (44) - - X - .
SOUTH RIVER-4 (45) - - X - }
ELIZABETH RIVER-EL (46) - - X - -
ELIZABETH RIVER-EB (47) - - X - -
ELIZABETH RIVER-WB (48) - - X - -
ELIZABETH RIVER-SB (49) - - X - -
ANACOSTIA RIVER - AR1 (50) - - - X -
ANACOSTIA RIVER - AR2 (51) - - - O -
ANACOSTIA RIVER - AR3 (52) - - - X -
ANACOSTIA RIVER - AR4 (53) - - - X -
ANACOSTIA RIVER - AR5 (54) - - - X -
ANACOSTIA RIVER - AR6 (55) - - - (0] -
CHOPTANK RIVER - CR59 (56) - - - X -
CHOPTANK RIVER - CR61 (57) - - - X -
CHOPTANK RIVER - CR62 (58) - - - X -
CHOPTANK RIVER - CR63 (59) - - - X -

8- 53




RAPPAHANNOCK RIVER - RP1 (66) - - - -

RAPPAHANNOCK RIVER - RP2 (67) - - - -

RAPPAHANNOCK RIVER - RP3 (68) - - - -

RAPPAHANNOCK RIVER - RP4 (69) - - - -

RAPPAHANNOCK RIVER - RP5 (70) - - - -

RAPPAHANNOCK RIVER - RP6 (71) - - - -

RAPPAHANNOCK RIVER - RP7 (72) - - - -

RAPPAHANNOCK RIVER - RP8 (73) - - - -

RAPPAHANNOCK RIVER - RP9 (74) B } ) )

oOlJ]oJ|]o]Jo]J]o]|]o]J]o]Jo]o|o©

RAPPAHANNOCK RIVER - RP10 (75) - - - -
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Table 6.2 Summary of comparisons of sediment RTRM indices for reference and test sites presented in Figures 6.11- 6.19.
Comparisons for which confidence limits overlap are indicated by “O”, those for which the confidence limits do not overlap are
indicated by “X”, while “--" indicates no data taken for the period.

STATION 1990 1991 1992-3 1994

BALTIMORE HARBOR - - ; X
BEAR CREEK (1)

CURTIS BAY (2)

MIDDLE BRANCH (3)

NORTHWEST HARBOR (4)

OUTER HARBOR (5)

PATAPSCO RIVER (63, b) X X - -

SPARROWS POINT (7) - - - X

ELIZABETH RIVER (8) X - - -

MAGOTHY - - - X
GIBSON ISLAND (9)

SOUTH FERRY (10)

MIDDLE RIVER - - o .
FROG MORTAR (11)

WILSON POINT (12) - - O -

NANTICOKE RIVER - . o .
BIVALVE (13)

SANDY HILL BEACH (14) . . o -

POTOMAC RIVER X X ; .
DAHLGREN (153, b)

FREESTONE POINT (16)

INDIAN HEAD (17)

MORGANTOWN (183, b) X X - -

POSSUM POINT (19) X - - -

SASSAFRAS - - - o)
BETTERTON (20)

TURNER CREEK (21) ) ) . o

SEVERN - . . X
ANNAPOLIS (22)

JUNCTION ROUTE 50 (23) ) ) ) o

WYE RIVER X X o -
MANOR HOUSE (24, b, ¢)

QUARTER CREEK (25) - - O -
I —————————
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Table 6.2 (cont.)

STATION

1995

1996

1997

1998

1999

PAMUNKEY RIVER
PAMUNKEY RIVER ABOVE WEST POINT (26)
PAMUNKEY RIVER BELOW WEST POINT (27)

YORK RIVER
YORK RIVER ABOVE CHEATHAM ANNEX (28)
YORK RIVER BELOW CHEATHAM ANNEX (29)

JAMES RIVER

JAMES RIVER ABOVE NEWPORT NEW SHIPBUILDING (30)
JAMES RIVER BELOW NEWPORT NEW SHIPBUILDING
(31)

O |l]O0]Oo|]O

x

WILLOUGHBY BAY (32)

LYNNHAVEN RIVER (33)

CHESTER RIVER CH1 (60)
CHESTER RIVER CH2 (344, b)
CHESTER RIVER CH3 (61)
CHESTER RIVER CH4 (353, b)
CHESTER RIVER CH5 (363, b)
CHESTER RIVER CH6 (373, b)
CHESTER RIVER CH7 (62)
CHESTER RIVER CH8 (63)
CHESTER RIVER CHO9 (64)

CHESTER RIVER CH10 (65)

PATUXENT RIVER BROOMES ISLAND (38)
PATUXENT RIVER JACK BAY (39)

PATUXENT RIVER BUZZARD ISLAND (40)

PATUXENT RIVER CHALK POINT (41)
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SOUTH RIVER-1(42)
SOUTH RIVER-2 (43)
SOUTH RIVER-3 (44)

SOUTH RIVER-4 (45)
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Table 6.2 (cont.)

STATION 1995 | 1996 | 1997 | 1998 | 1999
ELIZABETH RIVER-EL (46) ; ; X ) ;
ELIZABETH RIVER-EB (47) - - X - -
ELIZABETH RIVER-WB (48) - - X - -
ELIZABETH RIVER-SB (49) - - X - -
ANACOSTIA RIVER - AR1 (50) - - X - -
ANACOSTIA RIVER - AR2 (51) - - X - -
ANACOSTIA RIVER - AR3 (52) - - X - -
ANACOSTIA RIVER - AR4 (53) - - X - -
ANACOSTIA RIVER - AR5 (54) - - X - -
ANACOSTIA RIVER - ARG (55) - - o) - -
CHOPTANK RIVER - CR59 (56) - - o) - -
CHOPTANK RIVER - CR61 (57) - - o) - -
CHOPTANK RIVER - CR62 (58) - - o) - -
CHOPTANK RIVER - CR63 (59) - - o) - -
RAPPAHANNOCK RIVER - RP1 (66) - - - - X
RAPPAHANNOCK RIVER - RP2 (67) - - - - o)
RAPPAHANNOCK RIVER - RP3 (68) - - - - o)
RAPPAHANNOCK RIVER - RP4 (69) - - - - X
RAPPAHANNOCK RIVER - RP5 (70) - - - - X
RAPPAHANNOCK RIVER - RP6 (71) - - - - o)
RAPPAHANNOCK RIVER - RP7 (72) - - - - o)
RAPPAHANNOCK RIVER - RP8 (73) - - - - o)
RAPPAHANNOCK RIVER - RP9 (74) - - - - X
RAPPAHANNOCK RIVER - RP10 (75) - - - - X
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Figure 3.1, Reppahamock River sample stations from the 1999 Ambient Tosdcity Study.
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Fimme 3.2, Chester River sample stations trom the 1999 Anbient Toxicity Study.
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Figure 5.2

Patapsco River

0T
Bl | r\';
= e
E 20
. 20
I
ok
- i
= J—
= 1
N -
Bcfeperbo: - Teat
Dahlgren
507 -
= a0 _".7\"-
A oap| -
= !
= a3
= i
= o

Referstice -

5T Lynnnsaan

Symbol Key
Concenirations Exceeding WQC

@ 3+

Location

Water Toxiciry

Toreicity

Ak

Toxicity Index results for the 1991 water column data. {(Sce Section 3.4 for 2
detailed description of presentation).

Wye Raver
50—
40 -.
wl =
201 *
10 =
§—
Betiremee Tt
Morgantown
50 -
s ! r
e
20
: 1
20 |

o

a TReferenoe TT.-.a:t

* Test is  significantly se;‘jara_ted from reference



Figure 6.3
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Figure 6.4b  Toxicity Index results for the 1994 waler coluran data for Ballimere Harbor sites.
{5ce Section 3.4 for a delailed descrption of preszntation).
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Figure 6.6  Toxicity Index tesults foe the 1996 water column data.(See Section 3.4 for a
detailed description of pressatation).
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Tigure 6.7
detailed description of prescotation).
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Toxicity Index resulis for the 997 waler column data.(See Section 3.4 far y
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Figure 6.82  Touxieily Indoxs results forthe [958 water caluma gata from the Choprank
River.{Ses Section 3.4 for u delailed description of presentation}.

Choplank  Tiwernz

r ' Fry
=an 2
2 2
Zan =
= ; . b
520 x| &:u I #
Bl [ " h
:}.: - .. A
Ho fimrerio: Test O — 3 B
. B * SRR -
BALTIMOH £ i._.-- 'ﬁ ;
L WROHINGTEW '"-'.'f"im'
e | 1"
. Clwpunk Hiver b Chnprask  River-a7
L3 LT | — .
b . - ‘
b e g .
gl B3 -
= 5
10 * =1 -
é i -—= £ 1o _I’f
10} =
Fefarence Test

Referene: Teac

'--; ’Iﬁl e
S TN URFOLK

Location Symbol Key

Concentrations Exceeding wWQC
OO0 012 @ 3+

e Test is significantly separated from reference

8-69



Fisnire 0,20

|

Weier Tosicily

Tal

Fetarsrce

Anasatld  River-d

h
=

-
#

Wealer  Joaicily
PR
(=]

-
14 -
0= =
Wi fireznas . Tzsb
Aracesta  Rivee-3
Ty
FrUa ‘
E Lyl *
= =
o Z0
3
= 1u

Baforenze Test

WASHINGTON

KL vy

AL T doEet sy i

< gaURFTIK Y

Walia ek igihy

Lyrrshanan

Location 3ymbol Key
Caoncentrations Exceeding WQGC

oo

Test

12

is significantly separated from

8-70

@ 3+

Toaicity Index regulrs for the 1998 water eolumn data lrom the Anaecostiy
Biver (See Seclion 3.4 for a detailed deseription of presenlalion).
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Figure6.9a  Toxicity Index resultsfor the 1999 water column datafromthe Chester River (see Section
3.4 for adetailed description of presentation).
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Figure6.9b  Toxicity Index resultsfor the 1999 water column datafromthe Chester River (continued).
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Figure6.9c  Toxicity Index resultsfor the 1999 water column data from the Rappahannock River (see
Section 3.4 for adetailed description of presentation).
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Toxicity Index results for the 1999 water column data from the Rappahannock River

Figure 6.9d
(continued).
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Figwre 611 Toxieity Iodex cesults [or the 1990 sediment data. (See Scetion 3.4 for a detuilad
description of prasentation).
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Figars 6.12
deseription of presentation).
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Toxicity Index resules for the 1991 sediment data, (See Section 3.4 for a deailed
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Figure 613 Toxicity [ndex tesulis for the 1992-3 sediment data. (Sex Section 3.4 for a
detalled description of pecgentation).
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Figuze 6.14a  Toxicity Index resulls for the 1994 sediment data from Lhe Severn, Magolhy and
Sassafras Rivers. (See Saction 3.4 lor a detailed description of presenl:lon),
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Figura 6.14h  Toxicizy Index results for the 1394 sediment data from Beltimore Harbor sites.
{Sue Section 3.4 for  datailed description of presentation),
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Figure 6,15

Tuxieity Tndex results for the 1995 sediment dals, (See Seclion 2.4 [ur o delaled

description of presentaticn),
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Figure 6.16  Toxicity Tndex results for the (996 sediment data. (See Suetion 3.4 Tor o delailed
deseriprion of presentation).
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Figure 5.17  Toxicity Index resuits for the 1907 sediment dala, {Sce Scction 3.4 for a detatled
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Figure 6.1%a  Toxicity Index resulis for the 1958 sedinent data from the Choprank River. (See
Yection 3.4 for a detailed dezcyiption of presemacion).
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Figure 6.18h Taxicity Index resulls for thie 1993 sediment data from the Asacosiis River, (See
Secrion 3.4 For a detailed description of presenLalion)).
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Figure6.19a Toxicity Index resultsfor the 1999 sediment data from the Chester River (see Section3.4

for adetailed description of presentation).
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Figure6.19b Toxicity Index results for the 1999 sediment data from the Chester River (continued).

Buckingham Wnharf {CHBE) 50 Crumplon (leﬂ;
o |
50 b0
A1)
304
20
10
I o HN
Referance Tesl fRrence (25
&0 Paach Tres Ponl (CH7)

Cow Pasture (CHO)

Refarence

Crirstertaawn (Cl I

o
207 %
40

30

20 Tasl
110

Raforances

8- 89



Figure6.19c  Toxicity Index results for the 1999 sediment data from the Rappahannock River (see
Section 3.4 for adetailed description of presentation).
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Figure6.19d Toxicity Index results for the 1999 sediment data from the Rappahannock River
(continued).
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Figowz 6200 Suimmary ol seliment owiciny Indox rosults for 19901990, The sives are ranked accarding re mecdine Taxicity Medex
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Figate 6.206  Surnmeany of sediment Toxicity Tndex results for [990- 1969 (continmed). The resolts are for the most wxic third of $he
sites in the data scl The wdenblios ol e sile manbees ate provided in Table &2,
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APPENDIX A

Water qudity conditions reported in test chambers during dl water column tests. Test species were
Cyprinodon variegatus (Cv) and Mulinia lateralis (MI).



