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1.1 INTRODUCTION

The Science Advisory Board (SAB/board) led the following

activities in support of Commission 1997-99 priorities, and in
keeping with its mandate: Annex 2 on Remedial Action Plans

and Lakewide Management Plans for Critical Pollutants;

Review of Progress of Governments in the Control and

Management of Persistent Toxic Substances; and Review and

Evaluation of Nonpoint Sources. In addition, the board

provided support to: Indicators Implementation Task Force;
Contaminated Sediments; and Endocrine Disruptors.

In addition, the board identified a number of emerging issues
during the biennial period in keeping with its terms of reference
under the Great Lakes Water Quality Agreement (Agreement)
to develop . . . scientific knowledge pertinent to the identi ca
tion, evaluation and resolution of current and anticipated

problems related to Great Lakes water quality.

Several highlights of the board s work over this biennial period
are worthy of emphasis. In the human health area, the findings
of neurodevelopmental deficits in infants of mothers who are
Great Lakes fish, and the finding of reproductive deficits in

exposed populations, continue to support the need for restora
tion of water quality not only through pollution prevention but
more particularly through remedial actions as called for in the
Agreement. The board held public meetings to assess the status
of progress in the Areas of Concern, and a meeting to Assess

Scienti c Issues in Relation to Lakewide Management Plans, held
in February 1999. During these meetings, it became evident
that science, policy and communication were disconnected,

with the result that planning priorities are not supporting
Agreement requirements in some instances. The participants
recognized the need for scientists to communicate research
ndings better, and for managers to fully take into account the

policy and program implications of the most current scientific
findings. In particular, there are profound implications for
public health at current levels of contaminants in the Great
Lakes, and therefore a need to consider these implications in the
development of Lakewide Management Plans.

Additional highlights of the board s biennial report included the
nonpoint source workshop sponsored as a special session at the
Great Lakes Soil Erosion and Sediment Control Conference
held in Toledo, Ohio in September 1998. Despite the success

of managing phosphorous, and new technologies and practices
ofland stewardship, it is clear that greater efforts are needed to
ful ll obligations under Annex 13 (Pollution From Non-Point
Sources) of the Agreement.

The identi cation of emerging issues continues to be an
important part of the board s mandate and in this report, four
such issues are discussed:

° the relevance of the traditional ecological knowledge
of native people, and a role for native governments

under the Agreement;

 

° the need for a coupled Great Lakes observation and

modeling system to support management and
decision making challenges in the 21 century;

° results from a basin wide survey on emerging issues;

and

° the emerging risk from increasing nitrogen levels in

the lower lakes.

Finally, the board would like to acknowledge the efforts of all
of the non board contributors to this report, many of whom

participated as invited experts at board public meetings, industry
tours, workshops, and workgroup meetings. They include:
William Beamish, Tracey Beauregard, William Booty, Steven
Bradbury, Dan Brant, Werner Braun, Roger Brook, Ellen

Carpenter, Milton Clark, Mark Cohen, Fraser Craig, Ken

Cullis, Joe DePinto, David DeVault, Trevor Dickinson, Jane

Dustin, Tom Easterly, Jim Elliott, Frederick Fleischer, Toby

Frevert, Roger Gauthier, Ralph Grundel, Heraline Hicks,

Raymond Hoff, Paul Horvatin, Michael Hunter, Dean

Jacobs, Peter Johnson, David Kallander, William Karazov,

Wilfried Karmous, Joan Karnauskas, Robert Kent, Renate

Kimbrough, Tim Kubiak, Paul Labus, Amanda Laumeyer,

Joseph LeBeau, Terry Logan, Orie Loucks, Stephen Lozano,

Frederick Luckey, Don Marles, Ann McCammon Soltis,

Barbara McElgunn, Rick Menozzi, Ken Mentzel, Dave

Miraldo, Donna Myers, Scott Painter, Noel Pavlovic, Dave

Pfeifer, Bowden Quinn, Henry Regier, Mark Reshkin,
Michele Riband, Deborah Rice, Jeff Ridal, William Riley,

Larry Schleen, Greg Searle, Thomas Schueler, Greg Sherbin,

Adam Socha, Douglas Spry, Rod Stewart, Michael Stewart,

Paul Stewart, Scott Stonet, Deborah Swackhammer, Dave

Tomlinson, Garry Traynan, Thomas Tseng, Jack Vallentyne,

Chris van Netten, Donald Waller, Glenn Warren, Chip

Weseloh, Richard Whitman, Janice Whitney, Paul Williams,

Al Wright, and Bob Yrojola.
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In the human health area, the ndings
ofneurodeoelopmental de cits in in znts
of mothers who ate Great Lakes sh,
and the nding ofreproductive de cits
in exposed populations, continue to
support the needfor restoration of water
quality not only through pollution
prevention hut more particularly

' through remedial actions as calledfor in
the Agreement.
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1.2 RECOMMENDATIONS

1997-1999 SCIENCE ADVISORY BOARD

RECOMMENDATIONS

(1.1)

(1.1)

(1.2)

(1.2)

(1.3)

The IJC advise the Parties to collaborate on the
preparation of a comprehensive statement, for the
entire Great Lakes basin, of the threat to human

health posed by critical pollutants and that this
comprehensive assessment be used in the preparation
of Lakewide Management Plans.

The IJC urge the Parties to increase consultation
between health authorities and local communities to

assist them, and particularly vulnerable subpopula
tions, to discern whether adverse effects, either overt

or subtle, are occurring due to their exposures to

persistent toxic substances.

The IJC ask the Parties to clarify their interpretation
of the Agreement with respect to the development of
Lakewide Management Plans. If it is intended that
the plans address ecosystem management objectives
in order to restore bene cial uses, the SAB recom-

mends that the Parties clarify the rules of inference
for establishing causal relationships so that the role of
the LaMPs in achieving the restoration goals of the
Agreement is made explicit.

The IJC, the Great Lakes Fishery Commission, and

the Great Lakes Commission, and their respective

staffs hold regular meetings to discuss matters of
mutual interest related to the Agreement and its
resource management implications.

The IJC request the Parties to publically release all
available air emissions data for use in the LaMPs.

These data, for all states and provinces, not just those

in the basin, are essential to estimate the role that air

sources play in contamination of the lakes.

The IJC request the Parties to ensure that all data
collected by the Parties be made available at no cost to
the LaMP teams.

