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Executive Summary

The urban bay approach Is proving to be effective In solving chemical
contamination problems 1n Puget Sound. It is action-oriented. It uses
existing data to Identify problem areas and begins to control sources
contributing toxics early on. Control actions include inspections,
Issuing and revising permits and orders, enforcement actions, and
Installation of best management practices. It has a geographic,
problem-oriented focus. Work plans are developed for urban bays where
sources of toxic contamination are concentrated, and the critical problem
areas within these bays are addressed first. All program authorities,
including water quality, RCRA and Superfund, are used as needed to
effectively control sources. The success of this urban bay approach,
however, requires a commitment to action on the part of the state. Its
focus on sediment contamination, toxics control In permits, and toxics
controls for stormwater runoff puts it in the forefront of the
application of emerging state and EPA policy.

Problem Identification

Urban bays are the most highly industrialized areas of Puget Sound, and
discharge and dumping of waste materials, including metals and organic
compounds, have affected the chemical quality of waters and sediments in
many portions of these bays.

Scientists from NOAA's Northwest and Alaska Fisheries Center in Seattle
have documented a high prevalence of liver and kidney lesions in
bottomflsh such as sole in urban bays. The nearshore and tldeflats area
of Commencement Bay, which serves Tacoma, a large Industrial city
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south of Seattle, was Included i.i the National Priority list of
hazardous waste Superfund sites due In part to chemical contamination
found in the sediment. Subsequent analysis of additional data In the
marine sediments in Elliott Bay off Seattle has shown equal or greater
levels of contamination for some chemicals.

These urban bays, like much of Puget Sound, support loportant
commercial and recreational fisheries. Many of these fish and
Invertebrates live In contact with the bottom sediments resulting in a
high potential for uptake of sediment-associated contaminants. There
1s public concern over the potential human health Impacts of eating
contaminated seafood, and local health departments have Issued
advisories against eating fish caught 1n certain areas near urban
centers.

Industrial pollution Is the major source contributing to the
contamination in the urban bays, but the pollution does not always come
from a pipe. Twenty-seven NPDES-perraitted sources discharge to
Commencement Bay that Include two sewage treatment plants. In Elliott
Bay there are also 27 permitted sources but they are limited to
fugitive emissions of sandblasting material from shipyards, cooling
water, and stormwater. AH other industrial wastewater is discharged
to Seattle Metro's sewer system and Is subject to Metro pretreatoent
permits.

There are also numerous unpermitted sources adding contaminants to the
urban bays including combined sewer overflows (CSOs), storm drains, and
small dischargers. Improper management and storage of hazardous
materials on Industrial sites can cause contamination of surface and
ground water flowing from the site. Studies of Commencement Bay
indicate that there are over 425 drains, pipes and seeps that are
potential pollutant sources within that bay alone.

The Information on pollutant loading and location of sources is far
from complete. In many cases existing data allow for only Incomplete
Identification of Inputs or loading. Nor is effluent data sufficient.
Contaminate concentrations 1n the particulate portion of the effluent
may be orders of magnitude higher, causing sediment contamination.
Host permits do not directly limit emissions of toxic chemicals, and
even if they did, many sources are not permitted at all. Nor is the
extent of the contamination known.

Overview of the Approach

Implicit in the urban by approach are certain assumptions. The
approach focuses on toxic contamination In sediments. Nutrients,
though a problem for certain shallow enbayments tn Puget Sound, do not
appear to be a problem Sound-wide. Toxic contamination tends to
accumulate in the sediment, and can accumulate at levels potentially
associated with adverse biological effects. These assumptions are
being further evaluated through some of the characterization studies
being funded through the Puget Sound Estuary Program.

The Urban Bay Approach 1s designed to do the following:

1. Identify and prioritize problem areas within an urban bay, using a



compilation of existing data. Areas receive a ranking of high
priority 1f they exhibit a particularly high level of chemical
contamination of the sediment, sediment toxicity, and/or biological
effects including bioaccuntulation, fish pathology and changes in
the benthos. Problem chemicals and the contaminant sources for
each priority area are identified to the extent possible with
existing data.

Identify and Implement corrective actions to eliminate known
problems J These actions are specified in an "Interim action plan"
that al so Identifies which agency has responsibility for each
action. Primary responsibility for Implementing the interim plan
rests with the Action Team located in the regional office of the
State Department of Ecology (OOE). The responsibility of the
Action Team Is to control or eliminate sources of toxic
contaminants In a timely manner through negotiation with
responsible parties, permitting mechanisms, or compliance orders.

Identify major data gaps and design a sampling and analysis plan to
supplement the existing data base in terms of location and extent
of contaminated areas In the urban bay being studied, and to ensure
adequate Identification, prioritization and characterization of
pollutant sources.

4. Conduct sampling and analysis to fill major data gaps.

5. Revise the schedule of actions in light of any new Information
obtained through the sampling and analysis. Issue a revised, more
complete Action Plan.

6. Initiate additional actions to resolve the remaining problems,
including remedial actions. State and local agencies have primary
responsibility for Implementing the action plan.

Identification and Prioritization of Problem Areas

The decision-making process to evaluate toxic contamination problems
follows seven steps:

* Characterize sediment contamination, sediment toxicity, and
biological effects

* Quantify relationships among sediment contamination, sediment
toxicity, and biological effects

* Apply action levels developed from these relationships to
Identify/prioritize problem areas

* Identify suspected problem chemicals 1n high priority areas
* Define to the extent possible the spatial extent of problem areas
* Evaluate sources contributing to problem areas
* Evaluate, prioritize, and recommend problem areas and sources for

corrective and/or remedial action

Potential problem areas are evaluated using several indicators of
sediment contamination and biological effects. When the results of
these independent measures corroborate one another (i.e., there is a
preponderance of evidence), a problem area Is defined. There oay be
special circumstances where a single Indicator may provide the basts
for recommending source control and corroboration is not needed.
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It is assumed that adverse effects are linked to environmental
conditions resulting from source emissions and that these links may be
characterized. Relationships between sources and effects are
quantified where possible, for example, by correlations between
specific contaminant concentrations and the occurrence of adverse
biological effects for a given area. Direct cause-effect relationships
in the sense of laboratory verification studies are a research need and
are not within the scope of the Urban Bay studies.

The primary kinds of data used In the decision-making process are shown
in Table 1. Although many other variables are evaluated throughout the
decision-making process, those shown in the table form the basis for
problem Identification and priority ranking for the Interim work plan.

Each type of data is needed to help identify and prioritize problem
areas, and only that data which Is needed is collected. All recent
data for the subject bay is reviewed by the contractor and that which
meets quality control criteria are used in the Initial analysts. Study
areas exhibiting high values of environmental Indicators relative to a
reference site (i.e., "clean" area remote from urban centers) receive a
ranking of "high priority" for evaluation of pollutant sources and
remedial action.

