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FOREWORD

Maryland is rich in natural resources. 1Ite wild game, woods, beaches,
rivers, and Chesapeake Bay with its abundant aquatic resources provide a
bountiful outdoor environment for our citizens. The task of the Department of
Natural Resources is to manage these resources in such a way that their
enhancement, conservation, use and development ensure the greatest good for the
greatest number of Marylanders, now and in the future. The employees of DNR are
personally and professionally committed to this task, and, with public
understanding and support, we will achieve our goal.

Torrey C. Brown
Secretary

Department of Natural Resources
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EXECUTIVE SUMMARY

The Hart-Miller Island Containment Facility was designed to receive material
from channel dredging projects in the Baltimore Harbor and its approaches. The
disposal site is located northeast of the Baltimore Harbor in the Chesapeake Bay.
This report contains the results of a seventh year of monitoring to assess the
impacts to the biological and sedimentary environment exterior to the dike. RAs
in previous years, samples of sediments and the benthic population were taken
at a number of sites in the vicinity of Hart and Miller Islands during Fall 1987
and Spring 1988. A beach erosion study, initiated in the spring of 1984, was
continued. Data collected from this and the previous six years of monitoring

indicate that there have been no significant changes in the environment.

No significant changea were observed in the sedimentary environment
surrounding the Hart-Miller 1Island Containment Facility. Generally, the
sediments around the facility remained siltier than pre-construction sediments.
The blanket of fluid mud was still very distinct and radicgraphic examination
of this layer revealed no increase in bioturbation levels compared with the sixth
year. The reworking by benthic activity that does exist is largely restricted
to the upper 10-15 c¢m. Average zinc enrichment factors for the fluid mud
remained lower than pre-construction values. However, slight increases in
enrichment factors were observed in the bioturbated zone of the fluid mud layer,
indicating that benthic activity contributed to the enrichment of sediments with
Zn and, by association, others as well. This is consistent with the sixth year

monitoring data and results.

With respect to beach erosion, wave activity and sheet wash, the two major
natural processes operating on the beach were responsible for the ercsional
features observed during the study period. Wave action during high tides eroded
most of the sediment from the beach. Sheet wash during storms resulted in the
development of gullies, which grew in depth and headward extent throughout the
monitoring year. By steepening the lower dike face, bulldozing amplified the

effects of these two geomorphic processes.

iii



The sampling locations, sampling techniques and data analysis for benthic
monitoring were again designed to be as similar as possible to those for the
previous two years. The results presented in this report are quite similar to
those presented in both the fifth year and eixth year reports. Salinity
variations on yearly and seasonal time scales appear to determine the position
of dominance of the major species. There was a general ovarall decline from the
high number of bivalves reported in Augqust 1987. The decline appeared at both
the nearfield and reference stations and may be a result of less favorable

salinities in the region.

The benthic data indicated significant differences in stations in the
southwest region of the Hart-Miller Island facility near Back River. Epifaunal
species were quite similar in terms of distribution at the nearfield and
reference atations for all three sampling periods. At praesent, there do not
appear to be any discernible differences in the nearfield and reference
populations resulting directly from the containment facility. Barge activity
churns up and scours the area, but the opportunistic species inhabiting this
oligohaline region of the Bay appear to be readily capable of repopulating

disturbed areas.

The levels of 43 individual trace organic contaminant compounds were
determined in 110 samples of sediment and biota. Biological samples {£fish,
benthos) were also analyzed for concentrations of six metals: chromium, copper,
iron, manganese, nickel, and zinc. All the sediment samples showed pollutant
levels below the detection limits. This was alsoc the case for biota except for
chlordane and PCB's (Total). B-BHC was detected in one tissue sample of Rangia
species Consietently higher levels of chlordane and PCB's showed up in the April
and August, 1988 biota samples. These levels were lower than baseline levels
for the entire Bay. This suggests the biota are accumulating the extremely low
levels found in the sediment to a detectable level in the biota samples. Data
collected prior to dike construction indicated that some of these contaminant
levels were much higher than current levels, so the relation of these findings

to facility operations is not clear.
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RECOMMENDATIONS

It is imperative that good lines of communication be maintained between
the researchers and the managers of Hart-Miller Island, so that both groups can
benefit from any information acquired through the surveys they conduct. It is
therefore recommended that the Exterior Monitoring program meet at leaast yearly
with the Technical Advisory Committee.

Monitoring of the sedimentary environment exterior to the Hart-Miller
Island Containment Facility should be continued at its current level through at
least 1990, the scheduled completion date of the 50 ft deepening of Baltimore
Harbor and its approach channels. Likewise infaunal and epifaunal populations
should continue to be sampled at the established locations during this period.

Several of the erosion control measures recommended in previous reports
were implemented in September 1988. Construction of two berms parallel to the
shoreline will redirect storm runoff. Seeding the beach will stabilize it by
reducing sheet wash and qully erosion. However, erosion of the 50-75 ft wide
sand beach by wave attack will continue. Sand replenishment and/or the

construction of an offshore breakwater may still be necessary to deter erosion.
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DEFINITION OF TERMS

Bathvmetrjc — Referring to contours of depth below the water's

surface.

Benthog - The bottom of a sea or lake. The organisms living on

sea or lake bottoms.

Biocaccumulatjon - The accumulation of foreign substances,
particularly toxic contaminanta, within the tissues of
organisms. Results from chronic exposure to contaminated food

or habitats.

Biogenic - Resulting from the activity of living organisms. For

example, bivalve shells are biogenic minerala.

Biometrjce - The statistical study of biological data.

Biota - The animal and plant life of a region.

Bioturbation - Mixing of sediments by the burrowing and feeding

activities of sediment-dwelling organisms. This disturba the

normal, layered patterns of sediment accumulation.

Brackigh - Salty, though less saline than sea water.

Desiccation - The act of drying thoroughly; exhausting or

depriving of moisture.

Diversjity index - A statistical measure that incorporates
information on the number of species present in a habitat with

xvii



the abundance of each species. A low diversity index suggests

that the habitat has been stressed or disturbed.

Dominant (species) - Designating an organism or a group of
organisms which, by their size and numbers or both, determine

the character of a community.

Dredge - Any of various machines equipped with scooping or
suction devices used in deepening harbors and waterways and in

underwater mining.

Effluent - Something that flowa ocut or forth; an ocutflow or

diacharge of waste, as from a sewer.

Epifauna - Benthic animals living on the surface of bottom

material.

Flocculate - An agglomeration of particles bound by

electrostatic forces.

Flocculent - Having a fluffy or wooly appearance.

Gas chromatographvy — A method of chemical analysis in which a
sample is vaporized and diffused along with a carrier gas
through a 1liquid or solid adsorbent for differential
adsorption. A detector records separate peaks as various

compounds are released (eluted) from the column.

Hydrography ~ The scientific description and analysis of the
physical conditions, boundaries, flow, and related
characteristics of oceans, rivers, lakes, and other surface

waters.

Infauna - Benthic animals living in bottom material.
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Littoral - Of or pertaining to the seashore, especially the
region between the highest and lowest levels of spring tides.

n W W - The average water level at low tide.

Radjograph ~ An image produced on a radiosensitive surface,
such as a photographic film, by radiation other than visible
light, especially by x-rays passed through an object or by
photographing a fluorcscopic image.

Revetment - A facing, as of masonry, used to support an embank-

ment.
Salinity - The concentration of salt in a solution. Full
strength seawater has a salinity of about 35 parts per thousand

(ppt or o/oo).

Sediment - That which settles to the bottom, as in a flask or
lake.

Seing - A large fishing net made to hang vertically in the
water by weights at the lower edge and floats on the top.

Spawn - To produce and deposit eggs, with reference to aquatic
animals.

Spectrophotometer — An instrument used in chemical analysis to

measure the intensity of color in a solution.

Spillway - A channel for an overflow of water.

xix



Substrate - A surface on which a plant or animal grows or is

attached.
Superna - The clear fluid over a sediment or precipitate.
Surficial - The top, or surface, layer of sediment.

Trace metal - A metal that occurs in minute quantities in a

substance.

Trawl - A large, tapered fishing net of flattened conical
shape, towed along the sea bottom. To catch fish by means of a

trawl.
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INTRODUCTION

The Hart-Miller Island Containment Pacility monitoring program was
established to collect and analyze data to determine the effects of the facility
on the surrounding environment. The program was launched in 1981 so that
environmental data for pre-construction and pre-operational conditions could be
comparad with the data collected during operation of the facility. The Seventh
Annual Interpretive Report presents the results of the environmental monitoring
of the Hart-Miller Island Containment Facility from August 1987 through August
1988.

DESCRIPTION OF THE CONTAINMENT FACILITY

The site is environmentally and economically important to Maryland and the
Chesapeake Bay region. The State of Maryland contracted for the construction
of a diked area at Hart and Miller Islands during 1981-1983, and the facility
was completed in 1983. It was designed to receive 52 million cubic yards (mcy)
of material, most of which will be bottom sediments produced by deepening the
Baltimore Harbor and its approach channels to 50'. Once the facility is filled,

it will be converted to a permanent wildlife and recreational area.

The dike is 28' (18' + a 10' perimeter dike) above mean low water and
encloses an area of 1,140 acres. It was constructed from sand deposits within
and underlying the enclosure. Presumably, the fine sands and silts from the
dredged material will fill the pores between the sand grains, forming a semi-
permeable dike wall. The Bay-side face is riprapped with stone over filter
cloth. The typical side slopes are 3:1 (three horizontal to one vertical) on
the exposed ocutside face, 5:1 on the inside and 20:1 along the recreational beach
on the Back River side. The completed dike is approximately 29,000' long and
contains 5,800 cubic yards of stone. The facility is divided into North and
South containment cells by an interior dike approximately 4,300' long.



DREDGED MATERIAL DISPOSED

Material dredged in 1985 in the amount of 3.7 mcy was deposited into the
North Cell. Of the 7.5 mcy of dredged material disposed in 1986, 3.7 mcy was
deposited into the North Cell and 3.8 mcy was deposited into the South Cell.
The breakdown of dredged material received is listed by project in Table 1. The
disposed volumes shown in the table for 1985 represent the entire 1985 and 1986
dredging seasons (April 1985 through September 1985 and June 1986 through January
1987, reepectively).

The major 1986 dredging task was to remove material from the main shipping
channel to maintain a working depth of 42'. The other projects listed for that
year were mainly to remove dredged material allowing shipping companies to make
better use of the 42' deep channel. Since the beginning of the project to deepen
the channel to 50', shipping companies have been dredging their access channels
deeper to make better use of the 50' channel depth. The 50' contract #1
represents the first of two contracts to increase the Maryland shipping channel
to a depth of 50'. The addition of the dredged material from these projects
produced sufficient quantity of supernatant to cause a discharge from spillway
#1 during the seventh monitoring year. Discharge of the supernatant was
initiated on October 25, 1986. Monitoring of the discharge is required to
fulfill the State Discharge Permit #86-DP-2294.

The 1987 disposal operations included projects from the inner harbor area.
This included the following projects: Seagirt Marine terminal, Amstar, and the
Bethlehem Steel Shipyard. The operations also included disposing of 125,000 cy
of material from the Hart-Miller North Unloading pier. This material was removed
to allow access to the north pier for additional operations related to the 50
foot channel project. The first contract of the fifty foot channel project
totaled 9.9 mcy and 54,000 ¢y of material that was used to relocate utilities
related to the deepening of the fifty foot channel.
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The 1988 disposal operations included projects from the inner harbor area
These projects were Baltimore Gas & Electric Company, Canton waterfront, CSX coal
pier, and Toyota. The cperations included disposals from the maintenance of the
42' channel along with 6.2 mcy of material from the 50' channel project.



YEAR

1983
1584
1984
1984

1985
1985

1986
1986
1586
1986
1986
1986
1986

TABLE 1

DISPOSAL OPERATIONS

PROJECT NAME

Hart-Miller Personnel Pier
Hart-Miller South Unloading Facility
Dundalk Marine Terminal

42' Channel Maintenance and

Brewerton Eastern Extension

TOTAL 1984

42' Channel Maintenance

Bethlehem Steel

TOTAL 1985

42' Channel Maintenance
Eastern Avenue Bridge
Canton-Seagirt

South Locust Point

Hess 0il

Bethlehem Steel Ore Pier
Rukert Terminal

TOTAL 1986

CUT QUANTITY DISPOSED
(Cubic Yards)

24,000
164,000
500,000

3,908,000

4,596,000

3,145,000
596,000

3,741,000

7,000,000
18,000
500,000
185,000
7,200
5,250
16,632

7,732,082
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Table 1 (cont.)

1987 Seagirt 2,
1987 Eastern Avenue Bridge
1987 Aquarium Pier 4
1987 HMI North Unloading facility
1987 Amatar
1987 Bethlehem Steel Shipyard
1987 50-ft Contract #1 9,
1987 50-ft Channel Utilities
Total 1987 13,
1988 Seagirt
1988 Baltimore Gas and Electric 1,
1988 Brandon Shore/Wagner pt.
1988 Canton Waterfront
1988 CSX Coal Ore Pier
1588 Clinton Street
1988 Toyota (MD Shipbuilding)
1988 50-ft Contract #1 6,
1988 42-ft Channel Maintenance
Brewerton, Swann Point
Total 1988 8,
Grand Totalw a7,

* through December 31, 1988

617,000
22,000
5,763
125,000
28,170
378,461
900,000
54,000

130,394

833,000
18,464
2,500
28,030
1,000
70,000
212,230
125,000

342,724

541,200



SUMMARY OF MONITORING PROGRAMS

The State determined, as prescribed in authorizing permits for the
facility, that there was a need for "a comprehensive environmental monitoring
program for the Hart-Miller Containment Facility prior, during and following
commencement of operations.”™ The responsibility for the monitoring was assigned
to the Water Resources Administration. The monitoring program is divided into
two complementary portions: {a) monitoring to ensure compliance with federal and
state laws; and (b) monitoring for environmental impacts. The operational
permite requiring monitoring were issued by the Maryland Department of the
Environment (MDE) (formerly Maryland Department of Health and Mental Hyglene
{DHMH)) and the Water Resources Administration (WRA) of the Department of
Natural Resources (Dept. of Trans. et. al., 1979). The Maryland Environmental

Service (MES) is responsible for monitoring water quality within the diked area.

This report describes studies designed to assess impacts to the biota and
sediments exterior to the dike. This assessment is performed under a separate
agreement between the Maryland Department of Natural Resources and the Maryland
Port Administration. Liaison and cocordination were maintained among all
agencies having roles in site management, operations, monitoring, sampling and
oversight programs related to the Hart-Miller Island Facility, primarily through
periodic meetings with the Technical Review Committee. Four projects were
implemented to assess the environmental effects of construction and operation

of the facility and are briefly described in the following sections.

PROJECT I: SCIENTIFIC COORDINATION AND DATA MANAGEMENT

The Tidewater Administration is responsible for maintaining a data base on
the natural resocurces of Maryland, especially within the coastal zone. Data
stored include fish, benthos, water quality, climate, sediments and hydrography.
It is also responsible for conducting applied scientific investigations

necessary for developing information for management purposes. The compilation,



data input, and long-term storage of all data related to the exterior monitoring

effort are included in these responsibilities.

During the first six years of the Hart and Miller Islands environmental
assessment program, data collected by the Department of Natural Resources and
research institutions were stcred in the Tidewater Administration's "Resource
Monitoring Data Storage System"” (RMDSS). This storage system makes data readily
available to interested parties and also serves as a permanent repository from
which baseline and trend information can be retrieved for comparison and evalua-

tion.

The Tidewater Administration provides overall scientific planning, review
and coordination of the exterior monitoring activities for the Hart-Miller
Island Facility, as well as compiling and distributing the annual Interpretive
and Data Reports. This also includes the analyses of any lab data that is not
interpreted by the other principal investigators.

PROJECT II: SEDIMENTARY ENVIRONMENT

The Coastal and Estuarine Geology Program of the Maryland Geological
Survey has been involved in monitoring the physical and chemical behavior of the
sediments around the Hart-Miller Containment Facility since 1981. This work has
been conducted in two parts: sedimentary environment study and beach erosion

study.

Monitoring and documentation of the sedimentary environment are necessary
to detect any changes which may occur as a result of the operation of the
containment facility. Currently, highly organic, fine-grained sediments from
the approach channels to Baltimore Harbor are being placed inside the dike.
Improper handling or leakage of these dredged materials from the dike may
produce changes in sand to mud ratios and the physical appearance of the
surrounding sediments, as well as increase the lavels of trace metals and

organic contaminants. In seven years of monitoring, however, no major changes



have been detected within the sedimentary environment as a result of
construction or operation of the facility. However, monitoring did reveal a
fluid mud layer that was deposited during dike conatruction. This fluid mud

layer was described in earlier exterior monitoring reports.

Sediment samples are collected not only at various sites around the
contajinment facility, but also at several reference sites outaside the immediate
area of the facility. These samples are put through a rigorous series of tests
including organic contaminants (testing done under Project IV), trace metal,
textural and radiographic analyses. Textural and trace metal data from the

1987-88 monitoring year indicate that no major changes occurred again this year.

The beach erosion study, initiated in the spring of 1984, yielded
additional data which can be interpreted to define geomorphic (natural)
processes and anthropogenic (human) activities that shape the beach. Erosion
continues, and appear to be related to slope, textural characteristics of the
beach material, littoral drift, rainfall and wind direction. The main agent of
erosion on the beach has been wave attack on the foreshore by wind generated
waves. The dike face is being altered primarily by pluvial and aeolian
processes (rain and wind). During the sixth year of monitoring, erosion of the
beach increased dramatically, resulting in a steeper, more gravelly beach. A
beach stabilization effort was initiated in 1988 in cooperation with the
Baltimore County So0il Conservation Service. Beach grass is being planted to

pravent erosion from aeolian processes.

PROJECT III: BIOTA

PART 1. BENTHIC STUDIES

Benthic studies have besen included in the meonitoring program since August
1581. The primary objectives are to survey abundance and distribution of
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benthic organisms in this area and to monitor any effects of construction and

operation of the disposal facility.

These studies are important for two reasons. First, many adult stages of
benthic organisms live a sedentary life, either attached to hard substrates
(epifauna) or buried in the sediments (infauna). Consequently, these organisms
cannot readily move to avoid sudden physical and chemical changes in their
environment. Thus, they are good indicatora of possible adverse environmental
conditions. The second reason for careful, long-term monitoring of these benthic
populations is to be able to determine if any sudden change in population
structure or abundance is a result of the containment facility or of natural
environmental variations. The upper region of the Chesapeake Bay is a highly
variable physical environment subject to sudden changes in salinity, wind-
related wave action, high summer water temperatures and ice formation in winter
to name a few. As a result, the benthic populations undergo large seasonal and
annual variations in abundance. Also, estuarine areas such as the Hart-Miller
Island site, with wide seasonal salinity changes and vast shallow soft-bottom
shoals, are important to protect because they serva as important breeding and
nursery grounds rich in nutrients for many commercial and non-commercial species

of invertebrates and migratory fiah.

Since the beginning of the project in 1981, the dominant benthic spacies
have remained relatively stable. Epifaunal populations on pilings have followed
the same yearly pattern. During the winter, the populations living at the upper
ends of the pilings are removed by ice scour and/or desiccation at low tide.
In the spring, the populations are re-established by larval settlement and/or
recolonization by mobile species. This year's results clearly indicate that the
containment facility produces only localized and temporary effects on the
benthos are a result of the containment faclility. These effects are primarily
limited to the area near the rehandling pier, are a result of propeller wash
from tugboats.

Infaunal and epifaunal benthic populations should be monitored no less

critically in the upcoming year, since discharge of supernatant from the



containment island will continue. The first release of supernatant release
occurred on October 25, 1986. Data from pre-construction through construction
and early operation of the facility are a valuable baseline and will be

essential for the assessment of possible future benthic population changes.

PART 2. PISH AND CRAB POPULATION STUDIES

This study was discontinued after the fifth monitoring year. The inherent
variability in the data and the high mobility of the fish community make such
an effort difficult to design so as to function effectively as a monitoring tool
to determine impacts from the facility (EA Engineering, 1985). Populations of
fish and crabe in the vicinity of Hart and Miller Islands were studied between
1981 and 1986. The extensive data collected since the beginning of the project
crovides a detailed description of the quantity and composition of the
populations.

PROJECT IV: ANALYTIC SERVICES

Beginning with the seventh monitoring year a contractual laboratory
(specifically Martel Laboratories) was hired to perform the metals analyses on
biota and the organic analyses on both biota and sediment. Martel provided
sample containers which were filled by the principal investigators then returned
to the MES staff at Hart-Miller Island for transfer to Martel. This procesas
proved to be highly efficient, reducing the time required for analysis to as
little as three months. Project III - Benthic Studies currently collects
finfish and benthic material for organic and metals analysis. Project II -
Sedimentary Environment provides sediment samples for organic analyses, the
metals analysis is performed as a part of the sedimentary monitoring.

10
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Development and implementation of a monitoring program which is
sufficiently sBensitive to the environmental effects of dredged material
containment at Hart-Miller Island continues to be a complex and difficult
undertaking. The environmental monitoring activities have eveolved over the
seven years of the project. Ongoing studies have included physical and chemical
characterization of sediments and population studies of benthos and finfish.
Baseline data on water column nutrients and productivity, submerged aquatic
vegetation, trace metals and organic contaminants were included in the First and
Second Interpretive Reports (Cronin et al., 1981-1983). Bathymetric studies
were completed in the first three monitoring years to identify pre- and post-

construction changes in currents and erosion.

Scientific planning, review and coordination of the monitoring activity is
provided by Tidewater Administration. Sampling procedures, data analysis, and
future directions of the program are discussed with the principal investigators.
Dascriptions of any changes in sampling methods are included in the individual
investigator project reports that follow. Compilation, editing, technical
review, and printing of the Interpretive and Data Reports are the
responsibilities of the Tidewater Administration. During the first six years
of the environmental asssssment program, data collected by the Department of
Natural Resources and research institutions were stored in the Tidewater
Administration's "Resource Monitoring Data Storage System." The IBM-0S File/SAS
Data Base is used for computer storage and analysis of data. The Tidewater
Administration staff assumes responsibility for the long-term storage of data
related to the exterior monitoring program. Permanent storage of the data in
a readily accessible form provides a continuous, documented record of baselines
and trends in biota, sediments and contaminant levels. Data from the 1987-1988
monitoring year are included in the Seventh Year Data Report, which ia compiled
and printed separately from the Interpretive Report.

The Scientific Coordination Committee meets quarterly with the principal

investigators, Water Resources Administration (WRA), and Maryland Port
Administration (MPA) to discuass issues related to the exterior monitoring

12



program. Once a year the Scientific Coordination Committee meets in conjunction
with the Technical Review Committee to provide that committee with detailed

information about the exterior monitoring program.

Conclusion and Recommendations

It is imperative that good lines of communication be maintained between the
monitoring researchers and the managers of Hart-Miller Island, so that both
groups can benefit from any information acquired through the surveys they
conduct. It is therefore recommended that the Exterior Monitoring Program meet
at least yearly with the Technical Advisory Committee.

13
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THREE-DIMENSIONAL UPPER BAY HYDRODYNAMIC MODEL

In a 1985 report to the Maryland Port Administration (EA, 1985), dye
dispersion studies were recommended to evaluate dilution and dispersion of
effluents from the Hart-Miller Islands Containment Facility. Two potential
sources of effluent were to be assessed: these were seepage through the dike
and point discharges over the dike through effluent weirs. These studies were
recommended by the technical review committee to determine the concentrations
of contaminants from the effluent within the mixing =zone. Current DNR
Regulations dictate that water quality standards may not be exceeded by more
than 10 percent of the cross-sectional area of the receiving water (Jordan,
1986).

In June of 1986, DNR proposed a change in methodology and recommended the
use of a 3-D hydrodynamic model to assess effluent dispersion and dilution
around the Hart-Miller Island Containment Pacility in lieu of the dye study.
Funding for the dye study occurred during the fifth monitoring year and was
supplemented by DNR funds. The modeling project for Hart-Miller Island was to
be a modification of an Upper Bay 3-D Model which was already under development
(initiated in 1985). In return for the additional funding, "finer detail" or
smaller grids would be produced for the area surrounding Hart-Miller, on the
Upper Bay 3-D model currently under development.



(=} t ly 3- n u D tud

With minor modifications, the 3-D Upper Bay Hydrodynamic Model would
provide gsubstantially more comprehensive information on the fate of conservative
contaminant discharges than the proposed dye studies. The dye study included
two 10-day dye releases which necessarily would apply only to the field
conditions under which they were performed. Many potential variations in wind,
tides, currents, and salinity gradients that could affect affluent dispersion
cannot be estimated with confidence by limited short-term dye studies. Inherent
with dye studies of such a large and dynamic environment is the possibility that

dye recovery will be insufficient to provide adequate confidence in the results.

The advantages of a model are that it can be run to simulate virtually any
set of climatic conditions; run for any length of time (subject to constraints
on computer resources); will be supported by actual field data used in
calibration and verification; and has the potential for incorporating

modifications to assess the fate of non-conservative contaminants.

The specifications for this model included: (1) boundary fitted coordinate
system; (2) average cell area 5 km longitudinal by 500 m latitudinal; and (3)
five cells in the vertical. The firet phase of this model development invelved
conatruction, calibration and verification of a two-dimensional, vertically
averaged model. The second phasa consists of construction and verification of
a three-dimensional model.

The specific modifications to required to support the proposed application
to Hart-Miller Islands Containment Facility are: (1) addition of grid points
in the area of the Facility to improve spatial resolution; and (2) incorporation
of the dike and effluent weirs as sources of conservative contaminants. The
work began in 1985, but became delayed in April 1988 when initial funding ran

out.
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Cont ua ment

In June of 1985, DNR's Water Resources Administration and Tidewater
Administration entered into an agreement with the U.S. Army Corps of Engineers
to develop a three-dimensional computer hydrodynamic model of the Upper
Chesapeake Bay, north of the Chesapeake Bay Bridge. The 3-D Hydrodynamic Model
of the Upper Chesapeake Bay was designed to assist in several ongoing and
planned studies. These will include the impact of salinity intrusion on water
supply, effect of the Chesapeake and Delaware (C&D) Canal on the Upper Bay
hydrodynamics, striped bass larval transport, and the transport-dispersion of
effluent from the Hart-Miller Island Containment Pacility. In addition, flow
fields generated by the hydrodynamic model are required by water quality models
that the DNR may apply in the Upper Bay (Jordan, 1986).

In December of 1987 this contract was amended to include "finer detail"”
around Hart-Miller Island. Enclosed at the end of this summary are the specific
tasks or modifications to the Upper Bay Model related to the 3-D modeling
surrounding Hart-Miller Island, and a summary of the Upper Bay 3-D Hydrodynamic
Model. The Upper Bay Model Agreement, as amended, was scheduled to ba in effect
from June 27, 1985 through December 31, 1988. This deadline was extended to
July 31, 1989. Progress reports from Waterways Experiment Station (WES) were
submitted from June 1988 through April 1989. Two meetings were scheduled
between Dr. Billy Johnson of WES and the Hart-Miller Island Technical Review
Committee to answer questions related to the Hart-Miller portion of the Upper
Bay 3-D Model. It was determined that Pooles Island may have an effect on the
hydrodynamic modeling; therefore it wae added to the 3-D grid. The description
of the model provided by Dr. Johnson is included in Appendix A to provide

answers to specific technical questions.
WES has agreed to provide both the calibration and verification data sets

that were used to test the model and a module to generate graphical display of
the data.

18
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Hydrodvnamic Modeling Project

A planform view of a preliminary grid of the Upper Bay that was generated
using the code developed by Thompson and Johnson is shown in Figure 1. The grid
contains approximately 600 points, and when extended, 5 vertical layers. The
grid is made up of a layer thickness of 1-3 m, a lateral spacing of perhaps 500
m, and a longitudinal spacing of about 3,000 m. Economical computations with
time-steps of about 5 minutes can be made for periods extending over several

days.

The boundary-fitted transformation is employed only in the horizontal
plane. Sigma-stretching was used in the vertical direction to smoothly
represent the bottom topography (Johnson, 1985). This method proved to be
unsatisfactory, and therefore WES used variable layering instead of sigma-
stretching. This method was employed in the full 3-D Chesapeake Bay Model.

The Upper Bay 3-D Hydrodynamic Mcdel contains several components. A
Laterally Averaged Environmental Model (LAEM) is used to generate boundary
conditions at the C&D canal and the Chesapeake Bay Bridge. These conditions are
then saved and used to provide information on conservative constituents. A
second component is the hydrodynamic program which generates output from the
boundary conditions (produced by the LAEM), inflows from the Patapsco,
Susquehana, etc. and wind data (probably from BWI Airport). The model also has
components to generate graphical displays of the data. Calibration and
verification data sets will also be provided by WES. The data generated may
then be used with the EPA's Water Quality Model (WQM) for the full bay to
produce information on water quality parameters. A full technical description
of the Upper Bay 3-D Hydrodynamic Model is included in Appendix A. This summary
was used as a proposal, and therefore may not reflect the current status of the
model.

This model will only produce information on hydrodynamics. It will only
have the ability to trace conservative constituents (salt, conductivity, etc.)
through the water column. This model can possibly be linked with a water

19



quality model produced for the EPA to provide information on various other
parameters. Modifications were made to the model code to eliminate problems
related to calibration tests. The model was then modified to accommodate
multiple layers to eliminate problems detected in the calibration phase of the

model.

Conclugione

By the end of July, 1989, WES will have completed work on the Upper Bay 3-
D Hydrodynamic Model, including Hart-Miller Island, and will begin training
personnel on uese of this model. This model is closely related to the full bay
hydrodynamic model, and therefore, any modification to the full bay model will
affect the upper bay model. WES will also provide a users manual and limited
technical assistance as required. This Upper Bay 3-D Hydrodynamic Model can be
used to predict tranaport-dispersion of effluent from the Hart-Miller Island
containment facility.

20
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Appendix A

An Approach [oar Modeline the Unner Chesapeake Hav
Eilly H. Johnson,* M. ASCE

Abstract

A three-dimensional time-varving hyvdrodvnamic model of that por-
tion of the Chesapeake Bay lviang norch of the Bay Bridge at Annapolis,
Maryland, is being developed for the Marvland Department of Natural
Resources. To resolve the bay geometry with a minimum number of grid
points, bourndary-fitted coordinates are emploved. A major question is
how to prescribe tidal boundary conditions at the Bay EBridge and how
to handle the Chesapeake and Delaware {(C&D) Canal in an economical
fashion when applving the model in a predictive mode. The approach
discussed involves first applying a two-~dimensional laterallv averaged
model of the complete Chesapeake and Delaware system., The computed
water-surface elevation and verctical distribution of szalinity at che
Bay Bridge and the entrance to the C&D Canal are then saved and
applied as boundary conditions in the three-dimensional Upper Bay
model.

Inatroduction

The Department of Natural Resources (DNR) of the State of Mary-
land desires a three-dimensional (3D) numerical hvdrodynamic model of
the Upper Chesapeake Bay (Figure 1) to assist in several ongoing and
planned studies. These include the impact of salinity intrusionm on
water supply, effect of the Chesapeake and Delaware (C&D) Canal on the
Upper Bay hydrodynamics, striped bass larval transport, and the
transport-dispersion of effluent from the Hart-Miller Island contain-
ment area. In addition, flow flelds generated by the hydrodynamic
model are required by water quality models that the DNR mayvy apply in
the Upper Bay.

The code selected for application on the_ Upper Bay is called CH3D
and was developed by Sheng (1986) for the US Armv Engineer Waterways
Experiment Station. A unique feature of 'CH3D is that computations are
made on a curvilinear grid that approximately follows the irregular
shoreline of the Upper Bay and its tributaries. Such grids are often
referred to as boundary-fitted grids and in general are nonorthogonal.
The boundary-fitted coordinates feature of the model provides enhance-
ment to fit navigaction channels, as well as the irregular shoreline,
and permits adoption of an accurate and economical grid
schematization.

* Research Hydraulic Engineer, Math Modeling Group, Waterways Divi-
sion, Hydraulics Laboratory, US Army Engineer Waterways Experiment
Sratipn, P.0. Box 631, Vicksburg, MS 39180-0631
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Figure 1. Upper Chesapeake Bav

Theoretical Aspects of CH3D

CH3D is briefly described as follows. Sheng (1986) presents more
detailed descriptions of the theoretical basis. The model solves the
time-varying 3D initial-boundary value problem in which the governing
equations are the continuity equation, the momentum equations, conser-

vation equations for salinity and temperature, and an equation of
state.

To enable a more accurate handling of irregular boundaries and
internal features, the code employs boundary-fitted coordinates. As
illustrated in Figure 2, rather than making computations on a physical
boundary-fitted grid, the governing equations are transformed so that

computations are made on a transformed rectangular mesh with square
grid spacing.

In an earlier development of a vertically averaged model by
Johnson (1980), only the independent variables, i.e., the Cartesian
coordinates, were transformed. For example, in two dimensions the
governing equations of motion are easily transformed from the
Cartesian (x,y) system to the (£,n) curvilinear system using

A [CARYCAN
£, = - [—(fxn)E + (fxs)n] (2)

23 Johnson



where € is an arhitrary function of (x,=), all subsecripts Jdennre
differentiation,

and

J = x:.'"‘n —hn}r

~ *

In CHID the rtransformation {s carried an
addicional step by also transforming the flow T»H
velocity such that the contravariant rather than 7

y ]

the phvsical components of the velocity are com- Wil
puted. The physical components of the velocity X il
are not parallel to cthe grid lines in the trans- PHYSICAL PLAME

formed (£,n) svstem whereas the contravariant
ones are. As the skewness of cthe boundarv-
fitted grid increases, the transformation

emploved in CH3D becomes more appropriate,
especially in the specification of boundarv con-
ditions along solid boundaries. As noted by
Sheng (1986), the relationship between che con-

travariant components v’ and the phvsical com- 7 | TRAIGOF cren
ponents Vj of the velocity is given by j

Figure 2. Trans-
formation of
physical domain
to computational
domain

i L1
v = Ex—jvj f})

The boundary-fitted transformation is employed only in the hori-
zontal plane. Sigma-stretching is used in the vertical direction to
smoothly represent the bottom topography. Thus, the vertical trans-
formation is given by

(4)

where 0O takes on values between 0 and 1, =z 1s the Cartesian coor-
dinate, H 1is the water depth referenced to-some datum, and & 1is
the change in water surface relative to that datum.

A factored or time split implicit scheme in the horizontal direc-
tions and a fully ifmplicit finite difference scheme in the vertical
direction is employed for numerical solution. Computations are per-
formed first for an external mode which consists of vertically aver-
aged compucations. These are then used to drive the internal
computations.

Application to the Upper Bay

A planform view of a preliminary grid of the Upper Bay that was

24 Johnson
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elevations and vertical salinitv Jdis-
cributions from a laterally averaged
model of the complete Chesapeake-
Delaware system. A schematic of the CAD CANAL
svstem {s presented in Figure 4. The
model consists of longitudinal spatial L—f;ssgrﬁgs_
steps raneine from 4,000 m to 8,000 m PATAPSCO
and a vertical erid spacing of 2 m.

The particular code being applied is

called LAEM and was developed by Edinger

and Buchak (1981). Successful applica-

tions of LAEM include channel deepening PATUXENT
studies on the Lower Mississippl River

and the Savannah River Estuary by

Johnson, Bovyd, and Xeulegan (1987) and POTOMAC
Johnson, Trawle, and Key (1986),

respectively.

SUSOUEMANNS ——

CHESTEP

CHOFTANK

NANTICOKE

RAPPAHANNOCK

The procedure for making predic-
tive computations in the Upper Bay will
be first to applv LAEM with ocean
boundary conditions imposed at the
mouths of the Chesapeake and Delaware JAMES
Bays. Computed water-surface eleva-
tions and vertical salinity distribu-
tions at the Bay Bridge and at the Figure 4. Schematic of lat-
entrance to the C&D Canal will be saved erally averaged model of
and applied as boundary conditions in Chesapeake-Delaware system
the subsequent application of CH3D.

Although field data reveal some lateral variation in salinity at the
Bay Bridge, it is believed that this approach will provide adequate
predictive boundary conditions for the 3D Upper Bay model in an
economical manner.

CHESAPEAKE BAY

YORK

Summary

To satisfy the requirement of making accurate and economical 3D
flow computations in the Upper Chesapeake Bay, a numerical model that
makes computations on boundary-fitted grids is being applied. Such
grids allow an accurate representation of irregular shorelines and
internal features with a minimum number of grid points. A grid con-
taining approximately 600 horizontal points and 5 vertical layers
appears to bhe adequate to capture the Upper Bay geometry.

To be able to use the model to address the impact on Upper Bay
hydrodynamics of changes to the system, a laterally averaged model of
the complete Chesapeake-Delaware system is being developed to provide
boundary conditions at the Bay Bridge and the C&D Canal. 1In this way,
economic predictive 3D hydrodynamic computations on the Upper
Chesapeake Bay can be made.

The study described is an ongoing one and no results were avail-

able when this paper was written. However, results will be presented
at the conference.

25 Johnson
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generated using the WESCORA code developed by Thompson and Johnson
(1985) is shown in Figure 3. The grid contains approximately

600 points, and when extended to 5 vertical lavers, it should satisfy
the grid constraints imposed by the Maryland DNR:; namely, a laver
thickness of 1-3 m, a lateral spacing of perhaps 500 m, and a longi-
tudinal spacing of about 3,000 m. Economical computations with time-
steps of about 5 minutes can be made for periods extending over
several days.

As can be seen from Figure 3, several tributaries such as the
Patapsco, Chester, and Susquehanna contribute to the freshwater inflow
into the Upper Bay. In fact, the Susquehanna contributes approxi-
mately 70 percent of the freshwater inflow to the entire Chesapeake
Bay. In addition to these tributaries, the C&D Canal connecting the
Chesapeake and Delaware Bays is a major contributing factor to the
hydrodynamics of the Upper Bay.

When the Upper Bay model is applied to historical events, no par-
ticular problems should arise in the specification of boundary condi-
tions at the Bay Bridge and in the handling of the C&D Canal.

Observed data for the tide and salinity can be used. However, to use
the model to address hypothetical questions, e.g., the effect of major
changes in freshwater inflow from the Susquehanna and the impact of
deepening the C&D Canal, another approach must be devised since such
changes will influence conditions at the boundaries. One approach
would be to extend the grid to include much, if not all, of the
complete Chesapeake-Delaware system. However, from an economic view-
point, such an approach is not practical since 3D computations on
large grids can become quite costly.

The approach taken here is to generate the required water-surface
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ABSTRACT
The Coastal and Estuarine Geology Program of the Maryland Geological Survey
has been involved in monitoring the physical and chemical behavior of near-
surface sediments around the Hart-Miller Island Containment Facility as part of
the State's environmental assesament of the facility. In a separate effort, the
program's staff has also documented the ercsional and depositional changes along
the recreational beach between Hart and Miller Islands. The results of these

two studies during the seventh year of monitoring are presented in thims report.

Textural and trace metal data from sediments collected arcund the exterior
perimeter of the dike show that. no major changes have occurred within the
sedimentary envircnment as a result of operation of the facility, although a
blanket of fluid mud deposited during dike construction is still
distinguishable. The top of the fluid mud layer has been reworked by benthic
organisms (bloturbated). The level of activity does not appear to have

increased during the seventh year, compared to last year's observations.

The range and distribution of Zn enrichment factors in the sediments were
similar to those reported previously. Generally, the average enrichment factors
for Zn remain lower for the fluid muds. A slight increase in enrichment factor
values, associated with the bioturbated zone of the fluid mud layer, is
attributed to benthic activity.