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)

9/28/99 Cv Control 8.1 15 7.90 23.8
CH-1 7.2 15 7.94 23.8

CH-2 7.2 15 8.00 23.8

CH-3 7.6 15 7.80 23.8

CH-4 7.8 15 7.84 23.8

CH-5 1.4 15 7.87 23.8

CH-6 7.2 15 7.82 23.8

CH-7 1.4 15 7.95 23.8

CH-8 1.4 15 7.96 23.8

CH-9 1.4 15 7.80 23.8

CH-10 1.4 15 7.89 23.8

RP-1 7.1 15 8.00 23.8

RP-2 7.8 15 8.00 23.8

RP-3 7.2 15 7.94 23.8

RP-4 7.1 15 7.99 23.8

RP-5 7.4 15 7.98 23.8

RP-6 7.4 15 7.96 23.8

RP-7 6.8 15 7.88 23.8

RP-8 6.8 15 7.99 23.8

RP-9 7.0 15 7.98 23.8

RP-10 7.2 15 7.93 23.8

9/29/99 Cv Control 6.6 15 7.90 24.6
CH-1 6.8 15 7.98 24.5

CH-2 6.8 15 7.71 24.4

CH-3 6.9 15 7.99 24.2

CH-4 6.8 15 7.59 24.5



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
CH-5 7.0 15 7.99 23.7

CH-6 6.9 14 7.67 24.6

CH-7 6.9 15 7.57 24.4

CH-8 7.1 15 7.58 24.1

CH-9 7.1 14 7.60 24.1

CH-10 1.7 14 7.84 24.3

RP-1 7.2 15 7.87 24.4

RP-2 7.0 15 8.00 24.2

RP-3 7.2 15 8.02 24.4

RP-4 7.3 15 7.80 24.4

RP-5 7.1 15 8.02 24.3

RP-6 7.1 15 7.97 24.4

RP-7 7.2 15 7.84 24.4

RP-8 7.5 16 7.74 24.2

RP-9 7.3 15 7.83 24.1

RP-10 7.1 14 8.01 24.4

9/29/99 Ml Control 7.2 15 7.98 24.7
CH-1 7.8 15 7.99 24.1

CH-2 74 15 7.85 24.0

CH-3 74 15 7.84 23.8

CH-4 7.7 15 7.85 23.8

CH-5 7.5 15 7.85 23.7

CH-6 74 15 7.86 239

CH-7 7.6 15 7.85 23.8

CH-8 7.4 15 7.82 24.1

CH-9 7.7 15 7.82 23.9



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
CH-10 7.6 15 7.90 239

RP-1 7.5 15 7.90 24.4

RP-2 1.4 15 7.93 24.2

RP-3 7.3 15 7.94 24.5

RP-4 7.3 15 7.95 23.8

RP-5 1.4 15 7.92 24.1

RP-6 1.4 15 7.91 24.3

RP-7 7.3 15 7.93 24.0

RP-8 7.3 16 7.85 24.7

RP-9 7.6 15 7.83 24.5

RP-10 7.5 15 7.85 24.2

9/30/99 Cv Control 6.8 15 7.71 24.2
CH-1 7.1 15 7.71 24.4

CH-2 7.0 15 7.65 24.5

CH-3 6.9 16 7.59 24.4

CH-4 6.8 15 7.55 24.6

CH-5 7.1 15 7.63 24.3

CH-6 6.8 14 7.78 24.6

CH-7 6.8 14 7.57 24.8

CH-8 7.1 14 7.59 24.6

CH-9 7.6 14 7.64 24.8

CH-10 7.8 14 7.89 24.4

RP-1 7.5 15 7.89 24.6

RP-2 7.1 15 7.88 24.4

RP-3 7.5 15 7.87 24.7

RP-4 7.6 15 7.85 24.3



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
RP-5 1.4 15 7.83 24.6
RP-6 7.3 15 7.82 24.6
RP-7 7.3 15 7.81 24.4
RP-8 1.7 16 7.85 24.0
RP-9 1.4 15 1.74 24.3
RP-10 1.4 15 7.79 24.3
10/1/99 Cv Control 7.1 15 7.80 -
CH-1 7.5 15 7.87 -
CH-2 7.1 15 1.72 -
CH-3 7.1 16 7.70 -
CH-4 7.0 15 7.66 -
CH-5 7.2 15 7.67 -
CH-6 7.1 15 7.67 -
CH-7 7.5 15 7.75 -
CH-8 7.6 15 7.82 -
CH-9 7.6 15 7.84 -
CH-10 1.7 15 8.13 -
RP-1 1.7 16 8.04 -
RP-2 7.6 15 8.02 -
RP-3 7.5 16 7.97 -
RP-4 7.6 15 7.97 -
RP-5 74 15 8.02 -
RP-6 7.8 15 8.06 -
RP-7 7.8 15 8.02 -
RP-8 7.9 16 8.06 -
RP-9 7.7 16 7.92 -



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
RP-10 7.9 15 8.04 -
10/1/99 Ml Control 7.0 15 7.89 24.9
CH-1 7.1 15 7.79 24.5
CH-2 7.0 15 1.77 24.5
CH-3 1.4 15 7.76 24.5
CH-4 7.1 15 7.79 24.5
CH-5 7.3 14 7.73 24.4
CH-6 7.1 14 1.74 24.5
CH-7 7.2 14 7.76 24.5
CH-8 7.2 14 1.77 24.5
CH-9 7.2 14 7.81 24.5
CH-10 7.1 14 7.78 24.4
RP-1 7.1 15 7.90 24.5
RP-2 7.1 15 7.95 24.6
RP-3 7.3 15 7.97 24.7
RP-4 7.2 14 8.08 24.3
RP-5 7.2 15 7.93 24.9
RP-6 7.0 14 7.90 24.8
RP-7 74 15 7.94 24.7
RP-8 74 15 7.90 24.7
RP-9 7.3 15 7.86 24.8
RP-10 7.0 15 7.83 24.7
10/2/99 Cv Control 6.7 15 7.70 25.0
CH-1 6.9 15 7.74 24.5
CH-2 6.5 15 7.57 24.5
CH-3 6.9 15 7.61 24.5



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
CH-4 6.8 15 7.66 24.5

CH-5 6.7 15 7.72 24.0

CH-6 6.5 14 7.58 25.0

CH-7 6.9 15 7.63 24.5

CH-8 7.2 15 1.75 24.2

CH-9 7.6 15 1.75 25.0

CH-10 84 15 7.97 24.9

RP-1 7.0 15 1.77 24.8

RP-2 1.4 15 7.84 25.0

RP-3 7.3 15 1.77 24.5

RP-4 7.1 14 1.74 24.5

RP-5 7.2 15 7.88 25.0

RP-6 7.1 15 7.84 24.7

RP-7 6.9 15 7.83 25.0

RP-8 7.5 16 7.89 24.5

RP-9 7.4 15 7.74 24.2

RP-10 7.3 16 7.84 25.0

10/2/99 Ml Control 7.4 15 7.81 22.2
CH-1 74 16 7.91 22.8

CH-2 7.7 15 7.88 22.6

CH-3 7.6 15 7.80 22.3

CH-4 7.8 14 7.89 22.7

CH-5 7.2 15 7.85 22.4

CH-6 7.6 15 7.86 22.3

CH-7 7.8 15 7.84 22.5

CH-8 7.6 16 7.91 22.1



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
CH-9 7.0 15 7.79 22.6

CH-10 7.2 15 7.86 22.3

RP-1 1.7 15 7.92 22.6

RP-2 1.7 15 7.93 22.3

RP-3 7.9 14 7.85 23.2

RP-4 7.8 15 7.87 22.6

RP-5 1.4 15 7.83 22.0

RP-6 7.6 15 7.91 22.2

RP-7 7.8 15 7.95 224

RP-8 7.8 16 7.92 22.7

RP-9 1.7 14 7.86 22.8

RP-10 7.5 16 7.83 22.8

10/3/99 Cv Control 6.6 15 7.66 25.3
CH-1 7.3 15 7.90 25.2

CH-2 7.1 15 7.67 25.8

CH-3 6.5 16 7.57 25.0

CH-4 6.5 15 7.53 25.4

CH-5 6.6 15 7.66 25.3

CH-6 6.9 15 7.60 254

CH-7 7.7 15 7.78 25.0

CH-8 9.7 16 8.30 25.2

CH-9 9.6 15 8.37 25.6

CH-10 9.3 15 8.36 25.2

RP-1 74 14 7.78 25.0

RP-2 1.2 16 7.90 25.3

RP-3 7.5 16 7.89 25.0



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)

RP-4 7.5 15 7.81 -

RP-5 1.4 15 7.87 254

RP-6 7.3 14 7.86 25.0

RP-7 7.6 15 7.95 25.7

RP-8 8.5 16 8.12 25.2

RP-9 7.6 15 7.84 25.1

RP-10 7.6 15 7.92 25.3

10/4/99 Cv Control 6.2 15 7.45 25.0

CH-1 7.2 15 7.87 25.0

CH-2 7.0 15 7.67 25.2

CH-3 6.8 15 1.54 25.0

CH-4 7.2 15 7.72 25.1

CH-5 7.3 15 7.64 25.5
CH-6 - - - -

CH-7 7.4 15 7.95 25.0

CH-8 8.0 16 8.30 25.0

CH-9 8.6 15 8.54 25.0

CH-10 8.6 15 8.47 25.0

RP-1 7.1 15 7.81 25.0

RP-2 7.0 15 7.75 25.1

RP-3 7.0 15 7.81 25.0

RP-4 7.1 14 7.73 25.2

RP-5 7.0 14 7.80 25.0

RP-6 7.5 15 7.87 25.2

RP-7 7.5 15 7.90 25.0

RP-8 8.0 17 8.14 25.1



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)

RP-9 7.6 14 7.87 25.0

RP-10 1.7 16 7.93 25.5

10/4/99 Ml Control 7.2 14 7.84 24.4
CH-1 1.4 15 7.95 24.3

CH-2 1.4 14 7.81 24.3

CH-3 7.2 15 7.80 24.5

CH-4 7.2 14 7.90 24.3

CH-5 7.0 14 1.75 24.6

CH-6 7.6 14 7.81 24.5

CH-7 7.1 14 7.80 24.4

CH-8 7.3 16 7.83 24.4

CH-9 7.3 15 7.96 24.4

CH-10 7.3 15 8.14 24.5

RP-1 7.4 14 8.00 24.3

RP-2 7.3 15 7.95 24.4

RP-3 7.1 14 7.90 24.3

RP-4 7.3 14 8.02 24.4

RP-5 7.1 14 7.88 24.4

RP-6 7.3 15 8.02 24.5

RP-7 7.3 15 8.02 24.1

RP-8 7.1 14 8.06 24.4

RP-9 7.2 14 7.91 24.5

RP-10 7.3 16 8.05 24.2

10/5/99 Cv Control 6.3 15 7.63 25.7
CH-1 5.2 15 7.59 25.5

CH-2 5.2 15 7.49 25.0



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
CH-3 6.1 15 7.53 24.5

CH-4 1.4 15 7.76 25.3

CH-5 5.0 15 7.42 25.0

CH-6 6.8 14 1.75 25.1

CH-7 8.03 15 8.04 25.0

CH-8 10.5 15 8.48 25.1

CH-9 10.2 15 8.58 25.0

CH-10 9.6 15 8.49 25.0

RP-1 6.1 15 7.83 25.0

RP-2 6.5 15 7.72 25.3

RP-3 5.9 15 7.66 25.0

RP-4 6.2 14 7.57 25.0

RP-5 6.1 14 7.73 25.0

RP-6 6.4 15 7.78 25.6

RP-7 6.2 15 7.79 25.0

RP-8 7.1 16 7.86 25.0

RP-9 6.7 15 7.63 25.0

RP-10 6.7 15 7.85 26.5

10/5/99 Ml Control 8.2 15 7.92 25.6
CH-1 7.7 15 7.78 25.6

CH-2 7.3 15 7.83 25.6

CH-3 7.5 15 7.78 25.6

CH-4 7.7 15 7.90 25.6

CH-5 7.2 15 7.82 25.6

CH-6 7.3 15 7.83 25.6

CH-7 7.7 15 7.74 25.6

A- 10



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
CH-8 7.2 15 7.85 25.6

CH-9 7.2 15 7.89 25.6

CH-10 1.7 15 7.83 25.6

RP-1 7.2 15 7.94 25.6

RP-2 7.2 15 7.94 25.6

RP-3 7.9 15 7.88 25.6

RP-4 7.8 15 7.86 25.6

RP-5 7.8 14 7.92 25.6

RP-6 7.8 15 7.89 25.6

RP-7 7.2 15 7.90 25.6

RP-8 7.9 15 7.91 25.6

RP-9 7.9 15 7.79 25.6

RP-10 7.8 15 7.79 25.6

10/6/99 Cv Control 6.4 15 7.57 25.0
CH-1 7.1 15 7.57 24.8

CH-2 1.7 15 7.65 24.9

CH-3 6.8 15 7.67 24.3

CH-4 84 15 8.18 24.9

CH-5 6.4 15 7.57 25.0

CH-6 7.6 15 7.86 24.5

CH-7 7.9 15 7.94 25.0

CH-8 8.8 15 8.45 24.0

CH-9 8.5 15 8.35 24.9

CH-10 8.5 15 8.38 24.5

RP-1 6.7 15 7.01 25.0

RP-2 6.6 15 7.66 25.0

A-11



Date Test DO HAinity Temp.
Species Station (mg/L) (ppY) pH (C)
RP-3 6.6 15 7.63 25.0

RP-4 7.0 15 7.73 25.2

RP-5 6.8 15 7.71 24.5

RP-6 6.6 15 7.70 24.9

RP-7 7.1 15 7.79 24.5

RP-8 7.0 15 1.77 25.0

RP-9 7.2 15 1.75 25.1

RP-10 7.2 15 7.94 24.9

10/7/99 Ml Control 7.3 15 8.02 24.0
CH-1 7.1 15 7.78 24.1

CH-2 7.1 15 7.78 24.5

CH-3 7.3 15 7.83 23.8

CH-4 7.4 15 7.80 24.0

CH-5 7.2 15 7.86 24.0

CH-6 7.6 14 7.95 24.6

CH-7 7.2 15 7.77 24.2

CH-8 7.5 15 7.89 24.9

CH-9 7.5 15 7.97 24.9

CH-10 7.6 14 8.35 24.0

RP-1 7.1 15 8.02 24.0

RP-2 7.3 15 7.95 239

RP-3 7.2 15 7.97 23.8

RP-4 7.5 14 7.96 24.1

RP-5 7.2 15 7.83 24.3

RP-6 1.2 14 8.01 23.8

RP-7 1.2 15 7.86 24.2

A-12



Date Test DO HHinity Temp.
Species Station (mg/L) (ppY) pH (C)

RP-8 7.1 14 8.02 239

RP-9 1.4 15 7.94 24.1

RP-10 7.2 14 7.93 23.8

A- 13



APPENDIX B

Summary of fish species by station and gear type.
Tota abundance for each species a dl dationsis aso presented.