TABLE 1 PRIMARY KINDS OF DATA USED IN PROBLEM
AREA IDENTIFICATION AND PRIORITY RANKING

GENERAL CATEGORY
VARIABLES

Pollutant Source

DATA TYpT"

Industry Type
Mass Emissions

Habitat Condition Sediment Quality

Indigenous Irgan
Isms

Toxicity

Bloaccumulatlon

Benthic Community
Structure

Fish Pathology

Acute Lethal

SPECIFIC TBuTCATOR

Pollutant Concentrations
Discharge Flow
Chemicals used or
manufactured

Pollutant Concentrations

Contaminant Concen
trations in Tissues
of English Sole
and Crabs

Total Abundance
Species Identification
Species Richness
Dominance
Aaphipod Abundance

Prevalence of Liver
Lesions
In English Sole

* Amphlpod Mortality



To rank areas based on observed contamination effects and to evaluate
the relative magnitude of these effects, a series of simple indices has
been developed for each toxicologlcal and biological effect category
(i.e., sediment toxicity, bioaccumulatlon, pathology, and benthic
community structure). The Indices have the general form of a ratio
between the value of a variable at a site in the urban bay being
studied, and the value of the same variable at a reference site. The
ratios are structured so that the value of the Index increases as the
deviation from reference conditions Increases. Thus, each ratio is
termed an Elevation Above Reference (EAR) index. These are organized
into an "Action Assessment Matrix" which is used to compare study areas
or "hot spots". Problem areas are ranked according to the number of
indicators that are elevated from reference conditions and the
magnitude of the elevation (Tetra Tech, 1985).

Interim Action Plan

Having Identified and prioritized the problem sites within an urban
bay, the next step is to develop the schedule of short-tern (interim)
actions to address the highest priority problems. Before the interim
action plan is developed, the contractor summarizes in a report the
ongoing activities and plans of agencies presently Involved in solving
problems of toxic contamination 1n the bay being studied. By also
Identifying gaps in existing activities and plans, this report serves
as a guide for Improving current regulatory and management activities,
and for developing new ones.

Development of the Interim Action Plan

The schedule of actions Included in the Interim Action Plan are
identified and agreed to by the agencies responsible for implementing
the plan. The Interim Action Plan Is unique in its approach to
controlling contamination, in that Its development brings many
regulatory and management organizations together in an Interagency Work
Group to take coordinated action to address particular problem areas
and specific sources of contamination. In a series of meetings,
representatives of the various agencies, including cities, county
health departments, municipal sewer agencies, the state Department of
Ecology, the Corps of Engineers, and the port authorities evaluate data
for each site, identify potential sources, review existing plans and
agree to a strategy of corrective actions. A citizens' advisory
committee, consisting of representatives of all environmental,
neighborhood and user groups, is also actively Involved in development
of the plan.

The type of actions Included In the Interim Action Plan are shorter
tern and focus on enforcement activities and field work. For Elliott
Bay these include:

1. Inspections: Over 73 compliance inspections have been conducted in
the priority problem area of the Lower Duwamtsh and Harbor Island.

2. Enforcement actions. 22 enforcement actions have been Initiated.
Some of these are to require more monitoring data from permittees,
some are for noncompliance of existing permits, some are for
discharging without a permit.
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3. Permitting. S permits are being written for previously
unidentified, non-permitted sources. 4 companies are going to a
recycling system to eliminate discharge and the need for a permit.

4. Modification of permits. 12 permits are being modified, tightening
monitoring requirements, adding requirements for stormwater runoff,
including BHPs for industrial processes such as drydocks.

Implementation of the Interim Action Plan: the Action Team

Carrying out the Interim Action Plan Is the primary responsibility of a
team of personnel located in the Regional Office of the Washington
State Department of Ecology. For Elliott Bay, this "Action Team" has
focused initially on the Duwamlsh waterway where the priority hot spots
and the heaviest industrial development are found. Moving up the
waterway, for each hot spot they list all possible sources, and
determine which are permitted. Site Inspections are done on all
facilities to determine If they are complying with their permit and to
check for Illegal discharges. Permits are reviewed and stormwater and
other controls are added if needed. Unpermitted facilities are
required to obtain permits 1f they are found to be sources of pollutant
discharges.

If necessary, a warning letter Is sent specifying what the facility
needs to do to correct any problems. Administrative orders are used to
get the facility Into compllance, and can Include a penalty. If a site
is contaminated, the Action Team will attempt to get the facility to
clean up the site using whatever authority 1s available through state
law or local ordinances* If all else fails, they will turn it over to
the state Superfund program.

Enforcement and permit responsibility for all environmental programs
under Ecology Is located within the regional office, and there is close
coordination between the members of the Action Team and other regional
enforcement staff. This coordination enables them to bring to bear
whatever program authority 1s applicable to addressing each hot spot.
It Is an efficient approach - Instead of several inspections, they do
one, and Instead of several different enforcement actions, they can
combine them Into one.

The coordination extends beyond Just Ecology. The Action Team has a
close working relationship with the water pollution control and
industrial waste sections of the local sewer utility, Seattle Hetro.
Hetro's assistance Includes data-gathering, joint inspections, chemical
analyses of samples, site cleanup projects, and Metro enforcement
actions for companies violating municipal discharge requirements.
Ecology and Hetro staff meet on a monthly basis to discuss enforcement
activity and coordinate future site Inspections.

Development and Implementation of the Sampling Program

The objective of the urban bay sampling program is to fill major data
gaps In order to better define toxic hot spots, identify associated
sources, and prioritize problem areas and sources for control actions.
Sampling stations for each study component are positioned to fill gaps



In spatial coverage of previous studies, and to provide
characterization of pollutant sources. Each study component provides
data for a specific environmental Indicator (e.g., sediment chemistry,
benthic infauna). The use of common sampling sites, (e.g., sediment
for chemical analyses and bioassays are taken from the same samples),
sampling methods, and sampling times is used to assure that valid
comparisons may be made between the parameters measured at each station.

Sampling and analysis of pollutant sources is also conducted. These
new data are used 1n conjunction with existing data to evaluate the
relative Importance of different sources of pollution in terms of Input
of individual contaminants (or chemical classes). When possible,
environmental Impacts are related to specific sources. CSO and storm
drain sampling are conducted to determine maximum and minimum
contaminant loadings to the waterways. The Action Team does
supplemental sampling within storm drains where necessary to trace
contamination to the individual sources.

Revised Action Plan

With the completion of the supplemental sampling and analysis, the
Interim Action Plan will be revised to reflect the additional data and
greater precision. The emphasis on early, short-term actions will also
shift to Include more long-term actions designed to eliminate sources
of pollutants. These Include the following:

Additional characterization of those storm drains and CSOs which are
sources of contamination. In Commencement Bay, for example, the City
of Tacoma. working with Ecology, Is surveying potential sources to
identify the location of toxic Inputs to specific storm and CSO
drains. As control measures are applied to each source, the drain is
monitored to track Improvements in sediment and water quality. Similar
work 1s being conducted by Metro and the City of Seattle for Elliott
Bay. Control of CSOs is required for all municipalities under state
law by the earliest possible date.

