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INTRODUCTION

The Gulfwatch Program incorporates some of the essential elements of a monitoring
program and it is at a good point in time to reevaluate it's goals and objectives and to more
sharply focus available finite resources on achievable goals.  This reevaluation can be built on an
extensive monitoring literature (e.g., NOAA 1991, 1997) and on the experience of other
programs (e.g., NOAA 1995)  In this review of Gulfwatch, we focus on a chemical contaminant
monitoring program but have summarized coastal monitoring in more general terms in Appendix
2.

A comprehensive monitoring program of toxic contaminants requires understanding of:
(1) the physical processes (specifically flow characteristics) that influence the 

transport of contaminants;
(2) the chemical processes that influence contaminant availability, persistence, and 

degradation in sediments and water;
(3) the long-term biological effects that result from low-level contaminant 

exposure; and
(4) the human health risks associated with toxic contaminants.

The first two aspects are important in establishing realistic exposure scenarios in space and time
and the last two aspects are important in linking ecological effects with concerns of contamination
of resources.

In designing a monitoring program for evaluating human health risks and coastal
environmental degradation, the following objectives should be considered, although not all of
them are currently included in Gulfwatch:

• Define the sources of contamination (both point and non-point sources) and determine
the degree to which those sources can be controlled. Assemble production and use data.  This
may be an extremely difficult task but if changes in contaminant inputs through changes in use
patterns, new treatment technologies, or recycling efforts are to be effective, we must begin to
understand the magnitude of contaminant inputs to coastal waters and how they may be reduced.

• Determine the persistence, degradation rates, and biogeochemical cycling of
contaminants within coastal marine sediments and the flux of those contaminants between
sediments, water, and organisms.  Obviously, this requires links to current environmental
research.

• Relate contaminant concentrations in the environment to ecological changes of concern.
• Describe variability of selected parameters in the natural system. Analytical, spatial and

temporal variability must be described in order to interpret monitoring data.
• Improve analytical methodology and sampling design so that data of the requisite quality

are generated. It is also important that a monitoring program remain flexible to incorporate the
introduction of new techniques as they become available.



• A systematic and rigorous quality control-quality assurance program must be an integral
component of any analytical program; including participation in inter-laboratory comparison
exercises.  This component is essential for the interpretation of program results.

• Data analysis and interpretation is an essential part of any monitoring program and is too
often given insufficient effort.  This step includes the translation of expensive monitoring
measurements into coherent information that is relevant to managers.

• Public assess to monitoring results on a timely basis is important and data should be
incorporated into regional and national electronic databases as soon as practicable.

Together, the above components constitute a technically sound monitoring program and
the continuous incorporation of state-of-the-art scientific knowledge into the monitoring program
design will ensure credible results.  To avoid the trap of expending effort on simple data-
collection, a well-designed monitoring program should incorporate the concept of "hypothesis
testing" common to scientific experimentation.  A specific testable question based on a resource
management issue of concern will guide the nature and quality of measurements made.  Using this
approach, monitoring measurements will only be made for variables which are relevant to address
the general question, "Will this measurement provide the data to permit a management decision?"
This approach will create an obvious link between data collection and decision making, thus
making the monitoring program more cost effective.

The kinds of testable questions to be developed fall into several categories: contaminant
characterization, input quantification, near-field, short-term effects (e.g., respiratory effects) and
far-field, long-term effects (e.g., community alterations).  Once testable questions are developed,
they are organized into a "tiered" monitoring strategy (e.g., Zeller and Wastler, 1986; NRC,
1990).  A similar approach based on measured effects has also been described by Phelps et al
(1987).

This monitoring strategy will generate only that information which is needed for decision-
making and will not resolve other questions that may arise.  It is important to avoid the natural
tendency to overuse monitoring measurements by applying them to questions that were not asked
when the data were gathered.  A well-designed monitoring program should provide a framework
within which resource management agencies can address specific management issues.  The tiered
approach to sampling and analysis encourages a conscious decision at each step (tier) concerning
stepping up to the next level of resolution (and expense).  At each point, the monitoring staff must
decide if temporal and spatial resolution is adequate to address the question asked and if data
resolution is of adequate precision for a management action.  This tiered approach will also
discourage the automatic use of expensive high-tech measurements until they are clearly needed.
Scientific uncertainty should be explicitly considered at each tier level when considering adequacy
of data in hand.