Data collected during beach monitoring indicate that erosion accelerated
during the first three years of study, then levelled off. This year, 3,129 yd’
{2,394 m’) of sediment were lost between regrades, compared to 3,472 yd’' (2,656
m') last year. Gully erosion, although extensive, accounted for only 94 yd’ (72
m’) of sediment lost; an additional 773 yd’ (591 m’) were eroded from the
nearshore. Since the study's inception in June 1984, a total of 11,244 yd’
(8,602 m’) has been eroded from the recreational beach.
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PART 1: SEDIMENTARY ENVIRONMENT
INTRODUCTION

The areal distribution and characteristics of estuarine bottom sediments
reflect the complex interaction of physical, chemical, and biological processes,
acting singly or in combination. In addition to these natural processes,
anthropogenic activities may produce sudden changes in the nature of bottom
sediments. During construction of the containment facility at Hart and Miller
Islands, dredging of the nearshore bottom for suitable building material and
overboard disposal of that material were necessary. Those activities changed

the local sedimentary environment.

Documentation of construction-related changes was necessary in order to
establish a baseline against which environmental changes during the project's
operational phase could be evaluated. Since the facility began operating in
1983, fine-grained sediments, highly enriched in trace metals and organic
carbon, have been dredged from Baltimore Harbor and its approach channels and
Placed inside the dike. Improper handling of this dredged material or leakage
from the dike could result in detectable changes in the physical and chemical
characteristica of the surrounding sediments (e.g., sand:mud ratio, appearance,

trace metal and organic carbon content).

PREVIOUS WORK

Changes in the sedimentary environment around the Hart-Miller Island
Containment Facility were documented during the first six years of the state's
monitoring effort and are detailed in several reports (Kerhin et al., 19582a;
Wells et al., 1584-1987; Hennessee et al., 1988). Knowledge of the physical
characteristics and areal distribution of sediment types prior to the
construction of the facility was based on data collected by the Maryland
Geological Survey (MGS) in 1978 (Cuthbertson, 1987). The sediments graded from
nearshore sand to sand-silt=-clay to silty clay just northeast of the islands.
On the Hawk Cove and southern sides of the complex, the sediment graded from
nearshore sand to silty clay. The latter were described as dark gray muds with
high water content. Live bivalves, Rangia cuneata and Nacoma balthica, were
common (Kerhin et al., 1982b).
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Radiographic examination of cores taken in the area around the islands
before construction began revealed low levela of bioturbation {reworking of
saediments by organiems) in the Back River-Hawk Cove area and higher bicturbation
levels elsewhere. Also, at several sampling locationa south of the island

complex, death assemblages of R. cuneata were found at the sediment surface.

During active construction of the dike, which began in the fall of 1981,
minor changes in the relative proportions of sand, silt, and clay were detected
in pediments collected at established stations around the island complex.
Sediments became siltier, particularly at stations adjacent to areas of active
construction. In the summer of 1982, gross changes in the physical appearance
of the sediments were observed. Fine-grained sediments collected prior to the
summer of 1982 were consistently described as dark gray muds. Howaver,
sediments collected in July 1982, south of and adjacent to the dike wall, were
very fluid, light gray to pink muda, resembling pre-Holocene sediments that had
been dredged for dike construction. It was determined that a blanket of this
"fluid mud" had accumulated south and east of the dike structure as a result of
conatruction (Welle and Kerhin, 1983 and 1985). Radiographic examination of the

fluid mud accumulations revealed little or ne bioturbation.

Trace metal analyses of sediment samples, presented as enrichment factors,
indicated that sediments collected before and after dike construction were
gimilar, except in the area of fluid mud accumulation. There, the enrichment

factors dropped below the current regional average (see Results and Discussion).

The dike was completed in the spring of 1983. Since then, monitoring has
revealed little additional change in sediment characteristics. The layer of
fluid mud introduced during dike construction is still evident, the only
observed changes being slight color variationa attributed to biogenic activity.
Radiographic analysas of sediment cores taken around the dike structure have
been consistent from one monitoring year to the next. Bioturbation levels in
the cores taken within the fluid mud layer have increased over time.
Nonethelees, enrichment factors have remained lower for the fluid wmud
accumulation. In areas beyond the blanket of fluid mud, enrichment factora for

Zn have remained consistent with pre-construction values.
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OBJECTIVES

The purpose of the seventh year study was to continue monitoring the
vertical and areal distribution of sediments and their geochemical components.

The primary objectives were:

1. to identify the sedimentological and geochemical conditiocns of the
near-surface sedimentary column in the vicinity of the project area
and

2. to obtain information that would permit an assessment of gross

environmental changes, should any occur during the life of the

project.

METHODOLOGY

FIELD METHODS

Surficial sediment samples were collected twice during the seventh
monitoring year, on November 3, 1987, and on April 12, 1988. Twenty-nine
stations were occuplied during each cruise. A new station (28), selected to
coincide with Benthic Station XIPF5297, was added to monitor -any effects of
discharging from spillway no. 1. Although station 21B is located near the
spillway, penetration of the sandy bottom there is frequently difficult. Also,
trace metals have a lesser affinity for sandy sediments than for muddy ones and
80 would be less likely to accumulate at station 21B.

Sampling sites, shown in Figure 1-1, were located in the field by means of
the LORAN-C navigational system. (LORAN-C coordinates, latitude and longitude
of each station may be found in the Seventh Year Data Report.) The
repeatability of LORAN-C navigation, that ie, the ability to return to a
location at which a navigation fix has previously been obtained, is affected
primarily by seasonal and weather-related changes along the signal transmission
path. Data recorded in 1982 from the U.S. Coast Guard Harbor Monitor at
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Yorktown, Virginia provide an approximate range of repeatable error. That year
variations in the X-lines amounted to 0.256 units and, in the Y-lines, 0.521
units. 1In the central Chesapeake Bay, one X~TD unit equals approximately 285
m (312 yd) and one Y-TD unit, 156 m (171 yd). Thus, when a vessel reoccupies
an established station in the Bay region, it should be within about 100 m (109
yd) of its original location (Halka, 1987).

Undisturbed samples of the upper 8-10 cm of the sediments were obtained
with a dip-galvanized Peterson sampler. At least one grab sample was collected
at each station and subsampled for textural and trace metal analyses. At eight
stations (3, 19, 21B, 23, 24, 28, BC-3, and BC-6), a second grab sample was
taken for organic contaminant analysis. At five stations (11, 24, 28, BC-3, and
BC-6), triplicate grab samples were collected.

Sediment and trace metal subsamples were taken below the flocculent layer
and away from the sides of the sampler to avoid possible contamination by the
grab sampler. They were collected using plastic scoops rinsed with distilled
water and placed in 18-oz "Whirl-Pak" bags. Sanmples designated for textural
analysis were stored out of direct sunlight at ambient temperatures. Those
intended for trace metal analysis were refrigerated and maintained at 4°C until

processing.

Subsamples for organics analysis were collected with an aluminum scoop
(also rinsed with distilled water), placed in pre-treated glass jars, and
immediately refrigerated. They were delivered to the Maryland Environmental
Service (MES) at the end of the sampling day and later transferred to Martel

Laboratory Services, Inc. for analysis.
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During the April cruise, one core was collected at each of the seven box
core (BC) stations and at stations 12 and 21B (Figure 1-1) using a Benthos
gravity corer (Model #2171) fitted with clean cellulose acetate butyrate liners,
6.7 cm in diameter. Each core was cut and capped at the sediment-water
interface and refrigerated until it cculd be x-rayed and processed in the

laboratory.

LABORATORY PROCEDURES
Radiographic Technique

Prior to processing, the upper 50 cm of each core were x-rayed at the
Department of Radiology, Johns Hopkins Hospital, Baltimore, using a CTR kv x-
ray unit (x-ray settings: 60 kV, 400 mA, 40-cm distance). A negative x-ray
image of the core was obtained by xeroradiographic processing. On a negative
xeroradiograph, denser objects or materials, such as sand or shells, produce
lighter images. Objects of lesser density (e.g., burrxows, gas bubbles) permit
easier penetration of x-rays and, consequently, appear as darker features.

Photographs of the xeroradiographs appear in Appendix A.

Each core was then extruded, photographed, and described (see the Seventh
Year Data Report). Sediment samples for textural and trace metal analyses were
taken at selected intaervals from each core, on the basis of radiographic and

visual observations.

Textural Analvelis

In the laboratory, subsamples from both the surficial grabs and gravity
cores were analyzed for (1) water content, (2) sand-silt-clay content, and (3)
organic and carbonate content.
Water content was calculated as the percentage of the water weight to the total
weight of the wet sediment:
We = Ww x 100
Wt

where We = water content (%)
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Ww = weight of water ({(g)
Wt = welight of wet sediment (g).

Water weight was determined by weighing approximately 25 g of the wet sample,
drying the sediment at 65°C, and reweighing it. The difference between total
wet weight (Wt) and dry weight equals water weight (Ww). Bulk density was also

determined from water content measurementsa.

The relative proportions of sand, silt, and clay were determined using the
sedimentological procedures daescribed by Kerhin et al. (1988). The sediment
samples were pre-treated with hydrochloric acid and hydrogen peroxide to remove
carbonate and organic matter, respectively. Then the samples were wet sieved
through a 62-ym mesh to separate the sand from the mud (silt and clay) fraction.
The finer fraction was analyzed using the pipette method to determine the silt
and clay components (Blatt et al., 1980). Each fraction was weighed; percent
sand, silt, and clay were determined; and the sediments were categorized
according to Shepard's (1954) classification (Pigure 1-2). Organic plus
carbonate content was approximated by the percent weight loss due to sample

preparation (i.e., pre-treatment with acid and peroxide).

Irace Metal Analysie

Sediment solids were analyzed for six trace metals - iron (Fe), manganese
{(Mn), zinc (2Zn), copper (Cu), chromium (Cr), and nickel (Ni) = using a lithium
metaborate fusion technique, followed by standard flame (Fe, Mn, Zn) or furnace
(Cr, Cu, Ni) atomic absorption spectrophotometry. This procedure, based on
methods developed by Suhr and Ingamells (1966) for whole rock analysis, was
refined epecifically for the analysis of Chesapeake Bay sediments (Sinex et al.,
1980; Sinex and Helz, 1981; Cantillo, 1982).

The MGS laboratory followed the steps below in handling and preparing the

trace metal samples:

1. Samples were homogenized in the "Whirl-Pak" bags in which they were
stored and refrigerated (4°C).
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Approximately 10 g of wet sample were drawr into a modified "Leur-
Loc" syringe fitted with a 1.25 mm polyethylene screen, used to

remove shell material and large pieces of detritus.

Sieved samples were dlsaggregated in high-purity water and dried at
110°C overnight in teflon evaporating dishes.

Dried samples were then hand ground with an agate mortar and pestle

and stored in "Whirl-Pak" bags.

Samples were weighed (0.2 * 0.0002 g) into a drill-point graphite
crucible (7.8 c¢ vol.) and mixed with LiBO, (1.0 % 0.01 g).

The crucibles were placed in a highly regulated muffle furnace at
1050 ¢ 5°C for 30 min.

The molten beads produced by heating were poured directly into teflon
beakers containing 100 ml of a solution composed of 4% HNO,, 1000 ppm
La (from La(NO,),, and 2000 ppm Cs (from CsNO,), and stirred for 10
min. If dissolution did not occur within 30 min., the solution and

bead were discarded and the sample was re-fused.
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Figure 1-2:

Shepard's (1954) classification of sediment type.
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8. The dissolved samples were transferred to polyethylene bottles and

stored for analysis.

All surfaces that came in contact with the samples were acid washed (3 days
1:1 HNO,; 3 days 1l:1 HCl), rinsed six times in high purity water {less than 5
mega-ohms), and stored in high-purity water until use.

The dissolved samplea were analyzed with a Perkin-Elmer atomic absorption
spectrophotometer (Model #3030B) using the method of bracketing standards (Van
Loon, 1980). The instrumental parameters used to determine the solution
concentrations of cr, Ni, 2Zn, and Cu were the recommended, standard F.A.A.S.
conditions given in the Perkin-Elmer manuals. Fe and Mn were analyzed using an
acetylene-nitrous flame in order to eliminate interferences due to Al and Si
{(Butler, 1975). Blanks were run every 12 samples, and National Bureau of
Standards Reference Material #1646 (Estuarine Sediment) was run five times every

24 samples.

Results of the analysis of NBS-SRM #1646 are compared to NBS certified
values in Table 1-1. There is excellent agreement between the NBS certified
concentrationa and MGS's analytical results for Cr, Cu, Fe, Mn, and Ni; all of
these elements fall within the range of the determined standard deviation.
Values for Zn, consistent for all three sets of samples, fall within the range
of analytical uncertainty. The slight discrepancy between the analytical and

certified Zn valuea is thought to be due to loss during the fusion process.
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Table 1-1: RESULTS OF THE MGS ANALYSIS OF NBS-SRM #1646 COMPARED TO THE

CERTIFIED VALUES.

NBS MGS results
Element certified November 1987 April 1988
analyzed <concentrations»* surficials surficials cores
Ccr 7613 74+2 771 7913
Cu 18+3 18+3 19£1 1911
Fe 3.350.10% 3.2510.02% 3.2410.02% 3.24+£0.02%
Mn 375+20 37816 37618 37618
Ni 3243 31+2 2912 27%2
Zn 13816 11014 1133 113+3

* concentrations in ug/g dry weight unless otherwise noted
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RESULTS AND DISCUSSION

SEDIMENT DISTRIBUTION
Surficial Sediments

November 1987 (Cruise 17)

Sediment samples collected during the fall cruise were very similar texturally
to those collected previously. A ternary diagram showing sediment type in
November 1987 resembles the plot depicting samples in June 1983 (Cruise 8),
immediately following completion of the dike (Fig. 1-3). Grain size composition
ranges from very sandy (>95% sand) to very muddy (<1% sand). Sample points are
scattered about a dashed line drawn from the "sand"” apex to the opposite side
of the triangle. Such lines represent constant clay:mud ratios (Pejrup, 1988),
in this case, the mean clay:mud ratio for all samples collected during the
cruise. The mean clay:mud ratio for cruise 8 is 0.51 and for cruise 17, 0.50 -

on the average, half of the muddy fraction of the sediment consisted of clay.

(In contrast, the mean pre~construction clay:mud ratio is 0.67 (Figure 1-3 a).)

Each of the ternary diagrams presented in Figure 1-3 summarizes the sand-silt-
clay composition of bottom sediments at a particular point in time. The
diagrams are especially useful in revealing widespread and radical changes in
sedimentary environment, such as those that occurred during dike construction.
Comparisons between these diagrams, however, should be made with caution.
Because the stations themselves are not identified, the diagrams mask the
variability at any one station over time. For an extreme example, the point
represanting station 12 is indicated on each of the diagrams in Figure 1-3.
Sediments collected at this site have varied from sand to sand-silt-clay to
8ilty clay. Without labels this behavior is not evident.

Tc detect possible localized effects of dike operation, the sediment
composition at each station was examined over time. Box-and~whisker plots
depicting the percentagea of sand, 8ilt, and clay at each station were
constructed using data from cruises 8 through 18. A box-and-whisker diagram
coneists of a narrow box divided in two by a horizontal line (Fig. 1-4). The
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dividing line represents the median value of the variable (e.g., % sand) at that
station. The ends of the box are located at the 25" and 75® percentiles.
"Whiskers" extend from the ends of the box to the nearest value lying beyond the
box boundary. Extreme values, beyond 1.5 x the interquartile range, are plotted
as separate points (Tukey, 1977).

Outliers associated with cruise 17 samples were identified at stations 12 and
BC-3. The extreme sand value (18%) for station BC-3 is not particularly
troublesome. Triplicate grab samples were collectaed at that location, and sand
values for the other two replicates (B% and 14%) were typical for that site.
In the field, no buoy was used to mark the sampling location. Boat drift during
the retrieval of three samples could easily account for the differences in sand

content.

At station 12, clay content increased dramatically at the expense of sand
between April and November 1987. The station's proximity to spillways 1 and 3
suggests that suspended sediment discharged from the dike may have settled
temporarily at the site, only to be resuspended and transported out of the area
later. Geochemical data, however, do not corroborate that explanation. If the
dike were the source of the fine-grained sediment deposited at station 12, then,
theoretically, the enrichment factor for zinc would be either much higher or
much lower than the regional average. However, at station 12, the enrichment
factors for zinc have remained more or less constant since completion of the
dike.

Another possibility is failure to reoccupy the same station during sampling.
Variability in the LORAN-C signal over a one-year pericd translates into a
possible maximum locational error of 100 m (see Methodology - Field Methods).
In the Hart-Miller Island vicinity, sediment type varies considerably over short
distances. A 100-m difference in sampling location could produce very different
results. Stations 10 and 24, for example, are about 100 m apart. Since the

first cruise,

43



(A) CRUISE 1 (ALGUST 1981) (B) CRUISE B (JUNE 1983)

CLAY CLAY

SILT SAND STA 2 SILT

(C) CRUISE 17 (NOVEMBER 1987) (D) CRUISE 18 (APRIL 1988)

SAND SILT  SAND éThlz SILT

Figure 1-3: Ternary diagrams showing sediment type of samples collected in {(A)
August 1981 -Cruise 1, prior to the onset of dike construction, (B)
June 1983 - Cruise 8, immediately following completion of the dike,
{C) November 1987 - Cruise 17, and (D) April 1988 - Cruise 18.
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sands have always been found at station 10. However, sediments retrieved at
station 24 have varied from sand to clayey sand to sand-silt-clay to silty clay,
not just from one cruise to the next, but during the same cruise (triplicates

are collected here).

Fortunately, an independent check can be made of LORAN coordinates during
any one cruise. Station 2 is located between two closely-spaced channel markers
south of Pleasure Island. The boat is always positioned between the markers
when a sample is taken at that site. On cruise 17, the LORAN readings at
station 2 were identical to the target coordinates. LORAN then was operating

as expected.

At station 12, the LORAN readings recorded at the time of sampling were
within 0.1 X-TD units (28 m) and 0.2 Y-TD units (31 m) of the target coordinates
- quite closa. It ie still possible that variability in sediment type over a
short distance accounts for the anomalous sample. It is, however, by no means

certain.

Although we were unable to determine its exact cause, the change in grain
size composition at station 12 was short-lived. By the following spring, the
grain size distribution had reverted to a more typical sand-silt-clay (Figure
B-4). Textural analysis of subsamples from a core collected at the site in
April 1588 shows that the fine-grained sediments found in November 1988 were not
preserved in the sediment column (Pigure 1-5). The minimum sand content of the

three splits nearest the sediment-water interface was 23%.

The areal distribution of sediment types in November 1987 is shown in
Figure 1-6. The siltiest sediments (clay:mud ratio < 0.50) were, for the most
part, collected at stations 4, 5, 8A, and BC-3, located within the zone of fluid
mud accumulation. Coarser, i.e. sandier, sediments were concentrated around the
northeastern tip of the dike. With a few exceptions, predominantly clayey

sediments (% clay > 50%) were found elsewhere.

Compared to the preceding cruise (April 1986), sediment type changed at
four stations (3, 5, 12, and 22). For the first time since monitoring began,
8ilty sand was found at station 3. However, a Shepard's diagram of sediment
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composition at that station shows that the sample is very similar texturally to
others collected previously at the site (Figure B-1). The reclassification is
due, not to a change in conditions affecting sediment deposition, but to the
arbitrary subdivisions of Shepard's diagram. At station 5, sediment type
characteristically alternates between silty clay and clayey silt (Figure B-2).
Clayey sand recurs periecdically at station 22 (Fig. B=6). The only real

anomaly, station 12, was discussed earlier.

April 1988 (Cruise 18)

The physical features of bottom sediments outside the dike changed very
little between the fall and spring cruises. Shepard's diagram of the sand-silt-
clay composition of samples collected in April 1988 resembles both its June 1983
and November 1987 counterparts (Fig. 1=-3). The average clay:mud ratio for the
April 1988 samples is 0.52, compared with 0.50 for the November 1987 cruise.

Box-and-whisker plots reveal three stations (9, BC-3, and BC-6) with
extreme percent sand, silt, or clay values (Fig. 1-4). None of these ancmalies
is significant. Clay content was comparatively low at station 9. Nonetheless,
the sample falls within the silty clay category, along with all the other
samples collected at that station since dike completion (Fig. B-3).

Percent silt (67%) was high for one of the BC-3 triplicates. Though not
identified as an outlier in Figure 1-4, a second grab at that site also had a
higher than usual silt content (59%). However, silt percentages of the third
grab {51%) and of the top 4 cm of a gravity core retrieved at the same location
two dayse later (55%) both lay within two standard deviations of the mean percent
silt at BC-3. Despite these somewhat ambiguous results, the sediments at this
station have remainad clayey silts ever since the dike was constructed (Fig. B-
10). Perhaps this is the beginning of a trend toward increasingly silty
sediments. At this time, suggesting that dike operations may have been
responsible for higher silt content at the site is unwarranted.
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Pigure 1-5: Component diagram showing down-hole variations in percent sand-silt-
clay at station 12.
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Figure 1-6: Map showing sediment type of surficial samples collected on November

3, 1987 (Cruise 17).
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Lastly, sand content (3%) of one of the BC-6 triplicates was comparatively
high. 1In fact, percent sand for all three replicates lay beyond two standard
deviations of the mean percent sand (1.9%) at BC-6. However, the actual
increase in sand content was so sBlight as to be almost imperceptible on

Shepard's diagram (Fig. B-1l1).

The areal distribution of sediment types is shown in Figure 1-7. The same

general patterns described for the fall cruise recur in the spring.

Compared to cruise 17, sediment type changed at seven stations (3, 12, 218,
22, 23, 24, and 28). At all of these asites except station 28, the observed
sediment type had occurred before (Appendix B). In fact, the classification
changes at stations 3 and 12 represent returns to more typical sediment types.
Station 28 was established at the start of this monitoring year. Although the
grain size composition was very different from that determined for the fall
samples, it is tco early to speculate on the reasons for the difference.
Several cruises are required before the natural variability in grain size
composition at a site can be established. Sediment type at station 28, as at

stations 3 or 22, for example, may vary greatly over time.

Gravity Cores

In April 1988, gravity cores were collected at the seven box core (BC)
stations and at stations 12 and 21B. Based on a comparison of xeroradiographs,
the cores were very similar to those collected the previous spring, indicating
that no major changes have occurred in the sediment column during the past year.
Cores collected at stations BC-2, BC-4, BC-5, and BC-6 consisted of dark grayish
Bilty clays and contained surface shell layers (Figs. A-2, A~4, A-5, and A-6).
The core collected at station BC-7 consisted of a layer of dark grayish clayey
silt overlying silty clay and contained only isolated shells (Fig. A-7). Highly
reticulated networks of burrows and tubes, indicative of high bioturbation

levels, were present in all of these cores.

At stations BC-1 and BC-3, cores penetrated the fluid mud layer. Both
cores consisted of an upper layer, approximately 20 om thick, of finely

laminated, brown to gray, smooth mud overlying a firmer, more darkly-colored
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layer (Figs. A-1 and A-3). All of the subsamples analyzed from core BC-1l were
categorized as silty clays. In core BC-3, the upper layer was siltier than the
underlying one (clayey eilt versus silty clay). The top 8~9 cm of both cores
were disrupted or mixed by biogenic activity.

An eighth core was collected at station 21B, adjacent to spillway #1. The
hard substrate precluded deep penetration - only 14 cm of sediment were
retrieved, consisting of muddy fine sand and containing many R. cuneata shells
(Fig. A-9). The ninth core, collected at station 12 in an effort to explain the

sudden drop in sand content in the fall grab sample, was discussed earlier.

TRACE METALS

Six trace metals, expressed as enrichment factors, were analyzed as part of
the ongoing effort to monitor the sedimentary environment. surrounding the
containment facility and to assess any operational effects. Earichment factors
have been used in lieu of actual elemental concentrations to facilitate the

interpretation of changes from one sampling period to the next. An enrichment
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Figure 1-7: Map showing sediment type of surficial samples collected on April
12 and 14, 1988 (Cruise 18).
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factor is defined as follows:

EF(X) ref = (X/Y)sample
(X/Y)ref

whare X = the element of interest;
Y = an immobile element, such as Al or Fe, that is not
affected by anthropogenic inputs;
{X/Y)sample = the analytically determined ratio of the concentration of
X to Y in the sample; and
(X/¥)ref =tha ratio of the concentration of X to Y in a reference
material, such as an average rock type (Turekian and
Wedepohl, 1961).

For the Hart-Miller Island samples, enrichment factors are based on Fe (=Y)
and referenced to an average shale composition. Fe was analyzed in studies
dating back to 1976 that monitored surficial sediments in the vicinity of Hart-
Miller Island. Average shale was selected as the reference material because the

composition of Bay sediments closely resembles that of shale.

Using enrichment factors rather than elemental concentrations is

advantagecus for several reasons:

1. Sample levels are normalized to a reference material. Therefore,
enrichment factors are direct comparisons with a known material, in

this case, "pristine” levels in the average shale.

2. The ratio of elemental concentrationa acts as a check on the
reliability of a set of analytical results and also permits
comparisons of data sets obtained by different analytical techniques
(Wells et al., 1986).

3. Differences in elemental concentrations due to grain size variations

are minimized.
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4. Variations in enrichment factors from the reference material indicate

perturbation by natural processes and/or anthropogenic activity.

These characteristics make enrichment factors useful for examining spatial

and temporal trends in trace metal levels in sediments.

The enrichment factor for Zn is used in the following discussion as an
indicator of change in sediment chemistry. As elaborated in previous reports
{Kerhin et al., 1982a; Wells et al., 1984), there are a number of reasons for

focusing on Zn:

1. o©0f the chemical species measured, Zn has been the least influenced by
variation in analytical technique. Since 1976, at least four different
laboratories have been involved in monitoring the region around Hart-Miller

Iasland. The most consistent results have been obtained for Zn (and Fe).

2. Variation in the 2Zn enrichment factor due to differences in reference

material, i.e. sandstone versus shale, is small (less than 20%).

3. 2n is one of the few metals in the Bay that has been shown to be affected
by anthropogenic input.

4. There is a significant down-Bay gradient in the Zn enrichment factor that

can be used to datect the source of imported material.

5. Zn concentrations are highly correlated with other metals of environmental

interest.

Figure 1-8 shows maps of the Zn enrichment factor for surficial samples
collected in November 1987, April 1588, and, for comparison, April 1987. The
sedimentary environment has remained stable for the past year. Broad, gentle
contours, similar to pre-construction conditions, characterize all three
sampling periods. There is no evidence of spillage or any other localized event
that might have affected the sediment by producing a plume or hot spot.
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Trace metal analysis of core subsamples yields information on the long-
t e : o m
net accumulation of sediment in the Hart-Miller Island vicinity, providing an
historical record of change. PFigure 1-9, a series of plots of the enrichment
factor for 2Zn versus depth in the core, summarizes data collected during an
eight-year period at the seven box core (BC) locations. Based on cores
retrieved from the mainstem of the Bay and other unperturbed sedimentary
environments, enrichment factors should be highest at the surface and decrease
monotonically down-hole to the "pristine" value of 1, dencted in the diagrams
by a dot-dash line. This expected down-hola behavior is exhibited by cores BC-
2, BC-4, and BC~6. The scatter in these three plots results from (1) analytical
uncertainty (approximately % 1) due to methodological differences; (2)
variability in sampling location; and (3} an imperfect knowledge of
sedimentation rates - samples are plotted by depth in the core, not with

refersnce to a distinctive event or time horizon.

Evidence of events that have affected the sedimentary environment around
the island complex can be found in the four remaining cores. The most notable
avent, documented praviously (Wells and Kerhin, 1985), was the redeposition of
pre-Holocene sediments disturbed during dike construction. This material,
referred to as "fluid mud®, is free from the influance of anthropogenic inputs.
Its enrichment factor, therefore, is near 1. Prom xeroradiographs and visual
descriptions of the cores, the fluid mud layer is clearly distinguishable in
corea BC-1 and BC-3. The depth to which this layer is ocbserved in the April
1987 xeroradiographe is marked on the plots as a dashed horizontal line. Above
this horizon, enrichment factors are generally lower than the areal average
{3.36) and much closer to 1. Below the layer, enrichment factors décrease
monotonically with depth to a value of 1, indicating that the observed horizon
is probably the pre-deposition surface in both of these cores.

In BC-5, the horizontal line (at 8 cm) corresponds to the depth of Bay
floor ecouring apparent in the April 1987 xeroradicgraphs. The enrichment
factors of sediments deposited above the scoured surface are low. On the basis
of the expected monotonic down-hole trend, the pre-event surface occurs at about
15 ocm. Between this horizon and the depth of scouring, there are two

unexpectedly low samples. These points may be indicative of other episodes of



scouring/redeposition before cores were collected in April 1986, but neither the

xeroradiographs nor the visual descriptiona clearly indicate this.

BC-7 profiles are the most anomalous, showing the reverse of the expected
trend; enrichment factors at the surface are relatively lower than those found
at depth. Nonetheless, the enrichment factor of the surface sediment equals the
area average. The sediments at this site probably reflect input from Back
River. Approaching the surface from depth, the decreasing enrichment factors
indicate either that the anthropogenic loading of Zn in Back River has declined
over time or that the Bay has become increasingly important as a sediment source
to the site.

Generally, the sapatial distribution of the Zn enrichment factors through
time and the down-hole profiles show neither leakage nor spillage of dredged
materials. Trace metal behavior indicates that the sedimentary environment

around the facility has been relatively stable since its construction.
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Figure 1-8: Contour maps depicting the spatial distribution of the enrichment
factor for 2Zn, based on surficlal sediments collected in (A) April 1987, (B)
November 1987, and (C) April 1988.
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Figure 1-93 Down-hole variations in the enrichment factor for Zn, over time,

for the seven box core (BC) stations.
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CONCLUSIONS

During the seventh monitoring year, no significant changes were observed in
the sedimentary environment surrounding the Hart-Miller Island Containment
Facility.

Ganerally, the sediments arcound the facility remained siltier than pre-
construction sediments (Fig. 1-3). Thae blanket of fluid mud was still very
distinct after 6.5 years. Radiographic examination of the fluid mud layer
revealed no increase in bioturbation levels compared with the sixth year.

Reworking by benthic activity is largely restricted to the upper 10-15 cm.

The distribution and range of the enrichment factor for 2Zn in the exterior
gsediments were similar to those found previcusly. Avarage enrichment factors
for the fluid mud remained lower than pre-conatruction values. However, slight
increases in enrichment factors were observed in the bioturbated zone of the
fluid mud layer, indicating that benthic activity contributed to the enrichment
of sediments with that metal and, by association, others as well.

RECOMMENDATIONS

Monitoring of the sedimentary environment exterior to the Hart-Miller
Island Containment Faclility should be continued at its current level through at
least 1990, the scheduled completion date of the 50 ft deepening of Baltimore
Harbor and ite apprecach channels. Usage of the facility will be maximal during
the 50 ft Project, which is expected to generate another 14.2 mcy between May
1988 and September 1990. Settling and dewatering of the emplaced material will
result in a large volume of effluent to be discharged from the dike. If
operation of the facility produces any impact on the exterior environment, those

effects should be evident during the next few years.
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PART 2: BEACH EROSION STUDY
INTRODUCTION

A recreational beach was c¢reated between Hart and Miller Islands during the
early stages of conmstruction of the containment facility. Approximately 500,000
yd® (382,500 m') of sediment were pumped from the dike interior to a section
along the outer dike face bordering Hawk Cove. The original plans called for
a 250-ft wide beach sloping gently bayward at a grade of 1:15 (gradient = 3.8%).
The beach shoreline, parallel to the outline of the dike, was curvilinear -
convex at the northern (Miller Island) end of the beach and concave at the

southern (Hart Island) end.

Natural processes began modifying the beach almost immediately after its
completieon. Wave-cut escarpments formed, and sheet wash and gully erosion
removed sediment from the dike face. The original outline changed. The
northern shoreline receded. Some of the eroded sediments were carried southward

and deposited, extending the southern end of the beach outward into Hawk Cove.

The Maryland Geoclogical Survey was asked to monitor the beach and document

the erosional and depositional changes occurring along it.

PREVIOUS WORK

Study of the recreational beach began in May 1984. Results of
investigaticonas during the first four years of monitoring are reported in Wells
et al. (1985, 1986, 1987) and Hennessee et al. (1988). Based on the results of
profile surveys, the beach was divided into three geomorphic regions affected
by different natural and anthropogenic processes (Fig. 2-1): (1) the guter dike
face, extending from the edge of the dike roadway bayward to the high water mark
{wave-cut escarpment); (2) the foreshore, between the high water mark and mean
low water (0 MIW); and (3) the pearshore, bayward of mean low water.

The outer dike face is affected primarily by pluvial (rain-related)
procesges and, to a lesser degree, by aeolian (wind-related) ones. Gullies,
excavated by rainfall and runoff, are common along most of the beach. Annual

regrading contributes to ercsion of this zone by increasing the slope of the
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dike face. Steeper slopes promote gully formation and lead to more severe

erosion.

The foreshore is being modified by wind-gernerated wave activity. Waves,
coupled with high tides, produce escarpments. Smoothing the beach by bulldozing

erases the escarpments, but only temporarily.

The nearshore is affected by waves and longshore currents. Sediments
eroded from the outer dike face and foreshore are deposited in the nearshore.
Longshore currents, running parallel to the beach from north to south,
redistribute nearshore sediments.

OBJECTIVES

This report is part of an ongoing study of the erosional and depositional
features on and around the recreational beach between Hart and Miller Islands.
Erosional problems identified in previcus years are re-evaluated in terms of
this year's findings. The cbjectives of this report are to:

1. analyze the beach configuration;

2. re—evaluate the erosional and depositional processes altering the

beach; and

3. determine the volume of sediment eroded from the beach.

62



DIKE ROADWAY

INNER DIKE FACE

At

OUTER DIKE FACE

Not to scale

HWM MLW

FORESHORE

HWM High Water Mark
MLW  Mean Low Water

s

NEARSHORE

Figure 2-1: Schematic cross-section of the dike illustrating the three

geomorphic regions of the beach.

63



This report covers the period between May 27, 1987 and May 12, 1988, the
time interval between beach regrades. A reporting period that begins shortly
after the May regrade and ends the following year, just before the next regrade,
facilitates distinguishing the effects of natural versus anthropogenic

processes.

METHODOLOGY

FIELD METHODS

In May 1984, MGS established ten profile lines along the recreational
beach (Fig. 2-2). These lines roughly coincide with those established by the
Waterway Improvement Diviajon of the Tidewater Administration during - a
hydrographic survey of the beach in the summer of 1983. Construction of a
comfort station in May/June 1988 necessitated shifting the profile line at
station 22+00 to 21+75. The ten lines were surveyed four times during the fifth
year of the beach study (Table 2-1). Four of the profile lines (22400, 30400,
40+00, and 49+00) were extended 300 ft bayward of the water line in order to
detect depositional changes in the nearshore. The extended profile lines were

surveyed twice during the study year.

All profile elevations were transferred directly or indirectly from
Maryland Port Administration (MPA) bench mark number 281614 {elevation = 14.57
ft MLW), located approximately 22 ft east of the center line of the dike roadway
at station 30+00. 1Initially, the location of each profile station along the
center line of the dike roadway was referenced to the MPA bench mark. A
baseline was established from the bench mark to the Craighill Channel Northern
Range Light using a thecdolite (Fig. 2-3). The angle between each profile
station and the baseline was recorded. To ensure that the same profile line
down the face of the beach was surveyed on succeesive occasions, an azimuth was
chosen approximately perpendicular to the center line of the dike roadway. The
point at which the profile line crossed the chain link fence that separates the
beach and the dike roadway was painted orange. The angles between the baseline
and the profile stationa as well as the azimuths of the profile lines are
reported in the Seventh Year Data Report.Thae construction of an elevated inner
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dike made the MPA bench mark inaccessible. Prior to the raising of the dike,
in May 1988, elevations were transferred from tha bench mark to cemented pipes
located next to the chain link fence at stations 25+36.45 (18.37 ft), 28+55.39
{(18.29 ft), and 34+91.04 (18.00 ft) using a self-leveling leveal.

Standard surveying taechniques, using a self-leveling level, stadia red, and
fiberglass measuring tape, were followed in surveying the profileas. Profiles
ware measured from the center line of the dike roadway downslope in S50-ft
increments and at distinct changes in elevation. The water line and elevations
below mean low water were also recorded, as was the time at which the water line
station was survayed. Distance and elevation data from all six surveys are

tabulated in the Seventh Year Data Report.

Sediment gains and 1losses were calculated directly from the
distance/elevation pairs using a computer program, ISRP (Birkemeier, 1986).
Also, the amount of sediment lost by qully erosion was approximated by measuring
the length, width, and depth of each gully. The length was measured from the
head of the gully downslope to the vicinity of the wave-cut escarpment. Width
and depth were measured at the gully mouth. The following formula was used to
estimate the volume of sediment eroded from each gully:

Volume = 2/3L' (&W/L) (D/L)
where W = width,
L = length, and
D = depth.

Ground truth photographs were taken to substantiate profile measurements
and to document erosional and depositional features present on the beach. The
photographs were taken at each profile, facing upslope from beyond the water
line. They were also taken facing north and south from selected sites along the
beach.. Aerial photographs were taken after each profiling period to record
overall changes in shoreline configuration, escarpment and qully development,

and vegetation patterns.

65



Table 2-1:

Beach profile survey dates.

Pro- Extended survey
file 1 2 3 a 1 7
22400 6/16/87 9/23/87 12/7/87 5/11/88 7/8/87 6/7/88
24+00 6/16/87 9/23/87 12/7/87 5/11/88

28400 6/16/87 9/23/87 12/7/87 5/11/88

30400 6/16/87 9/23/87 12/7/87 5/11/88 7/8/87 6/7/88
32400 6/16/87 9/23/87 12/7/87 5/12/88

36+00 6/16/87 9/23/87 12/7/87 5/12/88

40+00 6/17/87 9/23/87 12/7/87 5/12/88 7/10/87 6/10/88
44+00 6/17/87 9/25/87 12/8/87 5/12/88

48+00 6/17/87 9/25/87 12/8/87 5/12/88

49+00 6/17/87 9/25/87 12/8/87 5/12/88 7/10/87 6/10/88
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Beach sediments were sampled during the June 1987 and May 1988 surveys in
order to determine their natural size distribution. Samples were collected with
a plastic scoop at stadia stations along each profile. They were stored at
ambient temperatures in "Whirl-Pak" bags and brought back to the MGS laboratory

for analysis.

LABORATORY PROCEDURES

Beach sediment samples were processed using methods similar to those
described in Part 1 of this report (see Laboratory Procedures - Textural
Analysis). The Seventh Year Data Report lists the calculated percentages of
gravel, sand, and mud (eilt and clay). Silt and clay were combined and
presented as a single percentage because of their negligible contribution to
beach sediment composition.

RESULTS AND DISCUSSION

To determine the overall changes in beach configuration and beach and
nearshore topography, contour maps (Appendix C) and three sets of cross-
sectional profiles (Appendix D) were constructed from the acquired survey data.
The first set of cross-sectional profiles, depicting the beach during the
surveys included in this report, represents the elevational changes between
regrades brought about by natural processes. The second set compares the first
beach survey (June 1984) with the last reported one (May 1988). The third set
illustrates the differences in nearshore elevations at stations 22+00, 30+00,
40+00, and 49+00 for the period June 1987 to July 1988.

The overall shape of the recreational beach, delineated by the 0' contour,
was curvilinear throughout the study period, convex near the end of profile
36+00 and concave to either side, at profiles 30+00 and 48+00 (Figs. C-1 through
C-4). The 0' contour shifted both laterally and normally to tha beach during
the year.
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Erosion and deposition along the foreshore was inferred from the migration
of the 0' contour. Between June and September 1987, the 0' contour remained
stationary from profile 44+00 through 49+00. The contour's bayward shift from
profile 22+00 through 44+00 i8 indicative of elight deposition in the foreshore.
The deposited sediments were probably reworked sediments from the nearshore
zone. Sheet wash erosion of the outer dike face may also have contributed to
the shift. Or, the shift may represent an initial adjustment to regrading of
the beach.