STATION SPECIES SEINE CATCH TRAWL CATCH
CH-1 Alewife 47
American ed 1
Atlantic menhaden 108
Atlantic Slversde 215
Banded killifish 108
Bay anchovy 3 90
Bluefish 3
Gizzard shad 3
Mummichog 9
Northern pipefish 2
Pumpkinseed 4
Sillet fish S
Spot 5
Striped anchovy 7
Striped bass 56
Striped killifish 91
White perch 136
CH-2 Atlantic menhaden 52
Atlantic slverside 171
Banded killifish 13
Bay anchovy 172
Blueback herring 14
Gizzard shad 4
Hickory shed 4
Inland silversde 1
Mummichog 16




STATION SPECIES SEINE CATCH TRAWL CATCH
CH-2 Pumpkinseed 1
Spot 1
Striped anchovy 9
Striped bass 17
Striped killifish 8
White perch 264
Yelow perch 2
CH-3 Atlantic menhaden 16
Atlantic Slversde 158
Banded killifish 7
Bay anchovy 59
Bluefish 1
Gizzard shad 10
Inland silversde 2
Mummichog 67
Pumpkinseed 1
Spot 14
Striped anchovy 2
Striped bass 22
Striped killifish 5
White perch 542 1
Y ellow perch 2
CH-4 Atlantic slverside 237
Bay anchovy 1
Blueback herring 10
Inland slversde 1

B-2




STATION SPECIES SEINE CATCH TRAWL CATCH
CH-4 Mummichog 6

Spot 2

Spottal shiner 3

Striped anchovy 5

Striped bass 45

Striped killifish 86

White perch 304

Yédlow perch 5
CH-5 Atlantic Slversde 106

Banded killifish 11

Bay anchovy 1

Bluefish 1

Mummichog 12

Sheepshead minnow 1

Spot 1 1

Striped bass 57

Striped killifish 182

White perch 130 5
CH-6 Atlantic Slversde 7 4

Banded killifish 8

Bay anchovy 12 2

Blueback herring 3

Channd catfish 2

Hogchoker 2

Inland silversde 1

Mummichog 133

B-3




STATION SPECIES SEINE CATCH TRAWL CATCH
CH-6 Spot 2
Spottal shiner 133
Striped bass 7
Striped killifish 7
Tessdllated darter 10
White perch 212 1
Yelow perch 12
CH-7 Alewife 1
Atlantic croaker 1
Atlantic menhaden 42
Atlantic Slversde 2
Banded killifish 11
Bay anchovy 1 67
Blueback herring 6
Channd catfish 2
Gizzard shad 6
Hogchoker 1 4
Mummichog 17
Spot 1
Spottal shiner 40
Striped bass 3 1
Tessdllated darter 2
White perch 323 37
Yelow perch 4
CH-8 Atlantic slverside 12
Banded killifish 13




STATION SPECIES SEINE CATCH TRAWL CATCH
CH-8 Bay anchovy 1 33
Blueback herring 1
Channd catfish 1
Hogchoker 3
Mummichog 15
Spot 4
Spottal shiner 70 1
Striped bass 1
Tessdllated darter 2
White perch 279 35
Yelow perch 2
CH-9 Atlantic Slversde 6
Banded killifish 14
Bay anchovy 2 13
Bluegill 1
Channd catfish 1 1
Gizzard shad 4
Mummichog 9
Spot 2
Spottal shiner 35
Striped anchovy 3
Striped bass 14
Tessdllated darter 17
White perch 138 7
CH-10 Alewife 1
American ed 4 4

B-5




STATION SPECIES SEINE CATCH TRAWL CATCH
CH-10 Atlantic menhaden 9
Banded killifish 3
Bay anchovy 4 16
Blueback herring 10
Bluegill 5
Brown bullhead 1
Channdl catfish 1 19
Gizzard shad 10
Golden shiner 1
Hickory shad 1
Hogchoker 3
Mummichog 2
Naked goby 1
Pumpkinseed 9
Spot 10 1
Spottal shiner 63
Striped bass 1
Tessdlated darter 1
White catfish 1
White perch 273 24
Yelow perch 20
RP-1 Atlantic needl€fish 1
Atlantic Slversde 99
Bay anchovy 15 270
Gizzard shad 2
Harvestfish 1

B- 6




STATION SPECIES SEINE CATCH TRAWL CATCH
Hogchoker 1
Inshore lizardfish 5
Mummichog 1
Northern kingfish 1
Silver perch 3
Spot 15 1
Striped anchovy 5
Striped bass 1
Striped killifish 2
Unidentified Sciaenidae 2
Weakfish 3

RP-2 American ed 1
Atlantic croaker 6
Atlantic Slversde 8
Bay anchovy 8 184
Gizzard shad 3
Hogchoker 15 7
Inshore lizardfish 10
Mummichog 4
Northern kingfish 1
Silver perch 1
Silletfish 45
Spot 2 1
Spotted seatrout 6
Striped anchovy 11
Striped bass 4




STATION SPECIES SEINE CATCH TRAWL CATCH
RP-2 Striped killifish 41
Weskfish 10
White perch 76
RP-3 American ed 1
Atlantic Slversde 6
Bay anchovy 76
Hogchoker 1 4
Inshore lizardfish 1
Pdfish 1
Silver perch 2
Sillet fish 2
Spot 19 1
Striped anchovy 2 1
Wegkfish 3
White perch 30
RP-4 Atlantic croaker 1
Atlantic menhaden 4
Atlantic Slversde 70
Bay anchovy 11 854
Gizzard shad 4
Harvestfish 1
Hogchoker 1 3
Inshore lizardfish 2
Mummichog 12
Spot 34
Spotted seatrout 1

B- 8




STATION SPECIES SEINE CATCH TRAWL CATCH
RP-4 Striped anchovy 1
Striped bass 1
Striped killifish 8
Unidentified Sciaenidee 1
Weskfish 4
White perch 4
RP-5 American ed 4
Atlantic Slversde 16
Bay anchovy 38 58
Blueback herring 1
Bluefish 1
Gizzard shad 3
Hickory shad 1
Hogchoker 18
Naked goby 1
Mummichog 4
Skillet fish 1
Spot 10 4
Unidentified Sciaenidee 3
Weskfish 2
White perch 30 3
RP-6 Atlantic croaker 13
Atlantic Slversde 21
Atlantic singray 1
Bay anchovy 124 133
Bluefish 2

B-9




STATION SPECIES SEINE CATCH TRAWL CATCH
Ch-6 Hogchoker 1
Gizzard shad 1
Mummichog 2
Rough slversde 3
Spanish mackerel 1
Spot 25
Striped anchovy 3
Striped bass 2
Summer flounder 1
Unidentified Sciaenidae 3
Weakfish 2
White perch 10
Ch-7 Atlantic croaker 10
Atlantic needlefish 4
Atlantic Slversde 8
Bay anchovy 16 17
Blackcheek tonguefish 1
Gizzard shad 2 1
Harvestfish 1
Hogchoker 1
Inshore lizardfish 1
Rough slversde 2
Sillet fish 1
Spanish mackerel 1
Spot 31
Striped anchovy 3

B-10




STATION SPECIES SEINE CATCH TRAWL CATCH
RP-7 Striped bass 15
Summer flounder 1
White perch 10 1
RP-8 Alewife 1
Atlantic croaker 7 2
Atlantic menhaden 1 1
Atlantic Slversde 25
Bay anchovy 23 326
Blue catfish 1
Channdl catfish 1
Gizzard shad 4
Harvestfish 2 3
Hickory shad 1
Horse-eye jack 1
Mummichog 1
Rough slversde 2
Spot 33 2
Spotted seatrout 1
Striped anchovy 5 2
Striped bass 13
Unidentified Sciaenidae 1 2
Wegkfish 6
White perch 1
RP-9 American ed 2
Atlantic croaker 17 1
Atlantic menhaden 97

B-11




STATION SPECIES SEINE CATCH TRAWL CATCH
RP-9 Atlantic Slversde 31

Bay anchovy 21 598

Blue cafish 23

Blueback herring 12

Channd catfish 4

Gizzard shad 5

Harvestfish 2

Hickory shad 1

Hogchoker 1 4

Mummichog 5

Silver perch 4

Spot 30

Striped anchovy 2 2

Striped bass 24

Unidentified Sciaenidee 3

Wegkfish 2

White perch 100 2
RP-10 Atlantic croaker 7 4

Atlantic menhaden 6

Atlantic Slversde 34

Bay anchovy 12 140

Blue cafish 16 6

Channd catfish 5

Gizzard shad 7

Hogchoker 1 63

Naked goby 1

B-12




STATION

RP-10

SPECIES SEINE CATCH TRAWL CATCH
Pumpkinseed 1
Silver perch 3
Sivery minnow 1
Spot 5 2
Spottal shiner 12
Spotted seatrout 1
Striped anchovy 2 6
Striped bass 2
Unidentified Sciaenidee 3 10
Wesakfish 1
White perch 100 43

B-13




APPENDIX C

Water quality measurements, sediment composition, species abundances, species biomass, and B-1BI
metric vaues and scores for each Site.



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHOl
| Watershed: Chester River Habitat: High Mesohaline Sand Date: September 7, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 15:13

| BOTTOM ENVIRONMENT

] Depth (m): 5.5 Salinity (ppt): 15.28 Temperature (C): 23.66
| Dissolved Oxygen (mg/1): 5.35 Sediment Silt-Clay (%): 25.47

| BENTHIC INDEX OF BIOTIC INTEGRITY

| B-IBI Score: 3.67 Condition: Meets Goal # Attributes Scored: 6

| Value Score Value Score
I Shannon-Weiner Index 2.42 1 Pollution Indicative Species Abundance (%) 6.00 5

| Abundance (#/m2) 3409 3 Pollution Indicative Species Biomass (%) 0.73

| Biomass (g/m2) 3.47 5 Pollution Sensitive Species Abundance (%) 18.67 3

| Carnivore-Omnivore Abundance (%) 37.33 5 Pollution Sensitive Species Biomass (%) 23.20

|

Deep Deposit Feeder Abundance (%) 50.67

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Heteromastus filiformis | 1659 ] 1659.1 1659 1659 48.0
| Neanthes succinea | 614 | 613.6 614 614 65.8
| Glycinde solitaria | 477 | 477.3 477 477 79.6
| Carinoma tremaphoros | 114 | 113.6 114 114 82.9
| Macoma mitchelli | 114 | 113.6 114 114 86.2
I Mulinia lateralis | 114 | 113.6 114 114 89.5
| Macoma balthica | 91 | 90.9 91 91 92.1
| Cyathura polita | 45 | 45.5 45 45 93.4
I Imm. Tubificid w/o Cap. Chaete | 45 | 45.5 45 45 94.7
| Mysidae (Epi) | 45 | 45.5 45 45 96.1

Continued . .



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES

(Station: CHOl1l Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Streblospio benedicti | 45 | 45.5 45 45 97.4
] Gemma gemma | 23 | 22.7 23 23 98.0
| Marenzelleria viridis | 23 | 22.7 23 23 98.7
| Parahesione luteola | 23 | 22.7 23 23 99.3
| Tubificoides spp. | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 3455 | 3454.5 3455 3455
| Total Abundance w/o Epifauna | 3409 ] 3409.1 3409 3409
| Number of Taxa w/ Epifauna | 15 | 15.0 15 15
| Number of Taxa w/o Epifauna | 14 | 14.0 14 14
| BENTHIC BIOMASS (Grams per sq. meter)
| | Rep 1 | Mean Std.Dev Min Max Cum %
| Carinoma tremaphoros | 1.4007 | 1.4007 1.4007 1.4007 39.3
| Neanthes succinea | 1.2236 | 1.2236 1.2236 1.2236 73.7
| Marenzelleria viridis | 0.4945 ] 0.4945 0.4945 0.4945 87.6
| Glycinde solitaria | 0.1311 ] 0.1311 0.1311 0.1311 91.2
| Macoma balthica | 0.1035 ] 0.1035 0.1035 0.1035 94.2
| Mysidae (Epi) | 0.0874 ] 0.0871 0.0874 0.0874 96.6
| Cyathura polita | 0.0759 | 0.0759 0.0759 0.0759 98.7
| Mulinia lateralis | 0.0230 | 0.0230 0.0230 0.0230 99.4
| Heteromastus filiformis | 0.0092 ] 0.0092 0.0092 0.0092 99.6
| Parahesione luteola | 0.0046 ] 0.0046 0.0046 0.0046 99.7
| Macoma mitchelli | 0.0023 ] 0.0023 0.0023 0.0023 99.8
| Streblospio benedicti | 0.0023 ] 0.0023 0.0023 0.0023 99.8 |
| Gemma gemma | 0.0012 | 0.0012 0.0012 0.0012 99.9
| Oligochaeta | 0.0012 | 0.0012 0.0012 0.0012 99.9
Continued . .



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: CHOl1l Contd.)

| BENTHIC BIOMASS (Grams per sq. meter) - Contd.