The tiered approach described is organized into a monitoring plan to be used by the
agencies now making less organized measurements of coastal contamination. In one sense, this
monitoring plan will always be evolving because we do not yet fully understand the natural
processes (physical, chemical, and biological) that control the transport, fate and effects of
contaminants in coastal systems.  Through the adoption of this approach, it will become clear  to



the monitoring program staff why each tier is a necessary base on which to build the next tier of
data of increased resolution (and cost). Initial tiers represent observational data and simple
measurements of bulk parameters. Depending on the response provided by such data to the
testable question posed, a decision will be made whether or not to continue to the next tier.
Proceeding from tier to tier will generate data of increasing resolution, accuracy and cost. Thus,
more sophisticated data will not be sought unless a specific need is identified at the preceding tier
level. Ideally, the more detailed studies required in the later tiers will be carried out only when
simpler studies conducted in an earlier tier reveal that data of higher resolution or reduced
uncertainty are necessary.  Continual close links to ongoing academic research are essential so
that the monitoring plan can be modified as new information becomes available.  One possible
mechanism for creating such links could be the application of graduate thesis research to Gulf
monitoring questions that cannot be directly addressed within the monitoring activities.

GULFWATCH REVIEW

GENERAL

In general the review panel was impressed with the effort Program staff have made to
date, especially given the logistical problems of running an international program with very limited
funding. Gulfwatch reports have honestly detailed problems encountered and they have largely
done a good job with corrective actions to address these problems.  This review details a number
of comments and concems both about the underlining assumptions made and about the program
implementation but these critical comments are intended to guide constructive program
modifications and  should not be interpreted as a negative opinion of the entire program.

An underlying "flaw" in the Gulfwatch Monitoring Program is that it has been seriously
underfunded from the beginning.  Some of the criticisms contained in this review relate directly to
that reality.  The Initial Plan developed in 1991 contains many of the appropriate program
elements and recommends a realistically expected level of effort for a regional monitoring
program.  However, only a small portion of that Plan was funded.  In addition, the original Plan
was overly dependent on splicing together existing local programs into a regional entity without a
critical review of those programs.  While this may have been a logical reaction in the face of
known fiscal constraints, a collection of local programs that meet local needs cannot automatically
be knitted into a regional program.  Also, the myriad of differing objectives and variable data
quality found in a collection of local programs make the integration effort extremely difficult.
Objectives of the 1991 Plan are overstated and create a level of expectation that cannot be
fulfilled.  The 1991 Plan ignores the essential integration step which would continually review
data produced in the context of questions asked and modify the program in the light of this
review.  The publication of data files is but one part of a monitoring program and this missing
integration step has cascaded from the Plan to program implementation.

The formal review represented by this report  needs to be incorporated as an integral
element of Gulfwatch.  In the initial five years of operation, a reasonable data baseline has been
produced and this serves as a foundation on which to build a stronger program.  The Review
Panel hopes that this review will catalyze efforts to reestablish the underlying purpose for



monitoring in the Gulf,  and to restate the management questions which supposedly drive the
monitoring.  Implicit in all of this is the continued support of a Gulf-wide regional monitoring
program, including necessary resources.

FUTURE PROGRAM DESIGN MODIFICATIONS

Hypothesis Testing  Now that direct field experience has been acquired and the strengths
and limitations of this approach are specifically known, it is appropriate to return to ask a specific
testable question.  This is a critical step, from which the entire program should develop. There are
differences between monitoring to measure compliance with existing requirements (e.g., to meet
outfall permit requirements) and monitoring to determine spatial and temporal trends in
contaminant distributions. Both are important activities but data collected for one purpose are
usually not applicable for another and the goals for data collection must be clearly stated at the
outset.  The incentive to overuse monitoring data will be reduced if both data collectors and
resource managers clearly understand the inherent limits on any data set.  These limits become
apparent if clear statements of purpose are included with the data.

During this just-completed initial implementation phase of Gulfwatch, a necessary focus
on the mechanics of starting a new program has somewhat obscured this very basic issue.  The
Gulfwatch program has responsibly evolved in response to realities of the field sampling but this
response has focused on the logistical and programmatic details while losing sight of the higher
level mission questions.  The program has reacted to logistical issues and made  methodological
adjustments well.  It is now an appropriate point in time  to use the 5-year experience base to
reassess program mission and as well as methods.

Sampling in Environmentally Relevant Scales  As Gulfwatch evolves, and if it expands in
scope beyond tissue sampling, samples need to be taken with an understanding of ecosystem
complexities and the processes governing variability in each compartment of the ecosystem if
meaningful data are to be generated. For example:

Water :   The coastal water mass, driven by storm and tidal energy, is changing vertically
and horizontally on the time scales of minutes-to-hours; extremely low concentrations of toxic
organics in sea water cannot be detected easily by standard analytical methods.

Biota:    Tissue concentrations can vary with physiological state, age and health of the
organism and season. The organism's location in the food web and habitat characteristics can have
an effect on contaminant distribution and concentration. 

Sediment :   Concentrations of organic contaminants in sediments are usually correlated
with the organic carbon content and grain size distribution; therefore a sampling strategy for
organics should first assess such bulk parameter distribution.  Muddy, high carbon sediments are
usually a long-term reservoir of toxic contaminants and should be the primary sampling focus. For
nutrient-related issues, sediments are the site of major nutrient transformation within the system
and more frequent sampling may be required to resolve the rates and extent of nutrient
biogeochemistry. A sampling strategy involving sediments and may require sampling in different
spatial and temporal scales to resolve issues of toxics, nutrients and pathogens.