Upgrading of permits to Include bioconltoring requirements and toxics
limitations"! Under the Commencement Bay Remedial Action Plan, NPDES
Industrial source permits are being amended to require investigation of
sources of toxics within their systems. As part of these amendments,
effluent particulate matter will be analyzed for problem chemicals and
further sampling and analysis of the sediments off the facilities will
be required. In addition, a tiered approach to biotnonltoring for Puget
Sound dischargers is being developed by EPA with the Involvement of the
Department of Ecology. The btomonltortng requirements will be applied
to those permittees known to discharge toxics to priority problem areas.

Evaluation of remedial actions to clean up major sites of historical
follutton will begin. The Action Plan Is not designed to serve as a
easlbtllty study for remedial actions, but it will Include a schedule

for the evaluation of remedial actions. A remedial action feasibility
study is being done for the Commencement Bay nearshore/tldeflats area
since it is Superfund site. The work that is done there should be
transferable to other action plans. That study will evaluate different
options such as dredging and capping. It will determine if removal of
contaminated sediments Is warranted and how it can best be achieved
(Tetra Tech, 1986).
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Municipal treatment facilities will be upgraded to secondary
treatment! A number of Puget Sound utilities nave not yet attained
secondary treatment levels, but are under enforcement orders to reach
compliance with secondary treatment requirements over the next several
years.

Summary

In several ways, the Urban 9ay Approach takes a different and much more
powerful approach to environmental problem solving than many regulatory
programs.

First, it has a geographic, rather than program orientation. The
problem area is the urban bay, and specific problem sites within that
area are Identified. To address those problems, a variety of program
actions are applied. An analogy is a repairman who uses whichever of
his tools Is appropriate to his task. Those "actions" may involve
permit revisions, enforcement actions, additional monitoring or other
cleanup or remedial activities. The permits may be water penults,
RCRA, air permits, or shoreline permits. The remedial actions may be
covered under Superfund or other authorities.

Second It requires the close coordination and involvement of several
programs and agencies, at all levels of government, inese agencies
must devote staff and resources to the particular urban bay for the
strategy to work effectively. To facilitate that coordination, an
Interagency Work Group is created for each bay with representatives
from all affected agencies and governments. A citizen advisory
committee is also formed. Both groups, established at the very
beginning of the project, are actively Involved In every step of the
plan development.

Third, the Urban Bay Approach places an emphasis on taking action early
to address known problems using existing data where possible. An
interim action plan with a schedule of actions is being implemented
before the detailed sampling and analysis is completed. Essentially
the process is Iterative. A historical search and analysis of data Is
conducted first. Based on this Information, problem sites are
identified and prioritized. Corrective actions for identified problems
are proposed and Implemented. As additional data become available,
through sampling and source site Investigation, the action plan is
revised and refined. But the emphasis is placed on taking early action
to solve Identified problems.

References"

Tetra Tech. 1986. Commencement Bay Nearshore/Tideflats Feasibility
Study: Assessment of Alternatives Task 2.9. Draft final Work Plan.
Prepared for the Washington Department of Ecology and U.S.
Environmental Protection Agency. Tetra Tech, Inc., Bellevue, WA.

Tetra Tech. 1986. Elliott Bay Toxics Action Program: Initial Data
Summaries and Problem Identification. Final Report. Prepared for U.S.
Environmental Protection Agency and Washington Department of Ecology.
Tetra Tech, Inc., Bellevue, WA.



Estuarineand Coastal Management- Tools ofthe
Trade. Proceedingsof the TenthNationalConference
of The CoastalSociety. October 12-15.1986. New
Orleans.LA. Copyrightby The CoastalSociety
1987.

»aJHr-SS;^P^S™ process for a Chesapeake
BAY NATIONAL ESTUARINE RESEARCH RESERVE SYSTEM*

Carroll N. Curtis
National Oceanicand AtmosphericAdminstraoon

National MarinePollution Program Office
RocrvillcMD 20852

Maurice P. Lynch
VirginiaInstitute of Marine Science

School of Marine Science
College of William and Mary
Gloucester Point. VA 23062

Tnrrnrlnct-.inn

In 1985 Amendments to the Coastal Zone Management Act of 1972
rename the National Estuarine Sanctuary Program as the National
Estuarine Reserve Research System (hereafter referred to as the
System). In addition to the name change, the amendments place
greater emphasis on the need for biogeographic and ecologic
representation within the System, clarify the System's research
responsibilities and call for enhanced public awareness and
understanding of estuarine areas through education and
interpretation. The original intent of the System to serve as
"natural field laboratories" is still fully supported and will be
better served through the guidance given in the Amendments.

The System currently consists of 16 designated sites and
contains 253,500 acres of estuarine submerged lands, wetlands and
adjacent watershed uplands. When the System is completed, i3
completed, it will include representation from the 27
biogeographic regions which characterize the coastal zone of the
United States, including that of Alaska, Hawaii, and the Caribbean
and Pacific island commonwealths and territories- In addition,
where biogeographic regions are especially large and ecologically
diverse, the System will contain multiple site reserves-

•NOTE: Contribution 41358, Virginia Institute of Marine Science.
This project wa3 supported by Contract NA85AAHCZ112 between the
Sanctuary Programs Office, NOAA, and The Virginia Institute of
Marine Science.
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Background

The Chesapeake Bay is widely regarded as one of the largest
and most productive estuaries in the world. In the classic sense
of an estuary, the Chesapeake Bay is a drowned river valley with a
saline gradient which ranges from tidal freshwater reaches at the
fall line to near-oceanic conditions at the bay mouth. It is a
dynamic system and, because of its immense size and complex
geomorphology and hydrology, it contains a diverse array of
coastal habitats and associated biotic communities.

The Chesapeake Bay forms a separate bigeographic region under
the System's classification scheme (Clark, 1982). Because the Bay
is an interstate body of water and because the estuarine system is
so complex and diverse that it cannot be adequately represented by
a single reserve site, the states of Virginia and Maryland are
coordinating efforts to establish multiple-3ite estuarine reserve
programs. It is hoped that not only will the state programs
compliment each other in terms of site selection and management,
but that collectively the reserve sites will characterize the
entire Chesapeake Bay system.

The Commonwealth of Virginia is the first state in the nation
to design and implement a site selection process for an estuarine
reserve using the guidance contained in the 1985 Amendments.
Under an award from the National Oceanic and Atmospheric
Administration, the Virginia Institute of Marine Science (VIMS)
initiated the process in June of 1985 and by January of 1987 had
completed the first phase of the study which involved site
identification and preliminary evaluation. The next steps will
include site evaluation by a panel of regional coastal ecologists
and final site review by affected state agencies, local government
officials, landowners, and other interested parties.