Between December 1987 and May 1988, the 0' contour moved slightly bayward
between 22+00 and 34+50, slightly shoreward between 34+50 and 36+00, bayward
from 36+00 to 44+00, and slightly bayward between 48+00 and 49+00. The position
of the shoreline remained unchanged between 44+00 and 48+00. The net effect
indicated by the change in shoreline configuration was deposition, possibly due
to the tremendous amount of material eroded from the lower dike face and

foreshore by sheet wash and wave attack.

Comparing the June 1987 and May 1988 contour maps (Figs. C-1 and C-4), the
0' contour shifted bayward between 22+00 and 31+50. Nat deposition of sediments
in the foreshore is attributed to longshore currents transporting sediments
southward along the beach. The stretches of beach between 31+50 through 40+00
and 43+50 through 48+00 underwent ercsion. The shoreline retreated, shifting
a maximum of about 20 ft. Wave action removed sediments from *he lower dike
face and foreshore. Of particular interest are waves generated by winds blowing
from the northwest. Such waves, striking perpendicular to the beach, would
rasult in erosion of the shoreline with deposition along the flanks by longshore
currents. The process may explain the concave shape of the beach here. The
shoreline position north of 48+00 remained about the same for the entire year.
This section of the beach is protected from the most damaging waves by Miller
Pt., a spit off Miller Island.

The set of cross-sectional profiles constructed for the monitoring year
(Figa. D-1 through D-10) indicate that the lower dike face and foreshore were
the zones most susceptible to erosion and/or deposition. Sediment was deposited
on the lower dike face and foreshore of profile 22+00. BErosion of the lower

dike face and slight deposition on the bayward side of the foreshore
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characterized profiles 24+00 through 30+00. The erosion is attributed to waves
assaulting the beach at high tide. Deposition along the outer foreshore
resulted from the redistribution of sediments from the lower dike face and the
accumulation of other eroded sediments carried by longshore currents. The lower
dike face and foreshore of profiles 32+00 through 49+00 were eroded by sheet
wash and wave activity. The eroded sediments were reworked and redistributed
in the nearshore. Some were transported down the beach to the profiles south

of 32+00.

The second set of cross-sectional profiles (Figs. D-11 through D-20) was
constructed to show the changes experienced by the beach since the inception of
monitoring in May 1984. Along the lower dike face and foreshore, there was net
deposition from profile 22+00 north to 24+00, and net erosion from 28+00 north
to 45+00. Erosion is due primarily to wave attack and secondarily to sheet

wash.

In order to determine the fate of sediments eroded from the lower dike
face, profiles 22+00, 30+00, 40+00, and 49+00 were extended 300 ft offshore in
July 1987 and June 1988. Cross-saectional profiles based on data accumulated
during the extendéd profile surveys (Pigs. D-21 through D-24) show net erosion
in the nearshore area. Approximately 773 yd’ (591 m’) of sediment were eroded
below 0' MLW. Although some sediment was deposited near the water line on
profiles 22+00, 30+00, and 40+00, the remainder of each profile showed erosion
out to 300 ft. The sediments lost from the nearshore waere carried away by

longshore currents.

ESCARPMENT FORMATION

Bscarpments are erosional features produced when wind-generated waves
accompanying high tides assault the beach. The most damaging waves to the
recreational beach are those from northerly directions, due to the large

generating area or fetch. A small escarpment ({less than 6 in.) was evident

.during the first profile survey of the monitoring year (June 1987) from 32+00

north to 48+00. By September 1987, the small escarpment was present along the
entire length of the beach. In December 1987, the escarpment was more prominent
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from stations 28+00 to 32+00 and from 40+00 to 49+00. By the last profile
survey in May 1988, the wave-cut escarpment extended from station 28+00 to well
beyond station 49+00. The height of the escarpment rose steadily from several
inches at station 28+00 to approximately 2 £t at 49+00.

Wind data recorded by the Maryland Environmental Service (MES) at a
weather atation located 1.6 km east of the recreational beach were used to
congtruct wind roses for each survey period (Fig. 2-4). An increasme in the
frequency and velocity of northerly and northwesterly winds from September
through December probably accounts for the increased prominence of the
escarpment during that period. (No tidal data were available for the area to

determine when high tide and wind-generated waves coincided.)

GULLY DEVELOPMENT

Gully development along the recreational beach is controlled primarily by
rainfall intensity and gradient or slope. Rainfall intensity, the criterion
used to define a "storm™ (at least half an inch of rain in half an hour (Barnett
and Hendricksopn (1960)), could not be determined from the weather data collected
at the containment facility. Only the amount of rain falling in a 24-hr period
is recorded. Based solely on the amount of precipitation however, there were
30 storm events during the monitoring year (Table 2-2). A total of 37.65 in.
of rain was reported. Storms accounted for 27.08 in. of that total, or 72

percent.
A minimum average slope of 4.1-4.2° is prerequisite to gully formation on

the recreational beach (Wells et al., 1986, 1987). Throughout this reporting
period, average slope equalled or
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Table 2-2: PRECIPITATION DATA COLLECTED BY THE MARYLAND ENVIRONMENTAL
SERVICE (MES) AT HART-MILLER ISLAND.
Rainfall Rainfall Rainfall
Date {in) Date {in}) Date (in)
May 1987 October 1987 February 1988
31 0.32 3 0.34 3 0.10
7 0.54 4 0.40
Junea 1987 11 0.02 12 0.86
3 0.15 27 0.80 13 0.92
4 0.90 15 0.38
9 0.02 November 1987 16 0.09
12 0.25 10 0.70 19 0.66
13 0.02 11 0.25 23 0.07
—-—SURVEY~-- 12 0.20 27 0.03
21 0.15 18 0.05 28 0.01
22 0.70 28 0.29
26 0.28 29 1.45 March 1988
30 0.75 30 0.05 3 0.02
4 0.75%
July 1987 December 1987 9 0.05
1 1.25 3 0.10 15 0.11
2 0.15 4 0.10 16 0.02
10 2.00 -~SURVEY-- 26 1.25
14 0.90 10 0.20 27 0.05
11 0.31 28 0.08
August 1987 14 0.05
5 .40 15 .60 April 1988
22 C.42 20 0.32 1 0.03
26 0.01 22 0.15 6 0.03
28 0.01 23 0.05 7 0.60
31 1.05 25 0.36 8 0.22
26 0.10 9 0.04
September 1987 28 0.20 15 0.10
6 0.50 29 0.05 18 0.30
7 0.60 31 0.05 19 0.03
8 1.50 23 0.03
12 0.80 January 1988 27 1.10
13 0.50 1 0.04 28 0.05
15 0.54 3 0.10 29 0.05
16 0.11 4 0.07
17 0.37 7 0.20 May 1988
18 2.10 8 0.55 3 0.03
19 0.11 14 0.20 4 0.03
20 0.04 17 0.46 5 1.00
22 0.15 25 0.42 6 0.55
25 0.10 9 0.04
==SURVEY -~ February 1988
10 0.20
30 0.20 2 0.66 11 0.05
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exceeded that critical value along all profiles except 22+00 and 24+00 (Table

2=-3). Along the lower dike face, from the break in slope to the water line,
slopes were 80 steep (range = 4.9° to B8.3°) that given sufficiently intense
rainfall, gullying was inevitable.

During the monitoring period, incipient gullies were first observed in
June 1987 in the vicinity of profiles 30+00, 44+00, 48+00, and 49+00. The
gullies forming near profile 30+00 were shallow (< 2 in.); those forming around
profiles 48+00 and 49+00 were considerably deeper (about 6-8 in.). ©Of the six
rainfall events between the May 27, 1987 regrade and the first survey of the
monitoring year, only one (0.90 in. of rain on June 4, 1987) contributed
significantly to gully development. The steeper slope of the beach at 48+00 and
49+00 permitted deeper incision of the dike face by storm runoff.

The period between the firast and second surveys marked the beginning of
deeply incised gullies on profiles 28+00, 30+00, 32400, 48+00, and 49+00.
Gullies in the area of 48+00 and 49+00 were deepest (up to 1.8 ft). Between
surveys, the average slopes of the affected profiles changed very little, if at
all. None however, ‘fell balow the critical minimum slope of 4.1°. Thirteen
storm events produced a total rainfall of 13.19 in. The maximum rainfall on a
single day was 2.10 in. Although vegetation was abundant on the beach during
this period, it was spotty in the areas of gully development.

By the December 1987 survey, gullies were cbserved on all profiles except
24+00 and 40+00. A small gully was beginning to form on profile 22;00. At the
northern end of the beach, gullies were very deep (up to 2 ft). Some of the
gullies extended to within 11 ft of the dike roadway. The average slope rose
on all profiles except 32+00, 36+00, and 48+00, where it decreased slightly.
Vegetation, which was abundant earlier in the year, was either dead or being
washed away. Between the September and December surveys, four storms produced
3.49 in. of rain. Although less rain fell during this period than the preceding
one, gully erosion accelerated because of the increase in slope, the lack of

vegetation, and the presence of established gullies.

A greater number of gullies was observed during the May 1988 survey than had
ever been noted before. Aerial photographs of the beach showed gullying along
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the entire beach except in the vicinity of profiles 24+00 and 28+00. Gullies
along profile 22+00 were very shallow (< 3 in. deep). However, in the vicinity
of profiles 48+00 and 49+00, gullies reached a maximum depth of 2.4 ft. The
headward extent of some of the gullies along the northern profiles was w;thin
10 ft of the dike roadway. One amall gully near profile 48+00 actually began
at the edge of the roadway. Twelve storm events during the period produced a
total rainfall of 9.5 in. The lack of vegetation caused much of the lower dike
face to erode more quickly than it had during the previous profiling periods.

Gully erosion has accelerated since the beginning of beach monitoring.
Although annual regrading temporarily erases the gullies, it increases the slope
of the beach. As shown in Table 2-3, the average slopes of all of the profiles
were higher in June 1987 than in June 1984. Without reducing the beach slope
by replenishing the lost sand, each successive regrade increases the likelihood

of gully development.
BEACH SEDIMENT DISTRIBUTION

To assess the natural distribution of sediment size, samples were collected
in June 1987, after beach regrading, and in May 1988, before regrading.

Summarizing the results of grain size analysis of the samples, Figures 2-7
through 2-10 depict the distribution patterns of silt and clay and of
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Table 2-3: Average slope, in degrees, of beach profiles, from the roadway to

the water line, by survey date.

Survey date

Profile  6/84 3/87 6/87 9/87 12/87 5/88

22+00 3.1 3.2 3.3 3.2 3.5 3.2
24+00 3.3 3.5 3.6 3.5 3.7 3.6
28+00 3.7 4.4 4.3 4.2 4.5 4.4
30+00 4.2 4.8 4.7 4.7 4.8 4.8
32+00 3.4 5.0 4.8 5.0 4.9 5.0
36+00 3.0 4.2 4.2 4.3 4.2 4.4
40+00 3.2 4.3 4.2 4.1 4.2 4.3
44+00 3.3 4.8 4.8 5.0 5.0 5.2
48+00 4.2 5.8 5.9 6.0 5.9 6.0
49+00 3.7 5.0 5.0 5.1 5.2 5.2
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graval. To illustrate the effects of beach regrading on grain size
distribution, similar figures for the March 1987 sampling period are also
included (Figs. 2-5 and 2-6).

The effects of beach regrading can be seen by comparing sediment
distribution patterns in March 1987 and June 1987. Regrading resulted in a
general decrease in the percentage of silt and clay over the entire beach,
except for a small area around profile 30+00. Gravel percentages also changed,
decreasing slightly for the beach south of profile 48+00.Between June 1987 and
May 1988, natural processes were responsible for changes in sediment
distribution patterns. The silt and clay content of samples collected from the
central part of the beach, between profiles 30+00 and 44+00, increased.
Vegetation growing on the beach had trapped fine, wind-blown sediment.

The distribution of gravel on the beach is controlled primarily by the use
of poorly sorted material in beach construction and secondarily by annual
bulldozing. Fluctuations in gravel percentages attributable to natural
processes are due largely to the addition or removal of finer sediments. During
the monitoring year, the relative proportion of gravel increased over the entire
beach. The greatest increase, up to 64 percent, was seen along the foreshore
north of profile 40+00. The removal of fine sediments by sheet wash and perhaps
some transportation of gravel from upper elevations were responsible for the

higher gravel percentages.

NET EROSION AND DEPOSITION

The volume of sediment lost from the beach this past monitoring year
totalled 3,996 yd’ (3,057 m’), including an estimated 94 yd’ (72 m’) removed by
gully erosion and 773 yd’ (591 m') eroded from the nearshore. Since the
inception of the beach erosion study (June 1984), approximately 11,244 yd?
(8,602 nﬂ) of mediment have been lost from the beach. This is a conservative

estimate, excluding gully and nearshore erosion.

Net sediment loss was computed for the four monitoring periods between
regrades (Table 2-4). Erosion escalated for the first three years of the beach

erosion study, then subsided slightly. The increase in erosion rate during the
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first three periods was attributed to steepening of the lower dike face by
bulldozing. Sheet wash removed greater quantities of material from the steeper
slopes. Also, waves were able to carve off larger sections of the lower dike
face by undercutting. The amount of sediment lost during the past monitoring
year is about the same as that eroded during the pravious year. Average beach
slopes were about the same at the beginning of both study years. Other elements
affecting beach erosion (e.g., waves, tides, rainfall) were comparable,

ragulting in nearly equal volumes of sediment lost.

CONCLUSIONS

Wave activity and sheet wash, the two major natural processes operating on
the beach, were responsible for the erosional features observed on the beach
during the study pericd. Wave action during high tides eroded most of the
sediment from the beach. Sheet wash during storms resulted in the development
of qullies, which grew in depth and headward extent throughout the monitoring
year. By steepening the lower dike face, bulldozing greatly amplified the

effects of these two geomorphic processes.

Approximately 11,244 yd® (8,602 m') of sediment have been removed from the
beach above the 0' contour since the beach erosion study began in 1984. The
volume of sediment eroded this year was just slightly lese than the amount lost
during the previous year (3,129 yd’ ve. 3,472 yd’). Gully erosion was slight,
94 yd’ (72 wy, compared to erosion by wave action and sheet wash. Longshore

currents removed 773 yd’ (591 m’) of material from the nearshore zone.
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Figure 2-5: Map showing the distribution of milt and clay on the beach in March
1987 (before regrading).
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Figure 2-7: Map showing the distribution of silt and clay on the beach in June
1987 (after regrading).
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Table 2-4: Volume of sediment eroded between regrades since the

of the beach erosion study.

Sediment volume lost’

Time period (yd’) (m’)
June 1984 - March 1985 1,190 910
June 1985 - April 1986 2,083 1,593
June 1986 - March 1987 3,472 2,656
June 1987 - May 1988 3,129 2,394
June 1984 - May 1988 11,244 8,602

* based on ISRP

(Birkemeier, 1986)
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RECOMMENDATIONS

Several of the erosion control measures recommended in previous reports
were implemented in September 1988. Construction of two berms parallel to the
shoreline will redirect storm runoff. Seeding the beach will stabilize it by
reducing sheet wash and gully erosion. Howaever, erosion of tha 50-75 ft wide
sand beach by wave attack will continue. Sand replenishment and/or the

construction of an offshore breakwater may still be necessary to deter erosion.
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Figure A-1

91



HART - MILLER ISLAND
Station BC-2

April 14, 1988

Figure A-2
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HART - MILLER ISLAND
" Station BC-3

April 14, 1988

Figure A-3
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HART - MILLER ISLAND
Station BC-4

April 14, 1988

Figure A-4
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HART - MILLER ISLAND
Station BC-5

April 14, 1988

Figure A-5 .
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HART - MILLER ISLAND
Station BC-6

April 14, 1988

Figure A-6
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HART - MILLER ISLAND
Station BC-7

April 14, 1988

Figure A-7
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HART - MILLER ISLAND

Station 12
April 14, 1988

Figure A-8
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HART - MILLER ISLAND
Station 21B

April 14, 1988

Figure A-9
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APPENDIX B

Shepard's diagrams and component (sand-silt-clay) plots

of selected stations.

LEGEND (Shepard's diagram)

Cruise 1 (pre-conatruction)
Cruises 2-7 (during construction)
Cruises 8-16 (post-construction)

Cruise 17 {seventh monitoring year)

Ox 4+ p O

Cruise 18 (seventh monitoring year)
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APPENDIX C

Contour mapa of tha racreational beach.
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APPENDIX D

Crose—pactional profiles of the recraational beach.
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Figures D-1 through D-10
Cross-sectional profiles for each of the profile stations, based on surveys

conducted in June 1987 and May 1988.
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Figures D-11 through D-20
Cross-gectional profiles for each of the profile stations, based on surveys

conducted in June/July 1984 and May 1988.
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ABSTRACT

The benthic invertebrate populations in the vicinity of the dredged
material containment facility at Hart-Miller Island were monitored in order to
assess any possible effects of the operation of the facility on the biota.
Nearfield infaunal and epifaunal samplee were taken along with reference samples
in December 1987 and April and August 1988. The infaunal samples were collected
with a 0.05 m’ Ponar grab and washed cn a 0.5mm screen. Epibenthic samples were
scraped either by a SCUBA diver or with a specially designed scraping apparatus
from the pilings that support a series of piers which surround the containment
facility. Thirteen infaunal statjons were sampled on each cruise (8
experimental and $§ reference). The stations include nine silt-clay stations,
three oyster shell stations and one sand substrate station. A total of 35
benthic species was collected from these thirteen stations. The most abundant
species were the annelids, Scolecolepides viridis, Heteromastus filiformis, and
Tubificoides sp.; the crustaceans, Leptocheirus plumulosus, and Cyathura polita;

and the clams, Rangia cuneata and Macoma balthica.

Species diversity (H') values were evaluated at each station. The highest
diversity value (3.1656) was obtained for a nearfield oyster shell station (S2)
in August, whereas the lowest diversity value occurred at a nearfield silt/clay
gtation (83) in April. For the three sampling dates the highest diversity

values overall occurred in August and the lowest in April.

The length-frequencies of the clams, R. cuneata, M. balthica, and Macoma
mitchelll were examined at the nearfield and reference stations, and there was
good correspondence in terms of the numbers of clams and the size groupings for
the three sampling dates. Cluster analysis of the stations over the three
sampling periods usually associated stations in response to bottom type and
whether they were experimental or reference sites. Variations in recruitment
might explain why some specific stations did not form tight groupings. The
clusters were consistent with earlier studies and did not indicate any unusual
groupings associated with the containment facility. A one way analysis of
variance, using the Student Neuman-Keuls test, of the number of individuals of
each species in the samples for each station, indicated that nearfield stations,

Sl and S2 were significantly different in April and August, presumably because
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of their shallow depth and sandy or shelly substrate. Rank-analysis of
differences in the mean abundances of selected species at the stations with
silt/clay subatrates indicated significant differences for the nearfield
stations in December and for the reference stations in April and BAugust.
Significant differences in means for the combined silt/clay nearfield and

reference stations occurred only in August.

Epifaunal populations were similar to those observed in previous years.
Samples were collected at depths below the winter ice scour zone. The epifaunal
population persisted throughout the year at these deeper locations aleong the
pilings. The nearfield and reference populations were very similar over all
three sampling periodasa. As previously reported, the amphipod, Corophium
lacustre, is one of the most abundant organisms present at both the reference
and nearfield stations at all sampling periods. The colonial bryozoan,
Victorella pavida was likewise present at both reference and nearfield stations

at all sampling pericds.

The results of the current monitoring effort suggest, once again, only
localized and temporary effects on the benthos result from the containment
facility. These effects, limited primarily to the area where dredged material
is transferred from barges to the facility, are believed to be caused by a
washing-away of the bottom by tugboat propellers. Although disecharge of
effluent from the facility occurred during this sampling year, no adverse
effects on the benthic populations have been observed to date. Nonetheless,
continued monitoring of the area is necessary during this period of increased
activity around the facility and actual expansion in overall size of the
containment facility.
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INTRODUCTION

This report presents the results of studies conducted during the seventh
consecutive year of benthic sampling for baseline and monitoring studies at the
Hart-Miller Island containment facility. Estuarine areas such as the Hart-
Miller Island aite, with wide seasonal salinity changes and vast, shallow,
soft-bottom shoals, are important to protect because they serve as important
breeding and nursery grounds rich in nutrients for many commercial and

non-commercial species of invertebrates and migratory fish.

Since it is an area that is environmentally unpredictable from year to
year, it is important to maintain as complete a record as possible on all facets
of the ecosystem. Holland (1985) and Holland et al. (1987) completed long-term
studies of more stable meschaline areas further down-Bay and found that most
macrobenthic species showed significant year-to-year fluctuations in abundance,
primarily as a result of slight salinity changes. Spring was a critical period
for the establishment of both regional and long-term distribution patterns. One
can thus expect even greater fluctuations in the benthic organisms inhabiting
the region of the Hart-Miller Island containment facility, which is located in
the highly variable oligohaline portion of Chesapeake Bay. Indeed past studies
(Pfitzenmeyer and Tenore, 1987; Duguay, Tenore, and Pfitzenmeyer, 1988)indicate
that the benthic invertebrate populations in this region are predominantly
opportunistic or r-selected species with short life spans, small body size and
often high numerical densities. These opportunistic species are characteristic
of disturbed or highly variable regions (Beukema, 1988).

Dredge-related activities at Hart-Miller 1Islands during the current
monitoring year were concentrated at the rehandling piers where dredged material
from barges was unloaded into the containment facility. The volume of material
inside the dike has now reached a sufficient level for treated effluent to be
discharged from the facility. The dike is presently in the process of being

expanded to receive additional dredged materials.

The objectives of the study presented in this report were:

149



To monitor the nearfield benthlic populations for possible effects of
discharged effluents and by following changes in population size and species

composition over seasonal cycles.

To collect samples of the epibenthic fauna on the pilings along the perimeter
of the island for any signs of detrimental effects.

To continue monitoring of benthic and epibenthic populations at established

reference stations for inter-comparisons.

To provide selected species of benthic invertebrates and fish for chemical
analysis of organics and metals by an outside laboratory (Martel, Inc.), in
order to ascertain various contaminant levels as well as possible

bicaccumulation.
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METHODS

Sampling was conducted at a network of stations surrounding the disposal area
(Figures 1 & 2, CBL and STATE designations, respectively). Six nearfield
stations (51-56) were located within 90 m of the dike along its eastern side,
extending within 50 m of the dike from the northern to the southern end.
Station S7 was located about 180 m from the effluent pipes, and another station
S8 was located about the same distance from the rehandling pilers. Four
reference stations were resampled during the year. They were HM16, a soft-bottaom
station located about 1.9 km southeast of the island; HM9 located on an oyster
shell bottom about 36 m northeast of the island; HM22, a soft-bottom station
located about 3.7 km north of the island; and HM7, located on soft-bottom about
35 m northwest of the island. Station HM26, located at the mouth of Back River,
was resampled this year as a monitoring check of that critical area and its
possible influence on the fauna to the west of the island. Epifaunal samples
{R1-R4) were obtained from pilings located about 25 m from the dike, at depthsa
of 1-1.3 m below the surface of the water and 1 m above the bottom (about 2-3m
depth). An epifaunal reference station (RS), located on a navigational beacon

at the Pleasure Island channel, was again sampled this year.

Three primary cruises were conducted on December 7-8, 1987, April 11-14,
1988, and August 1-2, 1988, Three replicate grabs were taken with a 0,05 o’
Ponar grab at each heﬁthic infaunal station for each sampling period. The
samples were washed separately on a 0.5 mm s8creen and fixed in 10%
formalin/seawater on board the ship. 1In the laboratory, the samples were again
washed on a 0.5 mm sieve and traneferred to 70% ethyl alcohol. The samples were
then sorted, and each organism was removed, identified, and enumerated.
Length-frequency measurements were made on the three most abundant mollusks.
A qualitative sample was scraped from the pilings at the epifaunal stations
(R1-R5) by either a SCUBA diver (December and April) or a specially designed
piling scraping device constructed of aluminum (May, June and August). In
April, we were unable to complete our epifaunal collections due to inclement
weather and equipment problems. We returned to the containment facility on 17
May and 24 June to complete our spring epifaunal sampling and to test the newly

designed scrape sampler against diver collected samples. The scrape samples
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were treated similarly to the infaunal benthic samples with regard to
preservation and general handling. However, only a qualitative or relative
estimate of abundance was made for each species through a set of numerical

ratings, which ranged from 1 (very abundant) to 3 (present).

Stations were located with the research vessel's radar and LORAN C. Station
depths were recorded from the ship'a fathometer. Water temperature and salinity
were measured from surface water samples collected through the vessel's
through-hull seawater intake hoses. Temperature was determined to the nearest
0.5 °C with a hand-held mercury thermometer (range of =20 to 110°C). Salinity
was determined to the nearest ppt with an A.0. Goldberg hand-held salinometer

The quantitative infaunal sample data were analyzed by a series of
statistical tests. A method of rank analysis was used to determine dominant
species (Fager, 1957). The Shannon-Wiener (H') diversity index was calculated
for each station after data conversion to base, logarithma (Plelou, 1966).
Stations were grouped according to numerical similarity of the fauna by cluster
analysis (BMDP-77 Biomedical Computer Programs P-Series; Dixon and Brown, 1977).
Analysis of variance and the Student-Neuman-Keuls multiple range test were used
to determine differences in faunal abundance between stations (Nie et al.,
1975). Friedman's non-parametric rank analysis test (Elliott 1977) was used to
compare mean numbers of the eleven most abundant species, between the slit/clay,
nearfield and reference stations, separately. Then the two setas of stations

were added together and retested.
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RESULTS AND DISCUSSION

Since the beginning of the project in 1981, a small number of species has
dominated the populations of benthic invertebrates collected at the various
nearfield and reference sites in the vicinity of the Hart-Miller Island
containment facility. The moet abundant gpecies this year were the annelid
worms, Scolecolepides viridis, Heteromastus filiformis, Tubificoides sp.; the
crustaceans, Cyathura polita and Leptochierus plumulosusg; followed by the clam,
Rangia cuneata. Variations in the range and average number of §. viridis, L.
plumulosus, and R. cuneata at the reference stations since February 1983 are
presented in Table 1. The populations, particularly of the first two species,
have remained relatively stable over this monitoring period. Variations in
dominant or most abundant epecies occur primarily as a result of the different
bottom types (Table 2). The annelid worms, S. viridis, Tubificoides sp. and H.
filiformis, as well as by the crustaceans, L. plumulosus and C. polita, prefer
soft bottoms. The most common inhabitants of the predominately old oyster shell
substrates are more variable, with the barnacle, Balanus improvisus, and the
worm, Nereis succinea often among the dominant organisme. There is occasionally
some overlap between the bottom types, as evidenced in December for the
reference atations. Then, the three dominant species were axictly the same:
R. cuneata, C. polita and H. filiformis at both the soft and shell bottom
stations. Sudden freshwater inflows during the spring spawning periocd have
favored the recruitment success of R. cuneata in different years. During the
sixth monitoring year, high influxes into the population were cbserved at
several stations during the August 1987 sampling period which was reflected in
high densities of small individuals in both the December 1987 and April 1988
samples. A similar influx was not observed in our August 1988 samples. If high
salinities (>10 "/oo) occur and persist throughout the winter, then large
mortalities of Rangia clams have been reported (Cain, 1975). This does not seem
to be the case during the seventh year, as evidenced by the fairly large number
of larger aized clams still present in Augqust 1988. The worm, H. filiformis,
has a preference for the higher salinity, meschaline area of an estuary. It is
an opportunist with the ability to increase its progeny rapidly in response to
favorable saline conditions. It alsc has been acknowledged as a nitrate
enrichment indicator (Dean and Haskin, 1964). Station HM26, at the mouth of
the Back River has the most diverse annelid fauna with eight different species
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present in December. The most abundant were, was Tubificoides sp. Which

ranged from about 3800 - 15700 individuals per m’(Table 3).

The worm, S§. viridis, and the crustacean, €. polita, occurred most
frequently at both the nearfield and reference stations, being absent only in
December at stations HM9 and S4, respectively. These two species were
likewise among the numerically most abundant organisms at the various
stations, including, on occasion, the hard bottom stations where shells are
interspersed with silt (Tables 3 and 4). Over the course of these monitoring
gatudies, the worm, S. viridis has frequently alternated with the crustaceans,
C. polita and L. plumulosus, as the redundant dominant speciea. It appears
that slight modifications in the salinity patterns during the recruitment
period in late spring play an important role in determining the dominance of
these species. The crustaceans, €. polita and L. plumulosus, are more
abundant during low salinity years; S. viridis prefers slightly higher
salinities. This particular year, S. viridis reached higher total densities
primarily due to a very large population (15000 per m’) at station S3 in
April. During the sixth monitoring year, L. plumulosus was the numerically
dominant species. However, this year it fell behind C. polita in terms of
overall abundance, particularly as a result of a decline in the nearfield
populations. The isopod crustacean, C. polita, tends to have a more stable
population density at all seascns when compared to the other dominants. C.
polita appears to be very tolerant of physical and chemical disturbances and
repopulates areas such as dredged material disposal piles mere quickly than
other species (Pfitzenmeyer, 1985).

All of the dominant species, with the exception of R. cuneata, brood their
young. This is an advantage in an area of unstable and variable environmental
conditions such as the upper Chesapeake Bay. Organisms released from their
parents as juveniles are known to have high survival and often reach high
densitieas of individuals (Wells, 1961). The total number of individual
organisms collected at the varicus refaerence and nearfield stations are quite
comparable and ranged for tha most part between 1000 and 4000 individuals per
meter square. The lowest recorded values occurred at station HM7 in August

(432 individuals/m’) followed by station S3 in
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TABLE 1. Abundances (#/mz) of three of the major species present at the
Hart-Miller Island Benthic Study Reference Stations from February
1983 to August 1988.

Feb, May Sep 1983 Oct 1984 Dec 1985 Dec 1986 Dec 1987
1983 Mar 1984 Apr 1985 Apr, Aug Apr, Aug Apr, Aug

1986 1987 1988
Major Species
Scolecolepides
Range/m’ 0-264 11-153 7-1287 13-447 0-567
Avg./m? 69 546 92 398 179 178
Leptochierus
Range/m’ 7-6626 20-441 7-1293 7-3312  0-3693
Avg./m? 2259 614 272 308 1111 398
Rangia
Range/m? 0-135 0-75 0-273 13-3007  0-2267
Avg. /m? 22 455 27 102 687 359
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TABLE 2: A list of the 3 numerically dominant benthic organisms collected from each hottom type on each sampling
date durtng seventh year monitoring study at HMI.

-----------------------

August 1988

NEARFIELD SOFT BOTTOM
(53,4,5,6,8)

Cyathura polita
Heteromastus filimormis
Tubificoides sp.

NEARFIELD SHELL BOTTOM

(52,7}
Rangia cuneata
Heteromastus filiformis
Balanus tmprovisus

REFERENCE SOFT BOTTOM

(HM7,16,22)
Rangia cuneata
Cyathura polita
Heteromastus filiformis

REFERENCE SHELL BOTTOM

(HM9)
Rangia cuneata
Cyathura poiita
Heteromastus filiformis

BAKC RIVER SOFT BOTTOM

(HM26)
Tubificoides sp.
Leptochierus plumulosus
Hetercmastus filiformis

Scolecolepides viridis
Cyathura polita
Heteromastus filimormis

Tubificoides sp.
Balanus improvisus
Scolecolepides viridis

Leptochierus plumulesus
Cyathura polita
Scolecolepides viridis

Tubificoldes sp.
Balanus improvisus
Scolecolepides viridis

Tubificoides sp.
Cyathura polita
Scolecalepides viridis
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Scolecolepides viridis
Heteromastus filiformis
Cyathura poitta

Heteromastus filiformtis
Nereis succinea
Balanus improvisus

Rangia cuneata
Cyathura polita
Heteromastus filiformis

Scolecolepides viridis
Heteromastus f1i1iformis
Rangia cuneata

Tubificoides sp.
Streblospio benedicti
Lepochierus plumulosus



TABLE 3: Womber of benthic organisms per v found at the reference stations for the 7tk year study (1987-1988) at the Hart-Miller Island

containment facility. ¢ €332
w A " s BN22 s
SPECIES WANR J AN w4 o UG
§ Dec Apr Awg Dec Apr dug Dec  Apr l‘n& Dec AZr lug | Dec Apr) hug P0TALS
REYBCBOCORLA (ribbon vorms) | Gt |
Diadeunene leucolena 1 ' /1 N 106
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| |
ADDELIDA [worms) l
Heteromastus filifornis 17 B 0 1 R T M e 03 o 61w s 1 1 N
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Iteone heteropoda ] | §0 60
Polydora ligel y 1 53 | 7 @ = 100
Scolecolepides viridis 10 10 1 9 87 3 567 127 s3 353 47 | 60 300 ﬁi o %73
Streblospio benedicti I n Tonu H (1 I Y IS [T 7 - 1043
Hypaniola grayi 12 0 11 M
Limnodrilus hoffmeisteri 13 i 11 87 . 100
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Ischadiun recorvas 16 n 1
Congeria levcophaeta 17 [ B 51
Hacoms balthica 13 0| 13 ., 3 o1 s wm n 7 | 67 27 .
Nacoms nitchelll 0 '@1&*13 107 13 60 T m é}ﬁ, s 13:;
Raagla cuneata 21 m: 107 93 7 aro7 o o w0 w1 n oAm - sn
|
ARTEROPODA {crustaceans) | -t {
Balapus improvisus 17 | 56 11 | §73
Balanus subalbides pl! . i "
Leacon smericanus 3] 0
Crathura polita 300207 353 00 280 227 IS) 513 TEY 23 213 13 40| 513 s0D M40
Cassidinides lunifrons 1 ] ﬂ s “::
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Chirononid sp. 0o | 1B ’ n - 01
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TABLE 4: Number of benthic organisms per a? found at the mearfield stations for the 7t year study

(1987-1988) at the Bart Xiller Island

SPECIES
NANE

i

RHYNCHOCOELA (ribbon vorms)

Diadeunene leucolena
Kicrura leidyi

ANNELIDA {vorms)
Heteronastus filiformis
Kereis succinea
Scoloples fragilis
Eteone heteropoda
Polydora ligqni
Scolecolepides viridis
Streblosplo benedicti
Bypaniola grayi
Limnodrilus hoffmeisteri
Tubificoides sp.
Capitella capitata

KOLLUSCA {nollusks)
Ischadiun recurvus
Congeria leucophaeta
Nacoaa balthica
Xacoma mitchelli
Rangia ‘cuneata

ARTEROPODA {crustaceans)
Balanus improvisus
Balanus subalbidus
Leucon americanus
Cyathura polita
Cassidinidea lunifrons
Edotea triloba

Gammarus palustris
Leptocheirus plumelosus
Corophiua lacustre
Gamparus daiberi
Gammarus tigrinus
Melita nitida
Chirodotea almyra
Nonoculodes edvardsi
Chironorid sp.
Rithropanopeus harrisi
Stylochus ellipticus

TOTAL NUMBERS

—

o O L L

il
17
13
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15

16
17
19
20
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27
8
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10
i1
1
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1
8
19

49 |
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){_1,‘?*?"11 v
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|
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20 51
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100
173 1840
T3
487 13
7
80 107
l
l
17100
th 7
21 107
B47 2841

Aug

containnent
fll? J'; Yot
S2
Dec  Apr
1] 20
267 327 467
7 487 20
653
93 1127
47 646
40
167 767 247
60
60 33
2160 13 7
1287 607
220 {0
120 60 233
31 7
147
13 20
80 20
13
20 420 53
3660 4419 3061
|
160

facility.
R\ Zuidk
} 53
Aug ‘nec Apr
\

1720 5
727 51 7153
807 7
271
& 80 15653

67 %?

W 73
20
133
"ﬁ'ﬁ‘ ?
T

11 217
760
120 |

531307 120

1)
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7. 60 7
211 7 1
7 953
420 |
?

3374 648 17694
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360

1187
27

{0
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¥
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2508

bﬁ"
)\\ Ty 'f-]
54
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17 621 847
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7
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6771300 7
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) 53
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TABLE 4 (continued): Nurber of benthic organisms per m? found at the nearfield stations for the 7th year
study (1987-1988) at the Hart Miller Island contairment facility.

Lll"mil,? )

FAE N Y Il T e

85 s 4 §7 ’ﬁéa M“"'Lf Fotal

Dec Apr Aug Dec Apr Aug Dec Apr Aug Dec Apr Aug
27 313 81 120 20 0N 87 1) 33 27 s0 /40 1193
233 80 167 %60 BT 1660 573_ 907 20 &7 327 10143
A7\ 80 93 13 7880 227 7 2816
(e ;,w,h, 0
\2%, peds? 87 87
= 1 , 1293 2526
20 907 147 260 1220 140 367 513 460 7191 427 26114
40 2607 227 480 80 7 280 1628
A 1
Tord 13 7 74
Uﬁﬁfzgp 60 6333 4867 967 73 1693 80 7 51 1380 18253
P 6 120

ol

7 4 133
- 53 m—:"'fﬂ' 53
20 500 220 53 20 7 7 |-160 147 87 2355
73 20 87 7 51 | 14
T 41 41 1 B 7 2193 660 13 1 7942
1247 93 3994
72 7 459
7
140 473 167 767 907 400 653  BO 200 353 547 200 6995
1 60 7 114
A7 7 2713 160 7 LY ! 615
i
7 40 140 187 7 53 160 2081
13 /13, 40 13 13 /;) 7 i1
.' 1 2 7
I~ | b° 7
134 1 4 120 7 640
27 ’ 27
153 40 187 0 713 ' 167 2073
213 i 7 , 267
oo a4 60 320 113 13107 1694
i0 47
928 2340 868 12727 9601 2311 sg47 5739 4181 708 1421 3121 96345
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December (648) and then by station HM22 in August (695) and station S8 in
December (708). There did not appear to be any consistent pattern in terms of
reference or nearfield stations. However, April values were generally above
December and August, reflecting maximum recruitment at this time. The
predominant benthic populations at both the nearfield and reference areaﬁ are
similar and consist of detrital feeders which have an ample supply of fine
substrates in this region of the Bay and particularly around the containment

facility itself (Wells et al., 1984).

Surface salinity and temperature were recorded at all stations on all
sampling dates (Table S5). Lower salinities occurred in December and April
{ranging from 0-4 ppt) with somewhat higher salinities recorded in August of
6-8 ppt. These values were similar to past observations during these periods
and quite comparable to values recorded last year in April when salinity was
about 1 ppt and August salinity was 6.0 to 8.1 ppt. Temperature was likewise
very comparable to the sixth year study, although August's temperatures were
slightly higher ranging from 29-30°C, compared with the previous year's values
of 27 to 29°%.

Species diversity values must be interpreted carefully in anhlyzing
benthic data from the upper Bay. Generally, high diversity values reflect a
healthy, stable fauna with the number of all species in the population
somewhat equally distributed and no obvious dominance by one or two species.
However, in this area of the Chesapeake, the normal condition is for one, two
or three species to assume numerical dominance. This dominance is variable
from year to year depending on environmental factors, particularly the amount
of freshwater entering the Bay, from the Susquehanna River. Because of the
overwhelming numerical dominance of a few species, diversity valuea are fairly
low in this productive area of the Bay when compared to values obtained
elsewhera. Diversity values for each of the quantitative benthic samples for
the three different sampling dates are presented in Tables 6, 7, B. Again
this year, the overall highest species diversity (overall average seasonal
value of 3.1656, as well as 4 other stations with values greater than 3.0000)
was found during the summer sampling period (Table 8). This result was
postulated in the First Interpretive Report (Pfitzenmeyer et al., 1982). The
lowest species diversity values occurred in April. The largest number of
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species recorded for any one station was 20 at the Back River (HM26) reference
site in December. The lowest number of species, eight, alsc recorded in
December, was at the nearfield sand substrate station (Sl1). These rankings
for the highest and lowest number of species occurred at the same two stations

last year.