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Tubificoides spp. | 0.0012 ] 0.0012 0.0012 0.0012 100.0
| Total Biomass w/ Epifauna | 3.5616 ] 3.5616 3.5616 3.5616
| Total Biomass w/o Epifauna | 3.4742 | 3.4742 3.4742 3.4742

* Indicates species is skipped in species counts



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHO2
| Watershed: Chester River Habitat: High Mesohaline Sand Date: September 7, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 15:36

| BOTTOM ENVIRONMENT

] Depth (m): 5.0 Salinity (ppt): 13.53 Temperature (C): 24.02
| Dissolved Oxygen (mg/1): 6.59 Sediment Silt-Clay (%): 32.60

| BENTHIC INDEX OF BIOTIC INTEGRITY

| B-IBI Score: 2.67 Condition: Degraded # Attributes Scored: 6

| Value Score Value Score
| Shannon-Weiner Index 3.17 3 Pollution Indicative Species Abundance (%) 27 .66 1

| Abundance (#/m2) 1068 3 Pollution Indicative Species Biomass (%) 5.53

| Biomass (g/m2) 0.70 1 Pollution Sensitive Species Abundance (%) 23.40 3

| Carnivore-Omnivore Abundance (%) 40.43 5 Pollution Sensitive Species Biomass (%) 61.14

|

Deep Deposit Feeder Abundance (%) 29.79

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Tubificoides spp. | 227 | 227.3 227 227 21.3
| Cyathura polita | 182 | 181.8 182 182 38.3
| Streblospio benedicti | 182 | 181.8 182 182 55.3
| Carinoma tremaphoros | 114 | 113.6 114 114 66.0
] Glycinde solitaria | 68 | 68.2 68 68 72.3
| Macoma mitchelli | 68 | 68.2 68 68 78.7
| Heteromastus filiformis | 45 | 45.5 45 45 83.0
I Imm. Tubificid w/o Cap. Chaete | 45 | 45.5 45 45 87.2
I Mulinia lateralis | 45 | 45.5 45 45 91.5
| Amphiporus bioculatus | 23 | 22.7 23 23 93.6

Continued . .



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES

(Station: CHO2 Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
] Neanthes succinea | 23 | 22.7 23 23 95.7
| Parahesione luteola | 23 | 22.7 23 23 97.9
| Paraprionospio pinnata | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 1068 | 1068.2 1068 1068

| Total Abundance w/o Epifauna | 1068 ] 1068.2 1068 1068

| Number of Taxa w/ Epifauna | 13 | 13.0 13 13

| Number of Taxa w/o Epifauna | 13 | 13.0 13 13

| BENTHIC BIOMASS (Grams per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Cyathura polita | 0.4136 ] 0.4136 0.4136 0.4136 59.2
] Carinoma tremaphoros | 0.0818 ] 0.0818 0.0818 0.0818 70.9
I Neanthes succinea | 0.0545 ] 0.0545 0.0545 0.0545 78.7
I Macoma mitchelli | 0.0500 ] 0.0500 0.0500 0.0500 85.9
| Heteromastus filiformis | 0.0250 ] 0.0250 0.0250 0.0250 89.4
| Paraprionospio pinnata | 0.0182 ] 0.0182 0.0182 0.0182 92.0
| Glycinde solitaria | 0.0136 ] 0.0136 0.0136 0.0136 94.0
| Streblospio benedicti | 0.0114 ] 0.0114 0.0114 0.0114 95.6
| Mulinia lateralis | 0.0091 | 0.0091 0.0091 0.0091 96.9
| Tubificoides spp. | 0.0091 | 0.0091 0.0091 0.0091 98.2
| Parahesione luteola | 0.0068 ] 0.0068 0.0068 0.0068 99.2
I Amphiporus bioculatus | 0.0045 ] 0.0045 0.0045 0.0045 99.8
] Oligochaeta | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Total Biomass w/ Epifauna | 0.6989 ] 0.6989 0.6989 0.6989

| Total Biomass w/o Epifauna | 0.6989 ] 0.6989 0.6989 0.6989

Indicates species is skipped in species

counts



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHO3
| Watershed: Chester River Habitat: High Mesohaline Mud Date: September 7, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 16:09

| BOTTOM ENVIRONMENT

] Depth (m): 4.0 Salinity (ppt): 13.32 Temperature (C): 24.78
| Dissolved Oxygen (mg/1): 7.41 Sediment Silt-Clay (%): 87.04

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 5.00 Condition: Meets Goal # Attributes Scored: 6

| Value Score Value Score
| Shannon-Weiner Index 3.26 5 Pollution Indicative Species Abundance (%) 24.72

| Abundance (#/m2) 2023 5 Pollution Indicative Species Biomass (%) 0.40 5

| Biomass (g/m2) 7.96 5 Pollution Sensitive Species Abundance (%) 16.85

| Carnivore-Omnivore Abundance (%) 40.45 5 Pollution Sensitive Species Biomass (%) 89.18 5

|

Deep Deposit Feeder Abundance (%) 14.61

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
] Neanthes succinea | 455 | 4545 455 455 21.5
| Macoma mitchelli | 295 | 295.5 295 295 35.5
| Streblospio benedicti | 250 | 250.0 250 250 47.3
| Tubificoides spp. | 205 | 204.5 205 205 57.0
I Mulinia lateralis | 182 | 181.8 182 182 65.6
| Cyathura polita | 159 | 159.1 159 159 73.1
] Carinoma tremaphoros | 136 | 136.4 136 136 79.6
| Edotea triloba (Epi) | 91 | 90.9 91 91 83.9
| Heteromastus filiformis | 91 | 90.9 91 91 88.2
| Macoma balthica | 91 | 90.9 91 91 92.5

Continued . .



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: CHO3 Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Hypereteone heteropoda | 68 | 68.2 68 68 95.7
| Marenzelleria viridis | 68 | 68.2 68 68 98.9
| Rangia cuneata | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 2114 | 2113.6 2114 2114
| Total Abundance w/o Epifauna | 2023 | 2022.7 2023 2023
| Number of Taxa w/ Epifauna | 13 | 13.0 13 13
| Number of Taxa w/o Epifauna | 12 | 12.0 12 12

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Rangia cuneata | 5.2204 | 5.2204 5.2204 5.2204 65.5
| Macoma balthica | 1.4477 | 1.4477 1.4477 1.4477 83.6
I Neanthes succinea | 0.6636 ] 0.6636 0.6636 0.6636 92.0
| Cyathura polita | 0.3000 | 0.3000 0.3000 0.3000 95.7
| Marenzelleria viridis | 0.1341 ] 0.1341 0.1341 0.1341 97.4
| Heteromastus filiformis | 0.0614 ] 0.0614 0.0614 0.0614 98.2
| Macoma mitchelli | 0.0568 | 0.0568 0.0568 0.0568 98.9
| Carinoma tremaphoros | 0.0432 ] 0.0432 0.0432 0.0432 99.4
| Mulinia lateralis | 0.0159 ] 0.0159 0.0159 0.0159 99.6
| Streblospio benedicti | 0.0114 ] 0.0114 0.0114 0.0114 99.8
| Edotea triloba (Epi) | 0.0091 | 0.0091 0.0091 0.0091 99.9
| Tubificoides spp. | 0.0045 | 0.0045 0.0045 0.0045 99.9
| Hypereteone heteropoda | 0.0045 ] 0.0045 0.0045 0.0045 100.0
| Total Biomass w/ Epifauna | 7.9727 1 7.9727 7.9727 7.9727

| Total Biomass w/o Epifauna | 7.9636 | 7.9636 7.9636 7.9636

* Indicates species is skipped in species counts



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHO4
| Watershed: Chester River Habitat: Low Mesohaline Date: September 15, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 9:48

| BOTTOM ENVIRONMENT

] Depth (m): 3.5 Salinity (ppt): 11.09 Temperature (C): 25.19
| Dissolved Oxygen (mg/1): 5.74 Sediment Silt-Clay (%): 70.22

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 3.80 Condition: Meets Goal # Attributes Scored: 5

| Value Score Value Score
| Shannon-Weiner Index 2.38 3 Pollution Indicative Species Abundance (%) 25.61 1

| Abundance (#/m2) 1864 5 Pollution Indicative Species Biomass (%) 0.53

| Biomass (g/m2) 7.26 5 Pollution Sensitive Species Abundance (%) 8.54

| Carnivore-Omnivore Abundance (%) 21.95 Pollution Sensitive Species Biomass (%) 98.53 5

|

Deep Deposit Feeder Abundance (%) 31.71

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Tubificoides spp. | 591 | 590.9 591 591 29.9
| Leptocheirus plumulosus | 568 | 568.2 568 568 58.6
| Streblospio benedicti | 250 | 250.0 250 250 71.3
| Coelotanypus spp. | 227 | 227.3 227 227 82.8
| Cyathura polita | 114 | 113.6 114 114 88.5
| Edotea triloba (Epi) | 91 | 90.9 91 91 93.1
] Neanthes succinea | 68 | 68.2 68 68 96.6
I Macoma balthica | 23 | 22.7 23 23 97.7
| Melita nitida (Epi) | 23 | 22.7 23 23 98.9

Continued . .



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES

(Station: CHO4 Contd.)

Rep 1 | Mean Std.Dev Min Max  Cum %
| Rangia cuneata | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 1977 | 1977.3 1977 1977
| Total Abundance w/o Epifauna | 1864 | 1863.6 1864 1864
| Number of Taxa w/ Epifauna | 10 | 10.0 10 10
| Number of Taxa w/o Epifauna | 8 | 8.0 8 8
| BENTHIC BIOMASS (Grams per sq. meter)
| | Rep 1 | Mean Std.Dev Min Max Cum %
| Rangia cuneata | 6.9273 | 6.9273 6.9273 6.9273 95.4
| Cyathura polita | 0.1818 | 0.1818 0.1818 0.1818 97.9
| Leptocheirus plumulosus | 0.0591 ] 0.0591 0.0591 0.0591 98.7
| Macoma balthica | 0.0432 | 0.0432 0.0432 0.0432 99.3
| Coelotanypus spp. | 0.0273 ] 0.0273 0.0273 0.0273 99.6
| Streblospio benedicti | 0.0114 ] 0.0114 0.0114 0.0114 99.8
| Edotea triloba (Epi) | 0.0045 | 0.0045 0.0045 0.0045 99.9
] Neanthes succinea | 0.0045 ] 0.0045 0.0045 0.0045 99.9
| Tubificoides spp. | 0.0045 | 0.0045 0.0045 0.0045 100.0
| Melita nitida (Epi) | 0.0011 | 0.0011 0.0011 0.0011 100.0
| Total Biomass w/ Epifauna | 7.2647 | 7.2647 7.2647 7.2647
| Total Biomass w/o Epifauna | 7.2591 ] 7.2591 7.2591 7.2591

Indicates species is skipped in species

counts



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHO5
| Watershed: Chester River Habitat: Low Mesohaline Date: September 15, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 10:00

| BOTTOM ENVIRONMENT

] Depth (m): 2.9 Salinity (ppt): 10.60 Temperature (C): 25.37
| Dissolved Oxygen (mg/1): 5.73 Sediment Silt-Clay (%): 95.66

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 3.00 Condition: Meets Goal # Attributes Scored: 5

| Value Score Value Score
| Shannon-Weiner Index 2.63 5 Pollution Indicative Species Abundance (%) 21.82 1

| Abundance (#/m2) 1250 3 Pollution Indicative Species Biomass (%) 0.00

| Biomass (g/m2) 33.70 1 Pollution Sensitive Species Abundance (%) 41.82

| Carnivore-Omnivore Abundance (%) 23.64 Pollution Sensitive Species Biomass (%) 99.91 5

|

Deep Deposit Feeder Abundance (%) 21.82

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Rangia cuneata | 318 | 318.2 318 318 25.5
| Streblospio benedicti | 273 | 272.7 273 273 47.3
| Tubificoides spp.- | 273 | 272.7 273 273 69.1
| Cyathura polita | 182 | 181.8 182 182 83.6
I Neanthes succinea | 91 | 90.9 91 91 90.9
] Ameroculodes species complex | 45 | 45.5 45 45 94.5
| Amphiporus bioculatus | 23 | 22.7 23 23 96.4
| Leptocheirus plumulosus | 23 | 22.7 23 23 98.2

Continued . .
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: CHO5 Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Marenzelleria viridis | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 1250 ] 1250.0 1250 1250
| Total Abundance w/o Epifauna | 1250 ] 1250.0 1250 1250
| Number of Taxa w/ Epifauna | 9 | 9.0 9 9
| Number of Taxa w/o Epifauna | 9 | 9.0 9 9

| | Rep 1 | Mean Std.Dev Min Max Cum %
] Rangia cuneata | 33.5044 ] 33.5044 33.5044 33.5044 99.4
| Marenzelleria viridis | 0.1659 ] 0.1659 0.1659 0.1659 99.9
] Neanthes succinea | 0.0250 ] 0.0250 0.0250 0.0250 100.0
] Ameroculodes species complex | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Amphiporus bioculatus | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Cyathura polita | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Leptocheirus plumulosus | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Streblospio benedicti | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Tubificoides spp. | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Total Biomass w/ Epifauna ] 33.7022 ] 33.7022 33.7022 33.7022

| Total Biomass w/o Epifauna ] 33.7022 ] 33.7022 33.7022 33.7022

* Indicates species is skipped in species counts

C11



BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHO6
| Watershed: Chester River Habitat: Low Mesohaline Date: September 15, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 10:13

| BOTTOM ENVIRONMENT

] Depth (m): 2.0 Salinity (ppt): 8.90 Temperature (C): 25.55
| Dissolved Oxygen (mg/1): 5.35 Sediment Silt-Clay (%): 92.95

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 3.40 Condition: Meets Goal # Attributes Scored: 5

| Value Score Value Score
| Shannon-Weiner Index 2.07 3 Pollution Indicative Species Abundance (%) 17.27 3

| Abundance (#/m2) 2500 5 Pollution Indicative Species Biomass (%) 0.03

| Biomass (g/m2) 62.54 1 Pollution Sensitive Species Abundance (%) 64.55

| Carnivore-Omnivore Abundance (%) 25.45 Pollution Sensitive Species Biomass (%) 99.91 5

| Deep Deposit Feeder Abundance (%) 3.64

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Rangia cuneata | 1545 | 1545.4 1545 1545 59.1
| Coelotanypus spp. | 273 | 272.7 273 273 69.6
| Carinoma tremaphoros | 182 | 181.8 182 182 76.5
| Streblospio benedicti | 159 | 159.1 159 159 82.6
| Edotea triloba (Epi) | 114 | 113.6 114 114 87.0
I Neanthes succinea | 91 | 90.9 91 91 90.4
| Tubificoides spp. | 91 | 90.9 91 91 93.9
| Cyathura polita | 45 | 45.5 45 45 95.7
| Ameroculodes species complex | 23 | 22.7 23 23 96.5
| Chiridotea almyra | 23 | 22.7 23 23 97.4