The IJC request the Parties to advise LaMP managers
that the following actions are needed to ensure that
the LaMPs ful ll the requirements of Annex 2:
solicit and support involvement of scientists to ensure
the adequacy of the methodology and data used to
estimate the load reductions to be achieved by the
LaMPs;

include existing monitoring data in the estimates of
loads;
identify all atmospheric sources to the lakes;

(1.4)

(1.4)

(1.4)

(1.6)

(1.6)

estimate the change in chemical burdens in water and
sh as a result of key remediation scenarios and

include estimates of costs; and

develop a system for using existing monitoring data.

The IJC challenge the Parties to demonstrate that the
LaMP process represents its best management effort
in terms of information sharing and dissemination
and adequacy of current surveillance and monitoring
programs.

The IJC challenge the Parties to demonstrate that
their existing policies and programs, such as the
Binational Toxic SubstancesStrategy, will be suf

cient to achieve established water quality criteria.

The IJC endorse the bald eagle as an ecosystem
indicator for the Agreement and recommend that the
Parties commit funding to the long-term monitoring
of the population status, trends in concentrations and
eHects of persistent toxic substances in Great Lakes
bald eagles.

The IJC recommend that the Parties select biochemi-
cal indicators to monitor trends in exposures of sh,
wildlife and human populations to compounds that
interact with the aryl hydrocarbon (Ah) receptor, and
fund research to develop biochemical assays to
determine trends of chemically induced changes
acting through other mechanisms.

The IJC urge the Parties to implement the WHO
toxic equivalency factors approach in the development
of water quality criteria.

The IJC identify tothe Parties the need for continued
action and vigilance inthe control of pollution from
nonpoint sources. Such action will be particularly
urgent in Areas of Concern where nonpoint sources
have been a major contributor to the impairment of
bene cial water uses.

The IJC begin discussions with the Parties to review
the adequacy of the phosphorus load reduction targets
described in Annex 3 (Control of Phosphorus) of the
Agreement, because phosphorous continues to be a
concern in the lower lakes.

The IJC initiate discussions with its advisory boards
and the Parties about the signi cance, sources,

biology and pathways of microorganisms arising from
nonpoint sources of pollution.



 

(1.6)

(1.8)

(1.8)

(1.8)

The IJC urge the Parties to ensure that there are
adequate monitoring and surveillance programs for
nonpoint sources of pollution, particularly for the
evaluation of the effectiveness of specific manage

ment actions, for the identification of cause and

effect relationships and for informed decision making

about the control of nonpoint sources.

The IJC request the Parties to increase funding for
research and development of new technologies and
techniques for the control of urban and rural
nonpoint sources of pollution.

The IJC urge the Parties to place special emphasis on
urbanizing areas; that is, those areas in transition

from rural to urban uses. Such land-use changes
represent opportunities for implementation of
watershed management plans as defined under
Annex 13, 2(b), as a condition of their development.

The IJC request the Parties report on their imple
mentation of the recommendations for agricultural
practices that were published in its Ninth Biennial
Report on Great Lakes Water Quality.

The IJC advise the Parties of the importance of
traditional ecological knowledge for understanding
the Great Lakes basin ecosystem, and the need to

develop mechanisms and processes to ensure that the
opportunity to contribute such knowledge is fully
provided to aboriginal people and their structures of
governance.

The IJC continue to strengthen its consultations with
First Nation, Indian and Tribal governments so as to

perform its roles of assisting the Parties in the
implementation of the Agreement and in preventing
and resolving disputes under the Boundary Waters
Treaty.

The IJC advise the Parties of the need to involve First
Nation, Indian and Tribal governments in the

institutional arrangements under the Agreement in

order to bene t from their knowledge and expertise,

and to enhance binational cooperation in its imple
mentation.

The IJC promote the development of an information
technology system basinwide, as a tool for better
management and binational cooperation for the
Great Lakes.

(1.8)

 

The UC advise the Parties to investigate the feasibility
and value of a systematic, cooperative approach to

applying information technology to the management
and research challenges of the Great Lakes and
consider research and technology transfer needs in
four speci c areas:
development of a digital Great Lakes computer
framework capable of real-time interaction with in-
:z'tu data from physical, chemical, biological and
geological sensors;
realistic three-dimensional coastal water circulation
models capable of nowcasting and forecasting;
development of distributed computer applications
systems that can integrate a variety of
multidisciplinary software packages; and
development of additional chemical, physical,

biological and geological in situ sensors.
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1.3 SPECIAL MEETING TO ASSESS SCIENTIFIC ISSUES
IN LAKEWIDE MANAGEMENT PLANS FOR
CRITICAL POLLUTANTS

The 1987 Protocol amending the 1978 Great Lakes Water
Quality Agreement contains a renegotiated Annex II concerning
Remedial Action Plans and Lakewide Management Plans. The

International Joint Commission was given the responsibility of
reviewing and commenting on plans that were submitted to the
Commission. In the 1997 1999 Revised Priorities of the

Commission concerning the work to be undertaken by the
boards under the Great Lakes Water Quality Agreement, the

Commission requested advice on the adequacy of the plans.
The Great Lakes Science Advisory Board organized a Meeting
to Assess Scienti c Issues in Relation to Lakewide Management

Plans; it was held on February 25 and 26, 1999. It was

organized following the format in Annex 2 of the Agreement as

follows: De nition of the Threat to Human Health; De ni

tion of the Threat to Aquatic Life; Evaluation of Sources, Load

Reductions and Pathways; and Surveillance and Monitoring to

Track Effectiveness.

De nition of the

Threat to Human Health

1.3.1

Research findings indicate that critical subpopulations continue
to be exposed to persistent toxic substances (PTSs), particularly
from sh consumption as the major pathway of exposure.
Increased sh consumption is associated with body burdens of
persistent toxic substances that are two to four times greater
than in the general population. Many men and women
consume Great Lakes sh during most of their reproductive
years resulting in exposures to persistent toxic substances from
the Great Lakes that cause disturbances in reproductive param
eters (Courval et al. 1999) and demonstrate neurobehavioural

and developmental de cits in newborns (Jacobson et al. 1985;

Jacobson and Jacobson 1993, 1996; Lonky et al. 1996) and

cancer (Moysich et al. 1999). The more highly exposed
subpopulations include anglers, particularly among the urban
poor, commercial shermen, charter boat captains, Native

Americans, and particular ethnic groups such as Hmong and
Vietnamese immigrants. The more susceptible ones include
pregnant women, fetuses and nursing infants, children and the

elderly (Johnston et al. 1998; De Rosa et al. 1999).