One specific Gulfwatch issue related to sampling with respect to environmental
complexities relates to clearing of the gut prior to analysis.  Evidently, the program decision not
to allow the guts to clear was to provide parity with NS&T as well as to simplify the procedure.
This decision presents a problem in areas with high suspended sediment loads. The observed order
of magnitude difference in aluminum (Al) concentrations clearly represents something other than
body burden but this question cannot be resolved with existing data.  Perhaps this is an area where
further testing could be done; one possibility is to routinely allow the caged mussels to clear their
guts before analysis (if this aspect of Gulfwatch continues; see discussion below) and then test
deploy them in areas where high suspended loads are suspected to be causing a problem. If this
alternative is attempted, possible loss of organics with gut clearing must be considered.  As
collected, the caged mussel data are not directly comparable to native mussels for some questions,
in any case.  This gut-clearing issue is also related to data that was omitted from analysis because
the iron (Fe) and aluminum concentrations were unexpectedly high.  The logical explanation
offered was  that gut contents of sediment were probably high.  Perhaps the tissue data could be
salvaged by analysis of the Metal/Al or Metal/Fe ratios?  It would also help the interpretation of
metal concentrations to know the concentrations in bottom and suspended sediments at the
sampling site.  A reassessment of the program should include reconsideration of sediment
sampling in some cases.

Gulfwatch and NOAA National Status and Trends (NS&T) sampling periods are offset by
6 months. Previously published studies have shown that  seasonal patterns exist in mussel metal
body burdens and concentrations (Phillips, 1976, 1980 ). Mucklow (1996) reports a similar result
in the Gulf.  For most metals, Gulf concentrations were higher in the spring than in fall. In
addition, differences in the physiological state of the mussels in spring vs. fall may affect
contaminant burden and there are also likely to be seasonal differences in inputs (although the NS
site studied by Mucklow was located near a sewage outfall which may have been a relatively
constant local source of metals).  Mussels removed some distance from local sources of pollutant
may reflect contaminants from distant sources in the spring when river discharges are at their
highest and therefore show an even greater seasonal change in concentration. These
environmental and physiological factors make the direct comparison of data between NS&T and
Gulfwatch  difficult. In addition, there appear to be some differences in the analytical methods
which are discussed below. One suggestion might be for Gulfwatch to sample the NS&T sites
more often in one year  in order to provide information on seasonal variation at these sites and
allow for a direct comparison of data with the labs running the NS&T samples.  Gulfwatch
certainly should regularly participate in the inter laboratory comparison exercises conducted by
NOAA.

      Benchmark stations were chosen in an effort to quantify interannual variability. It would
seem best to choose these stations to represent fairly clean sites which respond to regional scale
pollution inputs. There may also be strong reasons to choose benchmark stations in heavily
contaminated areas to address specific management questions; for example, Deer Island would
have value as a benchmark for many questions relevant to the Gulf.  By monitoring these
benchmark stations annually there should be a reasonable chance of picking up regional trends in
3-5 year time scales. However, as presently designed,  the number of benchmark stations is fairly
small and it's not obvious that they are sufficiently removed from local contamination sources that



might skew their value as representative of the Gulf-region. It would be good to consider moving
some of these stations and increasing the number if this variability detection objective is to be met.

Reviewers note that the reported limit of detection for most analytes is  higher than that of
NS&T.  Trace concentrations in samples require more elaborate, often non-standard analytical
methods that account for analytical artifacts and recovery levels (e.g., high resolution, low
detection limit, negligible "blank" concentrations, etc.).  This issue must be resolved by Gulfwatch
through improved QA/QC practices and inter laboratory comparison before data can be produced
in relatively clean areas to resolve the interannual question.  A regional program such as
Gulfwatch has an opportunity to focus on regional issues such as long-distance atmospheric
transport that local programs, with their inherently narrower focus, normally cannot.  Some
contaminants have a distant source (Pb from gasoline, PCBs, etc.) as well as local sources and by
selecting an adequate number of stations, these multiple sources might begin to be sorted out.
Such questions are prime candidates for partnerships between a monitoring program and
academic research efforts.

      Overall, the issue of benchmark stations should be re-examined by Gulfwatch.  By only
monitoring the other sites every 3 years it will take a decade or more to determine if an individual
site is getting cleaner or more polluted. This seems to be an acceptable time-frame, given the
regional nature of the program and the current funding level, but it also implies a continued long-
term source of program support.