Continued . .
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: CHO6 Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Laeonereis culveri | 23 | 22.7 23 23 98.3
| Marenzelleria viridis | 23 | 22.7 23 23 99.1
| Polydora cornuta | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 2614 | 2613.6 2614 2614
| Total Abundance w/o Epifauna | 2500 ] 2500.0 2500 2500
| Number of Taxa w/ Epifauna | 13 | 13.0 13 13
| Number of Taxa w/o Epifauna | 12 | 12.0 12 12

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Rangia cuneata | 62.4816 | 62.4816 62.4816 62.4816 99.9
] Carinoma tremaphoros | 0.0227 ] 0.0227 0.0227 0.0227 99.9
| Coelotanypus spp.- | 0.0205 ] 0.0205 0.0205 0.0205 100.0
| Polydora cornuta | 0.0068 | 0.0068 0.0068 0.0068 100.0
I Ameroculodes species complex | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Chiridotea almyra | 0.0011 | 0.0011 0.0011 0.0011 100.0
| Cyathura polita | 0.0011 | 0.0011 0.0011 0.0011 100.0
| Edotea triloba (Epi) | 0.0011 | 0.0011 0.0011 0.0011 100.0
| Laeonereis culveri | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Marenzelleria viridis | 0.0011 ] 0.0011 0.0011 0.0011 100.0
I Neanthes succinea | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Streblospio benedicti | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Tubificoides spp. | 0.0011 | 0.0011 0.0011 0.0011 100.0
| Total Biomass w/ Epifauna ] 62.5418 ] 62.5418 62.5418 62.5418

| Total Biomass w/o Epifauna | 62.5407 | 62.5407 62.5407 62.5407

* Indicates species is skipped in species counts
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHO7
| Watershed: Chester River Habitat: Low Mesohaline Date: September 15, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 10:30

| BOTTOM ENVIRONMENT

] Depth (m): 2.3 Salinity (ppt): 7.67 Temperature (C): 25.37
| Dissolved Oxygen (mg/1): 5.75 Sediment Silt-Clay (%): 92.68

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 3.40 Condition: Meets Goal # Attributes Scored: 5

| Value Score Value Score
| Shannon-Weiner Index 2.73 5 Pollution Indicative Species Abundance (%) 24 .56 1

| Abundance (#/m2) 1295 3 Pollution Indicative Species Biomass (%) 0.07

| Biomass (g/m2) 12.90 3 Pollution Sensitive Species Abundance (%) 8.77

| Carnivore-Omnivore Abundance (%) 12.28 Pollution Sensitive Species Biomass (%) 99.17 5

|

Deep Deposit Feeder Abundance (%) 21.05

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Leptocheirus plumulosus | 364 | 363.6 364 364 27.6
| Streblospio benedicti | 318 | 318.2 318 318 51.7
| Tubificoides spp. | 273 | 272.7 273 273 72.4
| Carinoma tremaphoros | 91 | 90.9 91 91 79.3
| Polydora cornuta | 68 | 68.2 68 68 84.5
| Cyathura polita | 45 | 45.5 45 45 87.9
| Hobsonia florida | 45 | 45.5 45 45 91.4
I Chiridotea almyra | 23 | 22.7 23 23 93.1
| Gammarus daiberi (Epi) | 23 | 22.7 23 23 94.8
| Macoma balthica | 23 | 22.7 23 23 96.6

Continued . .
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES

(Station: CHO7 Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Marenzelleria viridis | 23 | 22.7 23 23 98.3
| Rangia cuneata | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 1318 ] 1318.2 1318 1318

| Total Abundance w/o Epifauna | 1295 | 1295.5 1295 1295

| Number of Taxa w/ Epifauna | 12 | 12.0 12 12

| Number of Taxa w/o Epifauna | 11 | 11.0 11 11

| BENTHIC BIOMASS (Grams per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Rangia cuneata | 12.6091 | 12.6091 12.6091 12.6091 97.7
| Macoma balthica | 0.0864 | 0.0864 0.0864 0.0864 98.4
| Marenzelleria viridis | 0.0705 ] 0.0705 0.0705 0.0705 98.9
| Leptocheirus plumulosus | 0.0409 ] 0.0409 0.0409 0.0409 99.3
| Carinoma tremaphoros | 0.0364 ] 0.0364 0.0364 0.0364 99.5
| Cyathura polita | 0.0250 | 0.0250 0.0250 0.0250 99.7
| Hobsonia florida | 0.0091 | 0.0091 0.0091 0.0091 99.8
| Streblospio benedicti | 0.0091 ] 0.0091 0.0091 0.0091 99.9
| Tubificoides spp. | 0.0068 | 0.0068 0.0068 0.0068 99.9
| Gammarus spp.- (Epi) | 0.0045 ] 0.0045 0.0045 0.0045 100.0
| Chiridotea almyra | 0.0023 | 0.0023 0.0023 0.0023 100.0
| Polydora cornuta | 0.0023 ] 0.0023 0.0023 0.0023 100.0
| Total Biomass w/ Epifauna | 12.9022 | 12.9022 12.9022 12.9022

| Total Biomass w/o Epifauna 1 12.8977 1 12.8977 12.8977 12.8977

* Indicates species is skipped in species counts
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHO8
| Watershed: Chester River Habitat: Low Mesohaline Date: September 15, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 10:43

| BOTTOM ENVIRONMENT

| Depth (m): 2.6 Salinity (ppt): 6.57 Temperature (C): 25.26
| Dissolved Oxygen (mg/1): 5.42 Sediment Silt-Clay (%): 95.28

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 3.00 Condition: Meets Goal # Attributes Scored: 5

| Value Score Value Score
| Shannon-Weiner Index 1.92 3 Pollution Indicative Species Abundance (%) 44 58 1

| Abundance (#/m2) 3773 3 Pollution Indicative Species Biomass (%) 0.22

| Biomass (g/m2) 19.85 3 Pollution Sensitive Species Abundance (%) 2.41

| Carnivore-Omnivore Abundance (%) 2.41 Pollution Sensitive Species Biomass (%) 99.30 5

|

Deep Deposit Feeder Abundance (%) 38.55

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Streblospio benedicti | 1545 | 1545.4 1545 1545 41.0
| Tubificoides spp. | 1364 | 1363.6 1364 1364 77.1
| Leptocheirus plumulosus | 591 | 590.9 591 591 92.8
I Imm. Tubificid w/ Cap. Chaete | 91 | 90.9 91 91 95.2
| Rangia cuneata | 68 | 68.2 68 68 97.0
| Coelotanypus spp. | 45 | 45.5 45 45 98.2
] Carinoma tremaphoros | 23 | 22.7 23 23 98.8
| Cyathura polita | 23 | 22.7 23 23 99.4

Continued . .
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: CHO8 Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Polydora cornuta | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 3773 | 3772.7 3773 3773
| Total Abundance w/o Epifauna | 3773 | 3772.7 3773 3773
| Number of Taxa w/ Epifauna | 9 | 9.0 9 9
| Number of Taxa w/o Epifauna | 9 | 9.0 9 9

| | Rep 1 | Mean Std.Dev Min Max Cum %
] Rangia cuneata ] 19.7068 ] 19.7068 19.7068 19.7068 99.3
| Leptocheirus plumulosus | 0.0750 ] 0.0750 0.0750 0.0750 99.6
| Streblospio benedicti | 0.0341 ] 0.0341 0.0341 0.0341 99.8
| Tubificoides spp. | 0.0114 ] 0.0114 0.0114 0.0114 99.9
| Coelotanypus spp.- | 0.0091 ] 0.0091 0.0091 0.0091 99.9
| Cyathura polita | 0.0091 ] 0.0091 0.0091 0.0091 100.0
| Carinoma tremaphoros | 0.0068 ] 0.0068 0.0068 0.0068 100.0
] Oligochaeta | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Polydora cornuta | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Total Biomass w/ Epifauna ] 19.8545 ] 19.8545 19.8545 19.8545

| Total Biomass w/o Epifauna ] 19.8545 ] 19.8545 19.8545 19.8545

* Indicates species is skipped in species counts
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: CHO9
| Watershed: Chester River Habitat: Low Mesohaline Date: September 15, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 11:51

| BOTTOM ENVIRONMENT

| Depth (m): 2.6 Salinity (ppt): 5.85 Temperature (C): 25.11
| Dissolved Oxygen (mg/1): 5.07 Sediment Silt-Clay (%): 95.76

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 1.80 Condition: Severely Degraded # Attributes Scored: 5

| Value Score Value Score
I Shannon-Weiner Index 0.97 1 Pollution Indicative Species Abundance (%) 89.62 1

| Abundance (#/m2) 2409 5 Pollution Indicative Species Biomass (%) 70.80

| Biomass (g/m2) 0.13 1 Pollution Sensitive Species Abundance (%) 0.00

| Carnivore-Omnivore Abundance (%) 0.94 Pollution Sensitive Species Biomass (%) 0.00 1

| Deep Deposit Feeder Abundance (%) 9.43

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Streblospio benedicti | 1977 | 1977.3 1977 1977 81.3
I Imm. Tubificid w/ Cap. Chaete | 182 | 181.8 182 182 88.8
| Leptocheirus plumulosus | 182 | 181.8 182 182 96.3
| Tubificoides spp.- | 45 | 45.5 45 45 98.1
| Carinoma tremaphoros | 23 | 22.7 23 23 99.1
| Gammarus daiberi (Epi) | 23 | 22.7 23 23 100.0
| Total Abundance w/ Epifauna | 2432 ] 2431.8 2432 2432
| Total Abundance w/o Epifauna | 2409 ] 2409.1 2409 2409
| Number of Taxa w/ Epifauna | 6 | 6.0 6 6
| Number of Taxa w/o Epifauna | 5 | 5.0 5 5
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: CHO9 Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Streblospio benedicti | 0.0909 ] 0.0909 0.0909 0.0909 70.2
| Leptocheirus plumulosus | 0.0341 ] 0.0341 0.0341 0.0341 96.5
] Carinoma tremaphoros | 0.0011 ] 0.0011 0.0011 0.0011 97.4
| Gammarus daiberi (Epi) | 0.0011 ] 0.0011 0.0011 0.0011 98.2
| Oligochaeta | 0.0011 ] 0.0011 0.0011 0.0011 99.1
| Tubificoides spp. | 0.0011 | 0.0011 0.0011 0.0011 100.0
| Total Biomass w/ Epifauna | 0.1295 ] 0.1295 0.1295 0.1295

| Total Biomass w/o Epifauna | 0.1284 ] 0.1284 0.1284 0.1284

* Indicates species is skipped in species counts
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (CRUISE 1: 1999/2000)
FIXED SITES

| Station: CH10
| Watershed: Chester River Habitat: Oligohaline Date: September 15, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 11:28

| BOTTOM ENVIRONMENT

| Depth (m): 3.2 Salinity (ppt): 4.07 Temperature (C): 24.41
| Dissolved Oxygen (mg/l1): 6.46 Sediment Silt-Clay (%): 85.83

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 2.60 Condition: Degraded # Attributes Scored: 5

| Value Score Value Score
] Shannon-Weiner Index 0.45 Oligohaline Pollution Indicative Spp. Abund. 95.85 1
| Abundance (#/m2) 4386 Tolerance Score 9.40 3
| Deep Deposit Feeder Abundance (%) 1.04 Oligohaline Pollution Sensitive Spp. Abund. 1.55 3
| Carnivore-Omnivore Abundance (%) 0.00 1 Tanypodinae/Chironomidae Abundance Ratio 0.00 5
| BENTHIC ABUNDANCE (per sqg. meter)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Streblospio benedicti | 4114 | 4113.6 4114 4114 90.5
I Apocorophium lacustre (Epi) | 159 | 159.1 159 159 94.0
| Hobsonia florida | 114 | 113.6 114 114 96.5
| Marenzelleria viridis | 68 | 68.2 68 68 98.0
I Imm. Tubificid w/ Cap. Chaete | 45 | 45.5 45 45 99.0
| Polydora cornuta | 45 | 45.5 45 45 100.0
| Total Abundance w/ Epifauna | 4545 | 4545.4 4545 4545

| Total Abundance w/o Epifauna | 4386 | 4386.3 4386 4386

| Number of Taxa w/ Epifauna | 6 | 6.0 6 6

| Number of Taxa w/o Epifauna | 5 | 5.0 5 5
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (CRUISE 1: 1999/2000)
FIXED SITES (Station: CH10 Contd.)