The participants acknowledged that the preparation of a
Lakewide Management Plan is a dif cult task, and particularly
as it relates to de ning the threat to human health from critical
pollutants. First, it was acknowledged that there is little
political will (Great Lakes Water Quality Board 1993) to

prepare such coherent statements because ofliability concerns
and because the costs of clean up are substantial. The fact is, the
general population does not like paying higher taxes or higher
prices and it is ultimately society, in general, that is the source of
political pressure. But at the technical level, it was recognized
by participants that there is a more subtle dif culty. The

 

medical professionxis organized mainly on the basis of respond-
ing to individuals who present themselves at the doctor s of ce
with a disease or disorder to be treated. In contrast, exposure to
pollutants tends to have effects on populations and particularly
on the normative functioning of individuals within the
population (International Joint Commission 1994). The loss
of ve or six LQ. points in the most highly exposed individuals
in a critical subpopulation cannot be diagnosed. Thus, there is a
need to expand the de nition of human health beyond the
disease model and to include consideration of functional
capacity. For example, a downward shift in the mean LQ. of an

 

Thefact is, the generalpopulation does
not like paying higher taxes and it
is ultimately society, in general, that is
the source ofpoliticalpressure.

 

exposed subpopulation could represent a loss of intellectual
capacity with signi cant economic and social consequences.
This is due in part to the fact that a small shift in the mean ofa
distribution can have a profound effect on those individuals in
the tails of the distribution (Weiss 1997; Great Lakes Science

Advisory Board 1997).

Community Health and Endocrine Disruptors

Epidemiology is a rational approach to studying the incidences
and causes of diseases. However, it may not be a particularly
feasible method for investigating dysfunction within a commu-
nity. Not only may the statistical requirements be particularly
stringent resulting in surveys requiring large sample sizes, but
also estimates of exposures to pollutants can be unreliable or
unavailable. There are factors other than environmental
exposures that are determinants ofhuman health, including:

genetics, lifestyle, psychological factors, socio economic factors
and how individuals interact with the health care system. The
teratogenic effects of environmental pollutants are unlikely to
arouse the apprehensions of clinicians because they are both
subtle and non speci c, even though they are signi cant for the
exposed subpopulations (Colborn and Clements,l992; Colborn

et al. 1998, 1999; Johnson et al. 1998; De Rosa et al. 1999).

Health authorities in both countries have acknowledged the
need for an official response to the perception within communi
ties that they have been exposed to chemicals and that health has
been affected. Generally, this is not a priority issue with local or
regional levels of government compared with traditional public
health concerns. There is a perception at the local community



 

level, among those involved in the preparation of the Remedial
Action Plans and the Lakewide Management Plans, that there is

no mechanism for gathering the information needed by the
physicians and health authorities at the local level, to document
what is occurring as a result of exposures to contaminants.
Much of the evidence is anecdotal and concerns reports of
effects on children and is therefore delivered in an emotional
manner without objectivity, and with great fear and trepidation
and by people who are suffering. One central question is
whether clusters of health effects indicate unusual exposures.

In the United States, the Agency for Toxic Substances and

Disease Registry, which is part of the Public Health Service,

may be called in by the state authorities to undertake a health
and exposure survey. In Canada, the responsibility for health
protection is a provincial responsibility. Health Canada has
integrated existing information on the risks to human health,

and as part of the Great Lakes Health Effects Program, com

piled a handbook detailing a community based approach to
undertaking exposure assessments. The challenge is how to
utilize these approaches to community health in preparing
Lakewide Management Plans and Remedial Action Plans. For
example one of the issues brought up by several LaMP manag
ers was the problem of scale, and the question ofwhether
human health questions could be addressed at the local, rather

than the regional and national levels. Are the health and
exposure issues in a community likely to be different from
another community 50 or 100 km away? Much of the
information available is collected at the national or regional level
and does not give the detail required to assess health effects at
the local level. Similarly, there is a need for outreach, by federal,
state and provincial health authorities, tothe communities

communicating the significance of the information at the
regional and local levels for preparation of the Lakewide
Management Plans and the Remedial Action Plans.

Fish Advisories

For the past 30 years, the response to the finding of dangerous

levels of pollutants in fish has been to close commercial fisheries
and to publish fish advisories concerning the quantity and
frequency of consumption of different sport fish species that
could be eaten from a particular location. In 1993, the Council
of Great Lakes Governors appointed a panel to establish
uniform fish advisories that were to be both consistent among
jurisdictions and protective of human health. Similarly, the
Province of Ontario publishes an annual Guide to Eating
Ontario Sport Fish. All of the Great Lakes waters in the U.S.
have some kind of advisory. In 1996, the most recent year for

which there are national data, the number of US. bodies of

water with advisories rose by 453 to a total of 2,193, represent
ing a 26 percent increase over 1995. In Canada, 2,617 adviso

ries were in effect in 1996, and all resulted from contamination
with one or more of five pollutants: mercury, PCBs, dioxins/
furans, toxaphene and Mirex. While the various advisories
generally contain useful information, there is no information
about the effects of these pollutants on human health if larger
amounts of fish are consumed. Surveys have been undertaken
of the effectiveness of fish advisories as a means of protecting
human health. In one study, awareness of the fish advisories
was especially low among women, suggesting the need for
improved communication of the information to female
consumers (Tilden et a1. 1997).

Based on the weight of evidence (Colborn and Clements 1992;
Colborn et al. 1998, 1999; Johnson et al. 1998; De Rosa et al.

1999), the Great Lakes Sciences Advisory Board concludes that:

0 some humans in the Great Lakes basin continue to be

exposed, primarily through consumption of Great Lakes
fish, to levels of persistent toxic substances sufficient to
cause adverse health effects; and

' while levels of persistent toxic substances have declined in
the Great Lakes (Science Advisory Board 1997), the

scientific understanding of the implications of exposures to
these substances has increased such that there is now a
broader range of concerns for effects on human health.
There is a need for the development ofa methodology to
assess the effects of endocrine disruptors on community
health.

The SAB recommends the following.

0 The IJC advise the Parties to collaborate on the prepa-
ration of a comprehensive statement, for the entire

Great Lakes basin, of the threat to human health posed

by critical pollutants and that this comprehensive
assessment be used in the preparation of Lakewide

Management Plans.

0 The IJC urge the Parties to increase consultation
between health authorities and local communities to
assist them, and particularly vulnerable subpopulations,
to discern whether adverse effects, either overt or

subtle, are occurring due to their exposures to persistent
toxic substances.