Three species of mollusks, R. cuneata, M. balthica, and 4. mitchelli, were
measured to the nearest mm in shell length to determine if any size/growth
differences were noticeable between the reference and nearfield areas for
these clams (Figures 3,4,5). The most abundant clam again this year was R.
cuneata. In keeping with the observed large cchort of small sized R. cuneata
observed in August 1987, we continued to find large numbers (100-300) of
smaller sized individuals (6-20 mm) in December 1987 and April 1988. There
ware no significant differences in the overall numbers of Rangia found at the
nearfield or reference sites. There was a general decline in the total number
of Rangia in both sets of samples from our August 1987, highs through April
1988. Most of the Rangia collected in August 1988 ranged in size from 21-30
mm which indicated that last spring's set was growing well. Howaver, no new
spring set and grow up appears to have occurred this year either at the
reference or nearfield etations. This may be a result of variations in
salinity, which seem to have a strong effect on settlement and growth of these

bivalves.

In the case of M. balthica (Figure 4), in December the population was
dominated by the 8-10 and the 11-15 mm size classes. Some 70-80 individuals
were praesent at the nearfield stations, but only 10 -20 individuals at the
raference stations. These findings were in keeping with the somewhat higher
number of specimens recorded at the nearfield stations last August. The
organisms, particularly those in the 8-10 mm size class may possibly reflect a
late summer spawning and grow up over the fall period. This is in keeping
with the approximate 2.0 mm per month growth rate which we observed last year

around Hart-Miller Island
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TABLE 5: Salinity (in 0/00) and temperature (in uC) data for the
nearfield and epifaunal stations on the different
collection dates during the seventh year of benthic
monitoring studies at Hart-Miller Island.

CBL STATE DEC 87 APR 88 MAY 88  JUNE 88 AUG 88
sza sga SAL TEMP SAL TEMP SAL TEMP SAL TEMP SAL TEMP
Rl XIF4811 0 6 & Wiy

R2 XIF4813 0 6 6  27.5

R3 XIF4514 0 6 & 21 B , 27.%

R4 XIF4518 4 6 £ 918 +27:5

RS XIF3638 4 6 i ‘"3 6 127.5

S1 XIF5710 2 6 1 13 6 29.8
S2 XIF5406 2 6.5 1 13 6  29.5
S3 XIF4B11 2 6.5 2 13 B 29
S4 XIF4715 2 7 2 12.5 8 29
S5 XIF4420 2 7 2  12.5 7 29.5
S6 XIF4327 2 1 2 12.5 7  29.5
§7 XIG5405 2 6 2  12.5 6  29.5
S8 XIF4124 2 7 2  12.5 8 29
HM7 XIF6388 1 6 2 13 6  29.5
HM9 XIF5297 0 6 2 13 6  29.5
HM16 XIF3325 2 7 2 12 g 29
HM22 XIG7689 0 6 2 14 6  29.5
HM26 XIF5145 0 6 2 14 6 30
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TABLE 6. Number of species and total number of Individuals for thres grabs (0.05 me each) collected at the
various stations for December 1987. Also shown are bottom substrates, species diversity (Hl1), and
dominance factor (S.1.). Seventh Year HMI.

SUBSTRATE NOD. NO. SPECIES DOMINANCE
SPECIES INDIVIDUALS DIVERSITY 5.1.
(H1)

NEARFIELD

51 Sand 8 127 1.8746 0.38595
52 Shell 13 663 2.9138 0.16612
53 Silt/Clay 13 114 2.8129 0.21422
54 Silt/Clay 12 230 2.3965 0.26692
55 511t/Clay 10 139 2.3044 0.25584
s6 Si1t/Clay 19 1909 2.4460 0.30233
57 Shell 12 847 2.3136 0,26721
58 Si1t/Clay 11 106 2.1902 0.31897
REFERENCE

HM16 511t/Clay 12 218 2.6302 0.22161
HM7 Si1t/Clay 12 112 2.8263 0.29467
HM22 5i1t/Clay 12 455 1.5048 0.57163
M9 Shell 10 183 2.1301 0.35728
BACK RIVER

REFERENCE

HM26 Si1t/Clay 20 1648 2.7243 0.24385
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TABLE 7. Number of species and total number of individuals found in three grab samples (0.05 me each) at the
various infaunal stations for April 1988. Also shown are bottom substrate, species diversity (H1),
and dominance factor (S.1.). Seventh Year HMI.

SUBSTRATE NO. NO. SPECIES DOMINANCE
SPECIES INDIVIDUALS DIVERSITY s.1.
(H1)

NEARF [ELD

51 Sand 12 426 1.9231 0.44174
s2 Shell 16 459 2.7105 0.21353
33 511t/Clay 11 2654 0.7311 0.78749
S4 Silt/Clay 12 601 2,7505 0.18646
54 Siit/Clay 13 351 2.6157 0.23152
S6 Silt/Clay 18 1428 2.4369 0.30157
57 Shell 18 861 2.8876 0.17893
58 Si1t/Clay 16 213 2.7950 0.20377
REFERENCE

HM16 S11t/Clay 14 827 2.9169 0.16931
HH? 5ilt/Clay 14 195 2,9100 0.16818
HM22 5i1t/Clay 13 279 2.6544 0.22092
HM9 Shetl 16 924 2.7954 0.22809
BACK RIVER

REFERENCE

HM26 Si1t/Clay 18 2650 0.8432 0.79938

166



TABLE 8. Humber of species and total number of individuals found in three grabs (0.05 e each) collected at the
various infauna) stations for August 1988. Also shown are bottom substrate, species diversity (Hl),
and dominance factor (S.f.). Seventh Year HMI.

SUBSTRATE NO. NO. SPECIES DOMINANCE
SPECIES IRDIVIDUALS DIVERSITY S.1.
(H1)

NEARFIELD

51 Sand 12 549 2.0263 0.38990
52 Shell 18 596 3.1656 0.14022
53 s11t/Clay 10 376 1.8201 0.37483
54 Siit/Clay 12 238 2.6999 0.22513
54 Sitt/Clay 12 130 3.1193 0.13550
56 S{lt/Clay 11 348 2.4587 0.23052
57 Shell 16 627 2.8223 0.18710
58 5i1t/Clay 11 468 2.6241 0.24341
REFERENCE

HM16 Silt/Clay 13 225 3.1515 0.13683
HM7 Silt/Clay 13 65 3.2869 0.12521
HM22 5i1t/Clay 1 104 2.4961 0.26849
HMS Shell 14 200 3.0709 0.15025
BACK RIVER

REFERENCE

HM26 Si1t/Clay 15 906 1.3971 0.61646
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for this species and also within the range reported by Holland, et al. (1987)
of 1.9 to 2.3 mm per month at their middle Potomac River stations. In April
1988, there was a slight increase in the absolute numbers of M. balthica at
both the nearfield (100-110) and the reference stations (70~80) in the
dominant size class of 11-15 mm, possibly reflecting growth of the 8-10 mm
size class over this period which in turn showed an overall decline at both
sets of stations to about five individuals. 1In August 1988, there was an
overall decline in the number of M. balthica at both mets of stations,
however, the decline was somewhat more dramatic at the nearfield stations at
this time with a 77% reduction in numbers versus only a 16% drop at the
reference station. The greater decline in the number of M. balthica at the
nearfield stations may reflect the very heavy barge traffic in this area

during the summer months.

The length frequency and abundance pattern of the third mollusk M.
mitchelli was somewhat similar to that observed last year. M. mitchelli had a
generally lower abundance than either of the other two species. In December
and April the various size classes (1-20 mm) were fairly evenly distributed
{5-20 individuals), although the smaller sized (1-4 mm) organisms were
slightly more abundant. 1In August the larger size classes (8-20 mm)
predominated. Only one-two individuals were encountered in the (1-7 mm)
range, possibly reflecting grow up over the April to August period. There was
also a continued decline in the overall numbers of M. mitchelli found in this
region of the Bay, indicating continued less favorable conditions for this
particular species. A major difference this year was a generally reduced
number of M. mitchellj at the nearfield stations compared with the reference
stations. In April only three specimens were collected at the nearfield
stations, and they were all in the size range of 8-15 mm. However the
nearfield populations rebounded in August when there was a greater number of
M. mitchelli at the nearfield stations. The exact causes of the variations in
numbers and size frequency of the two Macoma species' in particular M.
mitchelli, are not readily apparent and bear careful monitoring in the next
sampling season. As reported last year, (Duguay et al., 1988) there has been
a shift in relative dominance to greater numbers of M. balthica than X.

mitchelli over the past two years.
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We again employed cluster analysis in this year's study in order to
examine relationships among the different groups of stations based upon the
numerical distribution of the numbers of species and individuals of a species.
In Figures 6, 7 and 8 the stations with faunal similarity (based on chi-sguare
statistics derived from the differences between the values of the variablés
for two stations), are linked by horizontal connections in the three
dendrograms. Essentially, each station was considered to be a cluster of its
own and at each step (amalgamated distances) the clusters with the shortest
distance between them were combined (amalgamated) and treated as one cluster.
Cluster analysis in past studies at Hart-Miller Island has clearly indicated a
faunal response to bottom type (Pfitzenmeyer, 1985). Any unusual grouping of
stations tends to suggest that changes are occurring due to factors other than
bottom type, and further examinations of these stations is required. Most of
the time, experience and familiarity with the area under study can help to
explain away the differences. However, when they cannot be explained,

extraneous factors must be investigated further.

Figure 6 presents the basic grouping of stations for the December 1987
sampling period. There is an initial joining of a mixture of nearfield (53,
58) and reference {(HM7) soft bottom silt/clay type stations. The next station
to join the grouping is S1, a nearfield shell bottom station which is located
at the northern end of the island near reference station HM9, which is also a
shell station and the next to fall in to line. Again, a series of nearfield
and reference soft bottom stations lined up in a sequential manner in the
dendrogram. Reference station HM16 and nearfield station S5 formed a tight
cluster together at this point in the dendrogram. They are both located in
the southern region of the study area, and it is not surprising that their
populations would in general be similar. Subsequently, two nearfield shell
bottom stations {S2 and S87) joined the cluster at the outer edge. The last
two stations to be joined wera S6 and HM26. These two stations are located
near one another in the southwestern area of the study. HM26, the station
located near Back River, is frequently one of the final stations to join the
dendrogram. The clustering of stations located in the same general regions
and bottom types is highly desirable, indicating that no anomalous changes are

occurring at the nearfield stations.
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In April, the basic grouping was again formed by a joining of silt/clay
reference (HM22, HM7, HM16) and nearfield (S8,54,55) stations (Figure 7) .
However, the exact set of stations making up the inner grouping differed from
that in December. The next series to fall in at this juncture were the
shell/sand
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bottom stations (Sl1, s2, 87, HM9). Mixed in at this point were two soft
bottom stations S6 and S3. The final station to join the dendrogram was, as
in December, HM26.

The summer sampling period in August represents the season of greatest
recruitment for the majority of benthic species, as well as a period of heavy
stress from predatory activities, high salinity, and high water temperature.
These stresses exert a moderating effect on the benthic community holding the
varioue populations in check. The four main reference sites
(HM7,HM16,HM22,HM9) formed the innermost cluster. HM9 formed a tight cluster
with 55, which is not readily explainable. Next in line was Sl1, which had
bean closely associated with HM9 in Decembar. The remainder of the soft
bottom silt/clay stations along with shell station 57 then joined the
dendrogram. The outermost members of the cluster were HM26 and S2, which was

very similar to the pattern cbserved last August,.

The clusters formed over these three sampling dates during the 87-88
sampling period represented a normal grouping with no unusually isclated
stations. These clusters, consistent with earlier studies, primarily grouped
stations according to bottom type and general location within the study area.
If these fauna were affected by some extraneous force it would definitely
appear in the groupings, and no Buch indications were found during the three

sampling periods.

The Student-Neuman~Keuls multiple range test was again used to determine
if a significant difference could be detected when population means of benthic
invertebrates were compared at the various sampling stations. The total
number of individuals of each species was transformed (log) before the
analysis was performed. Subsets of groups, the highest and lowest means of
which do not differ by more than the shortest significant range for a subset
of that size, are listed as homogenous subsets. The results of these tests

for the three different sampling dates are presented in Tables 9, 10, and 1ll.

In December 1987, the stations were sorted into just two subsets (Table
9). Six nearfield stations, S1 through S6, formed the first subset. The
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second subset was made up of all of the reference stations, including HM26, as
well as nearfield stations S7 and SB8. This was in keeping with the analysis
made for December 1986 (Duguay et al.,198B) and last year's report
{(Pfitzenmeyer and Tenore, 1987), which identified essentjially two groups of
stations -- the nearfield and the references stations. Within the two
groupings the stations are interrelated and occasionally S7 and S8 do overlap
with the reference stations. The one-way analysis of variance F-test did not

indicate any significant differences between the stationasa.

In April, four subsets were evident (Table 10). The first subset was
comprised of the two sand/shell stations at the northeastern corner of the
island. These two stations, most likely because of their hard bottoms and
general location, remained separated from the other nearfield stations. The
remaining nearfield stations (S3-S8) comprised the second subset along with
HM7, HM9, and HM16. The third subset dropped stations S3-S8 and brought in
HM26. The final subset was made up of the 5§ reference stations as well as S8B.
As in December, the reference stations and nearfield stations formed
relatively discernible groups. Again, the analysis of variance for this
sampling period resulted in no significant differences between or within
groups. Finally, analysis of the August 1988 data with the Student-Neuman
Keuls test indicated nothing unusual. Indeed, the August subsets were
somewhat similar to the April findings. There were five subsets versus the
four in April but again the first subset was comprised of the harder bottom
nearfield stations S1 and S2. The second subset at this time consisted of
five of the remaining six nearfield stations, only 58 was not in this group.
The third subset grouped S7 and S6 with HM9 and HM7, which is not readily
explainable. The fourth and fifth subsets
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TABLE 9. The Student-Neuman-Keuls test of significance among mean
number of individuals per station for December 1987.
Subsets show grouping of different stations (P<0.05).
Stations in a separate vertical column and row are
significantly different from others. Seventh year HMI.

DECEMBER 1987
SUBSET STATION NUMBERS

l 851 852 83 sS4 S5 86

2 S7 HM26 HM7 S8 HM16 HM22 HMI

ANALYSIS OF VARIANCE

SOURCE D.F. SUM OF SQ. MEAN SQ. F. RATIO F. PROB
Between

Groups 12 99162.3 8263.5 19.19 0.00
Within

Groups 26 31195.7 430.6

TOTAL 38 110358.2
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TABLE 10. The Student-Neuman-Keuls test of significance among mean
number of individuals per station for April 1988.
Subsets show grouping of different stations (P<0.05),.
Stations in a separate vertical column and row are
significantly different from others. Seventh year HMI.
APRIL 1988
SUBSET STATION NUMBERS
1. 81 82
2 S3 S6 S4 S5 S7 HM9 HM7 S8 HMI6
3 S7 HM9 HM7 S8 HM16 HM26
4 HM9 HM7 S8 HM16 HM26 HM22
ANALYSIS OF VARIANCE
SOURCE D.F. SUM OF SQ. MEAN SQ. F. RATIO F. PROB
Between
Groups 12 181035.5 15086.0 10.12 0.00
Within
Groups 26 38770.3 1491.1
TOTAL 38 219805.8

180



TABLE 11. The Student-Neuman-Keuls test of significance among mean
number of individuals per station for August 1988.
Subsets show grouping of different stations (P<0.05).
Stations in a separate vertical column and row are
significantly different from others. Seventh year Hart-
Miller Island monitoring.

APRIL 1988
SUBSET STATION NUMBERS
1 §S1 82
2 S4 S83 S5 87 sS6
3 S7 S6 HM9 HM7
4 HM9 HM7 HM16 S8 HM26
5 HM16 S8 HM26 HM22
ANALYSIS OF VARIANCE
SOURCE D.F. SUM OF SqQ. MEAN SQ. F. RATIO F. PROB
Between
Groups 12 38073.2 3172.7 18.82 0.00
Within -
Groups 26 4383.2 168.6
TOTAL 38 42456.5
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sequentially dropped these four stations, S6 and S7 in the fourth subset
followed by HM9 and HM7 in the fifth subset, and picked up HM26 and S8 in the
fourth and finally HM22 in the fifth. The final gsubset consisted of HM16, S8,
HM26, and HM22, which was identical to the final subset observed in the April
sampling period of the sixth year study. As in the case of the December ﬁnd
April data, the analysis of variance for this period did not indicate any

significant differences between or with groups.

Table 12 presents the results of Friedman's non-parametric test for
differences in the means of samples (ranked abundances of 11 selected species)
taken at the silt/clay nearfield and reference stations only. Significant
differences (p<0.05) were found at the nearfield stations during the December
sampling pericd. Station S6 had a high number of individuals, particularly of
the annelid worms, Tubificoides sp. and Streblospio benedicti, which reached
combined densities of almost 9000 worms/m’ compared with less than 1300 worms/m’
at any of the other nearfield silt/clay stations. This station is located in
the southwestern region of the study site close to the Back River reference area
which frequently has unusually high concentrations of annelid worms (Duguay et
al., 1988). 1In April and August significant differences were observed between
the three reference stations with silt/clay bottom type (HM16, HM7, and HM22).
*t these times station HM16 had a two-four fold greater number of individuals
than either of the other two stations. In April the observed differences
between the reference stationa were similar to the nearfield differences
reported for December, due primarily to a ten-fold difference in the number of
individuals of the annelid worm, Tubificoides sp. at station HM16, again a
station in the southern region of the Hart-Miller Island and possibly falling
under the influence of the Back River region. In August, on the other hand, the
difference (see Table 13) appeared to result simply from a greater overall
abundance of organisms at station HM16 rather than due to any one individual
organism. In August there was also a significant difference between the
reference stations and the nearfield stations when they were tested together.
This is again consistent with results reported in both the fifth and sixth year
interpretive reports (Pfitzenmeyer and Tenore, 1987 and Duguay et al. 1988,
respectively).
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The results for the epifaunal samples scraped from a series of pilings
around the facility and one located in the Pleasure Island boat channel are
presented in Table 13. Samples this year were again limited to depths of 1.0
to 1.3 m below the surface and at 2-3 m to avoid the region of ice scour, where
the fauna becomes depauperate in winter. A reasonably well developed fauna
occurred on all three sampling dates, and there were no major differences
between the upper and lower samples. The denaities and distribution of the
various epifaunal =species on both the nearfield pilings (R1-R4) and the
reference piling (RS5) are quite similar and sometimes nearly identical.
Essentially, the same ten species observed this year were the predominant
species over the past two study years (Pfitzenmeyer and Tenore, 1987, and Duguay
et al. 1988). The amphipod, C. lacustre again was one of the most abundant and
most widespread species (Pfitzenmeyer and Tenore, 1987, and Duguay et al.,
1988). It was either the first or second most abundant organism at all stations
on all dates with the single exception of the deeper sample from the reference
station in December when it ranked fourth behind the bryozoan, Victorella and
two wormse Polydora and Capitella. This semall crustacean is extremely
opportunistic and constructs tubules out of detritus in which it lives a
protected existence on the piling. The tubules are quite tough and other
colonial forms attach themselves to the tubule network. Corophium is not
limited to the pilings but also occurs on shell and/or other hard surfaces on
the bottom. No specific zonation of species was observed on the pilings. The
same specles found at the first meter were alsc collected at 2-3 m. The area
is relatively shallow, and no specific depth restrictions would be expected for
the common species. Two colonial forms the bryozoan, Victorella and the
hydroid, Cordylophora, reached their greatest abundance in April and August

their maximal reproductive and growth seasons.
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TABLE 12. Results of Friedman’s non-parametric test for differences
in abundances of (11) selected species between stations
with silt/clay substrate. (Nearfield = S3, S4, S5, S6,
S8; Reference = HM7, HM16, HM22) for the seventh year
study of HMI.

SOURCE D.F. x? x%(0.05)

DECEMBER 1987

Nearfield 4 16.00* 9.48
Reference 2 2.00 5.99
Nearfield &
Reference 7 12.00 14.06
APRIL 1988 _
Nearfield 4 1.00 9.48
Reference 2 9.00* 5.99
Nearfield &
Reference 7 14.00 14.06
AUGUST 1988
Nearfield 4 4.00 9.48
Reference 2 12.00%* 5.99

Nearfield &
Reference 7 15.00% 14.06

* Significant difference at 5% level.
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TABLE 13. Benthic species in descending order of density found on
the pilings surrounding the containment faiclity (R1-R4)
and at one reference station (R5) for the 3 sampling
periods at 2 different depths. Seventh year monitoring
studies at HMI.

DECEMBER 1987

Nearfield Stations R1-R4

Reference R5

1-1.3 m 2-3 m 1-1.3 m 2-3 m
Corophium Corophium Corophium Victorella
Polydora Polydora Polydora Polydora
Victorella Capitella Victorella Capitella
Membranipora  Victorella Capitella Corophium
B. subalbidus B. subalbidus Dordylophora B. improvisus
Capitella B. improvisus Membranipora Membranipora
APRIL 1988
1-1.3 m 2-3 m 1-1.3 m 2-3 m
Victorella Victorella Victorella Victorella
Corophium Cordylophora  Corophium Corophium
Cordylophora Corophium B. subalbidus Cordylophora
Nereis Nereis Capitella B. subalbidus
Stylochus Polydora Monoculodes Polydora
Capitella
AUGUST 1988
1-1.3 m 2-3 m 1-1.3 m 2-3 m
Corophium Corophium Corophium Corophium
Victorella Victorella Victorella Victorella
Polydora Nereis Polydora B. improvisus
B. improvisus Polydora B. improvisus Nereis
Cordylophora  B. subalbidus Polydora
Nereis Cordylophora
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CONCLUSIONS AND RECOMMENDATIONS

During this seventh year of sampling and monitoring the benthos at Hart-
Miller Island, the sampling locations, sampling techniques and analysis of the
data were again maintained as closely as possible to that of the previous two
years, in order teo eliminate as much variation as possible. Maintenance of
sampling locations, techniques and analysis should render differences caused by
of the containment facility more readily apparent. Howaever, because of the
hazards and rigors involved in diving, we did alter our method of sampling the
epifaunal poéulations. We developed a special piling scraping device which

yields samples very comparable if not superior to samples collected by divers.

The results presented in this report are quite similar to those presented in
both the fifth year and sixth year reporta. A total of 35 species (compared
with 30 and 26 for the sixth and fifth years, respectively) were collected in
the quantitative grab samples. Again, five species remain numerically dominant
on soft bottoms. These five dominants are the annelids, S. viridis and 4.
filiformis, the crustaceans, L. plumulosus and C. polita, and the clam, R.
cuneata. On the oyster shell substrates, the barnacle, Balanus improvisus, the
worm, N. succinea, and the crab,Rithropanopeus harrisi were the most common
inhabitants, with some overlap of the five most abundant soft bottom species
occasionally becoming dominant on this subatrate as well. Salinity variations
on yearly and seasonal time scales appear to determine the position of dominance

of the major species.

The average number of individuals per square meter was comparable for the
nearfield and reference stations over the three sampling periods. Pfitzenmeyer
and Tenore (1987) reported a greater number of individuals at the nearfield than
at the reference stations for the fifth monitoring year, which they attributed
to an abundance of finer sediments close to the containment facility dike.
Perhaps the increased barge traffic throughout the region has increased the
distribution of fine sediments into the reference areas as well. This was the

same trend which we observed last year during the sixth year study.
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The highest average species diversity values were again found during the
August sampling period. Predation is generally greatest during the summer.
Pfitzenmeyer and Tenore (1987) suggested that the most abundant benthos, which
are important food organisms for bottom feeding fish and crabs, are consumed at
this time, resulting in more even populations among the different benthic
species.

Length frequencies and cohort sizes of the clam R. cuneata living close to
the containment facility were comparable to populations at the reference
stations. This was not the case for the other two common bivalves M. balthica
and M. mitchelli. M. balthica had higher concentrations at the nearfield aites
when compared with the reference sites. M. mitchelli showed the opposite trend
with reduced numbers at the nearfield sites when compared with the reference
areas. There was no apparent major set and grow up of these three bivalve clams
over the present sampling study, but rather a general overall decline from the
high values reported in August 1987. The decline appeared at both the nearfield
and reference stations and may be a result of less favorable salinities in the

region.

Cluster analysis grouped stations of similar faunal composition in response
to sediment type and general location within the study area. There were no
incidences of individual stations being isolated from common groupings during
the three sampling periods. The Back River station HM26 frequently was the last
station to join the cluster, as was the nearfield oyster shell substrate station
S2. The Student-Neuman-Keuls multiple range test divided the stations intoc
subsets primarily on the basis of whether they were nearfield or reference
stations and also indicated that significant differences in fauna exist between
stations S1 and S2 (the sand and oyster shell substrates). 1In April and August
stations S1 and S2 formed a separate subset. Friedman's non-parametric test
indicated significant differences in stations in the southwest region of the
Hart-Miller Island facility near Back River.

Epifaunal species were quite similar in terms of distribution at the
nearfield and reference stations for all three sampling periods. Since sampling
this year was again confined to the region below winter ice scour and low tide

dehydration, no absence or spuriousness of species from the pilings was
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recorded. The amphipod Corophium was again one of the most abundant organisms
as was the bryozoan Victorella. At present, there do not appear to be any
discernible differences in the nearfield and reference populations resulting
directly from the containment facility. The barge activity to churns up and
scours the area, but the opportunistic species inhabiting this oligohaline
region of the Bay appear to be readily capable of repopulating disturbed areas.

The Hart-Miller Island Containment Facility is now fully operational and,
indeed, is in the process of expansion. It is strongly recommended that
sampling of the infaunal and epifaunal populations continue at the established
locations during this critical period of maximal operation and expansion.
Station locations and sampling techniques should be maintained as closely as
possible to the last few years to eliminate sampling variation and permit rapid
recognition of effects resulting from the operation and expansion of the

containment facility.
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SUMMARY

Selected metal and organic contaminants are analyzed in sediments and biota
as part of the Hart-Miller Island Containment Facility Environmental Assessment
Monitoring Program. This monitoring involves sampling sediments and biota in
the region of the facility in order to determine if contaminant levels have
significantly increased and/or exceeded baseline levels established in prior
monitoring years (1981--August 1987). In this monitoring year, 1987-1988, 110
samples of sediment and biota were collected to determine the concentrations of
43 trace organic contaminant compounds in fish, benthos, and sediment in the
region of Hart and Miller Islanda. Biological samples {fish, benthos) were also
analyzed for concentrations of six metals: chromium, copper, iron, manganese,
nickel, and zinc.

In all of the sediment samples, organic contaminant levels were below the
laboratory-determined detection limits. The only organic constituents that were
consistently found above detection limits in biota were chlordane and total
PCBs. The isopod, Cyathura polita exhibited concentrations far above the
detection limit for chlordane in a sample collected in Auguaﬁ of 1988. The
chlordane concentrations were ten times greater in Cyathura than in white perch
collected during the same sampling periods. Chlordane and PCBes were
conaistently higher in all the April and August, 1988 samples, but these
concentrationa were lower than concentrationa for the entire Bay based upon the
report by Maryland Department of Health and Mental Hygiene (DHMH) for 1976-1980.

In order to interpret trends in contaminant data, a tissue concentration
equal to the average baseline level plus two standard deviations was used as a
level of concern. For PCBs, this level was exceeded in three white perch
samples. For chlordane, one blue crab sample exceeded average baseline plus two
standard deviations. These were the only samples that exceeded the levels of
concern. The average chlordane and PCB levels in bioclogical samples have
decreased since the earlier monitoring studies.

Only four species were consistently sampled: Rangia cuneata (brackish water
clam), Macoma sp. (clam [Mitchells or balthic]), Cyathura polita (isopod), and
Morone americana (white perch). The benthic species showed consistently higher
levels of iron compared to the fish species. The metals data from the seventh
year analyses will be used to re-establish baseline levels for future

comparisons.
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In general, higher levels of organics and metals were detected south and
wast of the facility in all species. This may indicate influences from Back
River. The data on organice in sediment do not appear to implicate the
facility, since all constituents were below the detection limits. This includes
station 21-B which is located adjacent to spillway #1. Analysis of the data
indicates that contaminants are in the area surrounding the facility because the
biota around the facility appear to be bioconcentrating organic contaminants;
however no clear evidence can directly implicate the facility because of the
epatial distribution of contaminants. Concentrations at stations adjacent to
the facility revealed lower concentrations of contaminants than stations further
away from the facility. This may indicate greater influences from other areas
than the facility. Differences in contaminant concentrations between species
are likely to result from many factors including life history, feeding
strategies, range of movement and habitat. The benthic species are in greater
contact with the sediments and therefore are likely to accumulate organics which
tend to remain in the bottom sediments. The fish species are mobile and
consequently can accumulate toxics from areas not directly adjacent to the
facility.

INTRODUCTION

Selected metals and organic contaminants are analyzed in sediments and biota
on a continuing basis as a part of the Hart-Miller Island Containment Facility
Environmental Assessment Monitoring Program. Levels of metals and organics have
been used in this program as indicators of undesirable impacts upon the
environment.

In order to assess environmental impacts of this facility, a number of
studies have been carried out beginning in 1981 and continuing through 1988.
These programs dealt with the currents surrounding the island, the
concentrations of contaminants in the water surrounding the facility, and
surveys of fish populations. Study of these and other projects were determined
by the Hart-Miller Island Technical Review committeae to provide important
information relating to the potential environmental impacts of the facility.
The current project using concentrations of metals and organics in fish, benthos
and sediment has been used since project inception in 1981.

In order to monitor the facility's environmental impact, the Tidewater

Administration, Power Plant and Environmental Review Division has the
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responsibility of overseeing the monitoring studies as well as providing the
interpretation of laboratory analysis data. The samples for this study period
were collected by Chesapeake Biological Laboratory (CBL) and Maryland Geological
Survey (MGS) in conjunction with their routine cruises for determining any
physical or biological impacts from the facility. Physical impacts include
changes in particle size fractions, while biological impacts include changes in
species composition or diversity. A series of eampling stations were located
near the facility. Physical and metals analysis of sediments were performed by
MGS. Martel Laboratories (ML) analyzed the fish and benthos samples for metals
and organics. Sediment samples were also analyzed by ML for organic
contaminants. The results of these laboratory analyses have been used to
determine environmental impacts related to the facility.

Baseline information from earlier studies (CRC, 1983, 1984) demonstrated
that sediments and biota in the area surrounding the containment facility were
contaminated with organic compounds before construction. This information
showed that three classes of organic compounds were detectable in sediments and
biota. These compounds were chlorinated hydrocarbons such as DDT and PCBe,
phthalates, and polynuclear aromatic hydrocarbona (PAH). Chlorinated
hydrocarbone include polychlorinated biphenyls or PCBs which have low vapor
pressure, high resistance to combustion and chemical stablllty; Because of
these and other characteristics, PCBs were used in transformers and for other
industrial uses. The phthalates are used as solvents and plasticizers in
induscry and painting materials. Polynuclear aromatic hydrocarbons or PAHs, are
by-products of combustion. Historically, concentrations of some of these
compounds were quite high in benthic species. These compounds are almost
entirely products of human activity, although the specific sources of the
various substances can be industrial, municipal, agricultural, maritime, or
atmospheric (Tidewater, 1987; &th year report).

Analysis of haseline data also suggested some degree of metal uptake in
biota. However, data for comparative purposes were sparse, so that the observed
metal concentrations could not be attributed to anthropogenic contamination with
any certainty. The metals which were analyzed all have natural sources so that
their presence alone does not indicate anthropogenic contamination.

Concentrations of contaminants must be compared with baseline data, or with
concentrations from physically similar areas known to be uncontaminated, to be

meaningful. Only trace amounts of chromium and nickel should be datectable in
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organisms not exposed to contamination of their environment (Tidewater Admin.,
1987). The monitoring of these metals and organics in the sediment and biota
was established to partially satisfy the wetland permit for construction and
operation of the facility.

METHODOLOGY
The first effort to study the impact of the Hart-Miller Island facility was

initiated in 1981. The present study represents the seventh year in the effort
to monitor poesible environmental impacts using organics and metals as
indicators of contamination. In this monitoring period, six benthic stations,
four fish stations and ten sediment stations were sampled in 1987-1988.
Fourteen species of biota were sampled including two species (flounder, blue
crab) that had been sampled only during the sixth monitoring year. Rangia,
Macoma, and Cyathura were collected at each of the six benthic stations. White
perch and yellow perch were primarily collected at the fish sampling stations.
Sample collection was limited by species availability. The two, sometimes
three, most dominant fish species collected were then analyzed. These species
were selected because they were the most dominant at the stations. The
locations of the sediment, benthic, and sampling stations are given in Figures
1l - 3. The stations, located north and east of the facility, are closest to the
discharge from spillway #1.

Sediment samples were collected by the Sedimentary Environment project
(Maryland Geological Survey). Benthic and fish samples were collected by
Benthic Studies project (University of MD, CBL). Undisturbed samples of the
upper 8-10 cm of the sediment were cbtained for organic analysis with a dip-
galvanized Peterson sampler. Benthic samples were collected with a 0.05 m’
Ponar grab. The fish samples were collected with an 15-18 foot otter trawl with
a l 1l/2" bar mesh towed for five minutes. The benthic and fish samples were
separated by species before submission for metals and organic analysis. ©Only
the 'muscle tissue of the samples was analyzed for metals and organic
concentrations. Appendix A shows the samples collected by the monitoring
program and includes parameters such as sample number, date of sample, station
and type of laboratory analysis to be undertaken.

Sediment and biota samples were collected and frozen in pre-cleaned glass

containers until extraction and then were analyzed using standard EPA techniques
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for contaminant analysis. Laboratory techniques used for analysis of sedimenta
and biota are found in Table 1. Organochlorine pesticides and PCBs were
analyzed by gas chromatography. Semi-volatile organics (phthalates and PAHs)
were analyzed using a gas chromatograph / mass spectrometer. Metals were
analyzed using an atomic absorption, direct aspiration technique.

In analyzing data such as these for monitoring purposes, it must be
remembered that data for trace organics are difficult to analyze using standard

statistical techniques. The data set contains many values which
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are reported below detection limits as determined by the laboratory. Detection
limits are dependent upon the amount of tissue available and the presence of
interferences as well as instrument accuracy. Limits are therefore variable,
not only between media or epecies but also within a given media or species.
Because data below detection limits cannot be used to calculate means and
standard deviations, ranges and medians were used as one method of data
analysis and comparison. When it was necessary to calculate means, a second
method was used which determined the value to be 1/2 the detection limit.
These two approaches give equal weight to low (undetectable) levels and
extremely high values which occur in the data set and, therefore, yield median
and mean values which are more representative of the data set than a mean
calculated by excluding all data below detection limits. EA Engineering
suggested using two standard deviations from the baseline levals established
during earlier monitoring years as a level of concern (EA, 1985).

A comparison of concentration levels was used to determine if the facility
impacted the environment. Historical data were also analyzed using mainframe-
SAS to determine the means and standard deviations on the contaminant
concentrations. This was posaible because all past data contained levels that
werae above detection limits and it was not necessary to calculate the value at

one-half the detection limit.
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Table 1

Description of analytical methodology used for
samples collected August 1987-August 1988 to determine

concentration in metals and organic concentrations in sediment and biota

ParameterMedia  EPA Method Number/Reference'

Chromium (Cr) Tissues (EPA 218.1) (EPA, 1983)

Manganese (Mg) Tissues (EPA 243.1) (EPA, 1983)

Iron (Fe) Tissues (EPA 236.1) (EPA, 1983)

Copper (Cu) Tissues (EPA 220.1) (EPA, 1983)

Zinc (Zn) Tiasues (EPA 289.1) (EPA, 1983)

Nickel (Ni) Tissues (EPA 249.1) (EPA, 1983)
Pesticides Tissues/Sediments (EPA 608) (EPA 8080) (EPA, 1986)
Phthalate esters Tissues/Sediments (EPA 606)

and Petroleum hydrocarbon

Polynuclear Arcmatic Tissues/Sediments (EPA 610)

Hydrocarbons

' EPA (1983). Methods for Chemical Analysis of Water and Wastes. Env. Monit.
Support Lab EPA-600-~014-79-020 (Revised March 1983).

EPA 1986. Test Methods for Evaluating Solid Wastes. SW-846. Third Ed.
Office of Sclid Waste & Emergency Response. Washington, D.C.
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Comparison of current biological data with third, fourth, fifth, and sixth
year data was difficult because samples during these years were not separated
by Bpecies to determine trends. Current organic contaminant data in biological
muscle tissues were analyzed using first and second year data for comparison.
A suggested level of concern was then calculated using the mean of past data
plus two standard deviations.

Chlordane and PCHBs levels were also compared to Food and Drug
Administration (FDA) action levels for fish and shellfish. Since chlordane and
PCBs were the only organic contaminants that were coneistently above detection
limits, the discussions of organics data refers only to these two organics.
Historical data can be found in Appendix B from the 1981-82 and 1982-83 surveys.
These data are included for comparison with 1987-88 values. Comparisons should
take into consideration differences in detection limits, and sample preparation
procedures. A summary of the ranges and medians of all parameters analyzed by
Martel for the seventh monitoring year (December 1987-August 1988) is found in
Appendix C. The detection limits are available in the accompanied data report.
The "less than" values presented in the summary sheets were the laboratory
detection limits.

Data were summarized by determining the number of samples for each sample
period that were above the detection 1limits. Contaminants that were
consistently below detection limits were not discusased. A range of the values
and medians was then calculated for each of the fourteen species by sample
period. The current data were compared to FDA action levels for organics and
to historical data, if available. If the historical data were available, a mean
plus two standard deviations was used as a level of concern.

The fourteen species of biota were alao tested for six metals: chromium
(Cr), iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), and nickel (Ni). Zn
and Cu, while toxic at high concentrations, are blologically necessary in small
amounts. Only trace amounts of chromium and nickel should be detectable in
organisms not exposed to contamination of their environments (Tidewater Admin.,
1987). Two of the metals measured, iron and manganesa, are not toxic except at
extremely high concentrations and are monitored only as indicator substances for
changes in the environment. Only spatial comparisons were determined for this
years metals data. The current data will be used to establish baselines for

metals in biota on a wet weight basis.
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The values of metals concentrations from the first two monitoring years
are presented with the discussion of each species only as an attempt to document
the historical data related to this project. It should be noted that data on
metals in biota presented in this year's report were presented in ppm wet
weight, prior metals data for the Hart-Miller monitoring project were presented
in ppm dry weight. Because of this, these two values cannot be directly
compared. The first and second monitoring report used an empirically derived
conversion value of "8"., This value was not used on a continuing basis. The
Department of Health and Mental Hygiene (DHMH) 1976-1980 data should provide
some information for comparison since these data were also presented in ppm wet
welght.

RESULTS AND DISCUSSION
As a part of the continuing monitoring program to determine the impacts

of the Hart-Miller Island on the environment, 110 samples of sediment and biota
were collected to determine the concentrations of 43 trace organic contaminants.
The biota samples were also analyzed for six metals: chromium (cr), copper (Cu),
iron (fe), manganese (Mn), nickel (Ni), and zinc (Zn). Analysis of the data
revealed that only PCBs and chlordane were consistently above detection limits.
The metals analysis revealed that Cu, Fe, Mn, and Zn ware consistently above the
detection limits.