| | Rep 1 | Mean Std.Dev Min Max Cum %
| Streblospio benedicti | 0.1591 ] 0.1591 0.1591 0.1591 52.0
| Marenzelleria viridis | 0.1409 ] 0.1409 0.1409 0.1409 98.1
| Hobsonia florida | 0.0023 ] 0.0023 0.0023 0.0023 98.9
I Apocorophium lacustre (Epi) | 0.0011 ] 0.0011 0.0011 0.0011 99.3
| Oligochaeta | 0.0011 ] 0.0011 0.0011 0.0011 99.6
| Polydora cornuta | 0.0011 ] 0.0011 0.0011 0.0011 100.0
| Total Biomass w/ Epifauna | 0.3057 ] 0.3057 0.3057 0.3057

| Total Biomass w/o Epifauna | 0.3045 ] 0.3045 0.3045 0.3045
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: RAO1
| Watershed: Rappahannock River Habitat: High Mesohaline Mud Date: August 11, 1999
| Gear: Young Grab Sampled Area: 0.044 sg.m Time: 14:42

| BOTTOM ENVIRONMENT

| Depth (m): 2.0 Salinity (ppt): 16.9 Temperature (C): 30.4
| Dissolved Oxygen (mg/1): 6.4 Sediment Silt-Clay (%): 92.4

| BENTHIC INDEX OF BIOTIC INTEGRITY

| B-IBI Score: 2.67 Condition: Degraded # Attributes Scored: 6

| Value Score Value Score
I Shannon-Weiner Index 2.88 3 Pollution Indicative Species Abundance (%) 40.55

| Abundance (#/m2) 1159 3 Pollution Indicative Species Biomass (%) 43.33 1

| Biomass (g/m2) 0.52 3 Pollution Sensitive Species Abundance (%) 8.07

| Carnivore-Omnivore Abundance (%) 35.56 5 Pollution Sensitive Species Biomass (%) 8.77 1

|

Deep Deposit Feeder Abundance (%) 17.41

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Mulinia lateralis | 364 68 295 | 242.4 154.70 68 364 20.9
] Rictaxis punctostriatus | 386 23 295 | 234.8 189.24 23 386 41.2
| Paraprionospio pinnata | 159 182 250 | 197.0 47.31 159 250 58.2
| Tubificoides heterochaetus | 250 159 136 | 181.8 60.13 136 250 73.9
| Leucon americanus | 91 45 68 | 68.2 22.73 45 91 79.7
I Neanthes succinea | 45 114 45 | 68.2 39.36 45 114 85.6
] Glycinde solitaria | 23 68 68 | 53.0 26.24 23 68 90.2
] Acteocina canaliculata | 68 45 | 37.9 34.72 0 68 93.5
| Streblospio benedicti | 45 23 45 | 37.9 13.12 23 45 96.7
| Podarkeopsis levifuscina | 23 23 | 15.2 13.12 0 23 98.0
| Leitoscoloplos spp. | 23 | 7.6 13.12 0 23 98.7
| Macoma mitchelli | 23 | 7.6 13.12 0 23 99.3
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RAO1 Contd.)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Parahesione luteola | 23 | 7.6 13.12 0

| Total Abundance w/ Epifauna | 1432 750 1295 | 1159.1 360.78 750 1432

| Total Abundance w/o Epifauna | 1432 750 1295 | 1159.1 360.78 750 1432

| Number of Taxa w/ Epifauna | 9 11 11 | 10.3 1.15 9 11

| Number of Taxa w/o Epifauna | 9 11 11 | 10.3 1.15 9 11

| BENTHIC BIOMASS (Grams per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
] Neanthes succinea | 0.1136 0.2727 0.0227 | 0.1364 0.1265 0.0227 0.2727 26.1
| Paraprionospio pinnata | 0.0909 0.0909 0.2045 | 0.1288 0.0656 0.0909 0.2045 50.7
| Mulinia lateralis | 0.1591 0.0227 0.0227 | 0.0682 0.0787 0.0227 0.1591 63.8
| Glycinde solitaria | 0.0227 0.0455 0.0227 | 0.0303 0.0131 0.0227 0.0455 69.6
| Leucon americanus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 73.9
| Rictaxis punctostriatus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 78.3
| Streblospio benedicti | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 82.6
| Tubificoides heterochaetus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 87.0
| Macoma mitchelli | 0.0682 | 0.0227 0.0394 0.0000 0.0682 91.3
I Acteocina canaliculata | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 94.2
| Podarkeopsis levifuscina | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 97.1
| Leitoscoloplos spp. | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 98.6
| Parahesione luteola | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 0.5000 0.5909 0.4773 | 0.5227 0.0601 0.4773 0.5909

| Total Biomass w/o Epifauna | 0.5000 0.5909 0.4773 | 0.5227 0.0601 0.4773 0.5909
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: RA02
| Watershed: Rappahannock River Habitat: High Mesohaline Mud Date: August 11, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 12:18

| BOTTOM ENVIRONMENT

I Depth (m): 3.0 Salinity (ppt): 16.9 Temperature (C): 29.0
| Dissolved Oxygen (mg/1): 6.3 Sediment Silt-Clay (%): 96.8

| BENTHIC INDEX OF BIOTIC INTEGRITY

] B-IBI Score: 2.33 Condition: Degraded # Attributes Scored: 6

| Value Score Value Score
I Shannon-Weiner Index 2.14 3 Pollution Indicative Species Abundance (%) 20.20

| Abundance (#/m2) 2545 3 Pollution Indicative Species Biomass (%) 21.55 3

| Biomass (g/m2) 0.45 1 Pollution Sensitive Species Abundance (%) 2.25

| Carnivore-Omnivore Abundance (%) 11.22 3 Pollution Sensitive Species Biomass (%) 5.57 1

|

Deep Deposit Feeder Abundance (%) 62.21

| BENTHIC ABUNDANCE (per sqg. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Tubificoides heterochaetus | 773 1795 2023 | 1530.3 665.85 773 2023 60.1
| Streblospio benedicti | 205 295 477 | 325.8 138.87 205 477 72.9
| Neanthes succinea | 68 205 182 | 151.5 73.06 68 205 78.9
| Leucon americanus | 114 182 136 | 143.9 34.72 114 182 84.5
| Mulinia lateralis | 68 91 136 | 98.5 34.72 68 136 88.4
| Paraprionospio pinnata | 91 45 68 | 68.2 22.73 45 91 91.1
| Heteromastus filiformis | 114 68 | 60.6 57.20 0 114 93.5
| Glycinde solitaria | 45 45 68 | 53.0 13.12 45 68 95.5
| Nemertinea | 23 68 | 30.3 34.72 0 68 96.7
| Rictaxis punctostriatus | 45 23 23 | 30.3 13.12 23 45 97.9
| Tubificoides spp. | 68 | 22.7 39.36 0 68 98.8
| Podarkeopsis levifuscina | 45 | 15.2 26.24 0 45 99.4
] Leitoscoloplos spp. | 23 | 7.6 13.12 0 23 99.7

Continued . .
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RAO2 Contd.)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
I Macoma mitchelli | 23 | 7.6 13.12 0 23 100.0
| Total Abundance w/ Epifauna | 1455 2818 3364 | 2545.5 983.33 1455 3364
| Total Abundance w/o Epifauna | 1455 2818 3364 | 2545.5 983.33 1455 3364
| Number of Taxa w/ Epifauna | 10 10 12 | 10.7 1.15 10 12
| Number of Taxa w/o Epifauna | 10 10 12 | 10.7 1.15 10 12

| BENTHIC BIOMASS (Grams per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Neanthes succinea | 0.0909 0.2955 0.0909 | 0.1591 0.1181 0.0909 0.2955 35.0
I Mulinia lateralis | 0.0227 0.0455 0.0682 | 0.0455 0.0227 0.0227 0.0682 45.0
| Tubificoides heterochaetus | 0.0227 0.0682 0.0455 | 0.0455 0.0227 0.0227 0.0682 55.0
| Macoma mitchelli | 0.1136 ] 0.0379 0.0656 0.0000 0.1136 63.3
] Glycinde solitaria | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 68.3
| Leucon americanus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 73.3
| Paraprionospio pinnata | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 78.3
| Rictaxis punctostriatus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 83.3
| Streblospio benedicti | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 88.3
| Heteromastus filiformis | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 91.7
] Nemertinea | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 95.0
| Leitoscoloplos spp. | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 96.7
| Podarkeopsis levifuscina | 0.0227 | 0.0076 0.0131 0.0000 0.0227 98.3
| Tubificoides spp. | 0.0227 | 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 0.2955 0.6591 0.4091 | 0.4545 0.1860 0.2955 0.6591

| Total Biomass w/o Epifauna | 0.2955 0.6591 0.4091 | 0.4545 0.1860 0.2955 0.6591
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: RAO3
| Watershed: Rappahannock River Habitat: High Mesohaline Mud Date: August 11, 1999
| Gear: Young Grab Sampled Area: 0.044 sq.m Time: 13:46

| BOTTOM ENVIRONMENT

| Depth (m): 3.0 Salinity (ppt): 16.8 Temperature (C): 30.1
] Dissolved Oxygen (mg/1): 6.3 Sediment Silt-Clay (%): 93.3

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 3.00 Condition: Meets Goal # Attributes Scored: 6

| Value Score Value Score
] Shannon-Weiner Index 3.04 5 Pollution Indicative Species Abundance (%) 40.44

| Abundance (#/m2) 1121 3 Pollution Indicative Species Biomass (%) 27.50 3

| Biomass (g/m2) 0.53 3 Pollution Sensitive Species Abundance (%) 4.36

| Carnivore-Omnivore Abundance (%) 20.40 3 Pollution Sensitive Species Biomass (%) 5.83 1

|

Deep Deposit Feeder Abundance (%) 34.80

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Tubificoides heterochaetus | 341 227 159 | 242 .4 91.85 159 341 21.6
] Mulinia lateralis | 136 318 136 | 197.0 104 .97 136 318 39.2
| Paraprionospio pinnata | 182 159 68 | 136.4 60.13 68 182 51.4
| Streblospio benedicti | 68 136 91 | 98.5 34.72 68 136 60.1
| Neanthes succinea | 114 68 91 | 90.9 22.73 68 114 68.2
| Tubificoides spp. | 136 45 23 | 68.2 60.13 23 136 74.3
| Heteromastus filiformis | 114 45 45 | 68.2 39.36 45 114 80.4
| Rictaxis punctostriatus | 205 | 68.2 118.09 0 205 86.5
] Glycinde solitaria | 114 23 | 45.5 60.13 0 114 90.5
| Leucon americanus | 68 45 | 37.9 34.72 0 68 93.9
| Macoma mitchelli | 45 | 15.2 26.24 0 45 95.3
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RAO3 Contd.)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
] Nemertinea | 23 23 | 15.2 13.12 0 23 96.6
| Podarkeopsis levifuscina | 45 | 15.2 26.24 0 45 98.0
] Acteocina canaliculata | 23 | 7.6 13.12 0 23 98.6
| Leitoscoloplos spp. | 23 | 7.6 13.12 0 23 99.3
| Loimia medusa | 23 | 7.6 13.12 0 23 100.0
| Total Abundance w/ Epifauna | 1409 1341 614 | 1121.2 440.89 614 1409
| Total Abundance w/o Epifauna | 1409 1341 614 | 1121.2 440.89 614 1409
| Number of Taxa w/ Epifauna | 13 13 71 11.0 3.46 7 13
| Number of Taxa w/o Epifauna | 13 13 71 11.0 3.46 7 13

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Neanthes succinea | 0.4545 0.0682 0.0909 | 0.2045 0.2168 0.0682 0.4545 38.6
| Mulinia lateralis | 0.0909 0.0909 0.0227 | 0.0682 0.0394 0.0227 0.0909 51.4
| Heteromastus filiformis | 0.0682 0.0227 0.0227 | 0.0379 0.0262 0.0227 0.0682 58.6
| Paraprionospio pinnata | 0.0455 0.0455 0.0227 | 0.0379 0.0131 0.0227 0.0455 65.7
| Streblospio benedicti | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 70.0
| Tubificoides heterochaetus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 74.3
| Tubificoides spp. | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 78.6
| Glycinde solitaria | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 81.4
| Leitoscoloplos spp. | 0.0455 ] 0.0152 0.0262 0.0000 0.0455 84.3
| Leucon americanus | 0.0227 0.0227 ] 0.0152 0.0131 0.0000 0.0227 87.1
| Loimia medusa | 0.0455 | 0.0152 0.0262 0.0000 0.0455 90.0
| Macoma mitchelli | 0.0455 | 0.0152 0.0262 0.0000 0.0455 92.9
| Nemertinea | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 95.7
| Acteocina canaliculata | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 97.1
| Podarkeopsis levifuscina | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 98.6
| Rictaxis punctostriatus | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 0.9091 0.4545 0.2273 | 0.5303 0.3472 0.2273 0.9091



Total Biomass w/o Epifauna

0.9091

0.4545 0.2273 | 0.5303 0.3472 0.2273 0.9091

BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES

Watershed: Rappahannock River
Gear: Young Grab

Station: RAO4
Habitat: High Mesohaline Mud Date: August 11, 1999
Sampled Area: 0.044 sqg.m Time: 13:02

BOTTOM ENVIRONMENT

Depth (m): 4.0
Dissolved Oxygen (mg/1): 6.1

Salinity (ppt): 16.7
Sediment Silt-Clay (%): 88.4

Temperature (C): 29

BENTH

IC INDEX OF BIOTIC INTEGRITY

B-1BI Score: 2.00

Condition: Severely Degraded # Attributes Scored: 6

|

| Value Score Value Score
I Shannon-Weiner Index 2.72 3 Pollution Indicative Species Abundance (%) 50.99

| Abundance (#/m2) 1455 3 Pollution Indicative Species Biomass (%) 35.57

| Biomass (g/m2) 0.49 1 Pollution Sensitive Species Abundance (%) 4.87

| Carnivore-Omnivore Abundance (%) 24.28 3 Pollution Sensitive Species Biomass (%) 6.13

| Deep Deposit Feeder Abundance (%) 21.49

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| == = = =
| Paraprionospio pinnata | 318 318 364 | 333.3 26.24 318 364 22.9
| Mulinia lateralis | 364 273 227 | 287.9 69.43 227 364 427
| Tubificoides heterochaetus | 500 364 | 287.9 258.47 0 500 62.5
| Neanthes succinea | 136 250 136 | 174.2 65.61 136 250 74.5
| Streblospio benedicti | 45 91 159 | 98.5 57.20 45 159 81.2
| Glycinde solitaria | 136 23 68 | 75.8 57.20 23 136 86.5
| Rictaxis punctostriatus | 91 114 | 68.2 60.13 0 114 91.1
| Heteromastus filiformis | 23 45 68 | 45.5 22.73 23 68 94.3
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| Leucon americanus | 45 91 | 45.5 45.45 0 91 97.4
| Nemertinea | 45 | 15.2 26.24 0 45 98.4
| Eteone heteropoda | 23 | 7.6 13.12 0 23 99.0
| Macoma mitchelli | 23 | 7.6 13.12 0 23 99.5
| Tubificoides spp. | 23 | 7.6 13.12 0 23 100.0
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES (Station: RAO4 Contd.)
| Total Abundance w/ Epifauna | 1636 1136 1591 | 1454.5 276.49 1136 1636
| Total Abundance w/o Epifauna | 1636 1136 1591 | 1454.5 276.49 1136 1636
| Number of Taxa w/ Epifauna | 11 8 9 | 9.3 1.53 8 11
| Number of Taxa w/o Epifauna | 11 8 9 | 9.3 1.53 8 11