The purpose of this paper is to report on the findings of the
first phase of the site selection process for an estuarine
research reserve system in Virginia. Work accomplished to date
includes the following: (1) development of a comprehensive
estuarine system classification scheme for the Chesapeake Bay in
Virginia which could be used to identify the biogeographic zones
and ecological features that should be represented in the System;
(2) expansion the System's site selection guidelines to make them
more useful for site evaluation; (3) field surveys of natural
areas in the Chesapeake Bay to identify and verify the ecological
nature of candidate sites; and (4) preliminary evaluation of each
site. Preliminary evaluation was conducted to eliminate those
3ites inappropriate for further consideration because of adverse
on site environmental conditions or current ownership which
precluded their consideration (e.g., land already owned by the
Federal government is ineligible for the reserve program). Sites
already adequately protected by State or private organization as
parks, wildlife refuges or natural areas may not be recommended by
Virginia for dual-designation as reserves, but may serve as



satellites to the reserve system, as will be explained in
following sections.

ClaaaificaUnn firhpnw npypl npmpnr

Several attempts have been to classify physical and
biological components of the Chesapeake Bay environment. EPA
(1983) divided the Bay into physical segments based on
similarities in salinity, hydrology, and turbidity. This scheme
was modified by this study to delineate nine biogeographic
subregions of the Bay: upper bay, middle bay, lower bay east,
lower bay west, tidal freshwater tributary reaches, brackish water
tributary reaches, lower estuarine tributary reaches, bay mouth,
and embayments (Fig. 1). To account for ecosystem diversity
within biogeographic subregions, a number of existing coastal
classification schemes were combined to produce a hierarchial
classification which includes coastal geomorphology (Clark, 1982);
deepwater and wetlands habitats (Cowardin et al., 1979), non-
vegetated wetlands (Theberge and Boesch, 1978), emergent tidal
wetland communities (Silberhorn, 1978), shrub and forested wetland
communities (McCormick and Somes, 1982), and deciduous forests of
the Virginia Coastal Plain (Braun, 1950). The classifications
were regionalized and served as a checklist for identifying site
characteristics to be represented in the reserve system.

ThP Rvalnat-ion Crltftria

The existing System regulations list the factor which must be
taken into consideration when selecting and evaluating candidate
sites. These factors include biogeographic and typological
representation, ecologic value, representation of an entire
ecological unit, degree of onsite disturbance, research
importance, potential for education and interpretation, and
various other management considerations. The regulations, however,
do not provide guidance in application or evaluation of these
factors (i.e., they do not constitute evaluation criteria). This
necessitated the development of evaluation criteria as part of the
site selection process. In consultation with the state of
Maryland, VIMS developed the evaluation criteria described below:

Bino-engraphic R<»prt»sf>nr«r.inn — The site is located within a
subregion of the Chesapeake Bay which is as yet unrepresented
in the multiple site reserve system for the Chesapeake Bay.

This criterion is used to evaluate the site's benefit to the
reserve system (and to the national System) based upon its
representation of a distinct biogeographical subregion within the
Chesapeake Bay. It is used to ensure that all important
biogeographic provinces are adequately represented and that there
is not duplication within the Virginia and Maryland reserve
systems.

Errnlogir Rt>pr(»a«»nr«r ion — The site represents a significant
component of the Chesapeake Bay ecosystem because of the
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Figure 1. Chesapeake Bay Segmentation Scheme used for Estuarine
Research System planning (Environmental Protection Agency, 1983) .



types of geomorphological features and biotic communities
which are found there.

Clark (1962) used the term 'typology' to refer to the
structural and biotic characteristics of a given biogeographic
subregion. These characteristics may vary within, as well as
between, areas of the same biogeographical regional type in
response to climatic or micro-environmental influences. In this
study, the elements of the comprehensive estuarine classification
scheme for the Chesapeake Bay which apply to coastal geomorphology
and vegetative structure and composition, correspond to typology.

The coastal zone of Virginia is structurally and biotically
complex. In addition to the main stem of the Bay, several types
of basins are found throughout the coastal zone, including tidal
rivers and creeks, bays, sounds, embayments, lagoons, and ponds.
Shoreline physiography is characterized by such features as
indented coasts, unindented coasts, peninsulas, spits, inlets,
beaches, dunes, cliffs, barrier islands, bay islands, submerged
bars, intertidal reefs and aquatic beds. The patterns, abundance
and diversity of biota associated with these coastal features is
influenced by hydroiogic factors such as tidal range, duration of
inundation, flushing, flooding, wave energy, circulation patterns
and salinity, and by dynamic processes such as shoreline erosion
and accretion, sedimentation, inlet migration, and island
morphogenesis. The coastal zone and waters of the Chesapeake Bay
provides habitat for a variety of animal species which are
residents or concentrate in abundance during part of the year in
the form of feeding, breeding and spawning, nursery, wintering,
resting and sheltering areas.

F.cologir; valuation — The site contributes substantially to
maintaining or enhancing the ecological quality of the
estuarine environment, as a whole, and the local environment,
in particular, as evidenced by the vital functions it
performs and the societal benefits it provides.

Under thi3 criterion, sites are evaluated according to their
importance to: food chain support; waterfowl and wildlife
utilization; water quality control and maintenance; erosion and
flood control; recreational, scenic and historical pursuits;
fishing, hunting and other consumptive uses; and other support
functions.

Naturalnpgq — The site approximates a natural ecological
unit where ecosystem processes operate relatively undisturbed
by human activities.

This criterion is used to evaluate two essential factors in
reserve selection: (1) assurance that the site encompasses an
adequate portion of key land and water areas to approximate an
ecological unit; and (2) assurance that the site is in a natural
state.
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Natural ecological units are characterized and defined at the
highest levels of the classification system, i.e., by combining
aspects of basin type, shoreline physiography, vegetative
structure and composition, and topography and drainage pattern.
Ecological units can be delineated on maps using cartographic and
photointerpretive standards and limits.

Natural state refers to a lack of disturbance from dredging,
diking, draining, filling, bulkheading, wetland conversion to
agriculture, mining, logging, transportation and utility
corridors, marians, waste disposal, residential, municipal or
industrial development and other forms of human activity that
diminish the natural environmental quality of the ecologic unit.

Research Pnt-gnt-ial — The site provides a natural field
laboratory within which natural processes can be studied over
a period of time to permit the accumulation of basic
knowledge which is essential for understanding the statics
and dynamics of the coastal region and for improving coastal
management decisionmaking.

The objective is to select sites which will serve as natural
laboratories for baseline studies related to ecosystem
characterization and environmental assessment. The goal is to
improve the scientific understanding of the coastal ecosystems and
the ability to make informed management decisions. Factors taken
into consideration in performing the evaluation include:
historical use of the site as a research station; importance of
onsite research to resolving important ecological issues (e.g.,
Chesapeake Bay water quality problem solving),- interest in the
site shown by researchers and managers; and site security and
integrity (i.e., other uses of the site are not in conflict with,
or at the expense of, research).