19

1.3.2 De nition of The Threat

to Aquatic Life

Contrasting Approaches

The session on the threat to aquatic life was dominated by the
contrasting approaches of the fish and wildlife researchers.
While there have been demands that those responsible for the
preparation of the LaMPs incorporate existing science into the
documents, several factors have prevented this being done in a
competent and timely manner, including the availability of
qualified staff familiar with the scientific literature and the
institutional arrangements. The most important factor,
however, has been the ambiguity about whether the Lakewide
Management Plans shall be designed to reduce loadings of
critical pollutants or whether they shall embody a systematic
and comprehensive ecosystem approach in restoring and
protecting beneficial uses.

A small number of scientists have been investigating the effects
of critical pollutants on fish and wildlife populations in the
Great Lakes basin, during the past 40 years. In the 19605 and
19705, they reported the gross effects of persistent toxic

- substances on the reproduction and development of wildlife and
in ranch mink dependent on Great Lakes fish. Wildlife
populations that have been affected by exposures to persistent  
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toxic substances are generally non game species, and are not
managed as a resource. Consequently, the number interested is
relatively small and their in uence is limited. Effective action
has traditionally depended on preparing a scientifically defen
sible case relating the injury to wildlife populations to a specific
substance or class of substances and subsequently persuading the
regulatory officials to take the necessary steps to prohibit the
activities involving the substance. This approach has resulted in
the successful restoration of many populations of wildlife
species extirpated by exposures to persistent toxic substances,
but not for certain sensitive species in areas, such as Lake

Ontario, that remain heavily contaminated.

In contrast, a large number of scientists are involved in research,

monitoring and management of fisheries populations in the
Great Lakes. There have been extensive changes in species
composition that are generally expressed, since the 1970s, in
ecological terms. Management objectives are formulated in
terms of losses and gains in biodiversity, relating to extinctions
and introductions respectively, and to changes in ecosystem
structure and function, sustainability and balance, and are based

on the four major categories of threats to Great Lakes fisheries:
introduced flora and fauna; habitat destruction; over shing; and

proliferation of fish diseases (Hartman 1988). In contrast to
non game wildlife, Great Lakes fisheries management is of
interest to many parties. Fisheries managers perceive that the
greatest challenge to planning and management in the Great
Lakes basin is maintaining a Sense of balance among the various
ecological, social and political systems involved. Fisheries
managers believe that the greater the number of people with an
interest who get involved in the process, the greater the likeli
hood of success. Fisheries management in the Great Lakes is a
mature consultative process.

The contrast between the toxicological approach of the wildlife
biologists and the ecological approach ofmost fisheries research
ers is re ected in the advice given to managers involved in the
preparation of the Lakewide Management Plans, and in the
interpretation ofthe Agreement implementation. The toxico-
logical approach is aimed at identifying the speci c substance or
class of substances that caused the observed injury to the wildlife,
whereas the ecological approach is directed toward describing the
many factors that may be stressing the populations.

The issue ofcausality lies at the heart of the definitions for the
Lakewide Management Plans. There are extensive case studies
that have been prepared relating the observations of reproductive
failure and deformities in wildlife to exposures to critical pollut-
ants such as DDT and metabolites, PCBs, and dioxins. These

case studies have been prepared using the criteria incorporated by
the United States Environmental Protection Agency (US. EPA
1992) into the guidelines for ecological risk assessment.

The ecological interpretation of the Agreement is based on the
premise that changes in Great Lakes fish populations resulted
from the cumulative impacts of many stressors including the
introduction of exotic species, habitat changes, eutrophication,
over shing, proliferation of fish diseases and selective stocking
of sport fish. Fisheries ecologists have not been able to ascertain
whether all the changes in the Great Lakes fisheries were the
results ofmany factors acting in concert at the local level or
whether some indigenous species in certain locations were made
extinct through a single factor, or through a primary factor
acting in concert with other stressors.

A Challenge to the Multi Causal Explanation

In the past decade there has been a challenge to this multi causal
explanation of the changes in the fisheries populations in the
Great Lakes. With evidence of the presence of high levels of
2,3,7,8-tetrachlorodibenzo p dioxin in Lake Ontario, in the

early 19805, and the availability of an established methodology
for risk assessment, researchers studied several lines ofevidence
to undertake a retrospective risk assessment of the effects of
dioxin on Lake Ontario lake trout. The Lakewide Management
Plan, prepared concerning Lake Ontario, concluded that the
contribution ofpersistent toxic substances to the loss of certain

fisheries is unclear because fish populations were already severely
degraded by the time that significant levels of contaminants
began to be released to the environment. If Cook et al. (1997)

have interpreted the evidence correctly, then this LaMP
conclusion warrants reassessment.

The data on the harvesting of lake trout from Lake Ontario
reveal that there was a decline in the status of the population
that started about 1880. Through the stocking of hatchery-
reared fry, there was a large population increase in the early
19005, and a maximum harvest of nearly ve hundred thousand
kilograms in 1928. These data indicate several important
factors in the exploitation of the lake trout stocks in Lake
Ontario.

' Stocks of lake trout can be drastically reduced by commer
cial harvesting.

' Stocking with millions of fry can support a commercial
harvest that would otherwise be unsustainable.

° The presence of the sea lamprey, historically, does not seem
to have significantly reduced lake trout numbers in Lake
Ontario.

0 The commercial harvest data indicate that the adult lake
trout produced from the stocked fry were able to repro
duce in the 19305 and that their progeny survived.

° The removal of most of the stocking program in the
19205 and the continuation of the harvest was a major
contribution to the rapid decline of the lake trout popula
tion through the 19305.

The probable concentrations of PCDDs, PCDFs and PCBs in

the Lake Ontario lake trout eggs have been reconstructed
retrospectively back to 1920. The results were used with the
accumulation factors from sediment to biota adjusted for
historical trends in contaminant distribution between water and
sediment. There was a sharp rise in the probable concentration
starting as early as the 19305 and continuing to a peak in the late
19605. Toxicological evidence from experimental exposure of
eggs of lake trout to 2,3,7,8 tetrachlorodibenzo-p-dioxin has,

surprisingly, shown that the early life stages of this species are
extremely sensitive to this compound. The decline in Lake
Ontario lake trout populations after 1940 was inversely
correlated with the increasing exposures to TCDD toxicity. The
toxicity of TCDD and related chemicals in Lake Ontario was
estimated to have completely eliminated the capability for lake
trout reproduction and recruitment by 1950(Cook et al.
1997).

The demise of the Lake Ontario lake trout poses the question
whether other species were extirpated from Lake Ontario by
this same cause. For example, the deep-water sculpin, which

was the natural prey ofthe lake trout in the profundal area was
apparently extirpated by the 1960s, and the populations of



 

burbot, lake herring and lake Whitefish practically disappeared.
The information assembled on these contaminants provides a
hypothesis to apply to historical data on other populations of
other fish species in other Great Lakes that were extirpated
during this century.