Links to On-going Research  The bivalve monitoring concept has been successfully tested
at local, regional, national and international scales for more than three decades.  The best of these
programs have allocated adequate resources for communication of results and for QA/QC
activities.  These successful programs have also kept up-to-date with these activities by
maintaining close links with academic researchers who are also working in the area of coastal
environmental quality.  Successful monitoring programs are designed to make as simple a
measurement as possible, but monitoring measurements must be interpreted in the context of
ecosystem complexities. Data interpretation and the decision of when to move up to more
expensive measurements  would benefit close dialog with active research projects.  The search for
simple answers to complex questions is a recipe for failure.  Newer methodologies and techniques
may be necessary to address specific questions and monitoring program links to academic
research is essential if the program is to make use  of (or even be aware of) these new methods.
Interesting peripheral questions and some of the "high-tech" analyses can be addressed through
partnerships between the monitoring program and academia.

Gulfwatch is ideally situated to build these connections but does not seem to have done so
to date because of the initial phase focus on start-up details.  These links need to receive much
higher priority as the program matures and will require program resources.

SAMPLING and ANALYSIS

Appropriate Sample Collection and Sample Handling  The choice of methods for
measuring nutrient or toxic contaminants and for enumerating pathogens will be dependent on the



nature of the management question being addressed (e.g., regulatory requirements or a more
detailed analysis of sources and fates). Monitoring staff should be prepared to choose appropriate
methodologies and to conduct a quality control/quality assurance program for all measurements
made. In many cases, a lower resolution "standard method" may be required by regulation. The
high resolution method may be used to provide higher precision and accuracy in circumstances
where that level of analysis is warranted to address a specific question. These analytical methods
are always more expensive and often cannot be conducted using the same apparatus or even the
same laboratory space. A less sensitive analytical method may be adequate for a baseline survey
and screening techniques that measures some bulk parameter may be a sufficient analytical tool in
many cases. The choice of appropriate analytical methodology should be made in reference to
already-defined management needs and this step needs to be reevaluated by Gulfwatch.

Ancillary Measurements    The use of "transplanted" mussels in cages can be a powerful
adjunct to sampling native populations to address some scientific or management questions.
Caged mussels have been used by Gulfwatch to compare native tissue burdens to uptake by
transplanted animals.  Although the 5-year report discusses in great detail possible reasons why
the transplanted mussels may have overshot the native mussel concentrations, the most likely
conclusion that these results are due to an experimental artifact still needs to be ruled out. The
caged mussel aspect of the program is time consuming and expensive. The data obtained from the
transplant experiment does not seem to be based on any specific management question.  The use
of caged mussels by Gulfwatch should be reconsidered and incorporated into the program only
when uptake data is required for a previously identified purpose.

It is appropriate that growth and Condition Index (CI) be monitored, but there is little
hope that these measurements will ever be linked back to contaminate burdens except in grossly
polluted sites. CI data reported by Gulfwatch is very variable and does not permit unequivocal
conclusions.  Growth is strongly affected by food availability and other factors that are beyond the
scope of this monitoring program.  The use of newer technologies (e.g., cellular or molecular
indicator of exposure) seems to be a better approach, and the introduction of such new techniques
to Gulfwatch will require strong collaborative links between the program and academic
researchers. One specific question arises related to growth that should be resolved by Gulfwatch
before drawing conclusions from the data:   mussels of similar size are being collected but do we
know they are also of similar age?   This detail would be useful for interpreting the body burden
data.  Growth data has been produced but it is not discussed in the 5-year report; even if these
results are confusing, the attempt deserves discussion (even if only as a reassessment of this
parameter as an included component of the monitoring program).

Necessary and Sufficient QA/QC   QA/QC and inter laboratory comparison results are an
essential component of monitoring reports and must be integral to the conclusions drawn.  Quality
control protocols are well-described in Gulfwatch reports for the metal and organic analyses but
the information on standard reference materials, limits of detection, blank analyses and spike
recoveries are missing.  What is the comparison between the observed concentrations of metals or
organics and published (accepted) concentrations on standard reference biological materials, for
example?   Apparently, Gulfwatch is generally following the analytical procedures of NOAA
NS&T and has participated in some inter-laboratory comparison exercises. However, the results



of this work are not reported in the Gulfwatch materials reviewed.  The fact that appropriate
QA/QC has apparently been carried out is to be applauded, but reporting these results is an
essential and integral part of the tissue concentration interpretation.  Gulfwatch data at this point
are uninterpretable (and therefore unreviewable) because this essential information is missing.
Articles by Taylor, (1985, 1985a) provide good overviews of this critical topic.    Community
standards exist for this presentation (NOAA, 1993; UNEP, 1990, Villeneuve and Mee, 1991 and
1992).  In addition,  NOAA and UNESCO have published manuals for the use of standards and
reference materials (NOAA, 1994; UNESCO, 1990; UNEP, 1990; UNEP, 1991).