Rriuoar-lon PofonHai — The site provides excellent
opportunities for educating the public about the Chesapeake
Bay ecosystem.

The objective is to select sites which provide opportunities
to enhance public understanding, appreciation and wise use of the
Chesapeake Bay and its tributaries. Factors taken into
consideration in evaluating a sites value to public education
include the existence and scope of existing or proposed education
programs; ability of the site to withstand low to moderate visitor
traffic; accessibility for field trips, instructional 'hands on'
programs, or self-guided tours; and compatibility of educational
activities with research. In this study, the judgment is made
that natural, fragile, or sensitive areas are not suitable for
intensive public access or education programs and therefore the
rule to be followed in site selection is not to recommend sites
for both research purposes and public access unless the site is of
adequate size and resilience to support both activities without
major disturbance occurring.



Manao-gmgnr conaldpratH onn — The site can be acquired and
managed by practicable means.

This refers to the practicality of designating and managing a
site. The following factors are taken into consideration when
making this decision: willingness of landowner to sell land;
cost; public opinion; size and location of the site (i.e., not too
big and not too remote); and ability of the State to manage the
site with the limited financial resource available from the
national System program and the State.

Sit-o TnonrllHr-aHor,

An initial list of 113 3ites was developed from three
principal sources: (1) an inventory of inland wetlands conducted
for the Natural Landmarks program (Goodwin s Niering, 1971); (2) a
survey of natural areas of the Atlantic Coastal Plain (Center for
Natural Areas, 1974); and (3) a survey of natural areas of the
Chesapeake Bay (Jenkins et al., 1974). Virginia's coastal county
wetlands inventory reports (described by Silberhorn, 1978) and an
atlas of environmentally sensitive coastal areas in Virginia
(Rooney-Char et al., 1983) were used extensively in this study.
Supplimentary information about potential sites was obtained
through discussion with knowledgable people, review of scientific
literature, and field surveys.

Field surveys were conducted from June (1985) to December
(1986) by canoe, kayak, power boat, and foot. An aerial
reconnaissance survey was conducted in April 1986 to provide
further documentation of selected sites.

PraHminary Evaliiat-i on H«»«iilt;fl

Of the 113 sites originally identified for consideration, 77
were eliminated for one or more of the following reasons:
moderate to severe anthropogenic disturbance on the site; failure
to encompass an ecological unit; current ownership by the Federal
Government (e.g., National Wildlife Refuge or Military
Reservation); current ownership by the Commonwealth of Virginia
(e.g.. State Park, Natural Area or Wildlife Management Ara);
adequately protected under Virginia's Wetland Act; or adequately
protected by private means (e.g., The Nature Conservancy and
citizen's initiatives).

Fourteen (14) sites were found to be moderate in value,
primarily because of minor to moderate disturbance onsite, but
have not been completely eliminated because their importance in
experimental, manipulative or restoration research. They will be
forwarded to the panel of experts for final decision.

Twenty-two (22) sites were found to be of high value. These
are sites which provide excellent representation of ideal
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biogeographic and ecological conditions; are in a relatively
natural state (i.e., unimpacted by man's current or past
activities), and encompass an entire ecological unit. For the
most part, these are sites which are the least accessible to man
(such as islands, extensive marshes, and water-logged swamps) and
located in sparsely populated (rural) regions of the Chesapeake
Bay drainage (such as in the York River basin and on the Eastern
Shore of Virginia). The recommended sites are found in the
following biogeographic subregions and drainage basins: tidal
freshwater tributary segment of the Rappahannock, Piankatank,
York, and Chickahominy Rivers; brackish water tributary segment of
the Potomac and York Rivers; lower estuarine tributary segment of
the Potomac, Rappahannock and York Rivers; lower bay, eastern
shore; lower bay, western shore; and embayment of Mobjack Bay and
Tangier Sound. The only province unrepresented is the bay mouth.
The recommended sites represent a diversity of habitat types,
including marshes, forested wetlands, marsh and hummock islands;
bay islands, Delmarva (pocosin) bays; and bay bluffs.

Sat-plUfe Slfoa

During the course of this study, it was realized that many of
the sites eliminated because of current ownership pattern were the
best representatives of a particular biogeographic region,
ecological habitat or community type, or would fulfill research or
education needs because of facilities on site, ongoing programs
and/or long-term institutional commitments to these purposes.
Also, it was realized that many of the sites which are devalued
because of onsite disturbance are valuable because of their
potential for experimental, manipulative or restoration research
and mitigation. To account for areas which do not meet the
criteria for reserve selection because of ownership pattern or
less-than-natural condition, but are nonetheless important in the
overall Chesapeake Bay system, the concept of "satellite sites" to
the reserve system was developed. A preliminary list of satellite
sites has been developed. The management plan for the Chesapeake
Bay reserve system in Virginia will propose a mechanism for
coordinating management, research, and education activities
between the reserve sites in the system and a network of satellite
sites owned and operated by other entities.

Conclusions

The Chesapeake Bay region has a long history of intensive
land and waterways use. The adverse environmental consequences of
these land and water uses have surfaced in the past two decades in
the form of declines in water quality and living resource quality
and abundance. Major programs to protect and restore the
Chesapeake Bay have been idanceted, and millions of dollars have
been spent on a coordinated Bay-wide clean-up campaign. Except
for a few initiatives related to controlling agricultural and
urban nonpoint source pollution, however, the Bay program has
devoted little attention to the role of natural coastal zone areas
in the maintenance and enhancement of environmental quality and



productivity. The National Estuarine Reserve Research System
provides a unique opportunity to set aside representative natural
areas for long-term studies on how these areas contribute to and
are effected by the quality of the Chesapeake Bay system as a
whole. It also provides the opportunity to educate the public on
the values of the Chesapeake Bay system and to preserve the
remaining relict of our coastal heritage.
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This paper describes the early stages of a joint effort by the U.i.
Environmental Protection Agency, the U.S. Army Corps of Engineers,
and the Washington State Departments of Ecology and Natural Resources
to develop sediment quality values for use in Puget Sound. The study
was commissioned in response to a growing need on the part of
federal, state, and local agencies to make decisions concerning the
identification, regulation and management of contaminated marine
sediments. Recent surveys of urban and industrial embayments in
Puget Sound indicate that bottom sediments are the primary sink of
chemical contaminants. Data also Indicate that exposure to
contaminated sediments may be linked to adverse biological impacts in
marine biota, and that consumption of marine organisms exposed to
contaminated sediments could pose risks to human health.