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Neanthes succinea | 0.0682 0.2273 0.1591 | 0.1515 0.0798 0.0682 0.2273 30.8
| Paraprionospio pinnata | 0.0682 0.1364 0.0682 | 0.0909 0.0394 0.0682 0.1364 49.2
| Heteromastus filiformis | 0.0455 0.0227 0.1136 | 0.0606 0.0473 0.0227 0.1136 61.5
| Mulinia lateralis | 0.1136 0.0227 0.0227 | 0.0530 0.0525 0.0227 0.1136 72.3
| Glycinde solitaria | 0.0227 0.0227 0.0455 | 0.0303 0.0131 0.0227 0.0455 78.5
| Streblospio benedicti | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 83.1
| Leucon americanus | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 86.2
| Nemertinea | 0.0455 | 0.0152 0.0262 0.0000 0.0455 89.2
| Rictaxis punctostriatus | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 92.3
| Tubificoides heterochaetus | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 95.4
| Eteone heteropoda | 0.0227 | 0.0076 0.0131 0.0000 0.0227 96.9
| Macoma mitchelli | 0.0227 | 0.0076 0.0131 0.0000 0.0227 98.5
| Tubificoides spp. | 0.0227 | 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 0.4773 0.5000 0.5000 | 0.4924 0.0131 0.4773 0.5000

| Total Biomass w/o Epifauna | 0.4773 0.5000 0.5000 | 0.4924 0.0131 0.4773 0.5000
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: RAO5
| Watershed: Rappahannock River Habitat: High Mesohaline Mud Date: August 11, 1999
| Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 10:05

| BOTTOM ENVIRONMENT

| Depth (m): 3.0 Salinity (ppt): 15.4 Temperature (C): 26.9
] Dissolved Oxygen (mg/1): 6.0 Sediment Silt-Clay (%): 91.7

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 2.33 Condition: Degraded # Attributes Scored: 6

| Value Score Value Score
] Shannon-Weiner Index 2.12 3 Pollution Indicative Species Abundance (%) 13.29

| Abundance (#/m2) 2871 3 Pollution Indicative Species Biomass (%) 17.17 3

| Biomass (g/m2) 0.36 1 Pollution Sensitive Species Abundance (%) 4.67

| Carnivore-Omnivore Abundance (%) 18.42 3 Pollution Sensitive Species Biomass (%) 8.59 1

|

Deep Deposit Feeder Abundance (%) 61.66

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean  Std.Dev Min Max  Cum %
|
| Tubificoides heterochaetus | 3477 886 1136 | 1833.3 1429.17 886 3477 63.9
] Neanthes succinea | 136 205 318 | 219.7 91.85 136 318 71.5
| Mulinia lateralis | 205 136 182 | 174.2 34.72 136 205 77.6
| Leucon americanus | 250 91 136 | 159.1 81.94 91 250 83.1
| Streblospio benedicti | 250 136 91 | 159.1 81.94 91 250 88.7
] Glycinde solitaria | 136 91 114 | 113.6 22.73 91 136 92.6
] Nemertinea | 23 114 23 | 53.0 52.49 23 114 94.5
| Heteromastus filiformis | 68 23 | 30.3 34.72 0 68 95.5
] Rictaxis punctostriatus | 68 23 | 30.3 34.72 0 68 96.6
| Tubificoides spp. | 91 | 30.3 52.49 0 91 97.6
| Leitoscoloplos spp.- | 23 23 | 15.2 13.12 0 23 98.2
| Macoma mitchelli | 23 23 | 15.2 13.12 0 23 98.7
| Paraprionospio pinnata | 23 23 | 15.2 13.12 0 23 99.2
| Cyathura polita | 23 | 7.6 13.12 0 23 99.5

Continued . .
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RAO5 Contd.)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Leptocheirus plumulosus | 23 | 7.6 13.12 0 23 99.7
| Parahesione luteola | 23 | 7.6 13.12 0 23 100.0
| Total Abundance w/ Epifauna | 4795 1727 2091 | 2871.2 1676.33 1727 4795
| Total Abundance w/o Epifauna | 4795 1727 2091 | 2871.2 1676.33 1727 4795
| Number of Taxa w/ Epifauna | 14 10 11 | 11.7 2.08 10 14
| Number of Taxa w/o Epifauna | 14 10 11 | 11.7 2.08 10 14

| BENTHIC BIOMASS (Grams per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Macoma mitchelli | 0.0909 0.1364 | 0.0758 0.0694 0.0000 0.1364 21.3
| Tubificoides heterochaetus | 0.0455 0.0227 0.0455 | 0.0379 0.0131 0.0227 0.0455 31.9
| Neanthes succinea | 0.0227 0.0227 0.0455 | 0.0303 0.0131 0.0227 0.0455 40.4
| Nemertinea | 0.0227 0.0455 0.0227 | 0.0303 0.0131 0.0227 0.0455 48.9
| Glycinde solitaria | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 55.3
| Leucon americanus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 61.7
] Mulinia lateralis | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 68.1
] Streblospio benedicti | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 74.5
| Heteromastus filiformis | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 78.7
| Leitoscoloplos spp. | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 83.0
| Paraprionospio pinnata | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 87.2
| Rictaxis punctostriatus | 0.0227 0.0227 ] 0.0152 0.0131 0.0000 0.0227 91.5
| Cyathura polita | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 93.6
| Leptocheirus plumulosus | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 95.7
| Parahesione luteola | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 97.9
| Tubificoides spp. | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 0.4091 0.2500 0.4091 | 0.3561 0.0919 0.2500 0.4091

| Total Biomass w/o Epifauna | 0.4091 0.2500 0.4091 | 0.3561 0.0919 0.2500 0.4091
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES

Watershed: Rappahannock River
Gear: Young Grab

Station: RAO06
Habitat: High Mesohaline Mud
Sampled Area: 0.044 sg.m

Date: August 11, 1999
Time: 9:09

BOTTOM ENVIRONMENT

Depth (m): 3.0
Dissolved Oxygen (mg/Z/1): 6.0

Salinity (ppt): 15.3
Sediment Silt-Clay (%): 87.9

Temperature (C): 26.5

| BENTHIC INDEX OF BIOTIC INTEGRITY

| B-IBI Score: 1.67 Condition: Severely Degraded # Attributes Scored: 6

| Value Score Value Score
| Shannon-Weiner Index 1.41 1 Pollution Indicative Species Abundance (%) 11.77

| Abundance (#/m2) 5674 1 Pollution Indicative Species Biomass (%) 16.16 3
| Biomass (g/m2) 0.52 3 Pollution Sensitive Species Abundance (%) 2.48

| Carnivore-Omnivore Abundance (%) 7.38 1 Pollution Sensitive Species Biomass (%) 8.79 1
| Deep Deposit Feeder Abundance (%) 76.69

| BENTHIC ABUNDANCE (per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean  Std.Dev Min Max  Cum %
| == = = = =
| Tubificoides heterochaetus | 8455 4000 1523 | 4659.1 3512.60 1523 8455 82.1
| Mulinia lateralis | 364 273 409 | 348.5 69.43 273 409 88.3
| Leucon americanus | 205 159 114 | 159.1 45.45 114 205 91.1
I Neanthes succinea | 68 136 114 | 106.1 34.72 68 136 92.9
] Glycinde solitaria | 68 114 114 | 98.5 26.24 68 114 94.7
| Streblospio benedicti | 91 91 45 | 75.8 26.24 45 91 96.0
| Paraprionospio pinnata | 45 114 45 | 68.2 39.36 45 114 97.2
| Nemertinea | 91 23 23 | 45.5 39.36 23 91 98.0
| Macoma mitchelli | 68 45 | 37.9 34.72 0 68 98.7
| Rictaxis punctostriatus | 45 45 | 30.3 26.24 0 45 99.2
| Clinotanypus pinguis | 23 23 | 15.2 13.12 0 23 99.5
| Heteromastus filiformis | 23 23 | 15.2 13.12 0 23 99.7
| Eteone heteropoda | 23 | 7.6 13.12 0 23 99.9

Continued . .
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RAO6 Contd.)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Leptocheirus plumulosus | 23 | 7.6 13.12 0 23 100.0
| Total Abundance w/ Epifauna | 9432 5045 2545 | 5674.2 3485.98 2545 9432
| Total Abundance w/o Epifauna | 9432 5045 2545 | 5674.2 3485.98 2545 9432
| Number of Taxa w/ Epifauna | 9 12 13 | 11.3 2.08 9 13
| Number of Taxa w/o Epifauna | 9 12 13 | 11.3 2.08 9 13

| BENTHIC BIOMASS (Grams per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Macoma mitchelli | 0.0909 0.2727 | 0.1212 0.1389 0.0000 0.2727 23.2
] Neanthes succinea | 0.0909 0.1136 0.0909 | 0.0985 0.0131 0.0909 0.1136 42.0
| Tubificoides heterochaetus | 0.1136 0.0682 0.0227 | 0.0682 0.0455 0.0227 0.1136 55.1
| Glycinde solitaria | 0.0227 0.0909 0.0227 | 0.0455 0.0394 0.0227 0.0909 63.8
| Mulinia lateralis | 0.0227 0.0227 0.0455 | 0.0303 0.0131 0.0227 0.0455 69.6
| Heteromastus filiformis | 0.0227 0.0455 | 0.0227 0.0227 0.0000 0.0455 73.9
| Leucon americanus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 78.3
] Nemertinea | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 82.6
| Paraprionospio pinnata | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 87.0
| Streblospio benedicti | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 91.3
| Clinotanypus pinguis | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 94.2
| Rictaxis punctostriatus | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 97.1
| Eteone heteropoda | 0.0227 | 0.0076 0.0131 0.0000 0.0227 98.6
| Leptocheirus plumulosus | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 0.3636 0.5455 0.6591 | 0.5227 0.1490 0.3636 0.6591



Total Biomass w/o Epifauna

0.3636 0.5455 0.6591 |

0.5227

0.1490 0.3636 0.6591

BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES

Watershed: Rappahannock River
Gear: Young Grab

Station: RAO7
Habitat: High Mesohaline Mud
Sampled Area: 0.044 sqg.m

Date: August 10, 1999
Time: 18:53

BOTTOM ENVIRONMENT

Depth (m): 3.0
Dissolved Oxygen (mg/1): 6.5

Salinity (ppt): 13.4
Sediment Silt-Clay (%): 92.3

Temperature (C): 27.5

| BENTHIC INDEX OF BIOTIC INTEGRITY

| B-IBI Score: 3.00 Condition: Meets Goal # Attributes Scored: 6

| Value Score Value Score
I Shannon-Weiner Index 2.83 3 Pollution Indicative Species Abundance (%) 21.06

| Abundance (#/m2) 871 1 Pollution Indicative Species Biomass (%) 10.47 3

| Biomass (g/m2) 0.52 3 Pollution Sensitive Species Abundance (%) 36.91

| Carnivore-Omnivore Abundance (%) 38.70 5 Pollution Sensitive Species Biomass (%) 47 .45 3

| Deep Deposit Feeder Abundance (%) 9.06

| BENTHIC ABUNDANCE (per sqg. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %



| Cyathura polita | 182 159 273 | 204.5 60.13 159 273 23.3
| Leucon americanus | 159 23 136 | 106.1 73.06 23 159 35.3
] Mulinia lateralis | 45 159 91 | 98.5 57.20 45 159 46.6
| Streblospio benedicti | 68 227 | 98.5 116.63 0 227 57.8
| Glycinde solitaria | 45 159 68 | 90.9 60.13 45 159 68.1
| Macoma mitchelli | 68 114 91 | 90.9 22.73 68 114 78.4
| Tubificoides heterochaetus | 182 91 | 90.9 90.91 0 182 88.8
| Leptocheirus plumulosus | 23 91 | 37.9 47.31 0 91 93.1
| Marenzelleria viridis | 23 23 | 15.2 13.12 0 23 94.8
I Neanthes succinea | 45 | 15.2 26.24 0 45 96.6
] Nemertinea | 23 23 | 15.2 13.12 0 23 98.3
| Macoma balthica | 23 | 7.6 13.12 0 23 99.1
| Melita nitida (Epi) | 23 | 7.6 13.12 0 23 100.0
BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RAO7 Contd.)

| Total Abundance w/ Epifauna | 659 1114 864 | 878.8 227 .65 659 1114

| Total Abundance w/o Epifauna | 659 1091 864 | 871.2 216.01 659 1091

| Number of Taxa w/ Epifauna | 9 11 8 | 9.3 1.53 8 11

| Number of Taxa w/o Epifauna | 9 10 8 | 9.0 1.00 8 10

| BENTHIC BIOMASS (Grams per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Cyathura polita | 0.1591 0.1591 0.2045 | 0.1742 0.0262 0.1591 0.2045 32.9
| Macoma mitchelli | 0.0909 0.1364 0.1818 | 0.1364 0.0455 0.0909 0.1818 58.6
] Mulinia lateralis | 0.0682 0.0227 0.0227 | 0.0379 0.0262 0.0227 0.0682 65.7
| Glycinde solitaria | 0.0227 0.0455 0.0227 | 0.0303 0.0131 0.0227 0.0455 71.4
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Leucon americanus
Marenzelleria viridis
Macoma balthica
Leptocheirus plumulosus
Neanthes succinea
Nemertinea

Streblospio benedicti
Tubificoides heterochaetus
Melita nitida (Epi)

Total Biomass w/ Epifauna
Total Biomass w/o Epifauna

o

.0227
.0227

.0455
.0227
.0227

0.0227 0.0227 | O.
0.0455 | o.
0.0682 | o.
0.0227 0.0227 | O.
| o.