 Reviewers identified a detection limit difference between NOAA and Gulfwatch above.
Gulfwatch partially addresses this detection limit issue in a discussion the 5-year report.  This
summer, we supervised a student intern who attempted to use a combination of Gulfwatch and
NOAA NS&T data to create a combined database in an effort to elucidate regional trends in
space and (if possible) time.  We found that the limits of detection in the Gulfwatch data are
higher than those of NS&T, making it impossible to create a usable combined dataset except in
highly contaminated areas such as Boston Harbor.  The incomplete QA/QC discussion in
Gulfwatch reports does not permit a user to identify the precision or accuracy of reported
concentrations, rendering the dataset useless for many purposes.  This important issue deserves
vigorous attention by Gulfwatch and the application of a significant portion of Gulfwatch
resources to an on-going QA/QC effort.

DATA INTERPRETATION

Data interpretation  One underlying objective of any monitoring program is to
make interpreted information (as opposed to raw data) understandably available to those who
need it for decision-making.  The production of a data table of analytical results is a small part of
the monitoring program. To assure that data are properly used for management decisions, it must
be interpreted in the context of the management question asked, taking into consideration relevant
environmental complexities. Interpretation of contaminant data will require synoptic information
on physical, chemical and biological processes that affect the degradation and transport of these
contaminants. Information such as currents, tidal stage, temperature, salinity, light penetration as
well as other parameters will be necessary to place contaminant concentration data in an
environmental context. Given existing Gulfwatch spatial and temporal sampling schedules,
unknown natural variability and present analytical skills,  trend detection should only be expected
where order-of-magnitude differences are observed.  In the recommended program reassessment,
Gulfwatch can certainly increase the level of detail of any of these issues but this improvement will
come at a cost and should be undertaken only for specific reason.

Data Storage and Security   This important subject is not addressed in Gulfwatch reports.
Data storage, on multiple media and in more than one location, is essential for long-term security.
Sample archives (tissue and extracts) are also "data" and their secure storage should be seriously
considered (and the archiving expense seriously addressed).  Is there currently a provision for
archiving samples for the long-term?  Old samples could be invaluable to assess the magnitude
and history of changes in contaminants that are not detectable with present analytical tools or not
measured because the linkage with adverse biological effects have not yet been identified.  Old



samples also represent point-in-time  analytical opportunities that cannot be repeated.  This issue
is admittedly beyond the scope of the present Gulfwatch program but should be incorporated into
their long-range planning.

Interpretation in Context of Management Question Asked  Data collected in a monitoring
program ideally focuses on a specific management question asked.  Research programs may
complement  and supplement the program database, but the focus of program interpretation
should remain on clearly stated management issues.  As discussed above, the interpretation of
monitoring data must include awareness of natural system complexities, natural variability and
scientific uncertainty.  Gulfwatch efforts have not maintained this focus as rigorously as it could
have.  One underlying objective of a monitoring program is to make information (as opposed to
raw data) understandably available to those who require it for decision-making.  One mechanism
to maintain this focus is to give a high priority (and sufficient program resources) to data
visualization.  Spreadsheets of raw data are not normally useful to resource managers and
significant program effort should be directed toward this goal.  At this point in time, Gulfwatch is
playing "catch-up" with the release and interpretation of monitoring data.  The draft 5-year
retrospective report (Jones et al, in prep) is the major vehicle to accomplish this and should be
given top priority (discussion of this 5-year report follows below).

This particular criticism of data interpretation needs to be placed in perspective because
the program has achieved goals that also are not adequately highlighted in reports reviewed.  Two
"management question" are: "What are the region-scale trends in chemical contaminants over a
decadal time frame?"  and "Is there a significant change in environmental concentration of selected
chemical contaminants?"  Gulfwatch has produced a baseline of contaminant distribution
information that is essential to address these management questions.  Due credit must be given for
this result and  review panel recommendations made to modify the program should not obscure
this basic success.

RECOMMENDATIONS

The questions addressed in the Gulfwatch annual reports largely focus on testing
hypotheses which relate to the methodology, i.e. seasonal variation in contaminant burdens and
tissue concentration similarity between caged and native mussels. These questions were
appropriate in the early phases of the program but it is appropriate at this time to reassess the
underlying rationale for monitoring in the Gulf of Maine and to move on to broader questions.
The review panel expects that some program modification would result from this assessment.

Gulfwatch will probably not ever be supported at a level where currently identified and
desired monitoring tasks can be carried out by this program.  With this as a given, then efficient
use of data from other sources must be incorporated into this effort.  One important management
issue is how do contaminant burdens in the mussels relate to inputs. Obviously, direct
measurement of inputs by any program funded at the level of Gulfwatch is out of the question, but
it may be possible to take advantage of programs where inputs are being measured on a regular
basis, such as Boston Harbor. By following year to year variations in mussels near a monitored
source of inputs, insight in the relationship between loading changes and body burdens might be



better understood.  Gulfwatch can make use of estimates of inputs derived from other sources and
incorporate those estimates into the program.  Use of non-program data is a necessary activity
when program resources are extremely limited.