Undoubtedly, other stressors, such as the continuation of a
commercial fishery, together with the depredations of the sea
lamprey may have contributed to the declines in the Lake
Ontario lake trout population. Similarly, other stressors such as
alewife predation on fry, may contribute to the present diffi
culty in reestablishing naturally reproducing populations of
Lake Ontario lake trout. The important corollary for research
managers arising from the conclusion of Cook et al. (1997) is

 

whether other stressors acting in concert at the local level could
have brought about the extinction of the stocks of Lake
Ontario lake trout. This toxicological hypothesis (Cook et al.
1997) strongly suggests that the TCDD toxicity alone would
have causedthe extinction of this Lake Ontario species, as was
observed in the early 19605. Similarly, this toxicological
hypothesis, which closely conforms to the classes of evidence
relating exposures to persistent toxic substances and effects in
wildlife populations, challenges multi-causal ecological assump
tions and statements, that are now being used as the basis for

the preparation of the Lakewide Management Plans.

Differing Interpretations of the Great Lakes Water
Quality Agreement

The purpose of the 1978 Agreement to restoreand maintain
the chemical, physical, and biological integrity of the waters of
the Great Lakes Basin Ecosystem by eliminating or reducing
the discharge ofpollutants, was ascertained by Oakleyin the
Review oft/7e Change: in the 1978 Great Lakes Water Quality
Agreement (1979) to be an agreement on water quality, and not
to be an agreement on ecosystem management. In 1985, the
National Research Council of the United States and the Royal
Society of Canada viewed the Agreement as An Evolving
[armament ofEcosystem Management (NRC and RSC 1985).
Session participants also held differing views as to the intent and
implementation of the Agreement. Some maintained that the
Agreement is an instrument of ecosystem management and
provides an appropriate and effective mechanism for accommo-
dating a multitude of issues associated with the restoration of
the integrity of the waters of the Great Lakes Basin Ecosystem.
Others argued that its intent is focused more specifically on
critical pollutants, and that a broader focus can limit progress by

reducing resources available to address specific initiatives such as
LaMPs. In this latter view the Agreement was never intended to
be an instrument of ecosystem management; therefore it has

inherent limitations, both in terms of its scope and its institu

tional capabilities, to achieve a broader purpose. Similar
differences of opinion arose among the meeting participants as
to whether the primary goal of a LaMP is to restore beneficial
uses or to reduce loadings of critical pollutants.

 

The SAB recommends the following.

° The IJC ask the Parties to clarify their interpretation of
the Agreement with respect to the development of
Lakewide Management Plans. If it is intended that the
plans address ecosystem management objectives in
order to restore bene cial uses, the SAB recommends

that the Parties clarify the rules of inference for estab
lishing causal relationships so that the role of the LaMPs
in achieving the restoration goals of the Agreement is
made explicit.

The SAB recognizes that there are certain resource management
issues that relate directly towater quality, such as the restoration
of fish populations extirpated by releases of PTSs (Cook et al.
1997), or the impact of agricultural practices on water quality
(Great Lakes Commission 1996). At the same time, fisheries

management activities take into account many factors that some
consider to have a less direct relationship to the Agreement per
5e, but which might benefit from coordinated action or

discussion, for example, fish stocking. Similarly, other Great

Lakes institutions, such as the Great Lakes Commission,
conduct a broad range ofprogram and management reviews
that could provide a basis for greater Commissioner, or staff,
interaction with the UC.
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The SAB recommends the following.

' The IJC, the Great Lakes Fishery Commission, and the

Great Lakes Commission, and their respective staffs
hold regular meetings to discuss matters of mutual
interest related to the Agreement and its resource
management implications.

1.3.3 Evaluation of Sources,

Loads Reductions and Pathways

Overview

The panel on sources, load reductions and pathways included

experts on the utilization of existing data, on the generation of

new data from surveys, and on modeling. Its comments
focused on scienti c challenges that they considered crucial to
reducing loadings of critical pollutants in the Lakewide Manage
ment Plans. The topics discussed included: the role of zebra
mussels on predictions of fish burdens; the availability of
atmospheric monitoring data; access to industrial emissions
data; the relative importance of contaminated riverine sedi
ments; and the role that the LaMP process can play in improv-
ing the scienti c understanding oftoxic cycling in the lakes.
Several important conclusions appeared to re ect consensus.
Furthermore, many of the conclusions reached showed enthusi

 



 

asm for the LaMP process and the panelists optimism about
the LaMPs potential for success in achieving progress. The
recommendations summarized below focus on specific actions
that need to occur to ensure this success.

Scienti c Issues that the LaMPs Should Consider

All the panelists recognized the effort involved in the develop
ment and implementation of the Lakewide Management Plans.
While difficult, the identification ofsources and decisions about

actions for reducing loads are not without precedent. Their
discussion included many examples of issues that had been
previously considered or examined through scientific efforts.

Because most of the panelists are not involved directly in any of
the LaMPs, the discussion focused on matters of science rather

than planning issues. The panel was concerned that their
comments not be construed as criticism, but rather as sugges

tions and scientific advice from experts knowledgeable about
toxics behaviour in the lakes. Four issues are highlighted from

the discussion as follows.

1. Several panelists noted that existing toxics data were not
readily accessible for use in the LaMPs. Examples of these
data sets include the results of previous monitoring of
toxics infish, water and near potential sources. While
most of this data has been collected or funded by the
Parties, it is not in an organized data base, and it has not

been collected or organized in a coordinated manner. Since
the data are not well organized and/or evaluated for quality,
they are difficult for the LaMP managers to use. Atmo
spheric data may be an exception. The data collected under

22 the Integrated Atmospheric Deposition Network are
unusually well coordinated between the Parties and are
available for use, as are the long term data of the Canadian

Wildlife Service on pollutants in fish eating birds. In
addition to monitoring data, atmospheric emissions
information also exists and could be of great value to the
LaMP efforts if made available. Using this data, the

sources of atmospheric toxics to the lakes could be
identified and quantified.

2. The panelists commented on the relative importance of
atmospheric deposition of toxic substances. It is thought
that atmospheric sources of toxic substances are among the
largest contributors to the lakes and that they are a source
that can be easily controlled and reduced. Identification of
industrial, agricultural and municipal/urban sources is
entirely feasible and can be incorporated into the LaMP
activities of identifying possible reductions and specific
sources.