The current metals data will be ueed to re-establish reliable baselines.
The organic analyses was compared with prior monitoring data when available.
The FDA action levels are presented to provide a basis for comparison to
regulatory levels for fish and shellfish for chlordane and PCBs. A suggested
level of concern was then calculated according to EA recommendations (EA, 1985)
if historical data were available on that particular species. Two standard
deviations from the haseline levels earlier established from prior monitoring
years were used. The metals analyses were compared with Department of Health
and Mental Hygiene (DHMH) data where possible. The current metals data will also
provide a reliable baseline for future comparisons to determine impacts on the
environment. Historical data using statistical techniques (means, standard
deviations) of metals concentrations are discussed by species only to document
the historical data of this project. The historical metals data are presented
in ppm dry weight, the current metals data are praesented in ppm wet weight.
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FISH SPECIES
Catfish

Two samples of catfish were analyzed for organics and metals
concentrations from the April 1988 survey. These samples do not provide enough
data for a spatial comparison to determine impact on the environment. The
speciflc species of catfish analyzed in the present study were not reported.
Total PCB concentrations were 100 ppb at station Fl and 240 ppb at F2. These
two samples of catfish were submitted for metals analyses aas well. The
concentrations of metals in the two samples varied very little between the two
samples collected.
Floundexr

Only one sample of flounder was collected in December 1987 (Sixth
monitoring year) and the species was not reported. 1In the organic analysis,
this sample contained S00 ppb PCBs and 360 ppb chlordane. The PCB concentration
was below the FDA action level of 2 (mg/kg) or 2000 ppb. The chlordane
concentration exceeded the FDA action level of 0.3 mg/kg or 300 ppb. This may
indicate that this species or station should be sampled and data analyzed
carefully. The metals concentrations were all below 10 ppm. This was lower
than the concentrations found in other demersel fish. Without comparison to

other data points, this sample is difficult to use as an indicator of trend.

Spot
Samples were only collected and analyzed for organic and metal

concentrations at three stations located at F2, F3, F4 (Figure 3). Three
samples collected at one station for August 1988 indicated that the highest
concentrations of PCBs were detected at station F4. Two samples, one from
August 1987 and one from August 1988, were collected at this station. The
concentration of PCBs differed by 50% between the first and second sample. The
highest concentration of PCBs detected from the stations that were sampled was
540 ppb at station F4. The highest concentration of chlordane (61 ppb) was
found at this station. The highest values were balow the FDA action levels for
fish and shellfish. Twenty five samples of spot from 1981-1983 produced a mean
chlordane concentration of 88.9 ppb (standard deviation 87.4). Twenty five
samples of spot from 1981-1983 produced mean PCB concentration of 277.56 ppb
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(standard deviation 436.64). All samples were below the suggested level of
concern for PCBs and chlordane based on the baseline data (two standard
deviations above baseline data).

The three samples from August 1988 indicated that the distribution of the
four primary metals (Fe, Mn, Cu, Zn) was very aimilar among the three stations.
The metals concentrations were low, less than 22 ppm wet wejght. The mean
concentrations and standard deviation of metals in spot tissue from the first
two monitoring years are: Cr 6.07 (standard deviation 10.5), Ni 2.88 (standard
deviation 2.32), Mn 186.34 (standard deviation 91.7), 2Zn 60.72 (standard
deviation 24.5), Cu 7.05 (standard deviation 9.0)ppm dry wejght. Iron was not
tested in biota from 1981-1983.

Hogchoker

Two samples of hogchoker were analyzed for organics and metals content,
one in August 1987 at station F4 (sixth monitoring year) and one in April 1988
{seventh monitoring year) at station F3. The highest concentration of PCBs was
320 ppb at station F4 with the highest chlordane concentration also at this
station (150 ppb). Both measurements were below FDA action lavels. No
historical data were available to determine a trend or derive a suggested level
of concern. The highest metal concentration of the two samples was 57 ppm of
Mn at station F3 (April 1988). This was an increase compared to a value of 13
ppm in August of 1987 (sixth monitoring year) at the same station.

Menhaden
Three samples of menhaden were analyzed in December 1987 at stations F3

and F4. The highest concentration of PCBs and chlordane was detacted at Station
F4 (PCB, 680 ppb; chlordane 400 ppb). This further indicatea that
concentrations of chlordane in the F-4 area were consistently above the
detection limits. The chlordane concentration exceeds the FDA action level.
It has already been demonstrated that Station F4 contained higher concentrations
of organic constituents. Since menhaden was not collected in other sampling

periods, no trend can be determined. The metals concentrations in biota at F-
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3 and F-4 stations were similar. No background data on metals in menhaden from

the Hart-Miller Island area were available for comparison to current data.

White Perch

Organics and metals were analyzed in sixteen samples of white perch.
Although each site contained four samples they were not all from the same
sampling periods. Three samples exceeded the mean of the baseline data for PCB,
plus two standard deviations (719.5 ppb). These samples came from statjions F1l
and F4 (Figure 3), which are not adjacent to the unloading stations.

The highest concentrations of PCB were detected at station F1 (940 ppb),
but this did not follow the trend of PCB data for station Fl compared to the
other species. Most of the other fish species showed higher concentrations at
station F-4. The median value for PCBs during the same sample period was 440
ppb. Although elevated concentrations of PCBs were detected in all the August
1988 samples, the highest concentrations of PCBs wera conﬂistahtly detected at
station F4. The highest concentrations of chlordane were detected at atations
Fl (295 ppb) and F4 (290 ppb) which approach the FDA action level of 300 ppb.
The median values for chlordane and PCHs by sample period are presented in
Appendix C. The median values for chlordane in December 1987, April 1988, and
August 1988 were 200 ppb, <200 ppb and 117 ppb respectively. Both chlordane and
PCB concentrations were below FDA action levels. Twenty eight samples were
analyzed for PCBs from historical data and produced a mean of 237.5 (standard
deviation 241.5). Forty one samples of white perch were analyzed from 1981-~1983
for chlordane with a mean of 84.0 ppb (standard deviation 70.7). Three of the
samples of white perch collected this sampling year exceeded the mean of
baseline pluas two standard deviations (224 ppb) for chlordane. These samples
were from stations F1, F2, and F4. These are three stations which are not
adjacent to the barge unloading stations.

The metals analysis indicated Zn and Fe consistently revealed the highest
concentrations of the six metals analyzed. No single area can be isolated as
having the largest accumulation of metals because of the high seasonal and
sample variability. One sample in April 1988 at station F2 revealed the highest
concentrations of metals in white perch (Fe 58 ppm, Mn 78 ppm wet weight.). Two
samples collected in August at the same station demonstrated that these

concentrations decreased in the summer months (Fe 8, 18 ppm; Mn 4,3) ppm wet
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weight. These data can be used to establish a baseline for wet weight
comparison of metals in white perch. The mean concentrations and standard
deviation of metalas in white perch tissue from the first two monitoring years
are: Cr 3.08 (standard deviation 3.2), Ni 1.01 (standard deviation 0.63), Mn
49.41 (standard deviation 33.0), Zn 1261.77 (standard deviation 8719.4), Cu
38.23 (standard deviation 42.7) ppm dry weight.

Yellow Perch

Of the six samples of yellow perch that were analyzed for organics, the
highest concentrations of PCBs were at station F3. It was unusual to find a
higher concentration of PCBs at station F3 (460 ppb) rather than station F4 (310
ppb). The other species sampled during the seventh monitoring year indicated
the highest concentrations of contaminants were detected at station F-4.
Without other data points at the same station for comparison, no variance can
be estimated. There are insufficient samples to take into account seasonal and
sample variations. There were no historical samples of yellow perch analyzed
to determine baseline levels. Seven samples of yellow perch were analyzed for
metals during the April 1988 and August 1988 sampling periods. Although
sampling was not consistent over time and stations, the three samples collected
in April seem to indicate higher concentrations of metals were found south and
wast of the facility. These metals analyses will provide a baseline for future

comparisons.

BENTHIC SPECIES
Blue Crab

No samples for blue crab were collected during the 7th monitoring year.
Samples were collected in August 1987, (sixth monitoring year), but the three
samples were insufficient to develop any trend for organic and metals analyses,
and each sample was collected at a different station. The highest
concentrations of 200 ppb for PCBs and 160 ppb for chlordane were below FDA
action levels for fish and shellfish. Twelve samples of blue crab analyzed from
1981-1983 were tested for chlordane and produced a mean value of 40.6 (standard
deviation 28.7) and PCBs concentrations produced a mean of 133.1 ppb (standard
deviation 175.3)}. One sample of blue crab with 160 ppb of chlordane exceeded
the EA suggested level, the baseline plus two standard deviations (96.6 ppb).
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The highest concentration of metals was Mn followed by Zn, this is consistent
with the trend in baseline data. These data can be uged to provide a wet weight
baseline for future comparisons. The mean concentrations and standard deviation
of metals in blue crab tissue from the first two monitoring years are: Cr 1.48
(standard deviation 1.2), Ni 2.13 (standard deviation 1.8), Mn 810.86 (standard
deviation 479.6), 2Zn 79.78 (standard deviation 43.35), Cu 45.79 (standard
deviation 44.5 ppm)(dry weight).

Polychaetes

One sample of polychaetes was analyzed for organicse and metals during the
seventh year. There are no historical data on organics in polychaetes from
prior years and consequently no comparison can be made for both chlordane and
PCBs. This sample was taken adjacent to spillway #1 and revealed no organics
above detection limits in the tissue tested. As with organics, there are no
historical data on metals in polychaetes. The highest concentration of metals
was Fe. These concentrations were lower then any of the other concentratiocns

in the benthic species monitored (ie. Cyathura, Macoma).

Rhithropanopeus harjssii (mud crab}

One sample of Rhithropancopeus harissii was tested for organic and metals
concentrations during the seventh year. There are no historical data on
organics in Rhithropanopeus and consequently no comparison can be made for both
chlordane and PCBs. This sample was taken adjacent to spillway #1 and revealed
no organics above detection limits. While this sample appeared to show higher
concentrations of the four primary metals (Fe, Mn, Cu, 2Zn), this could be
related to one of several explanations including location, species biology or
season. It is difficult to reach any conclusion about trends from this sample

point without other data for comparison.

Macoma 8p.

Seven samples of Macoma were analyzed for organics and metals
concentrations. The samples were collected mostly on the south and east side
of the dike at stations S4, 86 and HM16. The analysis of the samples revealed
only one sample with PCBs above the detection limit. The sample at station S-
6 had a concentration of 81 ppb of PCBs which is far below the FDA action level
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of 2000 ppb. Chlordane concentrations were below the FDA action level of 0.3
mg/kg or 300 ppb in all samples. The highest concentration of chlordane was 62
ppb at station S4. No historical data on the genus Macoma were available for
comparison. The highest metal concentrations were for Fe at station S-4 (1370,
990 ppm). The samples collected revealed consistently higher concentrations of
Fe than any of the six metals. Mn was revealed as the next highest

concentration of metalas detected.

Rangia sp.
Thirty samples of Rangia were analyzed for organics and metals content.
These samples were from both the sixth and seventh monitoring years. Two
samples at station S6 revealed the highest concentrations of PCBs (76, 100 ppb).
One sample revealed a chlordane concentration of 2000 ppb of chlordane which
greatly exceeded the FDA action level of 300 ppb of chlordane. This sample did
not show a concedtration of PCBs similar to the other samples collected. One
sample of Rangia was sampled in February of 1982. This sample had a chlordane
concentration of 155 ppb and a PCB concentration of 195 ppb. All the samples
of Rangia excluding the one sample with 2000 ppb of chlordane were below the
baseline levels for PCBs and chlordane from historical data. B-BHC was detected
in only one tissue sample of Rangia sp. at a level of 5 ppb. Metals data
collected in the seventh year tends to indicate lower concentrations of metals
were detected at station S-6 on the south and west sides of the dike. This is
in contrast to the organics data which tends to indicate higher concentrations
of organics in that same area. The metals concentrations seem to be fairly
consistent with the highest concentration of iron detected in the August
samples. All other metals concentrations were below 100 ppm with the exceptions
of Fe and two samples of Mn. The sample at station S-4 revealed a Mn
concentration at 116 ppm, and a sample from station HM-22 revealed a Mn
concentration of 123 ppm. No historical data (1981-83) on metals concentrations

in Rangia were available for comparison with current data.

Anphipods (unidentified)
One sample of unidentified amphipods was analyzed for organics and metals

during the seventh year in April, 1988. There are no other data on organics in

unidentified amphipods from prior years. Consequently no comparison can be made
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of both chlordane and PCBa. The one sample analyzed was located near spillway
#1 at station S1 and both chlordane and PCB were below detection limits. This

sample alone is insufficient to determine a pattern for metals analysis.

Cyathura sp.
Fifteen samples of Cyathura were analyzed for organics and metals content.

Samples indicated no PCBs concentrations greater than the detection limit. The
samples revealed concentrations of chlordane ranging from 80 ppb - 83000 ppb.
This species could be used as an indicator for chlordane in the environment
because higher concentrations of chlordane were detected in this species than
in any other species. The lowest concentrations of chlordane were detected in
December, followed by April with the highest concentrations detected in August.
The August samples showed a range of 533 up to 8300 ppb. Four of the fifteen
samples exceeded FDA action levels for chlordane (300 ppb) in fish and
shellfish. These sBamples were from gtations 82, S§4, and HM-16. It should be
emphasized that FDA action levels are designed for edible species and therefore
cannot be directly applied to this species. No samples exceeded the suggested
lavel of concern for PCBs which is 3012.8 ppb. This level was based on the two
samples collected in earlier monitoring years (1981-1983). Nine samples of
Cyathura collected in 1981-1983 produced a mean chlordane concentration of 5720
ppb {standard deviation 367.7). Two samples tested for PéBa during the same
time period revealed a mean concentration of 2730 ppb with a standard deviation
of 141.4. The mean of thesa samples excaeded the FDA action level of 2000 ppb.
One sample at station S-6 (83000 ppb) exceeded the suggested level of concern
mean of baseline plus two standard deviations (6455.4 ppk) for chlordana. The
highest metals concentrations in Cyathura were for Fe and Mn. The data seems
to indicate, lower concentrations of all four primary metals (Fe, Cu, Zn, Mn)
during the December sampling period. The iron and manganese concentrations were
two to three times greater in the April and August sampling periods, than in the
December sampling. Generally all other metals were below 100 ppm with the
exception of two samples collected at station S-2 in Augquet 1988. These two
gsamples of Cyathura indicated elevated concentrations of Zn (140, 111 ppm). The
zinc enrichment factor (4) in sediment from the sixth year monitoring seemed to
indicate an enrichment of Zn north and east of the facility. This is compared

to a lower zinc enrichment factor (approximately 2) close to the unloading
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facilities. This might account for the increased concentrations of Zn at that
station. This will provide a baseline for wet weight metals analysis in Rangia.
The mean concentrations and standard deviation in Cyathura tissue from 1981-1983
were: Cr 14.0 (standard deviation. 14.8B), Ni 6.6 (standard deviation. 6.7), Mn
434.5 (standard deviation. 496.6), Zn 487.7 (standard deviation. 339.7), Cu
136.3 (168.6) ppm dry weight.

SEDIMENT (TRACE ORGANICS)
Surficial sediments were collected in November 1987 and April 1988 at

eight stations: 3, 19, 24, 21-B, 23, BC-3, and BC-6. Triplicate samples were
collected at station 24. None of these satations had any concentrations of
organics above the detection limits. Detection limits were reduced in the
eighth monitoring year to determine if concentrations of organics were below the
current detection limits. Metals analysis of sediment samples are included in
section II of this report (Sedimentary Environment), results are presented in
the sedimentary environment section.

The distribution and range of the enrichment factor for Zn in the exterior
sediments were similar to those found in previous monitoring years. Average
enrichment factors for the fluid mud remained lower than pre-construction
values. However, slight increases in enrichment factors were cbserved in the
bioturbated zone of the fluid mud layer, indicating that benthic activity
contributed to the enrichment of sediments with that metal and, by association,

others as well.
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CONCLUSIONS

Of the fourteen species sampled during the seventh monitoring year, five
species were also sampled during the first and second monitoring years. Only
four species have been consistently sampled during the seventh monitoring year
and these were Rangia (brackish water clam), Macoma (clam [mitchells or
balthic]), Cyathura (isopod), and Morone americana (white perch). These four
species should aestablish some reliable baeseline for eighth year comparisons.

For the two organics detected (chlordane and PCBs), there is considerable
variation between season, station, and species. However, it appears that there
are higher concentrations of PCBs in biota southwest and southeast area of the
dike near trawl stations F3 and F4. B2Analysis of white perch, yellow perch, and
spot data seemed to indicate that higher concentrations of these constituents
wera found at station F4. The only sample of flocunder tested had a high
concentration of PCB 500 ug/kg (ppb). This sample was taken at station F4 and
eeemed to be consistent with the other data at that satation. Thaese
concentrations were usually below FDA action levels. Levels below the FDA
action levels may still have lethal or sub-lethal effects on organisms. These
contaminants can not necessarily be linked to the dike because of the
possibility of contaminants emanating from Back River.

The MDE issued a health advisory for chlordane in catfish from the Back
River area (Tidewater Admin., 1989) which may implicate this area as a source
of the compounds. It is interesting to note that pg organics were found above
detection limitas in sediment. It is therefore possible that organisms that were
collected from the bottom will most likely biocaccumulate these contaminants.
Since most of these fish species are mobile it is difficult to assess if these

accumulated concentrations can be linked to the operation of the facility.

Fish Tiggue
In the December 1987, April and August 1988 samples, concentrationa of

chlordane and PCBs were detectable in samples of white perch, yellow perch,
hogchoker, catfish, and spot. Some of these fish are demersal and therefore
live in intimate association with bottom sediment. Organic chemicals tend to
accumulate in bottom sediments due to their insolubility in water. Although

there were no organic chemicals above the detection limits in sediment, the
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levels in the biota may indicate the presence of these contaminants. Chlordane
has high bioconcentration factors. All white perch concentrations of both
chlordane and PCBs were below FDA action levels. The second year report (CRC,
1983) indicated elevated concentrations of PCBs and chlordane in white perch at
stations HM9 and F10 compared to current data. These stations are located in
the same general area as Station Fl from this years data which also revealed the
highest concentrations of chlordane and PCBs in white perch, although this

year's data showed decreasing concentrations compared to historical data.

Benthos

The isopod, Cyathura, consistently revealed concentrations of chlordane
and PCBs above the detection limits. All the samples of this Cyathura were
below baselines established during 1981-1983 monitoring with the exception of
one sample in August of 1988. The August samples revealed contaminant
concentrations that were 10 times higher than either of the other two sample
perioda. Cyathura consistently displayed higher concentrations of chlord;ne
than any other of the benthic speciesa. This may indicate that Cyathura should
be carefully monitored for chlordane.

All asamples of Rangia cuneata showed a decreased concentration of
chlordane compared to the first year of monitoring with the exception of one
sample in August of 1988. The sample contained 2000 ppb compared to the 195 ppb
found in the 1981-1982 sampling year. This sample was described as a large clam
and did not feollow the general trend of the other samples that were tested that
year. Differences in concentration levels related toc the size of the sample is
one of the many factors affecting levels of contaminanﬁ: in biota.

All the samples of Macoma exhibited at least a 100 fold decrease in the
organics concentrations from the 1981-1982 sampling year. This was also true
for both chlordane and PCBs. The concentration of PCBs in Macoma decreased from
the 1981-1982 range of 2384-76000 ppb (avarage range) to a range of <10-81 ppb
in the seventh monitoring year. The average chlordane range in the second
monitoring year was 1289-4310 ppb compared to 43.6-50 ppb during the 1987-1988
monitoring year. Both sets of organics data were presented in ppb wet weight.
Averaged ranges were calculated by computing the arithmetic mean of the high and
low values of the ranges presented in the first and second year report. This

geems to indicate the range of concentrations of trace organics surrounding the
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facility are decreasing. All other trace organics were congistently below
detection limits.

The Rangia and fish data both indicated higher concentrations of organics
in biota south and west of the facility (near Black March §6, HM16) only Bix of
the other samples that were not in the southweat area showed any organic

concentrations at or above the detection limits.

Organics in Sediment

The failure to detect any of the organic contaminants in sediment samples
wag an indication that (1) the containment facility and associated
transportation and unloading of dredged material had not been sources of
contamination of the environment with toxic organic compounds and (2) that
concentrations of these compounds have continued to decline since the pre-
construction sampling in the early 1980's (CRC, 1984). In the fourth monitoring
year, sediment samples at several stations revealed detectable concentrations
of PCBs ranging from 12 to 162 ppb (Tidewater Admin., 1987). However, the fifth
year detecticn limit for PCBs (200 ppb) was considerably higher than that for
the fourth year analyses (10 ppb) (Tidewater Admin., 1987). Detection limits
during the seventh year (50 ppb) were much lower than the fifth year, these
detection limits were further decreased in the eighth monitoring year. Metals
concentrations in sediment were analyzed under Project II - Sedimentary

Environment.

Metale in biota
only five species had enough sample points to indicate a pattern for the

analysis for metals concentrations. Most species revealed concentrationa of
chromium and nickel near or below detection limits for all of the species
sampled. This tendas to imply that these samples were not exposed to
contamination of their environment. Chromium and nickel are two metals which
come primarily from anthropogenic sources. Of all the species sampled,
Cyathura revealed generally higher concentrations of the four primary metals
(Fe, Mg, Cu, Zn). The benthic species had concentrations of metals ten times
higher than the concentrations found in most of the fish species. This is most
likely because the benthic organisms live in intimate association with the

bottom sediment where metals tend to settle. The metalas data were very
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difficult to compare to previous years because the earlier data were presented
in ppm dry weight, the current metals data in biota are presented in ppm wet
waeight. This year's data should provide a good baseline for comparison with
future analyses. The data for white perch indicated that higher metals
concentrations can be expected in the April sampling periods, based on this
year's data. Concentrations of Fe in Rangia appeared to be lower than the
concentrations shown for the cne sample of polychaetes. This difference in
concentration between benthic spacies may be related to the biology of the
species and may indicate that these species ara likely to accumulate metals,
without other data for statistical analyses this is difficult to determine. The
benthic organisms also tend to be filter feeders which can also cause an

accumulation of contaminants within the tissues.
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NDATION

1. It is imperative to continue monitoring the concentrations of toxic
contaminants in both biota and sediments because jincreased concentrations of
these contaminants could indicate a point source of pollutants. The Hart~-Miller
facility can be considered a point source, aespecially in relation to sample

stations adjacent to the spillways.

2. Develop consistent methodology for sampling, laboratory analysis, and data
analysis.
3. If possible, it may be beneficial to reduce the detection limit on

sediment analyses. This would enable us to better determine the actual
concentration of organics in the sediment. When data are "below detection
limits" the question is: how far below the detection limit is the true
concentration? Some contaminants may have sub-lethal effects below the given

detection limitsa.

4. It is recommended that samples be better documented in reference to
station location to prevent confusion during data analysis. It is also
recommended that stations be standardized to make comparison to baseline data

easier. Continued monitoring should allow an examination of trends in the data.

5. A pre-determined list of common species should be sampled for all sampling
periods. Sample points that can not be compared lose their wvalue when

statistical analyses are performed.

6. Use of a contractual laboratory has dramatically reduced the time to
analyze the samples for contaminants. It is therefore recommended that the
analyses of sediment and biota continue to use the laboratory under contract to
maintain consistency in the data. The lab data has now become very consistent
for the last two years. This is due to the use of a contractual laboratory that
provided quality assurance and control. The reporting of the lab data has also

improved since the contractual laboratory was used.
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7. Samples should especially be taken at station HM=-22 to determine if there
are any significant effects at this station. Station F4 should also be
monitored carefully since the highest levels of contaminants have been reported

at that station.
B. It is recommended that metals data be standardized and either measured in
wet weight or dry weight and report the percent solids in tissues because

comparison between the two forms is not possible.

9. The contaminant data for the seventh year should begin to serve as a good

baseline for future sampling years.report
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Appendix A
Hart-Miller Excerior Monlitoring Program Samples Collected for 1987-88
T WRA  DATE  SAMPLIMG TIME WEATHER TIDE DEFTH  SAMPLE. . _. _ SAMPLE _. _ _ SAMFLER  ONALYSIS  _ _ _ _
GOMHLE 1D SAMPLE ID QUARTER .. .. CODE - FEEL— SVPE B S e LucaTIon. T T FLOULFRED ]
Carezee Fa . B-24-87 YEAR # 1644 .0  EBE  9-12 _ HOGCHOCHER . BLACK MARSH AREA_ FFITZENMEVER MCTALS . __ __
B70381 F3 B-24-87 SU?H?R 16751 0 " . 9-12 CATFISH._ __& SSH_XIF4715 __ FFITZENMEVER METeLS __ '
870382 F3 8-24-87 . .."._ .1&3L. .0 " . §-iI .. HOGCHOCKER _@_SSH_XIFA715 _ __ FFITZEMMEVER METALS . _ . _ __ |
870383 F1 ... B-24-87.. " 4503, o . " 9-12_.__BLUE CRAB_. SLUICE_GATE_AREA _PFIIZENMEVER ‘OReaMIcs: . __ |
870384 FA .. B8-24-BZ._._._". _ _1684_ __O_ __"__  9-12 _HOGCHOCKER _BLACK MARSH AREA FEITZENMEYER 'ORGANICS . _,____'__:
§70385_ . Fi. ___ B-24-87 .__ " . _1503. __O__ " _9-12 __HLUE CRAB__ BLUICE GATE AREA__PEITZENMEYER METALS _
870386 F2. .. 8-24-BZ.. ..* 1545 .. 0 . 9-12 _BLUE.CRAE __ & SSK_XIES406__ _ FFITZENMEYER METALS _  _ ___
870387 - F2 _. .. @-24-87 . " __ _154S. _ O ._ " _ 9-12 _ELOUMDER. @ SSH_XIESA0A_._ FFITZENMEYER METALS . |
570388 FZ . __. 8-24-B7 " 1545 0 " 9-12 __BLUE CRAR.__& SSK_XLES404 ___ RFITZENMEYER GRGAMICS,
§70389 _ F3 ..._._ B-24-B7. __"_.__ 1631 . ._..0_ _*"_ 9-12 _BLUE CRAB__ @ _SSH_XIEAZIS___ FFITZENMEVER. METALS _____
B70390 F3 8-24-87 . .._" 4631, _ _O _ . 9-12_ BLUE. CRAB_. @ SSH_XIFAZ15 .. FFITZENMEYER (@EGANICS" & _
870391 Fa __ B8-24-87. " ___1684_ ___0  "_ 9—12-“_ELnu~DaR;;_,uLAEI_nnﬁsu_nﬂen PFITZIENMEYER _ METALS. gt -
— U70392 Fa . 8-24-87_ ___ LAs%4_ O N -9-12 _ FLOUNDER.. __BLacn.naESH_e&Eﬂ._FELIZEM1E!ER @EGENIDS: . ... __ ';
870393 Fa B-24-87 . . 1644 . __ O _ .M_ _9-12._ SPOT —__ __BLACK MARSH_AREA_ FEITZENMEYER _DREANICS ________i
B70394. . S4___ 8-24=B7 " ___1431_ Q.. " _ _9-12 __RANGIA_____SSk XIF4Z1S ____FFITZENMEVER DRBANICS  _ e
870395 S4 . B-24-87 . " __ 1631 ___G...."__ S-12 __ RANGIA______ SSR XIE4ZLS______ PRITZENMEYER. METALS . __ .jl
870396 HM22 ___ B-24-87 " __ 1253 0 .. __§-12_ RANGIA_ ____SS# _XI1E&Z482  _ FFITZENMEVER OEGAWICS, _!'
870397 HM22. . .. B-24-B7 ... 1253 ____0__ ®_. .9-12_ RANGIA____6S# XIFA768% __PFIIZENMEVER . METALS _
870398, . HM7. __. B-24-87 _. " __ 1232 . ___O.._ _ .9-12.__RONGIA____sSk XIFA3BA ___ FFITZENMEYER._METALS ]
B70399 . HM7._.. 8-24-87 v _izs2 _ _o. _ 9i12._ RANGIA_SSH._XIEG3BA______FEiTZENMEYER mRemwics. _ :_i,
— »_5SH#_= STATE GTATION # BN
« WEATHER CODE WO = CLEAR B R i B - /LR Tl S e
+ SAMPLES ARE PACKED IN PLASTIC ZIFLOC BAGS, AND HAVE BEEN FROZEN SINCE TIME OF SAMPLING. .. ____ _ ___ . e e

* SAMPLES FOR ORGANIC ANALYSIS HAVE BEEN WROEPFED IN_ALUMINUM_EOIL TO PREVENT CONTAMINATION.

; SAMFLES FDR DRGAMIC ANALYSIS INCLUDE . ALL_THDSE ﬁNﬂLISlS_LISTED_IN_JRBLE_HE_DE_BEBEhHENT
SAMPLES FOR METAL. ANALYSIS INCLUDE _THE FOLLOWING SIX _TRACE METALS: .
* MANGANESE ___ % COPPER ¥ ZINC _ % NICKEL

» CHROMIUM. .. *_IRON. .
GOFlEEY UEL [VLEKRED T HMID LABORNTOKRY ONz Az /aY
1/21/88

SAMFLES DELIVERED TG MARTEL LABODRATORY ON:

a4, .

e SAMFLES .RELIMCUISED _BYz  H.J. FF1TENMEYER — it s’
o woe SAMPLES RECIEVED BY: _ ___ J. HILGARTNER — PN e e = I
1500 _SAMPLES _RELINQUISED _BY.: . "

—L.~ERITL. in [ im
_...___SANFJJ:S BECIEVED By: __ _ J. WOLERILL_ . e L !

e e e e e
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{continued)

H.M. L. WRA DATE _ SAMPLING TIME WEATHER TIDE _DEPTH_ _ SAMPLE SAMPLE SAMFLER _ __ ANALYSIS _
SHMPLE 10 SAMPLE 1D OUARTER COBE _ FEET . TYPE _ . LOCATION __ RECUIREL
T 870205 MM 61— 12-7-B7 YEAK 87 1034 c,s  sL '”“E?:'"EVE?QGNA__ _x153§25__:f_” PE&T;éNMEYE;-‘MEf}URG_

B70A06  HY 1&6-2 12-7-87 F'-L"LL'"mas"c:,s;' SBE 17 _ RANGIA . XIF3325  ___  FFITZENMEYER MET/URG
B70407 WA 1&-3  12-7-87 " 1118 c€,§  SBE 27 RANGIA. _ _XIF3325 _ _ ___ PFITZENMEYER MET/ORG
870408 § 6-1  12-7-87 »" 1200 c,s SBE T CYANTHUNA _ XIF4327 . __ - FEITZENMEYER MET/ORG
TBroane s atzT T 13=7-87 o 1208 ©,8  SBE ““lx T MACOMA. XIFa327 —__FFITIENMEYER MET/ORG
70410 5 &—i ~ 12=7-87 "7 1215 €,5  SBE 11 RANGIA __ XIFa327 ___ . FFITZENMEYER . MET/ORG
a7uM11 8 a-4 0 12-7-87 T {225 C,8 SBE L1 RANGIA_____ XIF4327 _  ___ PFITZENMEYER MET/QRG
/0112 S 4-1 ~ 12-7-87 " T Ti3a3 €,5 SBE 13.5 RANGIA  XIF4715_ . _ _ FFITZENMEYER MET/ORG
870417 S 4-2 T 12-7-87 " 1350 ©,5  SEE 13.5 RANGIA: XIE4715_ . PFITZENMEYER MET/ORG
B70414 § 4-3 ° 12-7-87 “ " " 1400 C,S _ SBE 13.5 _ MACOMA ___XIF4715 _ _. . _ FFITZENMEYER MET/ORG
870418 & 7-1 T 12-7-87 " "1450 €,5 _ SBE  13.1 _ RANGIA TX165405___ _ PFITZENMEYER MET/ORG
A7oa14 5 72 12-7-87 L 1455 €,5  SBE 13.1 RKONGIA, __ X145405 . FFITZENMEYER MET/ORG
870417 S 1-1 12-7-87 ~ "% T is10”T . T 1 SBE 'E‘TfhnusIé::_*:fiiﬁéjYa:::::::f}?:f}ﬁ&héYER: MET/0RG
B70418 S 1-2 12-7-87 " T1516 1. SBE S  RANGIA  __ XIFS710 . __ FFITZENMEYER MET/ORG
870419 WM 22-1  12-7-87 " 1630 17 SBE 14 RANGIA  X147689 ___ _ FFITZENMEYER MET/0RG
870420 HM 22-2 12-7-@7 » 1640 1 SBE 14 RANGIA®  _ X147689 _  ___ FFITZENMEYER MET/OKG
/04l F -1 12-8-87 " 1215 €,0 SBE 11 Y.FERCH __ NORTH SIDE/HMI_ FFITZENMEYER MET/ORG
V74 zZ F -2 12-g-87 " "1z20 C,D SBE “11 T Y.PERCH _ _ NORTH SIDE/HMI__FFITZENMEYER MET/URG
870423 F 3-1 12-8-87 w7 71408 c,0 _  SBE 14  MENHADEN __ SOUTH/UNLOADER _ FFITZENMEYER HET/ORG
870424 ¥ 3-2 12-8-87 “ T 1415 C€,0__ SBE 16 _ MENHADEN __ SOUTH/UNLOADER PFITZENMEYER MET/ORG
Q70425 F 4-1 12-8-8B7 n 1500 C,0 _  SBE 16 MENHADEN_ _ BLACK MARSH ®  FFITZENMEYER MET/ORG
32008 F 1-2 12-8-87 " 1500 C,0 SBHE 16 W. FERCH T BLACK MARSH @ _PFITZENMEYEK UET/URG
(THEK PERTINENT INFORMATION: MR | et =5 o .4
» WMEATHER CODES: C,S = CALM & SUNNY 1 = CLOUDY__ _€,0 = CALM & DVERCAST___* TIDE CODE SBE = SLACK BEFORE EHE

Appendix A

+ SAMFLES ARE PRCFED IN 2SOML GLASS JARS WITH TEFLON LINERS

ALL SAMFLES ARE TO BE SFLIT FOR ORGAINC ANALYSIS (ALL ANALYSIS LISTED IN_TABLE_#5 DF AGREEMENT) -

SANFLES

* SGMPLES HHVE BEEN FROZED SINCE TIME OF SAMFLING

AND FOR METAL ANALYSIS OF THE FOLLOWING SIX TRACE METALS:
#= MANGANESE

« CHROMIUM

* TRON

CELIVERED T HMI LAEBORNATORY Nz

5AMFILES DELIVERED TU MARTEL LAKMOKRATORY ON:

* COPFER___ #

_12/8/87 1345,
t/21/88 1500
=

ZINC _

# NICKEL

_ SAMPLES RELINDUISED BY:
SAMFLES RECIEVED BY: _

"SAMFLES REL INQL

SNMFLEYS RECILE

H.T. PFITENMEYER
L._FRITZ _
1SED BY: _ L. FRITZ
D BY:___ __ J. WOLFEILL
Fal o

S T
By
i i

bt _H."{f
Srme ]
o =
T
S0
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e ok e = st Appengix A
(] (continued)
W
i H.M. L. WEA TDATE  SAMFLING TIME WENTHER TIGE . DEPTH.. . smF-Ls ... . SAMFLE .. _SAMFLER_ ANALYSIS ___ .|
i SAMFLE ID SAMPLE 1D — OUARTER. _ . . CODE - CODE_ FEET__ _TYPE . _..__ LOCATION._ _ .. — . 1D BE DONE______ i
a70223 3 11-3-87.. YEAR 87 7 NA._— .1 N/A 15 __ SEDIMENT _ X-27436.5/Y-42886.5 __HENNESSEE DRGANICS_ ___,._1
- FALL 3 S e
g7G224 . 19 11-3-87  _* _ _ N/A.—_ _1 _N/A._ 17— SEDIMENL _ X=27632.3/Y-42889.0__ HENNESSEE DRGANICS _____ ____|
% 870225 BC-3 11-3-@7_ .. = N/ZA .. 1 . N/A . 14 _ SEDIMENT__ X~27433.3/Y-42901.9.. HENNESSEE ORGANICS ___ |
. . T b
. BTOZZ8 24-1—.. 11-3-872—_ " _ . N/A—_—. 1. . M/A—_16.5__ SEDIMENT _ ¥=27629.8/Y¥-429G9.0 _ HENNESSEE ORGANICS..______ |
5 v, I - ST 2 . Lo S ... e ot Whopataei i rm— -
870227 __26=2__. _11-3-87 _____* MAA 1  N/A__16.5 SED.LHENL_X:ZZ&ZLB.LE'!Z?O?_._O__HENNESSEE__DE‘GAH[CE.____i
W f‘ ) B70728 24-3 . 11-3-87_ ___"_ ___ N/A___._ __1 - N/A_ .16.5__ SEDIMENT __X-27629.8/Y-42909.0. _HENNESSEE__ORGANICS_ ___ _ :_J
o 870229 2. Y-Sl o W s, i 08 N 19-5.__55511:15:4' T X-27429.4/Y-42915.]__ HENNESSEE  ORGANICS  _ _
e . . . W ey A el oo i oy " Ly
B . BrT0I30 LB TRl ¥ N/A o 1 N/A.. . 13..._ SEDIMENT__ X=27432.1/Y-42912.% . HENNESSEE ..ORGANICS _____ |
v 1L 870231  _BCs&__ . 11=3-B7 v NAA—— 1. NAA_._11.5._ SEDIMENT_. X=27643.4/Y-42917.1 __ HENNESSEE_ ORGANICS __ LT o
BIGEIR . . o T 24 Dy e N _1___N/A 11 SEDIMENL._ X-22646. B/X-42900.5_ . HENNESSEE. Dﬁr:amt.s_____:“___._,w' i
. _ il e gl ! 7__.__.__ .___.__:._ :___L—Lbaau;ﬂsnnlurss Y T L R e
o < : UTHIEIR FPLRTINENT INFORMATIOM: T ..__-. e e = W . ] S T A : e _-:__7- -.._-..:.: :.I'
H P - — — o — - - —— SNITRF — ———— - ———— . e = - - — — QESYSN— - - - - — re— ¥
© =+ WEnTHER CODE #1 = PARTLY CLOUDY_ e e ECed e
¢ SAMIFLES ARE IN GLASS JARS WITH ALUMINUM FOIL_UNDER LID_ __ NG e e s e e s ey peges e = B
» SAMFLES HAVE BEEN FROZEN SINCE TIME.OF SAMFLING . T e ., - = o
o | i S— - . . — - — - — — S B c—— - PORE PP et e '
. 5AHILES DELIVERED TO HMI LABORATORY ON: 11/3/87 1430 . SANFLES RELINQUISED _BY: _ E.L. HENNESSEE _ = .
. b e e rne - . . . _SAMPLES_REGCIEVED BY: 1. FRITZ S R e e
i . e s . . AT -
SAMPLES DELIVERED TO MARTEL LABORATORY_OM: 1/21/88__ 1500_ _SAMPLES RELINQUISED BY: L. FRITZ _ . o ;
e T . GAMBLES RECIEVED BY: ____J. WOLEKILL. — __ . 7 ST
& e B e = i
> ALl SAMFLES TO BE ANALYZED FOR ORGANICS LISTED IN TABLE s _ .. ..  _ A Ca ]‘]
- ' S i i e T T e A L S aTe R
= u T B T T e SR T
| e R e g s oy P i G -
A — e i eI W, S i r
vl (Ve i et 4] i e iy SRS S S s 0T T
i oy iyt = St 7, 8 i
| —

u'l i = ey S T e e T
Aot 11 A - T e g = i BT
| N, N T — . ot s
% o i i o e = s ==
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Appendix A
(continued)