Data being generated by Gulfwatch has value and that value can be used to leverage
partnerships with regional (state and provincial) resource management agencies and with
academic research programs.  Data from Gulfwatch need to be interpreted in the context of
mussel watch data from other programs and to do this, Gulfwatch QA/QC issues need to be
resolved.  There is feeling from the printed Gulfwatch reports that the program has leveraged only
limited resources from outside the principle EPA grant  but Gulfwatch now has the experiential
base to be in position to do so.  Incorporation of non-Gulfwatch information into Gulfwatch data
interpretation should also be pursued.

As a part of this review exercise, the panel has reviewed a preliminary draft of the 5-year
Gulfwatch retrospective report (Jones et al, in prep) and makes some general comments on that
draft here.  When this report is revised, we urge that it be distributed for a critical peer review.
This report summarizes the start-up phase of Gulfwatch and deserves scrutiny and comment by a
group of experts in the field.

Comments made in the above discussion are relevant to the reworking of this draft report.
In addition, the draft reviewed by the panel could benefit from a reorganization that explicitly
addresses a series of questions:

What did Gulfwatch intend to accomplish?
What did we find?
What questions can we answer with data collected? (equally, what questions 

cannot be answered?)
How can we improve the program?

From this reorganization should come a sharper focus on a review of Gulfwatch activities and
achievements and a reduction in discussion of more general topics.

In addition to this full report of the initial five years, Gulfwatch should also produce a
short summary version written for a general audience that explains program objectives and
relevance, thereby justifying the mussel watch approach in this region and demonstrating that
program goals are being met.  This summary  is a critical publication that should highlight the
value of the Gulfwatch program to the larger user community and be targeted to managers,
legislators, fishermen, the aquaculture industry, educators, and the interested public.  The
program needs to get the information, in condensed non-scientific terms, into the hands and plans
of those who benefit from knowledge of the health of the coastal environment.  They will become
the critical constituency for justifying and maintaining the program.

The draft 5-year retrospective report is the most important document produced by
Gulfwatch and it needs to clearly state, without overstating, the results and conclusions of the
program.  Several specific points to consider in revision of the draft 5-year report:

• the program has necessarily focused on techniques and methodology in this start-
up phase but now it will reassess it's objectives and the means to meet them.  It will incorporate



an on-going self-evaluation process as an integral program component.  Gulfwatch has reasonably
evolved to meet the realities of field conditions and now needs to apply that same flexibility to
refocus more sharply on management issues.  It is time to restate the original premise of
Gulfwatch, based on the initial five years experience.

•  data reporting, including data interpretation, has occurred in a burst at the end of
this 5-year period and needs to be given equal priority with field sampling and sample analysis.
Data reporting necessarily includes data synthesis ( and "translation" for non-scientists).  These
components need to be an integral part of the program; presently there is a serious gap between
analytical results and information transfer and to date there has been no process developed to
address this problem.  The reviewers note that this is a problem inherent in the original Plan that is
only reflected in the initial implementation effort.

• focus on the regional questions and the regional scale of the dataset without
over-justifying the program or over-interpreting the data. Over-interpretation could ultimately put
the entire program in jeopardy.  At all costs, avoid using the retrospective report as a data dump
which attempts to summarize all knowledge; maintain a sharp focus on this region and these data.
After five years, Gulfwatch has produced a reasonable baseline of contaminant concentrations.
This baseline is an acceptable result of the effort made; it should be highlighted as the product of
this program and does not need to be oversold.  Gulfwatch data does need to be compared to data
from other sources (e.g., FDA market basket data) to get a better idea of how it can be used and
to see if Gulfwatch really  is addressing the overall management issues. For example, what are the
levels of contaminants in other harvestable species from the Gulf?

• review and critique the original Plan objectives, placing the Gulfwatch effort in
the perspective of the full Plan.  Plan objectives are overstated and omit  critical integration steps
that  are criticized by this review panel; the 5-year report should address these plan deficiencies
and highlight accomplishments that have been achieved.

• discuss how to improve QA/QC efforts, including reporting of QA/QC results.
Issues such as limit of detection of organics and analytical methods used for Hg and Pb require
investigation and should incorporate collaboration with analytical chemists who are at the
forefront of these analyses.

• Two issues are highlighted here as examples of how all monitoring issues are
linked and how Gulfwatch (including program reporting) could be more sharply focused on the
region. The question of mercury (Hg) is one example.  The review panel concludes that comments
on Hg in the draft 5-year report are suspect until QA/QC issues are addressed.  Hg is a difficult
analysis and the reported standard error makes the Gulfwatch dataset questionable.  What
analytical method was used?  Were "standard sediments" analyzed?  Was Hg included in the inter
laboratory comparison exercises?  Until such questions are answered, caution should be used in
reaching conclusions concerning trends in this metal.  Additionally, how does this data fit into the
national discussions related to possibly lowering the current public health standard for Hg?  If
there is no particular management issue at stake, does the trend of Hg matter?