0.0227 | O.

0.0227 | o.
0.0227 0.0227 | O.
0.0227 | o.
0.5909 0.5227 | ©
0.5682 0.5227 | ©

0.0000 0.0227 0.0227
0.0227 0.0000 0.0455
0.0394 0.0000 0.0682
0.0131 0.0000 0.0227
0.0262 0.0000 0.0455
0.0131 0.0000 0.0227
0.0131 0.0000 0.0227
0.0131 0.0000 0.0227
0.0131 0.0000 0.0227
0.0572 0.4773 0.5909
0.0455 0.4773 0.5682

OO0 N O© OFr Wwo-~N

BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)

AMBIENT TOXICITY SITES

Watershed: Rappahannock River
Gear: Young Grab

Station: RAO8
Habitat: High Mesohaline Mud
Sampled Area: 0.044 sqg.m

Date: August 10, 1999
Time: 19:29

BOTTOM ENVIRONMENT

Depth (m): 1.0
Dissolved Oxygen (mg/1): 6.2

Salinity (ppt): 13.0
Sediment Silt-Clay (%): 68.3

Temperature (C): 27.4

BENTH

IC INDEX OF BIOTIC INTEGRITY
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B-IBI Score: 1.67 Condition: Severely Degraded # Attributes Scored: 6

|

| Value Score Value Score
] Shannon-Weiner Index 1.43 1 Pollution Indicative Species Abundance (%) 4.78

| Abundance (#/m2) 13106 1 Pollution Indicative Species Biomass (%) 5.81 3

| Biomass (g/m2) 0.93 3 Pollution Sensitive Species Abundance (%) 0.90

| Carnivore-Omnivore Abundance (%) 3.39 1 Pollution Sensitive Species Biomass (%) 11.44 1

|

Deep Deposit Feeder Abundance (%) 74.63

| BENTHIC ABUNDANCE (per sqg. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Tubificoides heterochaetus | 8432 10227 10432 | 9697.0 1100.42 8432 10432 73.0
| Leucon americanus | 2045 455 1864 | 1454.5 870.78 455 2045 83.9
| Leptocheirus plumulosus | 955 636 409 | 666.7 273.99 409 955 88.9
| Streblospio benedicti | 455 636 727 | 606.1 138.87 455 727 93.5
] Neanthes succinea | 205 182 227 | 204.5 22.73 182 227 95.0
| Melita nitida (Epi) | 273 227 23 | 174.2 133.17 23 273 96.4
| Macoma mitchelli | 68 91 182 | 113.6 60.13 68 182 97.2
| Nemertinea | 45 91 114 | 83.3 34.72 45 114 97.8
| Heteromastus filiformis | 91 23 114 | 75.8 47.31 23 114 98.4
] Clinotanypus pinguis | 91 68 | 53.0 47.31 0 91 98.8
| Cyathura polita | 45 45 68 | 53.0 13.12 45 68 99.2
| Rangia cuneata | 23 23 68 | 37.9 26.24 23 68 99.5
| Eteone heteropoda | 23 23 23 | 22.7 0.00 23 23 99.7
Continued . .
BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RAO8 Contd.)
| BENTHIC ABUNDANCE (per sq. meter) - Contd.
| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
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] Glycinde solitaria | 23 45 | 22.7 22.73 0 45 99.8
| Ceratopogonidae | 23 | 7.6 13.12 0 23 99.9
| Macoma balthica | 23 | 7.6 13.12 0 23 99.9
I Turbellaria (Epi) | 23 | 7.6 13.12 0 23 100.0
| Total Abundance w/ Epifauna | 12795 12682 14386 | 13287.9 953.01 12682 14386

| Total Abundance w/o Epifauna | 12500 12455 14364 | 13106.1 1089.33 12455 14364

| Number of Taxa w/ Epifauna | 15 13 15 | 14.3 1.15 13 15

| Number of Taxa w/o Epifauna | 13 12 14 | 13.0 1.00 12 14

| BENTHIC BIOMASS (Grams per sq. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Macoma mitchelli | 0.2045 0.2045 0.5000 | 0.3030 0.1706 0.2045 0.5000 31.5
] Neanthes succinea | 0.0909 0.1364 0.1364 | 0.1212 0.0262 0.0909 0.1364 44.1
| Leptocheirus plumulosus | 0.1136 0.1136 0.0909 | 0.1061 0.0131 0.0909 0.1136 55.1
| Tubificoides heterochaetus | 0.0455 0.1591 0.1136 | 0.1061 0.0572 0.0455 0.1591 66.1
| Cyathura polita | 0.0227 0.0227 0.0909 | 0.0455 0.0394 0.0227 0.0909 70.9
| Leucon americanus | 0.0455 0.0227 0.0682 | 0.0455 0.0227 0.0227 0.0682 75.6
| Heteromastus filiformis | 0.0455 0.0227 0.0227 | 0.0303 0.0131 0.0227 0.0455 78.7
| Macoma balthica | 0.0909 | 0.0303 0.0525 0.0000 0.0909 81.9
] Rangia cuneata | 0.0227 0.0227 0.0455 | 0.0303 0.0131 0.0227 0.0455 85.0
| Streblospio benedicti | 0.0227 0.0227 0.0455 | 0.0303 0.0131 0.0227 0.0455 88.2
| Eteone heteropoda | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 90.6
| Melita nitida (Epi) | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 92.9
| Nemertinea | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 95.3
] Clinotanypus pinguis | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 96.9
| Glycinde solitaria | 0.0227 0.0227 | 0.0152 0.0131 0.0000 0.0227 98.4
| Ceratopogonidae | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 99.2
| Turbellaria (Epi) | 0.0227 | 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 0.7500 0.8182 1.3182 | 0.9621 0.3102 0.7500 1.3182

| Total Biomass w/o Epifauna | 0.7045 0.7955 1.2955 | 0.9318 0.3182 0.7045 1.2955

BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
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AMBIENT TOXICITY SITES

| Station: RA09
| Watershed: Rappahannock River Habitat: Low Mesohaline Date: August 10, 1999
] Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 16:41

| BOTTOM ENVIRONMENT

| Depth (m): 2.0 Salinity (ppt): 11.8 Temperature (C): 27.6
] Dissolved Oxygen (mg/1): 6.5 Sediment Silt-Clay (%): 97.1

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 2.20 Condition: Degraded # Attributes Scored: 5

| Value Score Value Score
] Shannon-Weiner Index 1.08 1 Pollution Indicative Species Abundance (%) 0.29 5

| Abundance (#/m2) 20788 1 Pollution Indicative Species Biomass (%) 2.15

| Biomass (g/m2) 1.38 3 Pollution Sensitive Species Abundance (%) 0.15

| Carnivore-Omnivore Abundance (%) 0.51 Pollution Sensitive Species Biomass (%) 1.68 1

|

Deep Deposit Feeder Abundance (%) 70.41

| BENTHIC ABUNDANCE (per sqg. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Tubificoides heterochaetus | 17568 12818 13682 | 14689.4  2530.22 12818 17568 70.2
| Leptocheirus plumulosus | 5205 5545 5614 | 5454.5 219.17 5205 5614 96.3
| Leucon americanus | 114 341 568 | 340.9 227.27 114 568 97.9
| Melita nitida (Epi) | 91 68 227 | 128.8 86.04 68 227 98.6
| Macoma mitchelli | 136 114 45 | 98.5 47.31 45 136 99.0
| Neanthes succinea | 91 114 68 | 90.9 22.73 68 114 99.5
| Streblospio benedicti | 68 45 45 | 53.0 13.12 45 68 99.7
| Rangia cuneata | 23 45 23 | 30.3 13.12 23 45 99.9
| Heteromastus filiformis | 45 | 15.2 26.24 0 45 99.9
] Clinotanypus pinguis | 23 | 7.6 13.12 0 23 100.0
| Eteone heteropoda | 23 | 7.6 13.12 0 23 100.0
| Total Abundance w/ Epifauna | 23364 19091 20295 | 20916.7 2203.06 19091 23364

| Total Abundance w/o Epifauna | 23273 19023 20068 | 20787.9 2214 .52 19023 23273

| Number of Taxa w/ Epifauna | 10 8 9 | 9.0 1.00 8 10

| Number of Taxa w/o Epifauna | 9 7 8 | 8.0 1.00 7 9
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RAQ9 Contd.)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Leptocheirus plumulosus | 0.6136 0.5682 0.6364 | 0.6061 0.0347 0.5682 0.6364 43.2
| Macoma mitchelli | 0.5227 0.2727 0.3636 | 0.3864 0.1265 0.2727 0.5227 70.8
| Tubificoides heterochaetus | 0.3182 0.1818 0.2727 | 0.2576 0.0694 0.1818 0.3182 89.2
] Neanthes succinea | 0.0455 0.0455 0.0227 | 0.0379 0.0131 0.0227 0.0455 91.9
| Leucon americanus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 93.5
| Melita nitida (Epi) | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 95.1
| Rangia cuneata | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 96.8
| Streblospio benedicti | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 98.4
] Clinotanypus pinguis | 0.0227 | 0.0076 0.0131 0.0000 0.0227 98.9
| Eteone heteropoda | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 99.5
| Heteromastus filiformis | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 1.6364 1.1591 1.4091 | 1.4015 0.2387 1.1591 1.6364

| Total Biomass w/o Epifauna | 1.6136 1.1364 1.3864 | 1.3788 0.2387 1.1364 1.6136
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES

| Station: RA10
| Watershed: Rappahannock River Habitat: Low Mesohaline Date: August 10, 1999
] Gear: Young Grab Sampled Area: 0.044 sqg.m Time: 15:36

| BOTTOM ENVIRONMENT

| Depth (m): 3.0 Salinity (ppt): 10.6 Temperature (C): 29.3
] Dissolved Oxygen (mg/1): 5.9 Sediment Silt-Clay (%): 95.6

| BENTHIC INDEX OF BIOTIC INTEGRITY

I B-IBI Score: 3.00 Condition: Meets Goal # Attributes Scored: 5

| Value Score Value Score
] Shannon-Weiner Index 1.72 3 Pollution Indicative Species Abundance (%) 0.00 5

| Abundance (#/m2) 3530 3 Pollution Indicative Species Biomass (%) 0.00

| Biomass (g/m2) 39.63 1 Pollution Sensitive Species Abundance (%) 9.44

| Carnivore-Omnivore Abundance (%) 5.90 Pollution Sensitive Species Biomass (%) 79.25 3

| Deep Deposit Feeder Abundance (%) 8.41

| BENTHIC ABUNDANCE (per sqg. meter)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Leptocheirus plumulosus | 3045 2159 1795 | 2333.3 642 .96 1795 3045 63.5
| Leucon americanus | 591 341 159 | 363.6 216.80 159 591 73.4
| Tubificoides heterochaetus | 773 114 136 | 340.9 374.14 114 773 82.7
| Melita nitida (Epi) | 227 91 114 | 143.9 73.06 91 227 86.6
| Marenzelleria viridis | 205 91 68 | 121.2 73.06 68 205 89.9
| Rangia cuneata | 91 68 159 | 106.1 47.31 68 159 92.8
| Clinotanypus pinguis | 68 114 91 | 90.9 22.73 68 114 95.3
| Cyathura polita | 68 159 45 | 90.9 60.13 45 159 97.7
| Boccardiella ligerica | 23 136 | 53.0 73.06 0 136 99.2
| Macoma mitchelli | 23 23 | 15.2 13.12 0 23 99.6
| Limnodrilus spp. | 23 | 7.6 13.12 0 23 99.8
| Neanthes succinea | 23 | 7.6 13.12 0 23 100.0
| Total Abundance w/ Epifauna | 5136 3273 2614 | 3674.2 1308.41 2614 5136

| Total Abundance w/o Epifauna | 4909 3182 2500 | 3530.3 1241.78 2500 4909

| Number of Taxa w/ Epifauna | 11 9 10 | 10.0 1.00 9 11

| Number of Taxa w/o Epifauna | 10 8 9 | 9.0 1.00 8 10
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BOTTOM ENVIRONMENT AND BENTHOS, SUMMER 1999 (1999/2000)
AMBIENT TOXICITY SITES (Station: RA10 Contd.)

| | Rep 1 Rep 2 Rep 3 | Mean Std.Dev Min Max Cum %
| Rangia cuneata | 0.0227 41.0909 75.6364 | 38.9167 37.8537 0.0227 75.6364 98.1
| Leptocheirus plumulosus | 0.3636 0.3182 0.2045 | 0.2955 0.0819 0.2045 0.3636 98.9
| Marenzelleria viridis | 0.1591 0.1591 0.0455 | 0.1212 0.0656 0.0455 0.1591 99.2
| Macoma mitchelli | 0.0455 0.2727 | 0.1061 0.1461 0.0000 0.2727 99.5
| Cyathura polita | 0.1591 0.0909 0.0227 | 0.0909 0.0682 0.0227 0.1591 99.7
| Clinotanypus pinguis | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 99.8
| Leucon americanus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 99.8
| Melita nitida (Epi) | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 99.9
| Tubificoides heterochaetus | 0.0227 0.0227 0.0227 | 0.0227 0.0000 0.0227 0.0227 99.9
| Boccardiella ligerica | 0.0227 0.0227 ] 0.0152 0.0131 0.0000 0.0227 100.0
| Limnodrilus spp. | 0.0227 ] 0.0076 0.0131 0.0000 0.0227 100.0
I Neanthes succinea | 0.0227 | 0.0076 0.0131 0.0000 0.0227 100.0
| Total Biomass w/ Epifauna | 0.8864 41.7727 76.2955 | 39.6515  37.7493 0.8864  76.2955

| Total Biomass w/o Epifauna | 0.8636 41.7500 76.2727 | 39.6288  37.7493 0.8636  76.2727
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