HilM.ou WRA DATE SAMFLING TIME WEATHER TIDE bt . SAMPLE SAMPLE SAMFLER ANAL ., "
SAMFLE 1D SAMPLE—1D.. QUARTER CODE FEET. TYRE LOCATION ‘ REGUIRED —
“THB01S6 MM 16-1  4/11/88 YEAR #7 0953 C EBE 15  CYATHUNA X1F 3525 T pusuav MET/ORG E
SHRIEE A T ArrER e e EBB 1S  MACOMA  XIF3325  DUGUAY MET /0RG i
8801SH . HM . 16=3__ 4/11/88._ _" 0953 . €. __EBB_—. _15_ RANGIA XIF3325 e DUGUAY— .HETJORG”__n____.E
880159 § &-1 a/11/88 " 1035 C FLOOD 15  CYANTHUNA X1F4327 DUGLIAY MET/ORG EE
gao160 S 6-2  4/11/88 = 1035 €  FLOOD 15 MACOMA XIF 4327 " pusuay HET#GRG b N
BBL1&L SA=3 ___ _&4//21/88__ " ____103% C..—FLDOD. . 15 RANGIA XIFAZI2Z DUGLIAY. . MET/0ORG — _._::

880162 S 6-4 a/11/88 " 12t C FLOOD 1S CYANTHUNA XIF471S DUGUAY ME 1 /URG
880163 S 4-1  4/11/88 " 1121 € FLoop 15 maoma  X1F471S T wsuay  MET/ORG
880164 . S 4-2_ _4/11/R@ [ ) O o FLOOD_._15._ . RANGLA, LG X1F471S DUGUAY._. _ _MET/0RG _______Jf
BBO1IAS 8 4-3 4/11/88 . 112t € FLOOD 15  KANGIA, SM XIF4715 DUGUAY MET/ORG ;
880166 8§ 2-1 as1t/88 v 1208 C FLOOD 12 CYANTHUNA XIFsa0e DUGUAY  MET/O0RG .
— o BAO1&GZ__S.2=2 ___A4/11/6R " 1208 £ ELnnh 12  POLYCHEATES  YI1ESA0& DUGUAY MET/ORG . ’
" @aoles s 2-3 4/11/88 " 1208 © FLOOD 12 RANGIA, LG XIF5406 DUGUAY MET /DKG ;;
B804S S 2-4  4/11/88 " 1208 C  FLOOD 12  RAMGIA, SH T XIFS406 DUGUAY  MET/CRG T
880170, S.A=1_ ___ A/11/8B . " ____ 1740 __C FLODD . S__ _CYANTHUNA XIESZL0 DUGUAY. MFT/DRG___.____“J;
gav171 & 1-2 4/11/68 . 1240 € FLOOB 5  AMPHIPODS X1FS710 DUGUAY MET/ORG ;
R 72 8 1-3  4s11/88 " 1240 € FLOOD 5 RONGLA XIFS710 DUGUAY MET/ONG I“
880173 HEL. Z2Z~1 ____a/11/E8 _ 106 ELODL 12 CYANTHUNA X1GZ4689 DuLunyY . _MET/0RG e o "I'
880174 MM 22-2  4/11/88 " 1906 € FLODD 12  RANGIA, LG X1G7489 DUGUAY MET /0RG 7
88175 KW 22-3  4/t1/88 ¢ 1406 C  FLOOD 12  RANGIA, SM X167689 DUBUAY  MET/CRG = ii
8otz F _a=1  _ass1/m8 " 1454 C ELOOD.__t5 NuLIE_EEECH___A2825_E_I_21540_1____TDUGUAY_____METIDHG________*Jg
? (reference station} s
gemi77  F  a-2  astise8 " 1454 C FLOOD 15 WHITE PERCH " DUGUAY MET/ORG !
gau178 K 4-3  4/11/88 w1454 € FLOOD 1S YELL. FERCH " DUGUAY MET /DRG T
BBOL179 F =1 4/11/88 " 15955 C Ei nm% 15 UHIIE_EEEEH_AE.‘?_LA.L_.?.Jlbﬂ"_ b DLGUAY. MET /06G _E*
{south side of is.) o
880180 F 3-2  4/11/688 " 135 ¢C FLOOD 1S5 WHITE FERCH " DUGUAY MET /ORG gy
fheEs F =-= -4/11/48 ' 157 [ Fl ;mn 1s vrn,l.j-ér\-r‘.u . " uudn;.»— _—H[ T rUmets ) [
SETTS N NS N ' —" 4,11/88 “ 1550 C ELOOD.. 1S _HOGCHOCLER 2 DUGUAY. METAORG —— :,
i
i . e S = L

HART MILLER ISLAND D.M.C.F. ILAEBGRATORY il )
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Appendix A
(continued)
i H.t WRA DATE SAMFLING TIME WEATHER TIDE DE SAMFLE SEMFLE SAMFLER L
~ SAMFL. «1D SAMPLE D QUARTER COLE FE. TYPE LOCATLON FECU
i —— e T T R T A T e N T R T T R T T T R I R e e e e s e e e L T T T A R AT s s e s e e e e e e e TSR TS SRS T T T et
% 880183 F =2-1 4/11/88 * 1547 c FLOOD 17 WHITE PERCH  Buoy itl;iMiddle Rive  DUGUAY ME i 4 ORG
BBC184 . F -2-2.. 4/11/88 RN |- P FLODD . 17 -WHITE -RERCH- .. GUGUAY ME T /OKRG
~ 880185 F -3 4/11/848 e 1547 [ FLDaGnR 17 CAIFISH i DUGUARY ME1 /0RG
880184 F 1-1  4as11/88 g 1607 C FLOOD 10 WHITE FERCH  A291&4.4 x 27542.2 GUGUAY ME [ /0RG
M Hawhs Cove
. BBOL187 F --1-2.. §411/88. ....= 160Z c FLO00D. - 10— WK TE-RERCH-- R o DUGUAY MET /CRG . cmae +ee
“ = 868188 F 1~ 4/11/088 D 1607 G FLOOD 10 YELL. PERCH " DUGUAY PIZ 17 L4
880189 F 1-4 a/11/88 " 1607 C FLOOD 1O  CATFISH G DUGUAY ME [ /ORG
A
R b d e e TR TS - = T e e T o T e o e e B I g o e e e e S Ll (A L S o o e e [ s e 0 g 0 o o ot s s i —
* WEATHER CODES: C = CLEAR
41 SAMFLES ARE FACKED IN 2S50HL BLASS JARS WITH TEFLONW L INERS * SAMPLES HAVE KEEN FROZED SINCE TIFME OF SARFL NG
- ALLL.SAMFLES ARE. TO BE SFLIT FOR . ORGAINC ANNLYSLIS (ALL ANALYLIS LISTED-IN TABLE 835 O _ACGKEEIMENT ) - = o
AND FOR FHETAL ANALYS1S OF THE FOLLOWING SIX TRACE METALS:
~ #* CHROMIUM # IRON  # MANGANESE #* COPFER # ZINC  »* NICKEL
» SAMPLES DELIVERED TO HMI LAEBORATORY ON: 4/12/88 SAMFLES REL INCUISED BY: H.T. FFITZIEMMEYER
- SAMFLES RECIEVED BY: T.R. BANTA
» SAMFLES DELIVERED TO MARTEL LABORATORY ON: 4/13/88  1&0u SAMFLES RELINQUISED BY: T.R. BANTA
i SAMPLES RECIEVED BY: F. BELL
[ %] S T S R T L T T R T T Ty, 8 SRR W e LI T R e S ey - e 2 T IR P T T S R P P T e S e 5 R e e =
e
at
o - e —— e Pm——
'l:j
‘_'--ri
ﬂ* =
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Appendix A .

(continued)

H.M. 1. WRA TDATE  SAMFLING TIME WEATHER TIDE DZPTH  SAMPLE SAMFLE SAMFLER  ANALYSIS jl
SAMFLE 1D SAMFLE 1D OUARTER COBE CODE FEET TYPE LOCATION 10 BE DONE o .
Q0160 = 4-12-83 YEAK #7 N/ o ON/A tae.%S SEDIMENT XIF 24T HENNESSEE DRGANILS i

WINIER o
_  BBU1?L 19.  __.4a=12-88 " .N/A 2 N/A. 19 _SEDIMENT — . XIF_3420— -——HENNESSEE— DRGANICS !}
- el
HHO192 BC-3 4-12-88 g N/A 2 N/A 146  SEDIMENT XIF 4415 HENWESSEE  DRGANICS ij.
“?
B8RS o q4-12-g4 - NG T N/A 18 SEDIMENT X1F SIu2 HENNESSEE  ORGANICS rl
"
800194 . _ 24-2 __ _4=12-88__ "™ N/A 2 N/A- — 18 _SEDIMENT— —AIF SI02—  HENNESSEE - ORGANICS - e _ﬂ
800195 2a=3 4-12-08 " N/A T N/A 18 SEDIMENT X1F S302 HENNESSEE ORGAMILS Wt
8RO19S 28 4-12-88 - N/A 2 N/A 20 SEDIMENT X1G S&99 HENNESSEE GORGANICS ;
g
BBO197 215 o A=12=8B8._ _ " __N/A e 2 ___NLA 44  SEDIMENT X1F-S505 HENNESSEE- -ORGANICS - S
880198 EC-& 4-12-88 " N/A 2 N/A 13 SEDIMENT XIF 5925 HENNESSEE ORGANICS :?_
)
BEO1%7 23 4-12-88 - N/A 2  N/A 13  SEDIMENT XIF 43542 HENNESSEE  ORGANICS ,ﬁ
-
I 58 AR Sk 5 0 W S = IR A —— = S LR T RS PR
il -
ODTHER FERTINENT INFORMATION: ,ﬂ_
# WEATHER CODE #2 = CONTINUOLE LAYERS OF CLOUDS &
o
* SAMFLES. ARE IN_GLASS JARS =+ SAMFLES HAVE.BEEN FROZEN_SINCE TIME OF.SAMELING L Lo
. SAMFLES DELIVERED TO HMI LABORATORY (N: 4/12/88 SAMPLES RELINQUISED BY:  E.L. HENNESSEE |
i — : S SAIFLES -RECIEVED-EY:—— —— F.K. BANTA , 4
SAMFLES DEL IVERED TO MARTEL LABORATORY UN: /1378 180  SAMEPLES RELINDUISED BY:  T.F. BANTA e
Sart LS ML IREVED LiYs Fae LI .. )
OLL SAMFLES 10 BE ANALYZED UK UOKGANICS LISTED IN 1ABLE #S o
- i e L . e e e R e T e S e e e S B 0 e A o T ) T e e g, T, A, P B S . g e e . — e — <
X
Is =
P
i"‘l-
ST 4 =5 Lo o b . mn Tl
e cm— -— ] __'5 |.l
_ —— = e e — e ———— ! m— :"
L
. i, 1= AT 4
- - e ST RN PEETTEENT IR, d ?Il
ekl MILLER ISsianDd .M. C.F, | ARNRATURY FhHGE |
4
-~ & =% - - P o (=1 o (2 M
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Appendix A
(continued)
HES WA DATE SAMPLING  TIHE NEATHER TinE DEPTH SAHFLE SAHFLE SANPLER __ANALYSIS
SAMPLE ID SAMPLE 1D BUAKTER CODE » 16 FEET TYPE LOCATION 10 BE DONE
fh%/ GB052Y HH 14-t 8-1-88 YEAR 4B 10:25 1 FLODD 18 RANG A STATE STA 4 X1F3325 FFITIENREYER  NET/ORG
SUNHER
d8us o M 16-2 B-1-88 . 10:25 1 SLACK 18 HACOMA STATE 5TA ® XIF3325 PFITIENMEYER  MET/ORE
BBYSTT HE 184-7 B-1-88 d 19:2 i SLAC) 1B CYATHURA STATE STA & YiF3125 PFITIENMEYER  MET/ORG
8ans528 -5&-1 8-1-B8 ] 12:15 1 SLACE 12.5 RANG L2 STATE STA N XIF4420 PFITIENHEYER  MET/ORG
BEGSDY -Ba-7 B-1-88 = 12:15 t SLACK 12.5 HACOHA STATE STA A XIF442u FFITZIENHEVER  MET/ORE
BB -S43 g-1-a§ e 12:15 1 SLACK 12.5 CYATHURA STATE 5TA ® XIF4420 PFITIENNEYER  MET/ORG
380531 54-1 B-1-38 & £3:10 1 EEB 15 RANGIA STATE S5TA 0 XIF4715 PFITIENHEYER  HET/ORG
880532 -54-2 B-1-88 * 13:10 1 T 15 CYATHUKA STATE STA & X1F4715% PFITIENMEYER  MET/ORG
" 380511 -52-1 B-1-38 . 14:45 l 11 i3 RANG1A STATE STA 0 XIFSA0& PEIT2EMNEYER  MET/ORG
680534 -§2-2 E-1-38 " (4145 1 EEB 13 KITHROPAN  STATE STA & XIFS54Ga FFITIENHEYER  MET/DRG
OFELS
‘B805L5 -§2-3 §-1-83 . 14:45 i EBH 11 CYATHURA STATE STA 1 XIFS40E FFITZENWETER  MET/ORE
280556 Si-1 8-i b@ - 15:45 ! EBE 7 RANGIA STATE STit ® XIFS71w FFITIENMEYER  WET/ORG
830537 31-2 B-1-B6 . 15:45 ' EbE 7 CrATHURA STATE STA 8 XiFS71% FFITIENNEYER  MET/ORG
690538 Hh 22-1 2-1-88 . 16:13 1 EGH 14 RANGIA STATE STA # XI16766% PEITIENMEYER  MET/ORG
880539 4An a2-2 8-1-88 2 16:15 ! EGE 14 RANGIA STATE STA & XIG74B% FFITIENMEYER  MET/ORE
E80540 fn 22-3 B-1-88 » 16:15 1 EBB 14 CYATHURA STATE 5Tk B X1G766% FFITZIENMEYER  MET/ORE
LAT/LONG START-5TOP
BBOS4L F -1-1 B-1-8B . 17:25 1 EBB ] YELLOW _/ 39 15.5° - 3% 15.7° PFITIENMEYER  MET/ORG
PERCH 76 23.2° - 74 22.9°
Ba0542 F -1-2 8-1-88 . 17:25 | EBB 10 WHITE 3% 15.5° - 39 15.7° PFITIENNEYER  MET/ORG
PERCH 74 23.2° - T8 22.%°
|
BBOS43 !'fj—: 8-1-88 & 17:25 1 EBB 10 WHITE 39 15.5° - 3% 15.7 PFITZENHEYER  MET/ORG
" PERCH 76 23.2° - 786 22.9°
"‘
880544 F 32f! 8-1-88 e 17:55 | ERB 10-13 SFOT 319 15.8 - X9 §6.1° PFITZENREYER  HET/ORG
74 206.7 - T& 20.8°
[HTTAT B F = ) 01 ey o 11: 84 | Lbu Ju-13§ WIETE 37 15.8 - iv 1461 PEITLENREYER HET/ORG
PERCH 76 20,7 - 74 20.8°
) ]
BBLS4S U213 B-1-88 L 17:53 1 Ebi 19-113 RHITE 15 15.68 - 3% 16.1° FFITZENREYER KEY/ORG
: PERCH 76 26.7 - 786 20.8"
5 L
BEUSAT F \ﬁ | G-1-a8 i 18: 20 | E&E 10}14 sPOT 19 t4.8° - 3% FFITIENHEYER  MET/ORG
H 74 21.4° - Ta
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g80548

§Bu54%

BBUSSC
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8-1-88

B-1-88
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QUAKTER

TI1KE

18:20

18: 20

i8:490

WEATHER
CODE «
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Appendix A

(continued)
DEPTH BAMPLE
IN FEET TYPE
10-14 WHITE
PERCH
16-14 WHITE
FERCH
15 sPOT
o

39
76

39
T

39
T6

SAMPLE SAMPLER
LOCATION

14,67 39 FFITZENNEYER
2.4 78

14. % 39 PFITIENNE (ER
21.4 75

12.3 3% 12.95

2.1 75 24.9°

™ o

ANALYSLS
10 BE DONE

HET/ORE

MET/ORE



Appenaix o

Historical analysis of Laboratory Concentrations of Selected Contaminants
1981-1983

Concentrations (ug/kg) of Selected Organic Contaiminants
in Rangia at Station HM-14.

COMPOUND FEB 1982
alpha-BHC <3.4
lindane <3.4
beta-BHC <3.4
aldrin 4.3
heptachlor 12.5
heptachlor epoxide <3.4
dieldrin 176
naphthalene <3.4
fluorene 3.4
phenanthrene 8.0
anthracene 9.8
fluoranthene 8.0
pyrene 8.0
benzo(a)pyrene 5.4
benzo(a)anthracene <3.4
benzo(k)fluoranthrene <3.4
W,4 benzofluoranthene <3.4
chrysene 3.4
acenaphthylene <3.4
nenzo(ghi)perylene <3.4
dibenz(a,h)anthracene <3.4
indeno(1,2,3-cd)pyrene <3.4
acenaphthene <3.4
PCBs, total 195
xepone <3.4
dimethyl phthalate 5.4
diethyl phthalate 228
dibutyl phthalate 275
di-2-ethyl hexyl phthalate - 262
di octyl phthalate 39.3
atrazine <3.4
simazine <3.4
trifluraline <3.4
chlordane 155
diazinon <3.4
DDE 5.4
DDD 3.4
DDT 3.4
linuron <3.4
butyl benzyl phthalate 76.8
endrin <3.4
malathion <3.4
methyl parathion <3.4
ethyl parathion <3.4
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Appendix B
(continued)

Ranges (ppb) of concentrations for 44 compounds in
Macoma.
RANGE OBSERVED

COMPOUND AUG 1981 MAY 1982
alpha-BHC N.D. N.D.
lindane <141 - 251 N.D.
beta-BHC N.D. N.D.
aldrin 1006 - 4780 318 -~ 1216
heptachlor 141 - 2012 N.D.
heptachlor epoxide N.D. N.D.
dieldrin 755 - 1260 <79 - 676
naphthalene N.D. <135 - 397
fluorene <141 - 251 N.D.
phenanthrene <141 - 377 N.D.
anthracene <141 -~ 377 N.D.
fluoranthene <251 -~ 9560 954 - 1890
pyrene <251 - 9980 1030 - 2290
benzo(a)pyrene N.D. N.D.
benzo(a)anthracene N.D. N.D.
benzo(k)fluoranthrene N.D. N.D.
3,4 benzofluoranthene N.D N.D.
chrysene N.D. N.D.
acenaphthylene N.D. N.D.
benzo(ghi )perylene N.D. N.D.
dibenz(a,h)anthracene N.D. N.D.
indeno(1,2,3~cd)pyrene N.D. N.D.
acenaphthene N.D. N.D.
PCBs, total 1509 -~ 8580 3260 - 6620
kepone N.D. N.D.
dimethyl phthalate 141 - 1257 N.D.
diethyl phthalate <141 -16300 2150 - 5135
dibutyl phthalate 8800 -64200 8268 -29200
di-2-ethyl hexyl phthalate 141 - 1760 477 - 540
di octyl phthalate 141 - 251 <135 - 159
atrazine N.D. N.D.
simazine N.D. N.D.
trifluraline N.D. N.D.
chlordane 2260 - 6050 318 - 2570
diazinon N.D. N.D.
DDE <141 - 251 N.D.
DDD <l41 - 377 N.D.
DDT N.D. N.D.
linuron N.D. N.D.
butyl benzyl phthalate 421 - 2515 N.D.
endrin N.D. N.D.
malathion N.D. N.D.
methyl parathion N.D. N.D.
ethyl parathion N.D. N.D.

N.D. - not detected.
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Concentrations of Selected Organic Contaiminants
Cyathura at Stations HM6, HM1O, May 1983.

Appendix B
{continued)

HM6 HM10
COMPQUND CONCENTRATION, ug/kg
alpha-BHC 3510 4240
lindane 4210 4860
beta-BHC 3930 3650
aldrin 3700 2630
heptachlor 2650 6000
heptachlor epoxide <2800 <1660
dieldrin 2915 3070
naphthalene <2800 <1660
fluorene <2800 <1660
phenanthrene <2800 <1660
anthracene <2800 <1660
fluoranthene <2800 <1660
pyrene <2800 <1660
benzo(a)pyrene <2800 <1660
benzo(a)anthracene <2800 <1660
benzo(k)fluoranthrene <2800 <1660
3,4 benzofluoranthene <2800 <1660
chrysene <2800 <1660
acenaphthylene <2800 <1660
benzo(ghi)perylene <2800 <1660
dibenz(a,h)anthracene <2800 <1660
indeno(1l,2,3-cd)pyrene <2800 <1660
acenaphthene <2800 <1660
PCBs, total 2830 2630
kepone <2800 <1660
dimethyl phthalate <2800 <1660
diethyl phthalate <2800 <1660
dibutyl phthalate <2800 <1660
di-2-ethyl hexyl phthalate 27000 24000
di octyl phthalate <2800 <1660
atrazine <2800 <1660
simazine <2800 <1660
trifluraline <2800 <1660
chlordane 5980 5460
diazinon <2800 <1660
DDE <2800 5540
DDD 45000 1660
DDT <2800 <1660
linuron <2800 <1660
butyl benzyl phthalate 7400000 <1660
endrin <2800 <1660
malathion <2800 <1660
methyl parathion <2800 <1660
ethyl parathion <2800 <1660
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(continued)

Ranges (ppb) of concentrations for 44 compounds in
Macoma.

COMPOUND May' 1983 July' 1983
alpha-BHC ND ND
lindane 685-14900 828-5280
beta-BHC ND ND
aldrin 127-37100 81-300
heptachlor <120-<1680 ND
heptachlor epoxide ND ND
dieldrin 820-5270 330-1990
napthalene <200-6400 ND
fluorene ND ND
phenanthrene <120-1800 ND
anthracene <120-<1680 ND
fluoranthene <1680-140 <81-1710
pyrene <200-<1680 <81-1710
benzo(a)pyrene <200-<1680 ND
benzo(a)anthracene 200-<1680 ND
benzo(k)fluoranthrene ND ND
3,4 benzofluoranthene <1680-200 ND
chrysene ND ND
acenaphthylene ND ND
benzo(ghi)perylene ND ND
dibenz(a,h)anthracene ND ND
indeno(1l, 2,3-cd)pyrene ND ND
acenaphthene ND ND
PCBs, total <120-6700 1500-2730
kepone ND ND
dimethyl phthalate ND ND
diethyl phthalate <321-80000 <81-18000

dibutyl phthalate
di-2-ethyl hexyl phthalate
di octyl phthalate

<1250-860000
7700-1500000
<120-520000

2300-335000
32000-1400000
<171-140000

atrazine ND ND
simazine ND ND
trifluraline ND ND
chlordane 1762-7020 388-1510
diazinon ND ND
DDE <120-8760 <81-<300
DDD <120-48300 <81-1240
DDT ND ND
linuron ND ND
butyl benzyl phthalate 470-6200000 <300-17100
endrin ND ND
malathion ND ND
methyl parathion ND ND
ethyl parathion ND ND

ND = not detected.

N 6
N 3

1
2
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Appenaix u:

alacted species
(1987-1988),

Concentrations in Catfish

Kalluyen il WSULlGilE Wi ‘ehiilwiilbd g wild i e et el s weaes, s iag
in"'3 i from Hart~Miller Exterior Monitoring

e

sample date

sample date

sample date

[AEontaminant range | median range | median range | median
Sampla Date 04/11/88
Aldrin <5
@ = BHC <5
Atrazine ¢10
p — BHC ¢S
q = BHC (Lindane) <5
Chlordane <200
4,4' - DDD <5
4,4' ~ DDE <5
4,4' - DDT <5
Diazinon <10
Dieldrin <5
Endrin <5
Ethyl parathion <10
Heptachlor <5
Heptachlor epoxide <5
Linuren <10
Malathion <10
Methyl parathion 10
Toxaphene €50
Trifluraline <10
PCB's (total) 240-1100 670
Butyl benzyl phthalate <100
Dis-n-octyl phthalate <500
Bis (2-ethylhexyl) phthalate <500
Di=-n~-butyl phthalate <100
Diethyl phthalate <50
Dimethyl phthalate &0
Benzo (b) fluoranthene <50
Acenaphthylenae <50
Benzo (a) anthracene <50
Benzo (g,h,i) parylens <100
Chrysene <50
Fluoranthene <50
Indene (1,2,3-cd) pyrene <100
Phenanthrene <50
Acenaphthene <50
Anthracene 250
Benzo (a) pyrene <50
Benzo (k) flouranthene <100
Dibenzo (a,h) anthracene <100
Fluorena <50
Naphthalene <50
Pyrene €50
Chromium 7
Iron R
Manganese <2
Copper 2
2inc £2
Nickel <5

Number of samplaes

2

*%

Y r i i arts per billion b
ranges and nedians fo organzcs ar?nlgagts pag million (pég? )

ranges and medians for me

als are
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Appandix C: (cont.)
Concantrations of contaminants in —Ei:E:::i_________

ma-'sa_m;\'lo date sample date
Contaminant ranq.l median|range| medianrange| median
Samplea Datae 8/24/87
Aldrin ¢S
« ~ BHC <5
Atrazine <10
» = BHC <5
4 = BHC (Lindane) <5
Chlordane 160
4,4' - DDD <5
4,4' = DDE 5
4,4' - DDT <5
Diazinon <10
Dieldrin <5
Endrin ¢S "
Ethyl parathion <10
Heptachler <5
Heptachler epaxide <5
Linuron <10
Malathion <10
Methyl parathion <10
Toxaphena <50
Trifluraline <10
PCB's (total) 500
Butyl benzyl phthalate <100
Dis-n-octyl phthalate <500
Bis {2-athylhexyl) phthalatae <500
Di~-n=butyl phthalate <100
Diethyl phthalate <50
Dimethyl phthalate <50
Benzo (b} fluoranthene <%0
Acenaphthylene <%0
Benzo (2) anthracena <50
Benzo (g,h,i) perylene <100
Chrysena <50
Fluoranthena <50
Indeno {1,2,3-cd) pyrene <100
Phananthrene <S50
Acenaphthene <50
Arnthracane <50
Benzo (a) pyrens L enm
Benze (k) flouranthene <50
Dibenzo (a,h} anthracene ¢100
Fluorene S0
Naphthalena 5 50
Pyrane <80
Chromium <5
Ircn 5.7 6
Manganese €2-3 2.5
Copper 7
Zinc 5.7 g
Nickal o
Number of samples # 2 mecdls samples, ! organic sample 230

" d d i b
s+ Fanges 374 Bediang fOF REVATIcE-aTin'DaBREtPa°RiTHIIATpSRPY



APPENALX Wi |“WilL. )
Concentrations of contaminants in __ St

sanple daez-T_sample data sample date
| centaminant range | medianfrange| median range | median
Sample Date 08/01/88
Aldrin <1
a - BHC el
Atrazine <10
- BHC ¢1
¢ = BHC (Lindana) 3=t
Chlcrdane 10
4,4' - DDD 1
4,4' - DDE <1
4,4' - DDT ¢l
Diazinon <10
D_.eldrin 1
Endrin ¢l
Ethyl parathion <10
Heptachler ¢l ¢}
Heptachlar epoxide 1
Linuron <10
Malathicn <10
Methyl parathion €10
Toxaphene <10
Trifluraline 10
PCB's (total) £100.217 89
Butyl benzyl phthalate 1
Dis-n-octyl phthiliate <1
Bis (2-ethylhexyl) phthalate <10
Di-n-butyl phthalate ¢l
Diethyl phthalate ¢l
Dimethyl phthalate e
Benzo (b) fluoranthene ¢l
Acenaphthylene <1
Benzo (a} anthracene ¢l
Benzo (g,h,i) perylene <2
Chrysena <1
Fluoranthene <1
Indeno (1,2,3=-cd) pyrene <2
Phenanthrene ¢1
Acenaphthene ¢l
Anthracene <1
Benzo (a) pyrene <1
Benzo (k) flouranthene ¢l
Dibenzo (a,h) anthracene <2
Fluorene o
Naphthalene <1
Pyrene <1
Chromiun <2
Iron 13-22 1§
Manganesa 12=15 12
Copper i T 1
Zinc 915 13
Nickel £
* values display in parts per billien (PPb) 231

** metals 1n parts per mullion



Appandix C!

(cont.)
Concentrations of contaminants

in Hogehoker

I sample date | sample date | sample date
[ contaminant range | median(range | medianrange| median
Sample Date 0"/11/8}
Aldrin <5
@ - BHC ¢5
Atrazine <10
y - BHC ‘s
+ = BHC (Lindane) ¢x
Chlordane c5n
4,4' - DDD 5
4,4' - DDE ‘s
4,4 - DDT <5
Diazinon <10
Dieldrin ¢s
Endrin <5
Ethyl parathion <10
Heptachlor <5
Heptachlor epoxide s
Linuron <10
Malathion <10
Methyl parathion <10
Taxaphene €50
Trifluraline <10
PCB's (total) 170
Butyl benzyl phthalata €100
Dis-n-octyl phthalate <300
Bis (2=-ethylhaxyl) phthalate <500
Di-n-butyl phthalate <100
Diethyl phthalate <50
Dimethyl phthalata s
Benzo (b) fluocranthena <50
Acenaphthylene ¢50
Benzo (a) anthracene <50
Benzo (g,h,i) perylene c1an
Chrysene <50
Flucranthena 50
Indeno (1,2,3-cd) pyrene <100
Phananthrene 80
Acenaphthena ¢50
Anthracene <50
Benzo (a) pyrena <50
Benzo (k) flouranthena <100
Dibenzo (a,h) anthracene <100
Fluorene <50
Naphthalene <50
Pyrene 50
Chromium <2
Iron 19
Manganese 57
Copper 2
Zine 26
Nickel €S 1
Number of samples i b S

* ranges and medjans for org
* % ranges and madians for me

anics urg in
als are in

arts per bill.:n b)
parts peg million fpég?
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hppendix C: (cont.)

Concentrations of contaminants in

Menhader

sample date

sample date

sample date

r(‘.'ontam.nam: rangal median ranqal madian rangal median
Sample Date 12/08/87
Aldrin <5
a — BHC ¢S
Atrazine <10
» ~ BHC <5
4+ = BHC (Landane) <5
Chlordane 46-400 72
4,4' - DDD <5
4,4' - DDE ¢S
4,4' - DDT 5
Diazinon <10
Dieldrin <5
Endrin ¢5
Ethyl parathion <10
Heptachlor <5
Heptachlor epoxide <5
Linuron <10
Malathion <10
Methyl parathion <10
Toxaphene <50
Trifluraline <10
PCB's (total) 94-680 98
Butyl benzyl phthalate <100
Dis-n-octyl phthalate <3500
Bis (2-ethylhexyl) phthalate| .sgp
Di-n-butyl phthalate <100
Diethyl phthal::a <50
Dimethyl phthalata <50
Benzo (b) fluoranthena <50
Acenaphthylene <50
Senzo (a) anthracene <50
Benzo (g,h,i) perylena <100
chrysene <50
Flucranthene s
Indeno (1,2,3-cd) pyrene <100
Phenanthrens <50
Acanaphthenas <%0
Anthracene <0
Benzo (a) pyrene <30
Benzo (k) flouranthens ¢SO
Dibenzeo (a,h) anthracene <100
Fluorene <50
Naphthalene <%0
Pyrena <50
Chromium et
ey 9-11 u
Manganese <-4 2
Copper 1
Zinc Al
Nickel e 5

Number of samples

* ranges and medians for o
ges and medians for m

*% ran

af

ts pe

A0°2ra I DabRe BB Ri P15 TugRT ™
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Concentrations of contaminants in White perch

m date sample data sample Jdate

| centaminant range | medianrange | median range | median|
Aldrin <5 <5 <l
@ — BHC <5 <5 ‘1
Atrazine <10 <10 <10
p - BHC <5 <5 <l
4 = BHC (Lindane) ¢S <5 <l
Chlordane 290 290 <500-<50 <200 <10=-295 117
4,4' - DDD <5 <5 <l
4,4' - DDE <5 <5 <1
4,4' = DOT <5 <5 ¢l
Diazinon ¢10 <10 <10
Pieldrin 5 <% ¢l
Endrin <5 <5 £l
Ethyl parathion <10 <10 <10
Heptachlor <5 <5 ¢l
Heptachlor epoxide <5 <5 ¢l
Linuron <10 <10 <10
Malathion <10 <10 <10
Methyl parathion <10 <10 <10
Toxaphene <50 <50 <10
Trifluraline <10 <10 <10
PCB's (total) 220 120 $50-940 40 f208- 33
Butyl benzyl phthalate <100 <100 <l
Dis-n-octyl phthalate <500 <SO0 <l
Bis (2-ethylhexyl) phthalate <500 <500 <9
Di-n-butyl phthalata <100 <100 § <l
Diethyl phthalate <S0 <50 ¢l
Dimethyl phthalate <50 $50 <]
Benzo (b) fluoranthene 50 <50 <l
Acenaphthylsene ¢S50 <50 ¢l
Benzo (a) anthracens <50 <50 <l
Benzo (g,h,i) perylene <100 <100 Q2
Chrysene <50 <s0 <1
Fluorantheane <50 50 ¢1
Indeno (1,2,3-cd) pyrens <100 <100 <2
Phenanthrene S0 <%0 el
Acenaphthens <50 <50 <l
Anthracena <50 <50 <1
Benzo (a) pyrene cen %0 1
Benzo (k) flouranthenes <50 <100 <l
Dibenzo (a,h) anthracens i /100 <2
Flucorene <50 <50 <1
Naphthalens o 50 2l
Pyrene <50 <50 <l
Chromium <5 <2 <2
Iron 9 10-58 14 8-19 16.5
Manganese <2 <278 12.5 3-9 15
Copper a1 2-12 2.5 1-2 1
Zinc 6 10-45 2150 12-21 16.5_
Nickel ¢S 3-8 5 9
Number of samples 1 :] )

+« FARGS3 AR3 MedAnE 20T STATACRaTlat DaBREtRaRom: BHLO TR AT
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L

A N b e T

R L

Concentrations of <¢ontaminants in

Yellow perzh

|

sanple datae sample data samplae Zata
| contaminant ranga| medianirange| medianprange| mediar
cample Date 12/08/87 04/11/88 d8/01,88
Aldrin <5 <5 4|
a - BHC <5 <5 <l
Atrazine <10 <10 <10
s - BHC <5 <5 <l
1 = BHC (Lindane) <5 <5 <l
Chlordana g1-89 85 €200-¢5¢ <100 35
4,4' - DDD e s e
4,4' - DDE <5 & ¢l
4,4' - DDT P ) ]
Diazinon 10 10 <10
Dialdrin <5 <5 £l
Endrin <S <5 <1
Ethyl parathion <10 <10 ¢10
Heptachlor <5 5 <l
Heptachlor epoxide <5 <5 <l
Linuran <10 <10 <10
Malathion <10 <10 <10
Metzhyl parathion <10 <10 210
Toxaphena <50 <50 <10
Trifluraline <10 <10 <10
PCB's (total) 310-860 335 ¢50-450 310 183
Butyl banzyl phthalate <100 <100 <l
Dis-n-octyl phthalate <500 <500 <l
Bis (2=-athylhaexyl) phthalate <500 <500 <10
Di=-n-butyl phthalate <100 <100 <1
Diethyl phthalate <50 <50 <1
Dimethyl phthalatae _<50 <50 <l
Zenze (b) fluoranthens <50 <50 ¢l
Acenaphthylene <S0 £50 <1
Benzo {a) anthracene <50 <50 <1
Benzo {g,h,i) perylene £100 £100 <2
Chrysena <50 <50 <1
Fluoranthene <50 <50 <l
Indeno (1,2,3-cd) pyrene <100 <100 <2
Fhenanthrene <50 <50 4
Acenaphthens 250 <50 <1
Anthracena S0 <s0 <1
Banzo (a) pyrena ¢80 <50 1
Benzo (k) fleuranthene ¢t0 <50 ¢l
Dibenzo (a,h) anthracsne im0 2100 ¢2
Fluorene etn <50 <l
Naphthalene S0 <50 <1
Pyrene &0 <50 <]
Chromium ¢% ¢2 (¥
Iron =R 7 10-31 u 57
Manganese ¢2 <2=15% 6 4-8
Copper <1 2-5 3 <l
2inc 5-7 & 11-30 3o 10
Nickal s ¢ $é
Number of samples Fn 1

*# randas and medians

3
or organics are in parts per billion
R L nadians 59: matals are gn pag g

£s pa

b
million (?ég? )



Tencentrations of contaminants

in Blue Crab

sampl”l_?;::-_;;;;m date samplie Zate

| Contaminant range | median rangoli@adian&ranqa} media~
[ Sample Date darzasaz i s
| Aldrin ¢S | | !
| g = BHC ¢s 1 [

trazine 10

s - BHC s

¢ = BHC (Lindane) e f

Chlordane c=0-160 <50

4,4' - DDD s L

4,4' - DDE ¢s

i,4' - pOT 8

Diazinon <10 i

Dieldrin <

Endrin <5 g
{ Ethyl parathion <10

Heptachlor <5

Heptachlor epoxide <5

Linuron <10

Malathion <10

Methyl parathion <10

Toxaphene <50

Trifluraline <10

PCB's (total) Is;

Butyl benzvl phthﬁ:t:.a__ <lLﬁfm_ jﬂﬁ—r

Dis-n=octyl phthalate 2500

Bis (2-athylhexyl) phthalate 500

Di=n-butyl phthalate 100

Diethyl phthalate <50

Dimethyl phthalate cen

Benzo (b) fluoranthene <50

Acenaphthylene ¢50

Benzo (a) anthracens 50

Benzo (g,h,i) perylena <100

Chrysene <50

Fluoranthene €50

Indenco (1!2,3-cd) pyrena <100

Phenanthrene <50

Acenaphthene <50

Anthracene <50

Benzo (a) pyrene <50

Benzo (k) flouranthene <50

Dibenzo (a,h) anthracene <100

Fluorene <50

Naphthalene <50

Pyrene <50

Chromium <5

Iren 11-22 12

Manganese 92-214 162

Copper 8-13 9

Zinec zﬁ_ﬁn L9

Nickal ct

-
Number of samples

- | ! I

* rang:: :gg g:&ian- for o:g:gics are in

** ran ans for m

§ ara 1n part

25 pel Rii1on TpgRE ™
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Appendix C: f(cont.)
Concentrations of contaminants in _ Polychedres

sample date sample date sample date
| Contaminant ranqe] mgdian range | mecdian ranga] madian
Sample Date 04/11/88
Aldrin <5
@ = BHC <5
Atrazine <10
» - BHC <5
+ = BHC (Lindane) <5
Chlordane &0
4,4' - DDD o
4,4' - DDE 5
4,4' - DOT <5
Diazinon 10
Dieldrin o
Endrin s
Ethyl parathion o
Heptachlor <Y
Heptachlor epoxide e
Linuran in
Malathion <10
Methyl parathion <10
Toxaphene 50
Trifluraline <10
PCB's (total) 10
Butyl benzyl phthalate <100
Dis-n-octyl phthalate €500
Bis (2-ethylhexyl) phthalate €500
Di-n-butyl phthalate <100
Diethyl phthalate <50
Dimethyl phthalate <50
Benzo (b) flucranthene <50
Acenaphthylene <50
Benza (a) anthracane <50
Benzo (g,h,i) perylens <100
Chrysene <50
Fluoranthene <50
Indeno (1,2,3-cd) pyrene <100
Fhenanthrens <50
Acenaphthene <50
Anthracene <50
Benzo (a) pyrene <50
Benzo (k) flouranthene <100
Dibenzo (a.h) anthracene <100
Fluorene <50
Naphthalene <50
Pyrene <50
Chromium <4
Iron 128
Manganese 52
Copper &
Zinc 15
Nickel <10
Number of samples 1

million (pp

* ranges and madians for organics arg in parts gnr bill.ln (E?b,

** ranges and med

ans for mefals are in parts pe
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Cencentrations of contaminants

in Mudcrab

s ——
sample date

sampie date | sample date

!