Approach

Ideally, the development of sediment quality values would be guided
by definitive cause and effect information relating the individual
and collective effects of specific contaminants to biological effects
In a variety of aquatic species. To date, very little Information of
this type Is available and It is unlikely that It will be available
in the near future. In the interim, in the interest of protecting
human health and environmental quality, the regulatory agencies with
management responsibilities in Puget Sound must proceed with sediment
management decisions based on the best information available. This
information may be theoretically and/or empirically derived. It is
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on this premise that this sediment quality study was based.

The goals of the study were to evaluate options for sediment
management and to Identify numerical values for concentrations of
chemicals in sediments that appear to be associated with adverse
biological effects in Puget Sound. Specifically, the study
objectives were to:

Compile chemical and biological data from Puget Sound
appropriate for use in the development of sediment quality
values.

Evaluate techniques that can be used to develop chemical
specific values.

Evaluate the reasonableness of the values generated using
different techniques (i.e., their ability to identify sites with
known biological effects).

Evaluate the appropriateness of using the values in different
regulatory applications.

Evaluation of approaches to establishing sediment quality values

Eight possible approaches to establishing numerical sediment quality
values were evaluated based on (in order of decreasing Importance):

The plausibility and scientific defensibility of their
theoretical bases and critical assumptions.

The quantity of data required, and the current availability of
data that could be used to generate sediment quality values
during the project.

The range of chemicals for which the approach is appropriate.

The range of biological effects Information that can be
Incorporated into the approach.

Of the eight approaches reviewed, three were selected as the most
appropriate for evaluation In this study. Selected were the
sediment-water equilibrium partitioning, apparent effects threshold
(AET), and screening level concentration (SIX) approaches.

The equilibrium partitioning approach is based on a theoretical model
used to describe the equilibrium partitioning of nonpolar, nonionic
organic contaminants between sedimentary organic matter and
Interstitial water. A sediment quality value generated by this
approach for a given contaminant equals the sediment concentration
(normalized to organic carbon) that corresponds to an interstitial
water concentration equivalent to the U.S. EPA water quality
criterion for the contaminant. Field data are not required to
generate sediment quality values using this approach, but are



required to validate the sensitivity (I.e., predictive ability) of
the values.

The AET approach estimates concentrations of sedimentary contaminants
above which biological effects (e.g., amphipod mortality during
bioassays, depressions in abundances of indigenous benthic Infauna)
are always expected to occur. An AET for a given chemical is derived
from matched chemical/biological data as the concentration above
which significant (p<0.05) biological effects (relative to reference
conditions) are always observed. The approach was developed for use
with any organic or Inorganic contaminant, and does not require a
priori assumptions concerning the specific mechanism for interaction's
between contaminants and organisms. AET can be developed for any
biological effects indicator that can be statistically evaluated
relative to reference conditions.

The SLC approach estimates the sediment concentration of a
contaminant above which less than 95 percent of the total enumerated
species of benthic Infauna are present. Thts approach was originally
developed and recommended for use with nonpolar organic compounds
normalized to organic carbon content in sediments. However, like the
AET approach, the SIC approach entails no a priori assumptions
concerning the specific mechanism for interactions between
contaminants and organisms, and can be used for organic and inorganic
contaminants. SLC are empirically derived from matched field data
for sediment chemistry and the abundance of individual species of
benthic infauna. Project constraints permitted the testing of this
approach for only three contaminants (napthaiene, high molecular
weight polycyclic aromatic hydrocarbons, and mercury), although
application of the approach is not considered to be limited to these
contaminants.

Generation of sediment quality values

In order to apply and evaluate the selected sediment quality value
approaches, a large database of matched biological and chemical data
was compiled. Eleven data sets were reviewed for data quality and
comparability. Of the 11 Puget Sound data sets reviewed, paired data
from 7 studies were Included in the final database (Figure 1). These
data Included recent studies In Commencement Bay (Tetra Tech 1985),
eight urban and non-urban embayments of Puget Sound (Battelle 1985),
Everett Harbor (U.S. Department of the Navy 1985), and Duwamish River
(Chan et al. 1985). Several data sets compiled by municipal
dischargers were also Included. Using the .three selected approaches,
sediment quality values were calculated for 73 individual or classes
of U.S. EPA priority pollutants and other contaminants, and 3
conventional variables (e.g., total organic carbon).

Summary of Results and Conclusions

The goal of evaluating the sediment quality values generated using
different approaches was to assess the potential use of the values
for various aspects of sediment management. In order to achieve this
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Figure 1. Location of chemical and biological samples Included
in Puget Sound database.



goal, an uncertainty analysis was conducted. The analysis included
two components: accuracy and precision. Accuracy was defined as both
sensitivity (i.e. the ability of values to correctly identify all_
stations In a large data set that are known to have adverse
biological effects based on field and lab tests) and efficiency
(i.e., the ability of values to identify only stations that actually
have biological effects). These two deTTnTtions of accuracy are
Illustrated in Figure 2. Precision was defined as the expected
variability of the sediment quality values given the particular
constraints In the design and use of an approach.

Accuracy of the sediment quality values

In general, the magnitude of the sediment quality values (I.e.,
chemical concentrations expected to be associated with adverse
biological effects) generated by the SLC approach were lower than the
corresponding AET values, which were lower than the corresponding
equilibrium partitioning values. The AET (normalized to sediment
dry-weight, organic carbon content, and percent fine-grained
material) and the .equilibrium partitioning approaches were tested
with respect to their sensitivity and efficiency, that is, the
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Fiqure 2. Sensitivity and efficiency as measures of accuracy.
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frequencies at which they correctly identified impacted stations and
misidentifled nonlmpacted stations. Stations were designated as
impacted or nonlmpacted by Independent statistical comparisons of
biological data to reference conditions. These Impaeted/noniapacted
designations were based on four biological indicators: amphipod
mortality bioassays, oyster larvae abnormality bioassays, Mlcrotox
btoluolnescence bioassays, and benthic Infauna) analyses. A subset
of impacted stations was designated as severely Impacted based on
somewhat arbitrary criteria: greater than 50 percent amphipod
mortality or oyster larvae abnormality, or statistically significant
depressions In the abundance of more than one major taxonomlc group
of benthic infauna (Including Hollusca, Polychaeta, Crustacea). This
subset of severely Impacted stations was only used as part of the
validation check on sediment quality values, and not to generate
sediment quality values.

The 40 sediment quality values generated using the equilibrium
partitioning approach correctly Identified between 13 and 43 percent
of the impacted stations, and between 0 and 46 percent of the
severely impacted stations, depending upon the biological indicator
used for validation. The equilibrium partitioning approach
misidentifled between 0 and 67 percent of the nonlmpacted stations,
depending upon the biological indicator used for validation. Hence,
the equilibrium partitioning approach was not highly accurate nor
efficient (see Figure 2) in identifying problem sediments.