3. The role of atmospheric sources will increase over time,

not decrease or remain constant. This is because the net

input of gas phase air pollutants depends on the ratio of air
concentration to water concentration. As the water

concentrations are reduced, atmospheric inputs will
increase, thereby buffering the observed water concentra-
tions, unless something is done to decrease atmospheric

sources. Other activities to reduce toxic substances in the

. open lake will have limited effect as long as atmospheric
input remains uncontrolled.

4. The goals of the various local remedial activities may be
considered from an open lake perspective. Generally, the
transport of contaminated sediments to the open lake
occurred in the past, and currently may represent only a
small fraction of the total pollutant load to the lake. In
addition, some in lake processes (sedimentation, biological

degradation, volatilization) reduce the concentrations of

critical pollutants. Other processes, such as filtering of
particles by zebra mussels, may increase the availability of
toxic substances to fish, even though water concentrations
decline. While dredging of contaminated sediments in
nearshore areas may still provide local benefits, its effect on
open lake concentrations of critical pollutants is uncertain.
Regulation of air sources, including those outside the Great
Lakes basin, could be the most effective single action to

achieve reduced loadings, notwithstanding the relative

importance of other sources, including direct discharges,
and contaminated sediments.

The SAB recommends the following.

' The IJC request the Parties to publically release all
available air emissions data for use in the LaMPs.

These data, for all states and provinces, not just those

in the basin, are essential to estimate the role that air

sources play in contamination of the lakes.

' The IJC request the Parties to ensure that all data
collected by the Parties be made available at no cost to
the LaMP teams.

' The IJC request the Parties to advise LaMP managers
that the following actions are needed to ensure that
the LaMPs ful ll the requirements of Annex 2:

solicit and support involvement of scientists to
ensure the adequacy of the methodology and data
used to estimate the load reductions to be achieved
by the LaMPs;

include existing monitoring data in the estimates of
loads;

identify all atmospheric sources to the lakes;

estimate the change in chemical burdens in water
and sh as a result of key remediation scenarios and
include estimates of costs; and

develop a system for using existing monitoring data.

1.3.4 Surveillance and Monitoring to Track
Effectiveness

In the expert panel on Surveillance and Monitoring, eight experts
presented their views on the relevant scientific issues. The
presentations covered a wide range of topics including the design
and intended uses of data from surveillance and monitoring
programs. Several key themes emerged as follows.

 



Implications of Fiscal Restraint on Surveillance and

Monitoring Programs

Many speakers made reference to the serious budget cuts that
have occurred in Great Lakes programs over the past decade.
For many agencies, these cuts have forced a fundamental
recon guration of surveillance and monitoring programs.
Sometimes, this reconfiguration has been reflected in reduced

monitoring frequency or spatial coverage. In other programs,
there has been a conscious decision to move away from large
scale lakewide programs toward local studies that can provide
more detailed and accurate loading estimates, but which fail to

provide a regional or lakewide perspective. Long term pro
grams focusing on key indicator species have received less
funding and attention in recent years, tothe detriment of our
being able to track temporal and spatial trends.

Several speakers emphasized the point that the lakes themselves
are dynamic systems, completely apart from actions that may
change pollutant loadings to them. Dramatic food web changes
have already been documented in some systems, and these
changes are thought to be the result of complex phenomena,
probably including, but not limited to pollutant loading
changes. There is a need for ongoing adaptation of surveillance
and monitoring programs so that they are responsive to the
dynamic nature of the lakes.

 

The 5/13 recommends thefollowing.
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Data Used for Many Purposes

It is apparent that under the prevailing climate offiscal restraint,
few programs have the resources to collect data for a single
purpose. Rather, most agencies are collecting data that may be
used for many purposes, some of them not intended when the
program was designed. Most LaMPs must therefore patch
together data from a variety of sources, and of varying ages and
analytical methodologies, and try to interpret them in a
lakewide context. This has been a challenging task, especially
since LaMPs are required to track the effectiveness of remedial
measures and the impacts on beneficial uses of critical pollut
ants. To complicate interpretation,imuch of the available data is
not in a form that is readily understood by most LaMP
participants. As a result, data may be misinterpreted or simply
ignored as unusable. Many scientists who spoke at the session,
both those on the panel and those in the audience, expressed

 

concern that LaMPs may contain outdated or incomplete
information, and where that occurs may convey an inaccurate or
misleading message. They believe that the LaMPs are signifi
cantly weakened by the omission of current and valuable, if

highly technical, data.

 

Those participants with LaMP planning responsibilities had a
different perspective on this problem. They agreed that the
LaMP analysis may be less complete and/or less accurate than
desirable, if critical information is omitted. They stated,

however, that their frustration arises in trying to make sense of

scientific data without the close involvement of the scientific
community. They spoke of their attempts to piece together a
mosaic of data, little of it collected for the LaMP effort, and of

trying to make sense of information that is contradictory,
confusing or simply unintelligible.

Surveillance and Monitoring
as Part of a Larger LaMP Process

Several speakers made reference to the complex interactions
between a LaMP, the scientific community and regulatory
agencies. Some of the dissatisfaction that was expressed about
the LaMP process may in fact be a result of confusion about an
appropriate division of responsibilities and an appropriate
mechanism for consultation among the various players legiti
mately involved in LaMP related activities.

Three key roles emerged from the workshop discussion.

1. The scientific community has a responsibility to assist in the
identification of critical pollutants, conduct exposure and
toxicological analysis, interpret and disseminate results, and 2 3
advise on the fate and pathways ofcritical pollutants in the
environment. This science step must involve not only
cellular and molecular scientists, but also field ecologists

who can assist in evaluating ecosystem level impacts. Several
speakers made the point that only the scientists can properly
interpret their data. In other words, it is not appropriate to
ask LaMP participants to analyze and interpret raw data
collected by others; to do so could lead to serious errors of

interpretation. However, it is clearly not enough to have
scientists analyze data and then present a brief seminar or
simply ask LaMP members to read a scientific paper on the
results. Information must be presented in a way that is
accessible to LaMP participants and which permits an
exchange ofideas about implications and potential action.