In a similar vein, we have argued in this review that a regional monitoring program
is in a unique position to address regional issues and suggest that this role be given greater
emphasis in any future reassessment of Gulfwatch.  Reviewers have applauded the links
Gulfwatch has made to an existing national monitoring program where such links provide
appropriate structure and oversight but Gulfwatch should not lose sight of the fact that
requirements of a national program may give less than adequate weight to regional issues.  For



example, it may be appropriate from a national perspective to place little emphasis on specific
contaminants that could be of importance in the Gulf region.  NOAA S&T has opted not to
measure some of the less common high molecular alkyl PAHs that are found in quantity in some
crude oils.  If these particular oils are imported into the Gulf region for transmission via the
Portland pipeline, then the measurement of such chemicals would be appropriate in this regional
program.

Any program reassessment that  results from this review should look beyond the
immediate questions of mussel watch implementation to broader issues such as those provided
here.

CONCLUSIONS

The "mussel watch" approach to coastal monitoring is valid in the Gulf of Maine region
and in general it is being competently and responsibly applied by Gulfwatch.  The start-up phase
of Gulfwatch has focused heavily on the mechanical details of implementing a field program at the
expense of management questions and the program is at an appropriate juncture to reestablish
underlying program objectives.  To accomplish this, program staff should broaden their network
of active advisors to include research scientists and practicing resource managers.

In general, Gulfwatch objectives match those of the 1991 Plan, but the Plan is very generic
and contains overstated goals that should be reexamined.  The funded Gulfwatch program is a
remnant of the monitoring program recommended in the Plan and some of the deficiencies
identified by this review relate directly to the original plan and to a lack of sufficient funding to
implement a full monitoring program.

The present Gulfwatch Program is but a part of a necessary coastal monitoring effort in
the Gulf of Maine region.  The current program activities and the present mix of funding support
is a legitimate initial effort but should not define coastal monitoring in the Gulf of Maine.
Program staff should not focus exclusively on present "mussel watch" activities or on existing
identified support resources but should reach out to the wider scientific and management
communities to develop a monitoring program that meets the needs of those communities and is
supported at a level consistent with the value of the natural resources being protected.  Gulfwatch
should consider the incorporation of other tools as needed, perhaps in concert with academic
research projects.

It is essential that a regional monitoring effort be continued over the long term and that
this activity be reviewed regularly by outside experts to assist program staff with their mission.
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Appendix 3

EVALUATION OF THE GULFWATCH MONITORING PROGRAM

RECOMMENDATIONS

Recommendations for program modifications made by the review panel for consideration
by Gulfwatch staff are not listed here in any priority order.  Their implementation will depend on
future support levels and the monitoring program priorities that evolve from the present
reassessment.

• Revise the draft 5-year retrospective report to consider incorporation of
comments made in this review.  Focus the report specifically on the Gulf of Maine region and the
accomplishments of Gulfwatch.

• Prepare an informative summary report based on the 5-year retrospective for a
non-scientific audience; incorporate this activity into the program design.

• Incorporate the preparation of interpretive reports into the program as a regular
and essential activity, focusing data interpretation on specific pre-stated hypotheses.



• Assess the results of the initial implementation phase in the context of specific
management information needs with the intention of modifying the program to meet these needs.
Revisit the original monitoring plan when making this assessment to provide a context for this
review, at the time reassessing the current validity of the original plan.

• Assess the results of the initial implementation phase in the context of successful
monitoring programs conducted elsewhere with the intention of modifying the program as
necessary to meet established "community standards" for coastal monitoring.  Incorporate specific
review suggestions into this assessment.

•  Build on the initial phase experience to create partnerships between Gulfwatch
and academic research projects to extend the resources of the program and to establish an on-
going informal critique mechanism of program activities.

•  Review the existing Gulfwatch QA/QC effort to address QA/QC issues raised by
this review. Tightly link an expanded QA effort to the monitoring measurements made and to the
reported results; regularly participate in interlaboratory comparison exercises.

•   Address the issue of long-term security of Gulfwatch data, data storage and
sample archiving.
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Appendix 2

EVALUATION OF THE GULFWATCH MONITORING PROGRAM

BACKGROUND

Monitoring programs provide a critical link between scientific information and
management decisions. Knowledge of the driving biological, chemical and physical processes as
well as identification of the sources and quantities of various contaminants is essential to rational
resource management decision-making. A continuous, long-term monitoring record is necessary
to determine the sources, transport, fate and effects of contaminants and to establish water quality
and sediment quality standards and human health standards for the consumption of fish and
shellfish.

Monitoring programs for assessing environmental quality should be designed and executed
to provide meaningful information on:

(1) the spatial distribution of contaminants;
(2) temporal variability in contaminant distributions; and
(3) the relationship of contaminant inputs to ecological and human health 

concerns.