The 64 sediment quality values generated using the AET approach
(using dry-weight normalization) correctly identified between 54 and
94 percent of the impacted stations, and between 92 and 100 percent
of the severely impacted stations, depending on the biological
indicator used for validation. Corresponding AET values generated
from chemical data normalized to total organic carbon content or to
percent fine-grained material in sediments correctly identified
between 37 and 88 percent of the impacted stations, and between 62
and 100 percent of the severely impacted stations, depending on the
type of normalization, and the biological indicator used for
validation. The AET approach misidentifled between 0 and 69 percent
of the nonlmpacted stations, depending on the type of normalization
used for chemical concentrations and biological indicator used for
validation. Hence, the AET approach was highly accurate in
Identifying problem sediments, although the approach was not
highly efficient in Identifying only problem sediments (see Figure 2).

A detailed evaluation of the accuracy of the SCI values was beyond
the scope of the study, because limitations in the database
restricted generation of values to only three chemicals. It was
assumed that such a small number of chemicals could not be expected
to correctly identify all Impacted stations. Hence, a preliminary
evaluation was made only of the number of nonlmpacted stations
misidentifled as being Impacted using each of the three SIC values.
The values misidentifled between 15 and 70 percent of the nonlmpacted
stations, depending on the chemical, type of normalization of
chemical concentrations, and biological indicator used for
validation. The approach warrants further investigation.



Precision of the sediment quality values

The precision of the values generated using each approach was
estimated for selected components of uncertainty that could be
quantified. The uncertainty of the equilibrium partitioning approach
was estimated to range from less than one to six orders of magnitude
of the calculated values, primarily because of uncertainty in the
estimation of theoretical constants and the applicability of water
quality criteria used in the approach. For a given set of field
data, the uncertainty of the AET approach was estimated to range from
much less than one to two orders of magnitude of the values
generated, primarily because of potential misclassiflcatlon of
nonlmpacted stations that are used to define the AET. A statistical
evaluation of the precision of the SIX values was beyond the scope of
the study, but has been evaluated elsewhere (Battelle 1986).

Recommended uses of sediment quality values

The sediment quality value study involved identification of a range
of chemical values that can be applied in sediment management, but
did not identify the specific values which agencies should adopt for
regulation or how these values should be used In different regulatory
programs. Interagency technical and management workgroups are
currently in the process of evaluating the ranges of sediment quality
values identified during the study and identifying specific values
for different regulatory uses in Puget Sound. The U.S. EPA, U.S.
Army Corps of Engineers and the Washington State Department's of
Ecology and Natural Resources are in the process of adopting sediment
quality values (based on application of the AET approach) that can be
used 1n combination with biological tests to regulate the open-water
disposal of contaminated dredged material. In the coming year it is
anticipated that sediment quality values will also be identified for
use as a tool In classifying and prioritizing areas for source
control and remedial action, and in establishing discharge limits for
particulates in effluent that are protective of marine sediment
quality.

Although sediment quality values are being Identified for use 1n
Puget Sound, the agencies Involved consider the values to be
interim. As additional laboratory Information concerning
chemical/biological cause and effect relationships is developed, and
as supplemental field data becomes available, recommended sediment
quality values and the approaches to establishing and using those
values are expected to change.
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YMwrtm water Pollution Control fntrsaa

In cities bordorlng estuaries sewage collection Is necessary
to prevent disease. That solution to a public health problem
becooes an environmental problem when raw sewage or Inproperly
treated effluent Is discharged into an estuary. A variety of
treatment processes exist for sewage and by careful selection
disease say be controlled. In addition the estuary say be enhanced
for a variety of uses.

The sewage collection system commonly combines the wastewater
from homes and industry with that from street drainage (EPA,
1980). At the sewage treatment plant the primary stage entails
the settling and removal of solids from the waste stream. A
secondary stage of treatment further purifies the water by
retrovirus organic material froo the water by saturating it with
air, and in cost cases, adding biologically active sludge.
Tertiary or advanced treatment techniques Include extensions of
biological treatment and physlcal-cheaical separation techniques.

Selection of the technologies has depended upon a combination
of factors. Prior to 1972 the ambient quality of the receiving
water body was the determinant of the level of treatment required
for the sewage. Individual municipalities could make progress
under this system given favorable local political and economic
conditions. However, in 1972 the Federal Water Pollution Control
Act Amendments insisted on secondary treatoent. To facilitate
this upgrade Congress appropriated over $40 billion in 12 years
(Bastian, 1966).
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The 1972 amendments clearly stated that the goal was to reduce
potentially harmful discharges from publicly owned treatment works
(POTW's) through increasing tho coverage and level of treatment.
In addition the law mandated national pollution discharge
elimination system (NPDES) permits to survey discharges and to
Impose specific requirements for different classes of Industries.
These two actions became the eornoratone of the national water

pollution control strategy. Sowage treatment at the mandated
secondary level should remove 85-90) of suspended solids and five
day BOD, 10-30% of nitrogen and phosphorous, and 15-651 of the
heavy metals from the wastewater (Mueller and Anderson, 1983). In
addition, chlorinatlon in advance of final discharge reduces the
levels of certain pathogens. Tho 1IPDES program through effluent
limitations for industry also mandates reductions in the levels of
potentially harmful materials being discharged from other point
sources.

Estuaries should be substantial beneficiaries of this national

water pollution control program. Therefore an important remaining
ouoBtlon concerns the environmental outcome of this governmental
program.

Evaluation of Program Outcome

As defined by Wholey et al (1970), "Evaluation (1) assesses
the effectiveness of an on-going program in achieving its
objectives, (2) relies on the prlnolples of research design to
distinguish a program's effects from those of other forces working
in a situation, and (3) alms at program Improvement through a
modification of current operations." Evaluation of the
effectiveness of social programs began with consideration of Great
Soolety programs (Wholey, 1970), and tha methodologies for these
analyses continue to evolve (Hoole 1978, GA0 1983, Rutcan, 1984).
Ultimately they rely on the identification of program goals, the
Instruments to achieve them, and some measurement of results. The
analysis Is structured to suit the speolflc question, and the
results are tempered with statistical techniques to Insure that
appearances are indeed reflected in objective measurements.

The focus on program outcome is an important one to
emphasize. Outcome emphasizes actual changes achieved to reaoh
the goal desired as opposed to intermediary measures or outputs.
In the terms of estuarine management a program cutout may be for
example a regulation, the number of permits processed, or an
allocation of funds. An outcome In an estuarine program is an
Improvement in water quality brought about by governmental
aotlon. Using the quasi-experimental methodology to discern the
effectiveness of governmental actions is the subject of this
discussion.

What In A OunHl-eTPariment?

A quasi-experioent is one that does not include all the
components of an Ideal experiment. An Ideal experiment in the
natural scienoes will have several elements (Caporaso, 1971).
They include a dependent variable that we wish to explain and an



Independent variable that is assumed to be causally prior to it.
Manipulation occurs when the experimenter Intentionally altera the
Independent variable. Usually there are a number of confounding
variables and rival explanations which one attempts to eliminate
through a control. Then, if repeated manipulations of the
independent variable produce changes in the dependent variable,
one concludes the Independent variable had an effect.