[ contaminant

range | median

range | medianjrange| median

Sample Data 08/01,88
Aldrin ¢l
@ - BHC <l
Atrazine <10
p = BHC ¢l
1+ = BHC (Lindane) <l
Chlordane _
4,4' - DDD <l
4,4' - DDE <1
4,4' - DDT ¢l
Diazinen <10
Cieldrin ¢l
Endrin ¢l
Ethyl parathion ¢10
Heptachlor <1
Heptachlor epoxide 1
Linuron <10
Malathion <10
Methyl parathion <10
Toxaphene <10
Trifluraline <10
PCB'as (tctal) <19
Butyl benzyl phthalate el
Dis-n=-octyl phthalate <1
Bigs (2~athylhexyl) phthalate <10
Di-n=-butyl phthalate €1
Diethyl phthalate <1
Dimethyl phthalate ¢]
Benzo (b) fluoranthene <l
Acenaphthylene <1
Benzo (a) anthracene €1
Benzo (g,h,i) perylene <2
Chrysene <1
Fluoranthene <l
Indeno (1,2,3-cd) pyrene €2
Phenanthrene ) §
Acenaphthenae <1
Anthracenas ¢
Benze (a) pyrens <1
Benze (k) flouranthene <1
Dibenzo (a,h) anthracene <2
Fluorene el
Naphthalene <1
Pyrenae o4
Chromium 7%
Iron  oqe
Manganese 2000
Copper 17
Zinc 49
Nickel 5
Number of samplas

S+ FAngel 3Rd RIGHARD 37 2€ARaCR-A™InPaBtSeRtnilt “°“p§,5?'=’
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Appendix C:
Concentrations of contaminants

(cont.)

—_
sample date

in Macoma

P
sample date

sample date

[ contaminant range | median|range | madian(range| mediani|
Sarple Date 12/7/87 L/11/88 _8/1/8%
Aldrin ¢S5 <5 <l
g - BHC <5 <5 <l
Atrazine <10 <10 <10
p - BHC <5 <5 <1
7 = BHC {(Lindane) <5 <5 <l
Chlordane <50 ¢50-62 <sdl  23-28 25.%
4,4' - DDD <5 <5 <l
4,4' - DDE <5 <5 <l
4,5%' - DOT < <5 <1
Diazinon <10 <10 <10
Dialdrin <5 <5 <1
Endrin <5 <5 <1
Ethyl parathian <10 ¢10 <10
Heptachlor <5 <5 <1
Heptachlor epoxide <5 ¢5 ¢1
Linuron <10 <1 <10
Malathion <10 <10 __¢lo
Methyl parathion <10 $10 L <10
Toxaphene <50 <50 <10 _
Trifluraline ¢10 <10 <10
PCB's (total) £10281 45 9 <10 <10
Butyl benzyl phthalata <100 <100 <1
Dis-n-octyl phthalate <500 <500 <1
Bis (2-ethylhexyl) phthalate <500 <500 <10
Di-n-butyl phthalate <100 <100 ¢l
Diethyl phthalate &N <50 <1
Dimethyl phthalate cEN /50 o1
Benzo (b) fluoranthena 0 <50 1
Acenaphthylenae %0 50 <1
Benzec (a) anthracene exn <sn el
Benzo (g,h,i) perylene Synn 2100 2
Chrysene £50 ¢S50 <1
Flucranthene e PLn 1
Indene (1,2,2-cd) pyrene 100 100 2
Fhananthrene S e el
Acsnaphthene <50 <50 <1
Anthracens <50 <50 P e
Benzo (a) pyrene <50 <50 <1
Benzo (k} flouranthene <50 <100 <1
Dibenzo (a,h) anthracens <100 <100 <2
Fluorene <50 <50 <1
Niphthalene <S0 <S0 <1
Pyrene £50 <50 <l
Chromium ¢5-6 3.5 Als <2
Iron 058 spicyam A65=990 _ 7o) 212%=5R0
Manganess _121-133 A 101152 118 145-208
Copper 6=7 6.5 | 8 8 6-8
Zinc 27-38 32.5 4670 46 29-59
Nickel e £5-18.5 <2
Number of samplas 9 3

»* ranges and maedians for ne

8 are in p

ts pe

2
* ranzcl and medians for org:gxcs are inngarts Eaﬁiftiéﬁo?pég?b)



~zmzentrat.zas of contanminants

in Rang {a

[ sample date sanple daze

samg .2 zAate

sanptaninant ranqa] median rangel median frange | mec.an |
[Sample Date 12/7/87 /11/88 fg/1/38
Aldrin <S5 <5 f <1

@ - BHC <5 5 <1
Atrazine <10 <10 <10

p - BHC <5 <5 ¢l =51

+ = BHC {Lindane) <5 <5 <1
Chlordane <50 €Z0N-5 <50 [<10-2000 <10
a,4' - DDD <5 <5 i <

4,4' = DDE <5 <5 - ¥l

4,4' - DDT €5 <5 ¢l

Diazinon <10 | <10 <10
Dieldrin £5 <5 <1

Endrin <5 <S5 <1

Ethyl parathion eln <10 <10
Heptachlor <5 <5 <1
Heptachlor epoxide €S <5 <1
Linuran <10 i <10 <10
Malathion <10 <10 <10
Methyl parathion <10 <10 <10
Toxaphena <80 <50 <10
Trifluraline <10 <10 <l0

PCB's (total) <10-100 ¢l0 <10 <10
Butyl benzyl phthalate <100 <100 <l
Dis-n-octyl phthalate <500 <500 <1

Bis (2-ethylhexyl) phthalate <500 <$00 <10
Di=-n-butyl phthalate <100 <100 ¢1
Diathyl phthalate <50 €50 ¢l
Dimethyl phthalate ¢50 <50 ¢l

Benzo (b) fluoranthene <50 250 <1
Acenaphthylene €50 <50 <1

Benzo (a) anthracene €50 ¢S50 <t

Benzo (g,h,i) perylene <100 <100 <2
Chrysene <50 1) <l
Fluoranthane <50 %0 ¢1

Indeno (1,2,3-cd) pyrene <100 <100 £2
Phenanthrene <50 ¢50 <l
Acenaphthane <50 <50 1
Anthracene sn cen el

Benzo (a) pyrene <50 <50 | ¢l

Benzo (k) flouranthene <50 <100 <1
Dibenzo (a,h) anthracers <100 <100 <2
Fluorane cen cen #1
llaphthalene <50 <50 <1

Pyrene <50 <50 <1
Chromium <5=12 65 < 2.4 1 <2

Iron 313-290 124 48-132 824 48-400 3z8
Manganese 3=123 17 19-116 &4 8- 49 21
Copper <l=5 1.5 J=235 5 2= 6 3
Zinc i=16 9 | 2-29 Ul 1s-25 19
Nickel <5-9 55 <310 54 <2-11 el
Number of samples i 12 | ? #

*  ras d medians for organics are in parts par billion (ppb)
. :38332 :Rd ;:dians for magals are in pagts pag millian (ppm?
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Appendix C: (CONT.}

Concertraticons of contaminants -n _Asphipods
N T e T —

sample date

samp.a date

sample date ‘

| centamizant range | mediangrange| median(range| mediax]|
Sample Date 12/07/87 J4/11/88 N8/0! ‘88
Aldrin <5
@« - BHC <5
Atrazine ‘10
p — BIiC 5
¢+ — BHC (Lindane) ¢
Chlordane <50
4,4' - DDD ¢5
4,4' - DDE ¢5
4,4' = DDT <5

| Diazinon <10
Dieldrin <5
Endrin ¢s
Ethyl parathion <10
Heptachlor <5
Heptachlor epoxide <5
Linurzs: <10
Malathion <10
Methyl parathion <io
Toxaphere <50
Triflcraline <10
PCa's (total) 10
Butyl benzyl phthalate <100
Dis=n-octyl pi...izlate €500
Bis {2-ethylhaxyl) phthalata 500
Di-n-butyl phthalacta <100
Diethyl phthalate —
Dimethyl phthalate e
Banzo (b) flusranthene <50
Acenaphthylena cER
Benzo (a) anthracene cen
Benzo {(g,h,1) perylene <100
Chrysene 5N
Fluoranthene <50
Indeno (1,2,3-c¢d) pyrene 2100
Phenanthrene <50
Acenaphthene €50
Anthracens <50
Benzo (a) pyrens <50
Benzo (k) flouranthene <100
Dibenze (a,h) anthracene <100
Fluorene <50
Naphthalene <50
Pyrene <50
Chromium N/A <4 N/A
Izon N/A 146 NZA_
Hanganese N/A 14 N/A
Copper N/A 9 N/A
2ine N/A 9 N/A
Nickel N/A <19 N/a
Humbar of samples . 1

* ranges and medians for organics are in Enrtn‘g-r billion ( ?b)

** rangas and med

ans for mefals are in pa

ts p

million (ppi
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Appendix C:

(cort.)

Concaentrations of ccntaminants in _Cyanthura

[ sample data sample date sampla date

| contaminant range | maedianfrange | medianfrange | mediar |
Sample Date 12/7/87 4/11 /88 g/1 92
Aldrin <5 c5 el=14a7
w ~ BHC <5 <5 <l
Atrazine <10 <10 <10
g -~ BHC b <S <l
4 = BHC (Lindane) ‘5 <5 ]
Chlordane <50 <100-110 65 | ¢10-83000
4,4' - DOD <s <5 <J
4,4' - DDE s <5 <l
4iA L = BOY <5 <5 <1
Diazinon <10 <10 <10
Dieldrin <5 <5 <l
Endrin PLs % 1
Ethyl parathion 10 10 <10
Heptachlor FE e 1
Heptachlor epoxide et e s el
Linuren <10 <10 <10
Malathion <10 <10 <10
Mathyl parathion <10 <10 <10
Toxaphene <50 <50 <10
Trifluraline <10 <10 <10
PCB's (total) <10 <10 <10
Butyl benzyl phthalatea <100 <100 ¢1
Dis-n-cctyl phthalate <500 ¢S00 ¢l
Bis (2-sathylhaxyl) phthalate <300 <500 <10
Di-n-butyl phthalate <100 <100 ¢l
Diethyl phthalate <50 <50 ¢l
Dimethyl phthalate 50 S0 el
Benzo (b) fluoranthenae <%0 <50 ¢l
Acenaphthylene <50 <50 <1
Benzo (a) anthracens <54 50 ¢l
Benzo (g,h,i) perylene <100 <100 <7
Chrysene <50 <50 <l
Fluoranthena <30 <50 <1
Indeno (1,2,3-cd) pyrene <100 <100 <2
Phenanthrene 250 <%0 <l
Acenaphthane <50 <50 ¢l
Anthracens <50 ¢ %0 ¢)
Benzo (a) pyrens <50 <S0 <1
Banzo (k) flouranthene <50 <100 ¢1
Dibenzo (a,h) anthracene <100 <100 ¢
Fluorena 50 <80 21
Naphthalene <50 <50 <1
Pyrene <50 <50 <1
Chromium <5 3 <2-<20 10- 20 15
Iron 96-133 64.5 67~380 306-720 498
Manganese 28=47 1.5 25-180 222-320 382
Copper 18=19 18.9 17-90 20- 44 285
Zing 23-26  24.5 23-140 59-140 93.¢%
Nickel 5 ¢5-<50 1Q- 20 15
Number of sanmples 2 6 6

'+ EARZE3 aNd RediAns FOr SlAlica:iTin'BaBRitReRRiTiiEn TodRT™

986.

LA



Concentrations of contaminants in
el s LS ———1
sample date

Sediment

T R Ty =
sample data

sample date

“antaminant

range | median

range | median

range | median!

«

Sample Date 11/03/87 04/12/88
Aldrin <1 <1
g - BHC <l <l
Atrazine <l <10
p - BHC el ¢l
7 = BHC (Lindane) ¢l <1
Chlordane <IN 210
4,4' - DDD ¢l <1
4,4' - DDE <1 <1
4,4' - DDT ¢1 <l
Diazinon <10 <10
Dialdrin <L ¢l
Endrin <1 ¢l
Ethyl parathion <10 <10
Heptachlor <l <l
Heptachlor epoxide <l <1
Linuron [21d] <10
Malathion <10 <10
Mathyl parathion 10 <10
Toxaphene <10 <10
Trifluraline <10 ¢10
PCB's (total) <19 <10
Butyl benzyl phthalate <50 ¢s0
Dis-n-octyl phthalate S0 <50
Bis (2-ethylhexyl) phthalate <50 50
Di-n=butyl phthalate <50 50
Diethyl phthalate <50 ¢SO
Dimethyl phthalate cen ¢80
Benzo (b) fluoranthene <50 50
Acenaphthylene sn <sq
Benzo (a) anthracene <%0 %0
Benzo (g,h,i) perylene <50 <50
Chrysene <%0 <50
Fluoranthene 50 S0
Indano (1,2,3-cd) pyrene <=0 o=
Phenanthrens %0 <50
Acenaphthens %0 S0
Anthracene 50 ¢80
Banzo (a) pyrene <S0 s
Benzo (k) flouranthena <50 ¢50
Dibenzo (a,h) anthracene <50 ¢50
Fluorene <%0 <50
Naphthalene <50 <50
Pyrane £ 80 L850
Chromium

Iron

Manganese ArY
Copper Environmeng Secticn
Zine Project II

Nickel

Number of samples 10 10

ans for me

ranges and medjians for organics are in parts
LA rangas and medi !n pag

als ara

ts pe

TN

243
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Appendix A

Hart-Miiler Excterior Monlitoring Program Samples Collected for 1987-88

TR WEA  DATE  SAMPLING TIME WEATMER TIDE UEFTH . SAMPLE. . _. ' SAHFLE .. . _ SAMFLER _ ANALYSIS . . _
G LE 1L SOAMELE 1D QUARTER _cobE. .. . FEEY.—..TYPE. ._ ...LODCATION . .. . KREQUIRED i
Jssee  Fa . @-24-87 YEAR #b 1844 . O . EBB "rz'"i;::;é&'cﬁéhsa_nacnmsu AREA_ FE??E&EEE;EE"QE?E[;_;- iy
WG T . @8-24-87 suamsn 1681 © " _.9-12 CATEISH ____ @ SSH_XIEA715___ FFITIENMEYER METALS _.. _
Grag F3 . B-24-87. ..".. .1631_ _.0 " . .§-iZ ._ HOGCHOCKER._@ SS#_XIF4715._ _ FFITZENMEYER. METALS © _ . __
ET9393 Fl .. .@-24-87.. ." . 1503. __.0 __ "_ _9-12 __BLUE CRAB.._SLUICE GAIE_AREA _PFITZENMEYER ORGANICS. _ _ _
GioBd. . Fd .. B-24-B2._...". . _1&644_. __ 0. __"___ §-12 ._HOGCHOCKER._BLACK MARSH AREA_ FFLTIENMEVER__ORGANICS_ _
= res FI .. 8-24-87 .. " _1503. _.0._ " _ _9-12 _ J4UE CRAB__SLUICE GATE AREA_ FFITZENMEYER METALS ____
34386 F2..__. B-28-87.. . . _1545_ .0 .*_. 9§-12. _BLUE CRAB _ & SSK_XIES806__ _ FFITZENMEYER METALS __ _ _ .___
uretay . F2 .. . ©-24-87 . " __ _§545. _ O ._ " _ =12 ._FLOUNDER. __@& SS8_XIESAOA __ _ FFITZIENMEYER METALS _  __ __
N F2 ... B8-24-87 . ._ " _. ASAS_ ___0 ._ . 9-12 __BLUE CRAB.__&_SSH_XLESAD&___ FFITZENMEYER ORGANICS _____ ___
G/0589 . F3 ... B-2A-B7.._%_.__ 1631 _O_..%. 9-12._BLUE_CRAB___@ SSW_XIE4Z15 ___ PFIIZENMEYER. METALS ":-_____'___:.;
HAu390 FI .. B-24-87 LRSS VY. | TS NS = L BLUE_CRAB;::étéSl_IlEAZJ:L_.__FFIIZENHEYER ORGAMICS - . .o

s FA e B-ZASU7 % 16AA_ 0 ™_ 9-12___ FLOUNDER ___BLACK_MAESH_AREA . EF1TZENMEYER _ METALS —_
(TP IS AL -, Be2azdS L 184 0. . . _9-12. _ FLOUNDER. . _MCLMRSH_AREﬁszsmﬁE& ORGANICS . .
Ui Fa a-z4-a7 . 1644 _ O _ _"_ _9=12___SPDT — . BLACK_MARSH AREA_ FEITZENMEYER _ORGANICS _
573394 S4 ... 8-24-87 RN ', 1 Y - T _9—12_-m&1a:_-:.55u1Fm5___FF1usunevsﬁ ORGANICS. . __ _
Vi et i B-20-87 . % 4631 __ 0. _"__ 9-12___RANGIA_____SSH_XIEAZLS __ _ FFITZENMEYER. METALS___ _ __
570798 22 . 8-24-87 mo_ 1253 o __ = _g-1z _RANGIA____ SSe_XIE&ZABS __ PEITZENMEVER ORGANICS _ __ __ _|
Bru97 WM22. . B-24-87. " _1253 ____O__.%_. _9-12__RAMGIA____ESA XIFA76R2 _ _FFIIZENMEYER . _METALS _ _ . ___ ;__.:
B/O398 LMW __ B-24-87 __* __ 1232 __ Q. . *_ . 9=12 __RANGIA__ ssn_&xﬁama__?ﬂnama_zsa__nsrm _,_____:___g
BTG99 _HM7._ . B-24-87 . __1232 _.._ 0.  “__ _9-12___RANGIA_____ SS# X1E&3B8_ PELITZENMEYER _ORGANICS . mi
A T u.SSH_=_STATE STATION.# . o i
. WEATHER COGE 0 = CLEAR i T TN e e P S |
s LOMIFLLS ARE PACKED IN FLASTIC ZIFLOC BAGS, AND HAWVE BEEN FROZEN SINCE TIME.OF SAMPLING __ _ _ _ - e
- LLHLES FOR DEGANIC ANALYSIS HAVE BEEN WRGEEED. IM_ALUMINUA_EQIL 1O PREVENT CONTAMINATION. B S = O
SHTES i URGOMIC OMALYS1S INCLUDE ALL THOSE .ANALYS1S LISTED_IN TABLE MS_DF AGREEMENT ____ __  _  —  ~ "~ AR
LAl e FILTAL ANALYS TS ENCLUDRE THE FOLLOWING SIX _TRACE HMETALS: == N R S . _
= CHEra UM » 1RON * MANGANESLE _ * LOI'FER . » ZINC __r. NII::I EL "—n =2 —
SRRt PR TR B OB TOINY LR [P FITY, tl'J‘)-l', 5 HATE (E l..EI';.N Lll'tL'Ul.nLD_hY.._ H. Y. FFLIENMEYER e Y __.
SAMPLES RECIEVED. bY: . _J._ HILGAKTNER i
PR T T [ T I I PO B I T P N ii‘:I:IIl-.nl!N-Y-ilN-‘-_-l/.I il 1“'.un| - .r:;-nll__. l\lLINL'LIl..xEu LY __L._l-l\_l-T-;- B )
, - e e SANFLES. RECIEVED_BY: . ____J. _WOLLRILL
2 e P i = 2l s = AR
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HM1a-1T
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n
o
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4]
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|
-

WM Z2-1"

HM 22-2

F -1

F 1-2
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4T
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¢ CHEOMIUM

L TYERED.

DEL [VRED 10 MARTEL LARKDRATORY ON:

0 W

LERTIMEMT 1MFORMATION:
C,S = CALM % SUNNY
IN 2S0ML GLASS JARS WITH TEFLON LINERS
ORGATINC AN YSIS

W4 FON L O ) MG
» MANGANESE_

SFLLIT FOR

i’\Nhi YiHla

» II<ON

1) ML LABORNTORY, ON:_

1 = CLOUDY _

_Ll/us8y

1471788

C,0 = CALM_& OVERGAST %

L34S _

15500
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Appendix A
(continued)
DATE __ SAMPLING TIME WEATHER TICE _DEFTH __SANMFLE SAMPLE _ _SANFLER
CUARTER COGE | FEET TYFE LOCATION __ . . .

{2-7-87 YEAR #7 1034 C,5  Si __;7_"EVK?ﬁﬁggf___xléjizﬁ___::“-— FF1TZENMEYER
12-7-87 e 1045 ©,6  SBE 17 _ RANGIA _ . XIF3325 _ _ ___ _FFITZENMEYER
12-7-87 _*_ T1118 €,8  SBE 277 RANGIA. _XIF3325  _ ____ PFITZIENMEVER
12-7-87. 1200 C,5 _ . SBE . T _CYANTHUNA___XIFA327 .. __ - FFITIENMEYER
13=7-87 ¢ “t208 €,8  SBE '_—11 HACOMA_ _ XIFA327 . _FFITZENMEYER
12-7-a7 T i21s c,s T SBE 11 RANGIA___ _ Xi1Fa327___ ____ FFITZENMEVER |
i2=7-m7 W7 y225 €,5 . SBE 11 RANGIA_ . XIFA327 _ PFITZENHMEYER
12-7-87  * T T13a3 ©,8  SBE 13.5 RANGIA XIFA715__ . _FFITZENMEYER
12-7-87 “ ' 130 ©,5 . SBE 13.5 RANGIA! __ XIF4715____ PFITZENMEYER
12-7-87 “" "7 1400 €,8 _ SBE 13.5 . _MACOMA ___XIFA7)5.__ .. . FFITZENMEYER
12-7-87 w7 1450 €,8 . SBE  13.1 . RANGIA. _ X165405___  _  _FFITZENMEYER
12-7-87 " 1455 C,5  SBE 13.1 KANGIA, . ilZEhos,_,_,. __PﬁlfiENﬁEVER.
12-7-87 ~ % 77 TS0 1 S0E 'ﬁ“"fhnﬂslnc_ TXIF5710__ _ __  FFITZENHEYER
12-7-87 I 1516 1. SBE 5T RANGIA _ ___XIFS571Q0 ___ ____PFITZEMMEYER
12~7-87 " 1630 i sBE 14 RANGIA. _ _ X1&7&89 ___ _ . FFITZENMEYER
12-7-87 " 1640 1 BBE 14 RANGIA'  _ X167689. . FF1TZENMEYER
12-8-87 " 1215 c,0 SBE 11 Y.FERCH __NORTH SIDE/HMI__ FFITZENMEYER
12-u-87 " 1220 ¢C,0 SBE “11 T Y.FERCH ___ NORTH SIDE/HMI FFITZENMEYER
12-8-87 “ T1405 C,0 _  SBE' 14 MENHADEN __ SOUTH/UNLODADER_ FFITZENMEVER
i2-s-87  * " 1415 C,0__ SBE '"i&”_'heﬁ@hntn'f:‘éﬁbfH/Gﬁiﬁﬁdﬁﬁ"ﬁ?i?iiﬁnsvsR

" 12-8-87 »" " 1300 €,0 _  8BE 16 MENHADEN __ BLACK MARSH @ __ FFITZENMEYER
12-H-87 " 1500 '€,0  SBE 16 T W.FERCH  BLACK MARSH @ _PFITZENMEYER

Ta TIDE CDDE SEE =

__ RMALYSLS
REQUIRED

"HMET/URG

MET/0URG

MET/ORG

MET/ORG

HMET/ORG

MET/0ORG

MET/0RG

MET/ORG
MET/ORG
MET /DRG

HET /ORG

" MET/ORG

" MET/ORG

MET /ORG

MET/OKG

MET / ORG
MET/ORG
MET /DKG
MET/ORG
MET/ORG
MET/ORG

HET /0RG

SLACK BEFORE EBE

* SﬁHPLES HﬂVE BEEN_FROZED SINCE TIME OF SAMFLING

(ALL. ANNL YSTS LISTED IN. TABLE 85 OF AGREEMENT) _ _
SIK TRALE METALS: —
_ % LOFFER ___ =

ZINC

_ SAMPLES_ REL INDUISED EY:_ _ H_T.

* NICKEL

i 4 s —_ -

FFITENHEYER

SAMFLES FECIEVED BY: _ L._FRITZ_ _
TGAMFLES KEL INQUISED BY: _ L. FRITZ .
S S RECIEVED RY: J. WOLFEILL
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Appendix A
{continued)

SAHFLING TIME . WENTHER TIGE . DEFTH — .SAMFLE . _ ._ . SAMFLE
DUAKTER . . .. CODE —. CODE _ FEET__ _YYFE__.. .. __ 1OCATION.

—— e o e e . S - —— -

T T T saMFLER.

- Wi DhATE

RNﬁL‘I’.sl&: e
10 BE DDNk.__ =

11-3-87. YEAR 87 __NZA.___ .1 _ N/A .
FALL -
N/A . — e |

= 15__. SEDII"IENT_..._X-ZZbe 5(1.4298&. 5~ _HENNESSEE

- N/A - - 17...._ SEDIHENT ._X.ZZ&SZJ/X-AZBB? U.-_.HENNES.JEI-_

11-3-87.. . ".. N/ -1 L N/A L l.‘l —_— SED,IHENI__..X:ZZES:-JM.Y_—.#Z?OI.‘?__.

- ———

O N/A—— 1. . N/A——_16.5__ SEDIMENI___X=2742%.B/,¥~42909.0_ _ HENMESSEE .

HENMESSEE
A1=Z=BT e e

=i 1...

DRGRN]CS

ORBANICS .

ORGANICS . -

ORGAMI CS_.____._ T

AR o TN | O, S .-_'-:.'_; MA . .1 _N/A__1&.5__ SEDIMENL . _X-27629.B/Y-42909.0 _ HENNESSEE__ORGANICS _ _
$rn2E 24-3 _ 11-3-87. % . _N/A_._. .1 _N/A_ au.n _ SEDIMENT . X-27629.B/Y-42909.0_ _HEMNESSEE__ORGANICS_
) g M-3-B87-.. " N/A ..l . N/A . 19.5 _ SEDIMENT _ X=27629.4.¥-42915.1_._HEMNESSEE. ORGANICS. _ _

e

+ L

falr W 11=3-B7. .. . MNA . 1 N/A___ 1L__SEDIMENL _ X=22644 B/Y=142200.5__ _HENNESSEE.
RS . PR M IO G T T T

LBl 11 MY DR RN DORTE . e Y. . __-:-_.___ _._.:.-h_.- NS e :------_-.'_:,— -
AL COLL NE = PARILY CLOUDY- e T R IRt RS SRR -

s 400 LES NKE 1IN GLASS JARS WITH ALUMINUM FOIL_UNDER. LID__ o SR S g - e R
« S0 LES HAVE BHEEN FROZEN SINCE TIME.OF SAMFLING _ . — S RS O

el LES IJI;LIVERED TO Hﬂl LABORATORY DN.

adt'LES DELIVERED TO MARTEL. LABDRAIURY.OM..__J.LZLLBB_- 1500__SN1PLES RI:LI.II!UI.SEILBiL 4

fl !

o =21 B ...

Wl o BCvA— . A L~SeBT .t

N/A .. .1, N/A_._ 13.__SEDIMENT . X=27A32_ 1/Y-A42912.% __ HENNESSEE .

11.5 . SEDIl‘lENT___)L_21b43..!.LY:4E L7...1._..HENNESSEE

11-3-872__ _ " _

=NAR— L1 - N/D

 SAMPLES RELINQUISED_BY: __E.L. HENNESSEE ._

_ SAMPLES_RECIEVED BY: 1. FRLIZ
_INDULSEN RY: L. FRITZ __
SAMELES RECIEVED.BY: . J. WOLEKILL. ______.

11/3/87 1420

...... S ———

- — - — =

_ORGANICS ______
ORGANICS. _ _ _ .
_DRGANICS ___ -_: i

SOMILES TO BE nnnuzr-:b"?-'m ORGANICS LISTED IN. TABLE #S . .. __. o — ke | T B i
_ o SR T )
: e eSS |




A4

1 FEa S LI S T R

oasfai bVl

w - - - - - - - - -
i
Hon. .. uRA DATE  SAMFLING TIME WEATHER TIDE DE .  SAMPLE SAMFLE SAMFLER ANAL, .

SAMFLE 1D SAMFLE 1D .o — OUARTER—— — CODE FELT. TYFE _LOCATION — - .REGUIRED— 4
Hon1Se MM 16-1  4/11/B8 YEAR w7 0953 ©  EBB 15 CYATHUNA X1F3525 DUGUAY  MET/ORG !
880157 MM 162  4/11/88 I e EBB 15 MACOMA  XIF3325  DUGUAY MLT/0RG I
UBOLSE MM .16=% . 4/31/88 _ . *____09S% . € — EBB—— 15 .RANGIA__ __ XIF3225 DUGUAY_ - - MET/ORG <o)
QEO159 S &-1 4/11/88 " 1035 C FLOOD 1S CYANTHUNA X1F4327 DUGUAY MET /ORG 2

gan1en S &-2  4/11/88 « 1035 € FLOOD 1S  HACOMA xiFaszz buGUAY HET/OKG
BOULGL . S &=3 __AZLL/8B_. % . 103% _ C.... FLOOD. - 15—. .RANGILA X1F432Z DUGLAY_. _  MET/DRG - ..___
HB162 S &-4 4/11/88 “ 1121 ¢ FLOOD 1S  CYANTHUNA XIF4715 DUGUAY ME i /ORG |
@e1es & 4-1  4/11/88  * 1121 €  FL.OOD 15 MACOMA X1Fa715 ousLAY  MET/ORG
880164 . S 4=2__ _4/41/BA ___* 1121 .__ € ELOOD.._15_. RANGIA, LG __XIFazZ1S DUGUAY.— — - MET/ORG !

8BU185 & 4-3 as11/88 - 1121 ¢C FLOOD 1S RANGIA, SM XIF4715 DUGLIAY MET /0RG

g9018a S 2-1 "asi1s88 1208 € FLOOOD 12  CYANTHUNA X1FS404 " DbueuAY  mMET/ORG
680162 . §.2=2 _ 4/11/68 " 1208 C ELDOD. 12 FOLYCHEATES X1ES804 DUGLAY_ — MET/ORG—
e 8 o= 4/11/88 " 1208 C FLOOD 12  RANGIA, LG XIFS5404 DUGUAY MET /ORG :
BEVIGS 6 -4 as/11/88  * 1208 €  FLOOD 12 KANGIA, M XIFS406 DUGUAY  MET/ORG |
830170 S 1=l 4/11/86.__ % . __ 1240 __.C ____FILO0D ._S_._CYANTHUNA X1ES210 DUGUAY HETIORG__-____I
BEO171 & 1-2 a/711/88 " 1240 € FLOOB 5  AMPHIFODS XIFS710 DUGLIAY MET /ORG ,
Mifesp 220 f;_'l.- o S L ¥ ;I Lt o Nl A l'r -_"_-l'—l (thiy f.'o_ F\'I\Nh;n XIFS7i0 DuGuayY u MEY 200006 = . I
BOOLYS MM Zo-1._ A/LLIZEB_ " 1406 .. T ELOUG.. . 17 CYANTHUNA X1G2689. DUGUAY —. MET/OKG—— '

9a0174 W4 22-2  4/11/88 “ 1406 € FLOOD 12 RANGIA, LG X 167689 DUGLAY MET /ORG
BEOI75 MM Z2-3  4/11/88 0 * 1406 € FLOOD 12  RANGIA, SH X 167689 DUGUAY  MET/ORG S
e BuoLz6. . F _a-1___az11/88 “ 1454___C E100D..._.15— WMLTE PERCH _ A2826 9 X 225401 DUGUAY —MET/OKG ]
(reference statian) u
gac177  F a-2  as11/e8 " 1454 C FLOOD 15 WHITE PERCH " DUGUAY MET /0RG :
pAiTue F A= as11/88 000 " 1454 C  FLOOD 1S VELL. FERCH " DUGUAY MET/ORG |
GUOL79_ F A=l A/11/BB. . 1535 € £LOUY. 15 uuue_asaai_uau_é_z_:uu__;__.nusw_._nsrmm___m;
{south side of is.)

1 102 1 B 4401 700kt Foa 1. [RE LY | B LRITTL ERCH 5o nuGuUNY ME T 20031, I':
1 Ny _[-‘ . "-_fl A1 /780 . A;J b C Fiti(]?!- |':;__:l‘| IH.-_F'L:F—J‘_H n ;;ll}sti.\\_ ME T /000 [
dujolidl F IR, P IS W WA 71T s 1500 c- FLUUD. 415 _HOGLHUCLER e DUGUAY N ol 3] [N O —— :




Appendix A

(continued)
-
H. P WRA  DATE  SAFFLING TIHE WEATHER TIDE DE EANFLE SAMFLE SAMFLER FdL
SAMFL. 1D SAMPLE ID QUAR TER CouE FE. TYFE LOCATION FECU:
 —— e R L T T T e e L T T R L T e T R L T A T B L T T e e e e e e e g e e e o e T T e e e
: 030103 F 2-1 a/11/088 “ 1547  C FLOUD 17 WHITE FERCH Buoy il;Middle Rive  DUGUAY ME [ 4OKG
801104 F 2-2.. a/11/e8 " ..1547 ...C FLOOD . 17 . -WHITE -RERCH - BUGUAY MET /DK i
8601185 F -3  4a/11/88 " 1547 C FLOGD 17  CAIFISH - DUGL 'Y HE Z0RG
' 881084 F 1-1 a/11/88 - 1607 € FIOON 10 WHITE FERCH  AZ916.4 » 27642.2 sURLNY ME 1 /00t
Hawks Cowve
B0 187 F 1-2. &/L1/88. ..o 1607 Coeee—e FTLOOD. - 1O — WH I TE-RERCH ... . BUGUAY MEN 7CRG e .
“ 880168 F 1-3 4s11/88 " 1607 € FLOOD 10 YELL. FERCH - DUBUAY ME 1 /O G
i o109 F 1-4 4711708 - 1807 C FLOOD 13 CATFISH - DUGUAY MEf/ORG
o et e s 8 e o vy o L 1 e T et S e e P Y P T m PL S f + EE  L UEL E e =
« WEATHER CODES: C = CLEAK
+ GAMFLES ARE FACKED IN 250ML GLASS JARS WITH TEFLON LINERS « SAMFLES HAVE LEEN FROZED SINGE TIME OF SAMFL ING
. ALL SAMFLES . AGE TG BE SPLIT FOR.ORGAING ANALYSIS (ALL .ANALYS1S LISTED IN TAGLE 85 -Of—AGKEEMENT e ——. i = -
AND FOR METAL ANALYSIS OF THE FOLLOWING S{X TRACE METALS:
# CHROMIUM + IRON  * MANGANESE  # COFFER  # ZINC  * NICKEL
- - e ) . < S A Ay & = s s ep— = A - o e m—n e mm - o
» SAMFLES DELIVERED TD HM1 LABORATORY ON: 4/12/88 SAMPLES RELINGUISED BY: .T. FFITZENMEYER
SAMFLES RECIEVED GY: T.R. BANTA
. SAMFLES LELIVESED TO MARTEL LAGDORATORY CON: A4/13/88 1600 SAMLES RELIMOUISED BY: T.R. BANTA
SAMPLES RECIEVED BY: F. BELL
g - - LS e e 8 R e e e o S S 8 ] e e S e e e e 5 PR LT S T Y TN LA ST T S AL Y 4 Ry e e o
)
& —— e — —— - e— —I — b e ——— - —
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Appendix A
(continued)

UL 0 WKA  DATE  SAMPLING TIME WEATHER TINE DIFTH  SAMPLE SEMFLE SEMFLER  ANALYSIS = 1
SAMILE I SAMFLE 1D QUARTER CODE  CODE FEET TYPE LOCATION 70 BE DONE i
Ehe 190 3 4-12-B4 YEAK #7  N/A 2 N/A  16.5  SEDIMENT X1F 3430 HENNESSEE ORGANICS :
WINTEK z
HE 191 19. .. .A-12-p@ " N/B e 2 N/A- 19 SEDIMENT X [F—3620 - HENNESSEE— ORGANICS—— 1=
N :lc
HHO192 BC-3 A-12-88 “ N/A 2 N/A 16 SEDIMENT XIF 4615 HENMESSEE  ORGANICS |
iy
T L B 4-12-p8 " Y 2 N/A 18  SEDIMENT, XIF S302 HENNESSEE ORGANICS ‘ﬁ
b
8t174 24-2 A:12-B8.. Yo N/A e 2 N/A. = LE . SEDIHENT—. X1 F—S302 HENNESSEE  ORGANICS W
[
H00195 24-3 a-12-88 " N/A 2 N/A 1B SEDIMENT XIF 5302 HENNESSEE ORGAMILS £

Qa1 15 28 4-12-88 “ N/ZA 2 WA 20 SEDIMENT X1G 5699 HENNESSEE ORGANICS
80157 . 206 _A=12-88_ .. *__._N/A -—— 2 __NIA 14  SEDIMENT—  XIR-S505-—  MENNESSEE- -ORGANICS - — ..
Grio1 53 EC-& a-12-88 " N/A 2 N 13 SEDIMENT XIF 5925 HENNESSEE  ORGANICS .
ggui¢7 23 4-12-88 " N/A 2 wN/A 13 SEDIHENT XIF 4442 HENNESSEE ORGANICS o
.
_________ e o BT R =T Al G it i * . e S
L 1ol
OTHER FERTINENT TNFORMATION: s

s b HER

+ SAMFLES

SAHMFLES

Sait- L ES

Lube 0l =
ARE IN_GLASS L1AKRS

DELIVERED TO HMI LABURATORY ON:

DELIVERED TO MARTEL LADORATORY UN:

CUNTTNULLY, LYl kG OF cLouns

* SAMFLES HAVE_BEEN FROZEN_SINCE TIME.OF-SAMFLING

4/12/88 SAMFLES RELINOUISED BY:
— SAHMIFLES RECIEVED-BY: . -
4/13/88 L& SAFLESG RELINMULSED BY:

vl L SARNFLES 10D BE ANALYZELD UK OEGANITCS LISTED [N 1ABLE #5

Sl LLS KLCieveEy Lvs.-

——TF oK.

F.