2. Regulatory agencies, who conduct surveillance and
monitoring programs, collate and manage data, and
enforce legal requirements. They must be up to date on
major developments in environmental toxicology and
chemical behaviour, and in aquatic ecology, soas to be able
to adapt monitoring activities to respond to new informa-
tion needs. Good communication between scientists and
regulatory agencies is also necessary so that appropriate
detection limits are used. Weak data, high detection limits
and/or inadequate interpretation can mean that findings are
simply dismissed as guesswork. One speaker emphasized
the point that loading estimates must be accurate and
defensible, because they will eventually be used to persuade
agencies and private sector companies to spend large
amounts of money on remedial measures.
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3. LaMP managers should use theresults of scienti c
investigations and monitoring data to in uence manage
ment decisions. Other social, cultural and economic
factors may also a cect a LaMPs preferred management
strategy. One speaker therefore compared this process to a
risk management process, in which decisions are made

about managing a known risk, rather than a risk assessment
process, which is more the province of the scienti c
community. The decisions made by the LaMP team in
turn create a need for ongoing surveillance and monitoring,
especially tracking the effectiveness of remedial measures
and estimation of pollutant loadings. In this sense, the

LaMP should ideally help to set the objectives for the
application and use of data, and determine the level of

compatibility and coordination needed with other
programs. These responsibilities therefore create a need for
effective communication between the LaMP s team and
the regulatory agencies.

 

The scienti c community has a
responsihility to assist in the

identification of critical pollutants,

conduct exposure and toxicological

analysis, interpret anal disseminate

results, and advise on the fate and

pathways of critical pollutants in the

environment. This science step must

involve not only cellular and molecular

scientists, hut also eld ecologists who

can assist in evaluating ecosystem-level

impacts.

 

Scientists, regulatory of cials and LaMP participants need to
meet on a regular basis to identify the critical pollutants to be
managed through the LaMP process. It was equally clear that
the current level of interchange among the three groups is
inadequate to support effective progress on LaMPs.

The SAB recommends the following.

' The IJC challenge the Parties to demonstrate that the
LaMP process represents its best management e on in
terms of information sharing and dissemination and
adequacy of current surveillance and monitoring
programs.



 

1.4 WATER QUALITY CRITERIA
WORKSHOP

1.4.1 Review and Progress of Governments
in the Control and Management of
Persistent Toxic Substances: Development
and Use of Water Quality Objectives

In December 1997, the International Joint Commission

directed the Great Lakes Water Quality Board, Great Lakes

Science Advisory Board and the Council of Great Lakes
Research Managers to assess governments efforts to further
determine the impact of persistent toxic substances on the Great
Lakes, develop a control and prevention strategy, and advise on
strategies of the governments in the implementation of the
control and management programs for discharges of persistent
toxic substances.

The Great Lakes Science Advisory Board held a workshop in
Chicago at the Regional Headquarters of the U.S. Environmen
tal Protection Agency, in March 1998. It discussed the
adequacy of existing water quality objectives for protection of
organisms, including humans, living inthe Great Lakes basin

exposed to persistent toxic substances from Great Lakes food
chains. This section of the report is based on selected technical
presentations, and interrelates the protection of human health
with the restoration of extirpated Great Lakes wildlife popula-
tions, and the implementation of the Agreement. Parts of this
report were published as a brief meeting report in the March
1999 issue of Environmental Health Perspectives.

Article IV of the Boundary Waters Treaty of 1909 that states in
part that the waters herein de ned as boundary waters and
waters owing across the boundary shall not be polluted on
either side to the injury of health or property on the other.
One of the key ideas in the Agreement is that water quality can "
be maintained and restored by developing and adopting water
quality objectives. This idea was incorporated into the first
Agreement, signed in 1972. The rationale is that if scientists
could recommend the concentration of a pollutant that could
be tolerated by organisms in the Great Lakes, then engineers

could build and operate waste treatment facilities to make sure
that the pollutant stayed below that concentration. This
rationale has been successfully used by governments to improve
water quality in the Great Lakes basin for more than 40 years.

In 1978, with the renegotiation of the Agreement the Parties

amended the policy regarding toxic substances by stating that
the discharge of any and all persistent toxic substances be
virtually eliminated. Water quality objectives for both toxic
substances and persistent toxic substances were incorporated
into Annex 1. However, no speci c de nition of virtual
elimination of discharge of persistent toxic substances has
been developed for the Agreement.

To what extent has the policy been achieved and are additional
actions needed? Persistent toxic substances continue to leach

 

from chemical landfill sites and from contaminated sediments
(U.S. EPA and NYSDEC,1997; Lakewide Management Plan for

Lake Ontario 1998) and be deposited from the atmosphere
(Cohen et al. 1995; Hoffet al. 1996), thereby maintaining

concentrations high enough to continue to cause injury to fish,
wildlife and human populations. Existing water quality objec
tives need to be reevaluated to determine whether they are
sufficiently stringent to restore affected fish and wildlife popula
tions, to protect human health and to fulfill the requirements of

the Parties policy of virtual elimination ofdischarge.

Injury to Human Health
and to Fish and Wildlife Populations

The research on the reproduction of wildlife and on the
developmental effects in infants exposed to persistent toxic
substances pointed to the widespread presence of teratogenic
substances that are causing irreversible transgenerational damage.
These case studies were subsequently important in the formula
tion of the hypothesis on endocrine disruption that has become
an explanatory principle in modern environmental toxicology
(Cheek et al. 1998; US. Environmental Protection Agency
1997, 1998; Scienti c Committee on Toxicity, Ecotoxicity and
the Environment 1999). The various stages of the normal
differentiation and development of the embryo, fetus and infant

are under the control of specific chemical messengers that are
programmed to be released from a certain tissue, transported in
the blood, and produce specific effects at a certain concentration
and particular time in another tissue or organ. The scientific
community has recently become focused on the finding that
some chemicals, including many persistent toxic substances that
have been released to the environment, interfere with these
chemical messengers and cause irreversible damage to the
developing embryo and fetus. These effects occur at extremely
low doses (Peterson et al. 1992; Welshons et al. 1999; Colborn

et al. 1999) and include changes in the development and

function of the reproductive system, deficits in neurological

development affecting learning and deficits in the development
of the immune system.
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In the 19905, the U.S. and Canadian governments have made

significant progress in developing water quality objectives and
criteria for persistent toxic substances. For example, in response
to the Great Lakes Critical Programs Act of 1990, the US.
Environmental Protection Agency developed water quality
criteria for persistent toxic substances, under the Great Lakes
Initiative (GL1), for protection of aquatic life, human health

and wildlife. When regulatory o icials in the Great Lakes states
initially reviewed the toxicological and bioaccumulation data,

they noted the extremely low water concentrations that would
have to be achieved to restore Wildlife populations and to
protect humans from an unacceptable risk of cancer.
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Three questions were posed by the Science Advisory Board to
the workshop participants.

1. Are the water quality criteria developed by the US.
Environmental Protection Agency for protection of human
health based on the cancer causing ability of these chemi-
cals, sufficiently stringent to protect the embryo and fetus
from the developmental effects of persistent toxic sub
stances, particularly neurological effects, the most sensitive
endpoint?