Social programs such as pollution control are
quasl-experlments (Roos and Bonner, 1973). One variable is
manipulated through the apparatus of government with the hope that
the desired change will ensue. The evaluation of results is
difficult because these experiments contain some but not all
elements of of the ideal natural science experiment. As a result
the task for the analyst is to design an approach that compensates
for these weaknesses and hence leads to valid causal Inferences.
The challenge is to use the logic of experimentation in situations
that do not meet all the requirements of an ideal experiment.
Primary among tha obstacles in a quasl-experlment is the faot that
the random assignment of units and the control of treatments are
beyond the grasp of the investigator. Information concerning
events that have occurred must be extracted from records that were
not necessarily kept to test the hypotheses of lntorest. The
method emphasizes improvements In design over advanced data
analysis as a means to infer cause.

For a reasonable chance of success the quasl-experlment must
Include several elements of logic that parallel those of an ideal
laboratory experiment (Caparaso, 1973). Plrst, the independent
variable must shift enough through a known manipulation to produce
a reasonable expectation of a change in the dependent variable.
Seoond, the effect of the change of tho •independent variable on
the dependent variable must go beyond that produced by chance
alone. Third, plausible rival hypotheses must be examined and
ruled out to support the case for a causal relationship.

Estuarine Pollution Control as A Ouasl-Excerlment

Governmental goals for water quality and expenditures for
instruments, the sewage treatment plants, are tho basis of the
hypothesis that sewage treatment plants reduce estuarine water
pollution. The Independent variable is the Initiation of plant
functioning and the dependent variables are amounts of pollutants
in the estuary. Testing the hypothesis requires the assembly of
pertinent, accurate data on water quality in the estuary and
possible influences on it including and beyond the cause
hypothesized. The latter can be important because the strategy of
a quasl-experlment is to identify correlation and to distinguish
correlation froi" causation (Hoole, 1978). The approach requires
the systematic testing of rival explanations before Judgements
about cause may be rendered. Ultimately the acceptance of the
hypothesized cause is dependent upon careful analysis of the
individual situation. The cause must precede the effect in time.
Treatments must covary with effects. There must be no more
attractive alternative explanations.
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These alternatives or rival hypotheses provide difficulties In
estuaries. A systematic consideration of how rival hypotheses
might affect experiments has identified four categories of threats
to validity (Cook and Campbell, 1976). Some are important in
drawing conclusions about the specific oaae at hand while the
others are important in generalizing across situations or
developing theories. Internal validity, one of the first types of
threats, conoerns whether the relationship specified actually
exists in the circumstances examined. In tho case of the estuary
no change in water pollution after the Initiation of increased
treatment would lead to questioning the hypothesis. Seoondly,
statistical conclusion validity requires examination to determine
whether the presumed impact was a statistical artifact. In the
estuary the pollution load must decrease with sufficient magnitude
bo that the change can be attributed to factors other than
ohanoe. The third type of threat, external validity, raises the
question of whether the results would be the same in a different
time or place. If for example flushing rates in estuaries vary as
they do, these ohanges in rate may substantially affect the
Influence of the plant. Finally, construct validity issues focus
on problems of generalizing from the operational measures to
theoretical constructs.

A time series design Is ono of the many that are applicable to
evaluation (Cook and Campbell 1976). Data concerning pollution In
the estuary are collected before and after the Initiation or
enhancement of the treatment plant. With this series of before
and arter measurements the question then becomes did tho event
have an effect? Subject to the constraints described earlier one
wants to know not only whether there was a change but whether it
can be attributed to the proposed cause and whether it can be
generalized to other circumstances.

Pollution has been referred to In a general manner. It will
be helpful now to look at it as specific water quality
parameters: dissolved oxygen, nutrients, metals, and bacteria.
The technology of the plant as described earlier will influence
the loading to the estuary associated with each one of these
parameters. The fate of the material we wish to observe will be
affected by physical, chemical, and biological processes within
the estuary. Conservative properties, those whose values do not
change during specified processes, are easier to draw conclusions
from than nonconservatlve properties that can be substantially
altored during a short period of time in the receiving waters.
Metals are more conservative than the other three classes which
aro rapidly Influenced by biological processes.

Assuming that a change of one of these dependent variables is
appropriately correlated with an upgrade of plant activity,
threats to internal validity must be considered. Was a decroase
in metals in the estuary attributable to a deoline in
manufacturing in tho watershed as opposed to greater effloienoy in
metal removal at the sewage treatment plant? Another data series,
the type and value of manufacturing good3 shipped, would be
necessary to examine this. Other factors suoh as population
change could have similar impacts.



Possible outcomes of the experiment give an indication of its
utility in program evaluation. Representative observations of
oxygen In estuarine bottom waters from years before and after the
institution of secondary treatment are an example. If oxygen
demanding wastes are primarily from industrial, combined sewer
overflows, or non-point sources and one or core of those sources
increases an accelerated decline in oxygen in the receiving waters
might be noted even after enhanced sewage treatment.
Alternatively, if the pollutants from sources other than the
treatment plant remain the same but are dominant the treatment
plant could have no effect and the doc line would continue.

Finally, if the plant is the appropriate response, oxygen
depletion In bottom waters might level off or, with a lag in time,
increase.

Reality is unlikely to neatly fit any one of the scenarios
described and a trend between continuing decline at the same rate
versus leveling off or increasing would provide an Interesting
challenge for interpretation. Here the use of non-equivalent
dependent variables may be useful to identify alternate causes
(Hark and Cook, 1986), Nitrates aro minimally affected by
secondary treatment. Some analyses (Freeman, 1978) indicate over
three quarters of them come from non-point sources. A series of
nitrate observations in the estuary, if not confounded by
biological activity, might clarify matters. The nitrates are a
dependent variable that should not decrease from the institution
of secondary treatment. Their increase over time could Indicate
that non-point sources are the dominant factors affecting water
quality In the estuary.

Conclusions

Future actions in estuarine management can benefit from an
understanding of the effectiveness of past programs. Thus,
program evaluation using historical data concerning the estuary in
question Is an Important aspect of management. Previous program
evaluations focused on the Impacts of government actions in social
programs have successfully used quasi-experimental analysis to
understand similarly complex problems.

The approach fccuses on experimental design in preference to
statistical manipulations. It requires an abrupt event which is
tied to the government program under consideration. A major
strength of the approach is that it forces clear statements of
program goals, program Instruments, and expected program outcomes
in the estuary. When these environmental outcomes are complex,
careful consideration of experimental design may lead to useful
evaluations. 0ua3i-experimental analysis is an intermediate
ground between a detailed natural science explanation and
evaluations based on intuition. It Is applicable to a variety or
situations, follows an experimental protocol, and, only after
considering rival hypotheses, reaches conclusions about causes.
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