Using available but incomplete historic information  for the Gulf of Maine, a
comprehensive monitoring plan was designed in 1991 that attempted to couple management needs
with contemporary understanding of bay-wide processes at time and space scales relevant to the
protection of coastal resources.  Before agency scientists and managers can begin to monitor the
health of coastal waters, the major management issues must first be clearly stated and then
testable questions formulated to define the information required to address the management issue



of interest. A technically and fiscally sound monitoring program can then be developed. Such a
monitoring program must be designed to generate high quality data in a environmentally relevant
context to answer precisely stated management questions. An integrated monitoring program,
coordinated among the various resource management agencies, that will enhance our
understanding of coastal processes, and improve each agency's ability to make sound resource
management decisions is needed.  A comprehensive monitoring program that documents changes
in the marine system over time will assist in evaluating the success of efforts to abate pollution.
Such a program will, of necessity, cut across scientific disciplines as well as political and
institutional boundaries.

Resource management problems that face Gulf of Maine agencies are similar to those
already identified in other  coastal waters (e.g., Capuzzo et al., 1987). Only the mixture and
intensity of specific issues change as we move from estuary to estuary. Using available historic
information from a variety of previous efforts, major management issues generally include the
following:

1. Eutrophication. Excessive enrichment by nutrients from multiple sources, leading
to increased plant growth results in declining oxygen levels, changes in benthic community
assemblages, and other negative impacts. Eutrophication may have detrimental effects on
aesthetics and recreational and fishing activities in coastal waters.

2. Toxics. Poor husbandry of a myriad of synthetic organic, fossil fuel and heavy
metal compounds has resulted in widespread contamination of sediment, biota and the water
column with implication for living resources and public health.

3. Pathogens. Input of disease causing organisms (bacteria and viruses) to coastal waters
is a potential threat to public health and limits access to valuable food resources. A key
component of this issue is the need for innovative techniques for assaying pathogens.

The above resource management issues are widely agreed upon (OTA, 1987), but specific
testable questions based on these issues must be asked before we begin data gathering. In order to
demonstrate that a proposed remedial action is appropriate or that an implemented remedial
action is effective, we must be able to detect changes in contaminant concentration and
distribution through space and time and distinguish changes resulting form a management action
from those that result from natural variation in coastal processes. Examples of management
questions are the following:

- What are the spatial and temporal scales and periodicity of anoxia, hypoxia?
- What are the concentrations of specific toxics?
- Are toxics accumulating in commercially import species?
- Is the enumeration of pathogen indicator organisms in ambient waters sufficient to

protect public health?

The detection of trends in coastal contamination through space and time is the guiding
principle on which a coastal monitoring program is based. In order to detect such trends, sampling
must be undertaken with an understanding of natural processes and environmental scales
(Farrington et al., 1987). For instance, coastal water masses are driven by storm and tidal energy



and are changing on a minute-to-hour time scale. To provide information of cycling in the water
column, water samples must be integrated over a tidal cycle and surface water; spring-fall
sampling cannot not represent a water mass. Any monitoring plan must account for the fact that
different classes of contaminants (nutrients, toxics, pathogens) each have their own temporal and
spatial scales of influence. For example, toxics may affect animal populations through sub lethal
effects over long periods of time, whereas long-term reduction of benthic communities due to
nutrient loading may be due to short-term anoxic events occurring only every few years.
Therefore, any sampling scheme requires scales of measurements appropriate to the scales of
variability of the parameter of interest.

In monitoring ecological and human health impacts as a result of contamination of coastal
areas, it is important that the environmental objectives of monitoring efforts be defined before
sampling is initiated. To understand long-term impacts of chemical contamination in coastal areas,
it is important to understand the conditions under which contaminants persist in benthic
environments (Farrington and Westall, 1986), the bioavailability of contaminants to commercial
resources and the sub lethal effects of contaminants that lead to reduced growth, delayed
development, and reduced reproductive effort, with resulting impacts on population stability
(Capuzzo and Kester, 1986; Capuzzo et al., 1988). The synergistic effects of complex chemical
mixtures must eventually be understood if realistic predictions of contaminant impacts are to be
made. Issues such as the potential for deleterious impacts of chemical mixtures on marine species
due to increased environmental stress from eutrophication need to be considered as a research
topic adjunct to the routine monitoring effort.  Ideally, monitoring will be conducted
simultaneously with monitoring-related research to ensure that simple monitoring measurements
will be interpreted within the context of ecosystem complexities. Our understanding of those
ecosystem complexities is at present quite primitive but is continually improving, therefore the
links between "monitoring" and "research" must be made and nurtured.

The use of sentinel organisms (i.e., mussel watch) is one valid approach to coastal
monitoring (Farrington et al, 1983; NOAA, 1984, 87, 89, 91, 91a).  It is not the only approach
and it is not the best approach for some management questions.  The use of bivalves is a tried and
true method for coastal monitoring but it is only one tool in a toolbox filled with alternative
monitoring techniques.  By analogy, a medical doctor will measure body temperature as an
indicator of general health, but will use many other tests as he/she attempts to diagnose a specific
disease.  Any good monitoring program will keep this point in mind as conditions change and as
reassessments are made.