E.L. HENNLESSEE

BANTA - -

T.R. BANTA
J ETEY

i e e o i A s e o e 5 e o = i = e e —— —— .
v i it S e
) = — = ey — =
’
Pk IS AanD oM CLF. L bdaisa TRy (A B |
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Appendix A
(continued)

DEFPTH
1n FEET

SARFLER

ANALYSIS
10 BE DONE

TIHE WEATHER TiDE
CODE -«
10:25 | FLOOD
10: 23 1 SLACH
19:25 i SLACK
12:15 1 SLACK
12:15 1 SLACK
12: 13 1 SLACK
13:10 i EBB
13: 10 I Ebd
14:4% i EBB
14:43 1 EEB
14:45 i EBB
15:45 | 3]
1%:43 ! EKE
16:13 1 EBB
16: 13 1 EEF
16:13 1 [%:1]
17:23 i EBB
17:25 | (1]
17:25 1 EBB
17:53 ] EBB
11:9% i Lul
17:53 1 £ b
18: 2u 1 LB
(=]

12,5
12.5
15
15
i3

13

-

14

14
i0
L
16
19-13
v 13
ldlli

L
=14

SAMFLE SAHFLE
TYFE LOCAT[ON
RANG1A STARTE STA & XIF3325
NACONA STATE 5TA4 1 XIF3325
CYATHURA STATE STA & TIF1725
RANGIA STATE 51A 1 XIF4420
HACONA STATE STA 8 KIF442¢
CYATHURA  STATE 5TA & XIF4420
RANG 1A STATE STA 8 XIF4715
CYATHURA  STATE STA & INF4715
RANGIA STATE STA 8 XIFS40a
KITHROPAN  STATE STA B XIFS4Qs
DFELS
CYATHURA  STATE STA B XIFSddes
HANG LA STATE STa 0 XIIFS5710
CYATHURA  STATE STA 1 XIFSTI4
RAMGIA STATE 574 1 X1G768%
KANGIA STATE STA & YXIG674B%
CYATHURA  STATE STA & X167489
LAT/LONG START-STOP
YELLOM s 39 15.5° - 3% 15.7°
PERCH 76 23.2° - 74 22.%°
WHITE 37 15.5° - 39 15.7°
PERCH 76 23,2° - 16 22.9°
WHITE 39 15.5° - 39 15.7°
PERCH 76 23.2' ~ 76 22.%°
SPOT 39 15.0 - 39 16.1°
78 20.7 - 76 20.8°
Wil 1L 39 15.8 ~ 39 WA}
PLRCH /& 20,7 - 76 20.8°
HHITE % 15.8 - 3% 1617
PERCH 76 T0.7 - 78 70.8°
Ny I 14,67 - 39
e Ti.9 Th
(2] f=]

PFITIENNEYER
FFITIENNCYER
FrETIENNEYER
PFITIENNEYER
FFIVZIENNEYER
PFITIENNEYER
PFETIENNEYER
PFITIENMEYER

PSITIENNEYER

FFITZENREYER'

FFITIENKEYER
rkLT2ERNEYER
FFITIENREYER
PEITIENNEYER
FFITIENNEYER

FFITZENREYER

PFITZIENMEYER

PFITIENNEYER

PFiT2ENNEYER

FFITIENREYER

FEITZENNEYLR

FFITIENNEYER

FFRITZENREYER

=]

HET/ODRG
MET/DRG
NET/DRG
NET/0RG
HET/ORG
HET/0RG
WET/ORE
MET/ORE
NET/0RG
NET/ORG
HET/OKE
HET/0KG
MET/0KG
NE1/0RE
NET/ORG

ﬂilprB
HET/OR6
HET/DKG
HET /DRG
MET/ORG
HL[/0RG
KEI/ORG

MET /ilG
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Appendix A
(continued)

Hes WEA BATE SAHPLING TINE WEATHER TiRE DEFTH SANPLE SANFLE SARPLER
EELER T SANFLE 1D QUAKTER CODE ¢ IN FEET TYPE LOCATION
i
T I F (z}: a-1-86 - 18:20 | £BB 10-14 WHITE 39 14.4° - 39 FFITIEMNLYER
FERCH 76 21.4° - 7%
'\
FUIR AL F {;}! B-1-88 - 18:20 1 EBB 15-14 NHITE 39 146 - 3% FFITIENME (ER
FERCH 76 21.4° - 78
7
BEL 500 F {:)I 8-)-g8 L 18: 40 I EBB 15 SPOY 39 12.3" - 319 12.5
76 24.1° - 78 24.%°
L]

ANALYSIS
10 BE DONE

e smam————

(1 T

NET/OR6



Historical Analysis of Laboratory Concentrations of 35elected Contaminaa:

Concentrations (ug/kg) of Selected Organic Contaiminants

1981-1983

in Rangia at Station HM-14.

COMPQUND FEB 1982
alpha-BHC <3.4
lindane <3.4
beta-BHC <3.4
aldrin 4.3
heptachlor 12.5
heptachlor epoxide <3.4
dieldrin 176
naphthalene = <3.4
fluorene 3.4
phenanthrene 8.0
anthracene 9.8
fluoranthene 8.0
pyrene 8.0
benzo(a)pyrene 5.4
benzo(a)anthracene <3.4
benzo(k)fluoranthrene <3.4
3,4 benzofluoranthene <3.4
chrysene 3.4
acenaphthylene <3.4
henzo(ghi)perylene <3.4
dibenz(a,h)anthracene <3.4
indeno(1l,2,3-cd)pyrene <3.4
acenaphthene <3.4
PCBs, total 195
Kepone <3.4
dimethyl phthalate 5.4
diethyl phthalate 228
dibutyl phthalate 275
di-2-ethyl hexyl phthalate 262
di octyl phthalate 39.3
atrazine <3.4
simazine <3.4
trifluraline <3.4
chlordane 155
diazinon <3.4
DDE 5.4
DDD 3.4
DDT 3.4
linuron <3.4
butyl benzyl phthalate 76.8
endrin <3.4
malathion <3.4
methyl parathion <3.4
ethyl parathion <3.4
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(cuntinued)

Ranges (ppb) of concentrations for 44 compounds in
Macoma.
RANGE OBSERVED

COMPQOUND AUG 1981 MAY 1982
alpha-BHC N.D. N.D.
lindane <141 - 251 N.D.
beta-BHC N.D. N.D,
aldrin 1006 - 4780 318 - 1216
heptachlor 141 - 2012 N.D.
heptachlor epoxide N.D. N.D.
dieldrin 755 - 1260 <79 - 676
naphthalene N.D. <135 - 397
fluorene <141 - 251 N.D.
phenanthrene <141 - 377 N.D
anthracene <141 - 377 N.D.
fluoranthene <251 - 9560 854 - 1890
pyrene <251 - 9980 1030 - 2290
benzo(a)pyrene N.D. N.D.
benzo(a)anthracene N.D. N.D.
benzo(k)fluoranthrene N.D. N.D.
3,4 benzofluoranthene N.D N.D.
chrysene N.D. N.D.
acenaphthylene N.D. N.D.
benzo(ghi)perylene N.D. N.D.
dibenz(a,h)anthracene N.D. N.D.
indeno(l,2,3-cd)pyrene N.D. N.D.
acenaphthena N.D. N.D.
PCBs, total 1509 - 8580 3260 - 6620
kepone N.D. N.D.
dimethyl phthalate 141 - 1257 N.D.
diethyl phthalate <141 -16300 2150 - 5135
dibutyl phthalate 8800 -64200 8268 -29200
di-2-ethyl hexyl phthalate 141 - 1760 477 - 540
di octyl phthalate 141 - 251 <135 - 159
atrazine N.D. N.D.
simazine N.D. N.D.
trifluraline N.D. N.D.
chlordane 2260 - 6050 318 - 2570
diazinon N.D. N.D.
DDE <141 - 251 N.D.
DDD <141 - 377 N.D.
DoT N.D. N.D.
linuron N.D. N.D.
butyl benzyl phthalate 421 - 2515 N.D.
endrin N.D. N.D.
malathion N.D N.D.
methyl parathion N.D N.D.
ethyl parathion N.D N.D.

N.D. - not detected.

253



Concentrations

(continued)

of Selected Organic Contaiminants

Cyathura at Stations HM6, HM10, May 1983.

HM6B HM10
COMPOUND . CONCENTRATION, ug/kg
alpha-BHC 3510 4240
lindane 4210 4860
beta-BHC 3930 3650
aldrin 3700 2630
heptachlor 2650 6000
heptachlor epoxide <2800 <1660
dieldrin K 2915 3070
naphthalene <2800 <1660
fluorene <2800 <1660
phenanthrene <2800 <1660
anthracene <2800 <1660
fluoranthene <2800 <1660
pyrene <2800 <1660
benzo(a)pyrene <2800 <1660
benzo(a)anthracene <2800 <1660
benzo(k)fluoranthrene <2800 <1660
3,4 benzofluoranthene <2800 <1660
chrysene <2800 <1660
acenaphthylene <2800 <1660
benzo(ghi)perylene <2800 <1660
dibenz(a,h)anthracene <2800 <1660
indeno(l,2,3-cd)pyrene <2800 <1660
acenaphthene <2800 <1660
PCBs, total 2830 2630
kepone <2800 <1660
dimethyl phthalate <2800 <1660
diethyl phthalate <2800 <1660
dibutyl phthalate <2800 <1660
di-2-ethyl hexyl phthalate 27000 24000
di octyl phthalate <2800 <1660
atrazine <2800 <1660
simazine <2800 <1660
trifluraline <2800 <1660
chlordane 5980 5460
diazinon <2800 <1660
DDE <2800 5540
DDD 45000 1660
DDT <2800 <1660
linuron <2800 <1660
butyl benzyl phthalate 7400000 <1660
endrin <2800 <1660
malathion <2800 <1660
methyl parathion <2800 <1660
ethyl parathion <2800 <1660
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Ranges (ppb) of

concentrations for

44 compounds

Macoma.

COMPOUND May' 1983 July' 1983
alpha-BHC ND ND
lindane 685-14900 828-5280
beta-BHC ND ND
aldrin 127-37100 81-300
heptachlor <120-<1680 ND
heptachlor epoxide ND ND
dieldrin 820-5270 330~1990
napthalene <200-6400 ND
fluorene ND ND
phenanthrene <120-1800 ND
anthracene <120-<1680 ND
fluorxanthene <1680-140 <81-1710
pyrene <200~-<1680 <81-1710
benzo(a)pyrene <200-<1680 ND
benzo(a)anthracene 200-<1680 ND
benzo(k)fluoranthrene ND ND
3,4 benzofluoranthene <1680-200 ND
chrysene ND ND
acenaphthylene ND ND
benzo(ghi )perylene ND ND
dibenz(a,h)anthracene ND ND
indeno(l,2,3-cd)pyrene ND ND
acenaphthene ND ND
PCBs, total <120-6700 1500-~-2730
kepone ND ND
dimethyl phthalate ND ND
diethyl phthalate <321-80000 <81-18000

dibutyl phthalate
di-2-ethyl hexyl phthalate
di octyl phthalate

<1250-860000
7700-1500000
<120-520000

2300-335000
32000-1400000
<171-140000

atrazine ND ND
simazine ND ND
trifluraline ND ND
chlordane 1762-7020 388-1510
diazinon ND ND
DDE <120-8760 <81-<300
DDD <120-48300 <B1-1240
DDT ND ND
linuron ND ND
butyl benzyl phthalate 470-6200000 <300-17100
endrin ND ND
malathion ND ND
methyl parathion ND ND
ethyl parathion ND ND

ND not detected.

6
3

L' N
2 N
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(198 /=L988),

Concentrations in Catfizh sample data sample date sample date

| Contaminant range | medianfrange | median|range| median
Samﬁlc Date 04/11/88
Aldrin ¢S R
a — BHC <8
Atrazine <10
p_- BHC <5
4 — BHC (Lindane) <5
Chlordane 3 <200
4,4' - DDD <5
4,4' -~ DDE s
4,4' - DDT ¢s
Diazinon <10
Dieldrin ¢S
Endrin " s
Ethyl parathion B <10
Heptachlor <5
Heptachlor epoxide ¢S
Linuron <10
Malathion <10
Methyl parathion <10
Toxaphene <50
Trifluraline <10
PCB's (total) 240-1100 670
Butyl benzyl phthalate . <100

| Dis-n-octyl phthalate <500
Bis (2~ethylhexyl) phthalate <500
Di-n-butyl phthalate <100
Diethyl phthalate <50
Dimethyl phthalate <0 !
Benzo (b) fluoranthene S0
Acenaphthyleane <%0
Benzo (a) anthracene <50
Benzo (g,h,i) perylene <100
Chrysene <50
Fluoranthene . <50
Indenc (1,2.,3-cd) pyrans <100
Phenanthrane %0
Acenaphthans <50
Anthracene <50
Banzo (a) pyrene S0
Benzo (k) flouranthene <100
Dibenzo (a,h) anthracane 100
Fluorene <50
Naphthalene <30
Pyrena <50
Chromium e
Iron = q
Manganese <2
Copper 21 =2
Zinc pl=i2
Nickel <5
Number of samples il -

rangas and medja~ns for crgapics are in parts
** ranges and medians for me

ais are .n parts

er billion

peg million (ppm

(pgb)
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Appandix C: (cont.)

Concantrations of contaminants in

Flounder

|
i
»

m date sample date
Contaminant :Anqi]fmodian range | medjanfrange| median
Sample Data 8/76/87 )
Aldrin ¢S
« = BHC <4
Atrazine <10
p = BHC <3
1 = BHC (Lindans) - ¢S
Chlordane 160
4,4' - DDD ¢S
4,4" - DDE s
4,4' - DDT L)
Diazinon <10
Dieldrin <%
Endrin ¢
Ethyl parathion <10
Haptachleor <5
Heptachler epoxide <3
Linuron <10
Malathion <10
Mathyl parathion <10
Toxaphens <350
Trifluraline <10
PCB's (total) 300
Butyl benzyl phthalate <100
Dis-n-octyl phthalate <500
Bis (2-athylhexyl) phthalzates <500
Di-n=-butyl phthalate <100
Cisthyl phthalate <30
Dimethyl phthalate T b
Benzo (b) fluoranthene <30
Acenaphthylens <30
Beanzo {a) anthracena <%0
Benzo (g,h,i) perylenes <190
chrysens <50
Fluoranthane 250
Indeno (1,2,3-cd) pyrene <100
Phansnthrene <%0
Acenaphthena <%0
Anthracene <30
Benzo (a) pyrens i
Banzo (%) flouranthene <50
Dibenzo (a,h} anthracenae <100
Fluorens —
Naphthalena <30
Fyrenae <!ﬂg
Chromiun 5
Ireon .7 4
Mangarasas ¢i-3 . 0. ®
Coppar ’ 1
Zinc i 5_7 & 3 I
Hychal | - ' i
Number of samples 1 s 2 me:idls nauples organic sa=ole

tanges and medjans for orga
* rangaes and medians for ma

Nics arg 1n 73sts aer =, 0N

(ppb
ais are 1n pat=s pe® m;L.-an ppg? !
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Cancentrations of contaminants in __S9°¢

sample date sample data sample data |

| contaminant rnﬁq.] median{range| medianjrange| mad;anj

Sample Date 08/01,/88 1

Aldrin et

a - BHC 1

Atrazine <10

» = BHC <1

« = BHC (Lindana) ¢3-¢]

Chlordane <1; |

4,4' - DDD o3

4,4' - DDE i

4,4' - DDT <1

biazinon 10

Dieldrin ¢l

Endrin ‘ AL <1

Ethyl parathion <10

Heptachlor <3-¢]1 ¢|

Heptachlor epoxide <1

Linurcon <10

Malathion <10

Methyl parathion 10

Toxaphene <10

Trifluraline <10
_PCB'! (total) i — .iiﬂﬂ 212 22|

Butyl benzyl phthalata 1

Dis-n-occtyl phthalate <1

8is (2-ethylhaxyl) phthalate <10

Di-n~butyl phthalate <1

Diethyl ghthalate <l

Dimethyl phthalate o
mo {b} ﬂuorantm —r_ <l

Acenaphthyliene <1

Benzo (a) anthracsne <1

Benzo (g,h,i) perylens <2

Chrysens <l

Fluoranthenas <1

Indeno (1,2,3-cd) pyrene <2

Phenanthrene <1

Acenaphthene <l

Anthracens <1

Benzo (a)} pyrena <l

Benzo (k) flouranthene <1

Dibenzo (a,h) anthracene <2

Flucrene .1

Kaphthalenas <1

Pyrers <1

T

Chromium <2

Iron 1322 15

Manganese 1215 12

Copper i 1

Zinc 9-15 11 |

Nickel <2 |

* va'ues display Ln parts par billion (FPB)

o0 ~gsals in pASTL [ET ML.Ll0n




Appendix C. (cont.)

Concentrations of contaminants in _ No8choker
Im. date sample date

[ contaminant range | medianjrange| medianjrange| med.an |
Sample Date 05/11_/&
Aldrin s
a ~ BHC ¢S
Atrazine <10
p - BHC <5
4 = BHC (Lindane) ¢
Chlordane <$n
4,4' - DDD <3
4,4' - DDE s
4,4' - DDT ¢s
Diazinen <10
Dieldrin et <5
Endrin s
Ethyl parathien <10
Heptachlor 5
Heptachlor spoxide <
Linuron 10
Malathion 3 <10
Methyl parathion <1n
Toxaphene <50
Trifluraline <10
PCB's (total) 170
Butyl benzyl phthalate <100
Dis=-n-octyl phthalate ¢s00
Bis (2-ethylhexyl) phthalate <500
Oi-n-butyl phthalate <100
Diethyl phthalate €50
Dimethyl phthalate cen
Benzo (b) fluoranthena <50
Acenaphthylans %0
Benzo {a) anthracsna <%0
Benzo (g,h,i) psrylane 100
Chrysane <50
Fluoranthane %
Indeno (1,2,3=-cd) pyrena <100
Phenanthrane : %N
Acenaphthens ¢350
Anthracene <50
Benzo (a) pyrena <50
Benzo (k} flouranthene <100
Dibenzo (a,h) anthracenas <100
Fluorene <50
Naphthalene <50
Pyrane 28N I
Chromium <2
Iron 19
Manganase 5. 57
Copper Jaihn
Zinc 26
Nickel &
lumber of samples ) VA -

* ranges and medians for crjanics are in parts p-: b;ll;aw tp?b)
** randgas and madians £o~ rafals are 1n parts per ni e

ra

(%)



Concantrations of ccntam;nants in

werhader

sample date mau sample dace
Contaminant range | median|range | medianjrange| median
Sample Data 12/08/87
Aldrin ¢S
o - BHC ¢S
Atrazine ¢l0
p - BHC S
4 = BHC (Lindana) <3
Chlordane [ 46-400 72
4,4' - DDD ¢S
4,4' - DDE <5
4,4' - DDT <S
Diazinon <10
Dieldrin <5
Endrin s
Ethyl parathion <10
Heptachler <;r
Heptachlor epoxida <%
Linuron <10
Malathion <10
Methyl parathion <10
Toxaphene <50
Trifluraline <10
PCB's (total) 94-680 o8
Butyl benzyl phthalate 2100
Dis-n-octyl pathalate 2200
Bis (2-sthylhexyl) phthalata| .soq
Di=-n-putyl phthalate €100
Diethyl phthal::e <50
Dimethyl phthalate
Benzo (b) fluoranthena <50
Acenaphthylenas <50
Benzo (a) anthracaria <%0
Benzo (g,h,i) perylena <190
Chrysens ¢85
Fluoranthene <%0
Indeno (1,2,3-cd) pyrane <100
Phenanthrens =0
Acenaphthane <8N
Anthracene ¢
BEenzo (a) pyrens ot
Benzo (k) flouranthens een
Dibenzeo (a,h) anthracens i
Fluorens c<n
Napnthalene cen
Pyrene <50
Chromium 5
Iren -1 u
Manganese o 2
Copper 1
zine A
Nickel m 5
Number of samples

** ran

es and medians for =ne

ranges and medians for organ;cs are .n_parts
3 als are 1n

parts pe

er h
mil

11 an (pgb)
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Concantrations of contam.nant:s in ta parch

m Ilnpll date sample date
| centaminant range | medianjrange | medianjrange| median
Aldrin <5 <3 <l
a - BHC <S <S <1
Atrazine <10 <10 <10
p - BHC <5 <5 <1
4 = BHC (Lindane) <5 (& <l
I chlordane 290 290 ¢<500-¢50 <200 | <10-295 117
4,4' - DOD [$] <5 <1
4,4' - DDE <5 <5 <l
4,4' - DOT <5 <5 <l
Diazinon <10 <10 <10
Dieldrin 5 5 ¢]
Endrin c5 <5 <]
Ethyl parathion <10 <10 <io
Heptachler <5 <8 — 3 <
Heptachlor epoxide e re) <1
Linuron <10 <10 <10
Malathion <10 <10 <10
Mathyl parathion <10 <10 <10
Toxaphens <50 _<50 <10
Trifluraline <10 <10 <10
PCB's (total) - 208-708 255
Butyl beanzyl phthalate <100 <100 _ el
Dis-n-cctyl phthalate <500 <500 <1
Bis (2-ethylhexyl) phthalate €500 <300 <10
Di-n~butyl phthalate <100 <100 <1
Diethyl phthalate <50 __ <%0 ¢]
Lgipothyl phthalatas <50 <1
T ——ee
Benzo (b) fluoranthene <50 <50 <l
Acenaphthylene e <%0 <]
Benzo (a) anthracene <50 <50 <l
Benzo (g,h,i) perylens <100 <100 2
Chrysene 50 ¢80 ¢l
Fluoranthens ¢s0 <50 <1
Indeno (1,2,3~cd) pyrens 100 100 <7
Phenanthrens %0 L ¢1
Acenaphthene <50 <30 <l
Anthracens c=0 €50 al
Benzo (a) pyrene €M £E0 £1
Beanzo (k) flouranthene <50 <100 <l :
Dibenzo (a,h) anthracene o] 100 <2
Fluorens <350 <50 <l
Naphthalane ctn 250 21
Pvrene <50 <50 <1
Chromiunm <5 <2 <2
Iran 9 10-58 14 8-19 i
Manganese <2 <2-78 12.5 -9 1.3
Caopper i 2-12 2.5 1-2 1
Zine 6 10-45 21,5 12-21 8
lickel ¢ : Su 5 ¢ e
raunh.r of samples t H 8

* ranges and medians for org anics are in parts
ians for mat a.ls are 1n parts pe

*= rangas and mad

AT RED



Concentrations of contaminants in

Yallow Pearch
=

sanple date

sanple datas

sarple date |

| contaminant range | median range | median range | median |
Sample Data 12/08/87 04/11/88 08/01/88
Aldrin <5 <3 <1
a - BHC <5 <3 <t
Atrazine <10 <10 <10
» - BHC ¢S <5 <1
¢ = BHC (Lindana) <5 <5 <l
Chlordane A1-89 85 -r ¢l 35
4,4' - DDD % 5 <1
4,4' - DDE <5 <5 <1
4,4' - DOT ¢ o] <l
Diazinon 10 <10 <10
Dieldrin <5 ] <l
Endrin <5 <5 <1
Ethyl parathion <10 £10 <10
Heptachlor ¢5 <3 <l
Heptachlor epoxide <5 ¢S <l
Linuron <10 <10 <10
Malathion <10 <10 <10
Mechyl parathion <10 210 <10
Toxaphene €50 50 <10
Trifluraline <10 <10 <10
PCB's (total) 310-360 333 ¢50-450 310 183
Butyl benzyl phthalate <100 <100 <l
Dis- n-octyl phthalate <500 <500 <l
Bis (2-ethylhaxyl) phthalata <500 <500 <10
Di-n-butyl phthalate <100 <100 <1
Diethyl phthalats <50 <50 ¢l
Dimathyl phthalats <50 <50 <1
Senzo (b} fluoranthene <50 <50 £l
Acenaphthylens <50 <50 <l
Benzo (a) anthracens <50 <50 3!
Benzo (g,h,i) perylene <100 <100 <2
Chrysene <%0 <%0 <l
Fluoranthena <50 <50 <l
Indeno (1,2,3-cd) pyrene 100 <100 <2
Phenanthrane &N <50 gl
Acenaphthene ¢&n <50 <1
Anthracene 250 <50 <1
Banzo (a) pyrene exn <30 <1
Benzo (k) flouranthena etn <50 <1
Dibenzo (a,h) anthracene 1n0 <100 <2
Fluorens en <50 <!
Maphthalene 50 <50 <1
Pyrana en 50 el
Cnromium ot ¢2 <2
Iron Fefl 7 19=131 i3 57
Manganese ¢2 ¢2-1% B 4=B
Copper el 2-% 3 <1
Zinc 5. E_ 1i=30 -2 10
Nickal & c% <2
Number of samplaes ) l

x
x

* rangeas and madians for me

%
ranges and medians for org:?icgvg:gnigagggtsagar birllion fp?hi

millian (ppm
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Concentrations of contaminants in

DLiUR LIAD

et e,

sample date

sample date

sample data

1

|_E?ntaminant range | medianjrange| medianjrange| media-
sample Date 4/87 =
Aldran s
@ ~ BHC s
Atrazine <10
p - BHC o5
1 = BHC f(Lindanea) s
Chlordane = ¢50-160 <50
4,4' - DDD <5
4,4' - DDE ¢s
4,4' - 0ODT <S
Diazinen <10
Dieldrin S
Endrin ¢
Ethyl parathion - <10
Heptachlor ¢S
Heptachlor epoxide <5
Linuron <10
Malathion <10
Methyl parathien <10
Toxaphene <50
Trifluraline ¢10
PCEB's (to%al) <10-200
Butyl benzvyl phthalate <100
Dis-n-actyl phthalate €500
Bis (2-ethylhexyl) phthalate <300
Di-n-butyl phthalate <100
Diethyl phthalata <50
Dimethyl phthalate %0
Benzo (b) fluoranthene €50
Acenaphthylene <50
Benzo (a) anthracena <%0
Benzo (g,h,i) perylene <100
Chrysane <%0
Fluoranthane <%0
Indeno (1,2,3-cd) pyrena <100
Phenanthrena <50
Acenaphthene <50
Anthracene <50
Benzo (a) pyrene <50
Benzo (k) flouranthene <50
Dibenzo (a,h) anthracena <100
Fluorens <50
Naphthalena i ¢S0
Pyrene [ <50
Chromium ¢S
Iren 11-22 12
MARgarena 152.214 162
Copper 1s_:3 9
zinc 1 2060 49
Nickel ! s
Number of sanples ! N

* ranges and madjians for orgg?écf_:rzniga drie per.d

+* ranges and medians for me

arts Ter billian

lon {

ppRY
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Appendix C: (cont.)
Concentrations of contaminants in _ Polychedtes

mm—data sample date
| Contaminant range | medianjrange | medianfrange| median
Sample Date 04/11/88 i B
== ====T ———
Aldrin <5 ;
a = BHC <5
Atrazine <10
p - BHC v <5
s = BHC (Lindane} <
Chlordane <%0
4,4' - DDD et
4,4' - DDE <5
4,4' - DOT s
Diazinon 10
Dieldrin 2%
Endrin %
Ethyl parathion VR
Heptachlor <5
Heptachlor epoxide et
Linuren SV
Malathion <10
Methyl parathion <10
Toxaphene <50
Trifluraline <10
PCB's (total) <10
(Butyl benzyl phthalate <100
Dis-n-octyl phthalate <3500
Bis (2-ethylhexyl) phthalate <500
Di-n=-butyl phthalatas <no
Diethyl phthalate <30
Dimethyl phthalate <50
e — e
Benzo (b) fluoranthena <50
Acenaphthylenas ¢:0
Benzo (a) anthracens <50
Benzo (g,h,i) perylens <100
Chrysene <50
Fluoranthens <20
Indeno (1,2,3=-cd} pyrene <100
Phenanthrenas <50
Acsnaphthene <30 .
Anthracena <0
Benzo (a) pyrene <30
Benzo (k) flouranthene ¢ 00
Dibenzo (a,h) anthracene < N0
Fluorene <0
Naphthalens <33
Pyrene i
Chromium — 1 <<
Iron 1.3
Manganese 17
Copper 4
Zinc 3
Nickel 1N
Number of samples H 1 264

. nd m ans for orgJanics a-a .~ parts per bi_..on (npb)
-r E:gg:: :ﬂd qzﬁ%,ne far negnls arge :n oartes pe> mi.l.on (pph?



Concentrations of contaminants in

Hudcrab

sample date samplae date sample date
| Contaminant ranqc| median ranqa‘ median ranqe[fmedian
Sample Data - 08/01/88
Aldrin <1
a - BHC ¢l
Atrazine 10
p ~ BHC <l
1 = BHC {Lindane) ¢1
Chlordane S
4,4' - DOD <1
4,4' - DDE <1
4,4' - DDT ¢l
Diazinon <10
Dieldrin ¢l
Endrin ¢l
Ethyl parathion 1 <10
Heptachlor ‘1
Heptachlor epoxide <1
Linuron <10
Malathion <10
Methyl parathion <10
Toxaphaene <10
Trifluraline <10
PCB's (total) _<JQ
Butyl benzyl phthalatas <l
Dis-n=-octyl phthalata ¢l
Bis {2-ethylhexyl) phthalate <10
Di-n-butyl phthalate <l
Diethyl phthalate <l
Dimethyl phthalate ¢
Banzo (b} fluoranthene <}
Acenaphthylena ¢l
Benzo (a) anthracene <1
Benzo (g.,h,i) perylane <2
Chrysene ¢1
Fluoranthsne ¢1
Indeno (1,2,3-¢d) pyrane <2
Pheananthrens <1
Acenaphthene <1
Anthracene <1
Banzo (a) pyrens ¢l
Benzo (k) flouranthane <1
Dibenzo (a,h) anthracena ¢2
Fluorens <1
Naphthalene <1
Pyrene 1
Chromium s
Iron 21 €
Manganase 2004
Coppear 11
zinc 49
Nickael <5
Number of samples 1
- F3A3E3 37 RIAHRE EOF EATATEATInDaBiItReB'RiTHEA"TosRPY 263



Concentrations of contaminants in Hacama S
L sanple date | sample date | sample dats |
[ centaminant range | medianjrange | medianjrange| median
Sarple Date 12/7/87 L/LL/88 8/1/88
Aldrin <5 [$-] <1
a - BHC <5 <5 <1
Atrazine <10 <10 <10
p - BHC <5 <5 <1
1 = BHC (Lindane) <5 <5 <1
—
Chlordane <50 ¢50-62 <5 23-28 25.5%
4,4' - DDD <5 (] <1
4,4' - DDE <% [$] <1
4,4' = DDT ¢S ¢S <1
Diazinon <10 <10 <10
Dieldrin ¢S <5 <1
Endrin < <5 ¢S <1
Ethyl parathion <10 <10 <10
Heptachlor ¢S (4] <1
Heptachlor epoxide <5 <S el
Linuron <10 <19 <10
Malathion ¢10 <10 <10
Methyl parathion <10 <10 . <10
Toxaphens <50 <50 <19
Trifluraline <10 <10 <10
PCB's (total) 10281 45 " 10 =510
Butyl benzyl phthalate 100 <100 <1
Dis-n-occtyl phthalate <500 <500 <1
Bis (2-ethylhexyl) phthalate <500 <500 <10
Di=-n=butyl phthalate <100 <100 ¢l
Diethyl phthalate _¢s0 <50 <1
Dimethyl phthalats  ,en 250 3]
Benzo (b) fluoranthene %0 <%0 <1
Acanaphthylene <50 ¢80 <l
Benzo (a) anthracene <50 %0 <1
Banzo (g,h,i) perylane 00 <100 9
Chrysene <%0 cS0 <1
Fluoranthene P <80 <1
Indeno (1,2,3-cd) pyrens c100 <100 £2
Phenanthrena &N ¢80 g1
Acenaphthene <50 <50 <1
Anthracane cen csn ¢1”
Benzo (a) pyrene <30 <30 <1
Benzo (k) flouranthene <50 <100 <l
Dibenzo (a,h) anthracenas <100 <100 <2
Fluorane <50 <30 <l
Li.sathalene <%0 <30 <1
Pyrene <50 S350 Sl
Chromium ¢5-6 5.3 33 €2
Iron '.ﬂ)"-..% A1 feifny 70N A1SAD
Mangansse 121-133 -] 100-132 118 145-206
Copper £_7 6.5 i & El 6-8
Zinc ©--18 32.5 I 4:-70 46 29-59
Mickel e I es_.18 8 <2
Number of samples - -

. anges and medians for or
i gang.s and madians inr ne

¢

anics are in pa
als are in part

s pe:f mil

2
rts -er biiéﬁo? (gfb)

PP
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Concentrations of contaminants in
——
sampla dacte

Rang La

= e
sample date

sampla date

| contaminant range | medianfranga| medianjrange| med.an
Sample Date B 12/7/87 4/11/88 8/1/88
Aldrin <5 <5 <1
a - BHC <5 <5 <1
Atrazine <10 <10 <10
» - BHC <5 ¢S <1 =3411
1 = BHC (Lindana) <5 <5 <l
Chlordane <50 ¢500-5 <50 ¢10-2000 <10
4,4' - DDD <5 <5 £
4,4' - DDE ¢S <5 <1
4,4' - DDT '] <5 <1
Diazinon <10 <10 <10
Dieldrin ¢S [+ <1
Endrin <3 <3 <1
Ethyl parathion <10 <10 <10
Heptachlor ¢S i_- ¢5 <l
Heptachlor epoxida <s T Y <1
Linuron <10 <10 <10
Malathion <10 <10 <10
Methyl parathion <10 ¢10 <10
Toxaphene <50 <50 ¢10
Trifluraline <10 <10 <10
PCB's (total} o <42
Butyl benzyl phthalate <100 <100 <l |
Dis-n~octyl phthalata <3500 <500 ¢l
Bis (2-ethylhexyl) phthalate <300 <200 _ ¢10_
Di-n~-butyl phthalate <100 ¢ !OQ 1l
Diathyl phthalats <350 <50 <1
Dimethyl phthalate <l
Benzo (b) fluoranthene <50 i <%0 ¢l
Acanaphthylens <30 <50 ¢l
Benzo (a) anthracene <50 <%0 <1
Benzo (g,h,i) psrylene <100 <199 2
Chrysens | <30 <50 <l
Fluoranthsne <50 50 ¢l
Indeno (1,2,3~cd) pyrane <100 <100 9
Phenanthrene <50 <%0 ¢1
Acenaphthene %0 /50 ¢l
Anthracens <30 <30 3
Benzo (a) pyrena <50 <50 <l !
Benzo (k) flouranthenas <50 <100 <1 |
Dibenzo (a,h) anthracars <100 <100 <2 o
Fluorene en Pas) 21
llaphthalenas <50 <50 <l
Pyrnn.__ e <50 <50 <1
Chromium m S 8 1 <2
Iron 13=290 124 48=132 87 W#8=400 Jif
Manganese j 1-123 17 19-116 &4 8- 49 p 3
C2pper | <1-3 o =25 8| 2- &
Zinc I 2-i6 9o 2-22 9 13-75%
‘iickel | <5-9 5 o <3inld M <2.il

'umber of samples

12

>

7
~»nges and redians (or Organics ara in parts per billion (pyb)
= sanGes anc redians for mefals are in parts per mill.on (ppa



Concantrations of contaminants in _Apphfpoda
i s P e T

sample date sample dats sample date
Contaminant range | medianjrange| median rarge | madian
Sample Date 12/07/87 04/11/88 Qa/Ql/gm
Aldrin <G
@ = BHC <5
Atrazine <10
» - BHC <5
¢4 = BHC (Lindane) s
Chlordane i <50
4,4' - DDD s
4,4' = DDE s
4,4' - DDT s
Diazinon <10
Dieldrin s
Endrin d <5
Ethyl parathion <10
Heptachlor <5
Haptachlor epoxide 5
Linureon <10
Malathion <10
Maethyl parathion <10
Toxaphena <50
Trifiuzaline <10
PCRA's (tortal) 14
Butyl penzyl phthalate <100
Dis-n-octyl p..Litlate <500
Bis (2=-ethylhexyl) phthalata <500
Ui-n-butyl phthalata <100
Diethyl phthalate etn
Dimethyl phthalate <0 |
Benzo (b) fluoranthens c€n
Acanaphthylena %0
Benzo (a) anthracene <0
3enzo (g,h,i) perylane <100
Chrysene Sen
Fluoranthane <50
Indeno (1,2,3-cd) pyrane <1§9
Phananthrene <50
Acenaphthane <%0
Anthracens <50
3enzo (a) pyrsne <50
3enzo (k) flouranthens <100
Dibenzo (a,h) anthracens <100
Flucvsne <50
taphthalane <%0
Fyrens 50
Chromiun N/A <k N/A
S=pn . 146 N/A
¥anganesae N/A 14 N/A
Copper MA 9 N/a
Zine N/A 9 N/A
tickel Ny <10 N/
~umber of samples 1

* ranges anc¢ -—ecdjans for orcanics are in parts per billion ‘E?b,
*= ranges and medians for mctals are in parts par milZ.on (pp
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1
Concentrations of contaminants in _Cyaothura

sanmple date

sample datas

sample cdate

| contaminant ranga | medianirange | median{range| median
Sampls Date 12/7/87 /11 /A8 _R/] /a8
Aldrin <5 <5 <1=197
@ - BHC <S 3] <1
Atrazine <10 <10 <10
p - BHC <5 <5 <l
1 = BHC (Lindane) 8 s ¢l
Chlordane <%0 ¢100-110 65§ ¢10-83000 |
4,4' - DDD <% Fa. ¢l
4,4' - DDE <% ¢S ¢l
4,4' - DDT <5 <s <l
Diazinon fan <10 <10
Dieldrin <5 <5 <1
Endrin ¢c® ¢S <l
Ethyl parathion 10 210 e1n
Heptachlor ,< ‘% 1l
Heptachlor espoxide % % e el
Linuron 10 ¢<l0 <10
Malathion <10 <10 £10
Methyl parathion <1§ <l0 <10
Toxaphesne <50 <50 <10
Trifluraline <10 <10 <10
PCB's (total) [ali] <10 (4 1
Butyl henzyl phthalata <100 <100 <]
Dis-n-octyl phthalate <500 <500 ra
Bis (2-ethylhexyl) phthalata <500 <500 ¢10
Di-n~-butyl phthalats <100 ¢100 ¢l
Diethyl pnthalata <50 <50 ¢l
Dimaethyl phthalate &0 LTt} ¢1
Banzo (b) fluoranthena <%0 <%0 ¢1
Acanaphthylens <%0 <50 <]
Benzo (a) anthracene <50 <50 ¢]
Benzo (g,h,i) perylaene <100 <100 <2
Chrysana ¢50 <50 <l
Flucranthene <50 <50 <l
Indeno (1,2,3~cd) pyrena <100 <100 <2
Phananthrane <% <50 <1
Acanaphthaena <50 <350 <1
Anthracane <0 <%0 ¢l
Benzo (a) pyrens <50 <50 £1
Benzo (k) flouranthena <50 <100 ¢1
Dibenzo (a,h) anthracane <100 <100 ¢2
Fluorane cen 2580 £l
Naphthalena <%0 <50 <l
Pyrens <50 <50 <1
Chromium {5 <2=<20 10- 20 15
Iren 96-131 64.5 67-380 306-720 498
Manganese 28=47 37.5 25-3B80 222-920 182
Copper 18-19  18.9% 17-90 20~ 44 285
Zinc 23-26 24,5 23-140 59-140 93.°
Nickel . $5-¢50 g

Number of sazples

2

** ranges and -adians for ma

6 6
. d nmedi £ r ics are arts per billion D)
r“"g" it s J T E:Escare Lnlgagts png mllt (E?

on (pp

966.5
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Cencentrations of contaminants in Sediment

Mtn sample date
[ Contaminant ranqc]_nndian rlnqc] madian ranqc] madian
Sample Data 11/03/87 04/12/88
Aldrin <1 <1
@ = BHC ¢l ¢l
Atrazine <l <l
» — BHC el ¢l
4 = BHC (Lindane) <1 <1
Chlordane . <10 <10
4,4' - DDD ' <l ¢l
4,4' - DDE ¢l ¢l
4,4' - DDT <l <l
Diazinon <10 <10
Dieldrin g <
Endrin <1 e
Ethyl parathion ¢10 <10
Heptachlorx 1 <l
Heptachlor epoxide <1 <
Linuron <10 <10
Malathion <10 <10
Methyl parathion <10 <10
Toxaphena <10 <10
Trifluraline <10 <10
PCB's (total) <10 <9
Butyl benzyl phthalate <%0 <%0
Dis=-n=-octyl phthalate <50 %0
Bis (2-ethylhaxyl) phthalate <0 <50
Di=-n=-butyl phthalate <50 <50
Diethyl phthalate <%0 ¢80
Dimethyl phthalate Y %0
Benzo (b) fluoranthene <%0 <%0
Acenaphthylene =0 <0
Benzeo (a) anthracena <n cen
Benzc (g,h,i) parylene <50 <30
Chrysena <S50 <%
Fluoranthena 0 cen
Indeno (1,2,3-cd) pyrene =0 e%n
Fhenanthrene e cen
Acenaphthene %0 cen
Anthracene T %N
B8enzo (a) pyrene cen cen
Benzo (k) flouranthsne <50 otn
Dibenzo (a,h) anthracens 50 <%0
Fluorene <0 %N
Naphthalene <0 <N
Pyrene cxn T
Chromium
Iron
Manganese Frne
Copper Environmeng Section
Zinc Project 11
Nickel b
Number of samples 10 l 10

* ranges and medjans gar erganics are in garts tr_billion fprb)
s :anges and medians for mefals are in patkts per mill:i-n (pph

3



Appendix D: Graphics of Contaminants in Selected Species
Hart-Miller Island Exterior Monitoring Program

1987-1988

Legend: Contaminant graphs

spcode = species sampled
param = parameter tested
8 = below detection limit

* values greater than 1000
dates are displayed in the format YYMMDD
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