2. Could restoration of the most sensitive wildlife popula
tions be used as a surrogate for the achievement of human
health protection?

3. Could the protection of human health and the restoration
of wildlife be taken as indicators of the successful imple
mentation of the Parties policy on the virtual elimination
of discharge of persistent toxic substances?

Water Quality Criteria
for Protection of Human Health

At the workshop, independent presentations by senior scientists
Dr. Milton Clark of the United States, and Dr. Deborah Rice of
Canada showed a remarkable consistency in analyzing the
available epidemiological and experimental studies concerning
the neurological effects of PCBs. Neurological effects on
humans are among the more sensitive endpoints for PCBs. The
neurological findings in humans were supported by the results
of the studies in monkeys, and the reference doses were similar.

In addition, the water quality criteria derived from the cancer
risk method, calculated as part of the Great Lakes Initiative, do

seem to provide suf cient protection from neuro behavioral
and reproductive effects of PCBs and dioxins. The available
environmental monitoring data indicate, however, that the

present concentrations of PCBs in samples of Great Lakes water
are about a hundred times higher than these criteria.

The board concludes that the water quality criteria for protect-
ing humans from the carcinogenic effects of PCBs are adequate
to protect developing infants from the neurological effects of
prenatal exposures to PCBs.

The board concludes that, despite the significant improvements
in water quality during the past two decades, there are still
persistent toxic substances in fish and wildlife at concentrations
that pose threats to human health and in some cases these
concentrations are associated with actual effects on the more
highly exposed individuals in critical Subpopulations.

The SAB recommends the following.

' The IJC challenge the Parties to demonstrate that
their existing policies and programs, such as the
Binational Toxic Substances Strategy, will be suffi
cient to achieve established water quality criteria.

 

The Bald Eagle as an Indicator of the Restoration and

Protection of Water Quality and of Human Health

The monitoring of trends in the exposures to, and effects of,
persistent toxic substances in human populations remain a
challenge for scientists involved in Great Lakes research. Not
only are basin human populations mobile and their various
routes of exposures to chemicals uncertain, but also much of
their food is imported and therefore does not represent the
contamination of their local environment. Thus, there is a need

for the selection of indicators as surrogates of human exposures
and effects. An indicator has been defined (International Joint
Commission 1996) as something that provides a clue to a
matter of larger significance or makes perceptible a trend or
phenomenon that is not immediately detectable.

In the 19505 and 19605, many of the North American popula
tions of bald eagles were extirpated through exposures to
persistent toxic substances (Sprunt et al. 1973). The population
of bald eagles that nested in the shoreline habitat around the
Great Lakes was among the most severely contaminated on the
continent and the most seriously affected. Prohibitions on the
use of DDT in the early1970$ resulted in restoration of many
North American populations, but only partial reestablishment
in the Great Lakes basin. Bald eagles need adequate nesting
habitat, sufficient food for themselves and their young and no

human disturbance. While much of the shoreline of the Great
Lakes basin provides these minimal requirements, large areas
remain so contaminated with persistent toxic substances that
bald eagles have been unable to reestablish territories. For
example, the bald eagle population that existed on Lake Ontario
was extirpated by 1958 and no eagles have attempted to
reestablish territories despite the availability of many suitable
locales. However, a pair of bald eagles that nested on Wellesley
Island in the Saint Lawrence River, downstream from Lake

Ontario, produced one chick in 1999. The bald eagle has been
demonstrated to be particularly sensitive to certain organochlo
rine contaminants in the environment and therefore the board
suggests that it would make a good indicator of the restoration
of water quality.
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The development of water quality criteria to restore the Great
Lakes populations of bald eagles nesting in habitat along the
shorelines has taken two different approaches: one empirical and
the other experimental. The empirical dose-response relation
ship between contaminant concentrations and reproductive
success is well documented and there are field measurements of
the biomagnification factors, for certain persistent toxic
substances such as PCBs, between water and bald eagle eggs that

range from 25 millionfold to 100 millionfold. In the develop
ment of the water quality criteria for the Great Lakes Initiative,
scientists have used data derived from experimental dose
response relationships and biomagnification factors. Using the
protection of humans from the carcinogenic effects of PCBs,

the criteria based on empirical data is ten times more stringent.
Whereas the criterion based on experimental data is ten times
less stringent than the human carcinogenesis criterion.

The board concludes that the restoration and normal reproduc
tion of a Great Lakes population of shoreline nesting bald eagles

might provide a useful surrogate for the protection of human
health. There are, however, differences in the criteria derived

from experimental versus empirical evidence, and further

discussion is needed of which data should take precedence.

The population status and reproductive success of bald eagles
can serve as an indicator of the Parties progress under the
Agreement on achievement of the restoration ofwater quality
and on the adequacy of the water quality criteria. Though the
bald eagle has been used as an unofficial indicator for monitor
ing regional trends in concentrations and effects of persistent
toxic substances in the Great Lakes basin for more than 30
years, this usage is in jeopardy because the species is being
removed from the US. national list of endangered species and
therefore funding for monitoring is being sharply curtailed.

The SAB recommends the following.

' The IJC endorse the bald eagle as an ecosystem
indicator for the Agreement and recommend that the
Parties commit funding to the long term monitoring of
the population status, trends in concentrations and
effects of persistent toxic substances in Great Lakes
bald eagles.

A Biochemical Indicator of Exposure

The final workshop discussion focused on the need to find a

biological indicator of exposure to speci c compounds or classes
of compounds with specific modes of action that are relevant to
potential or observed harmful effects. There have been several
proposals to use the Ah receptor in sh and Wildlife species as
long term monitors of the trends in exposure of Great Lakes
organisms to certain persistent toxic substances, such as the
planar PCBs, polychlorinated dibenzo-p dioxins and furans.
Other candidate physiological markers include porphyrin
accumulation and retinoid depletion in the liver, and some
measure of immune function. Some monitoring data on these
physiological endpoints are already available from studies on
various species of fishaeating birds collected at various periods
and from various sites around the Great Lakes.
While monitoring Ah activity in a species of fish-eating bird
might be a valuable measure of exposure to compounds with
this mode ofaction, there are also other modes of action of

toxicological importance that need to be monitored. For
example, there are certain non planar PCBs that cause neuro
logical effects through interfering with dopamine metabolism.
Theoretically, a biochemical measure could be devised for

monitoring the trends in exposures to substances with this
mode of action. Finally, there is evidence from herring gulls

and salmonids of the presence in the Great Lakes of unidenti
fied anthropogenic or natural substances with goitrogenic
activity. There is, thus, aneed for a biological indicator of
exposures to these compounds since thyroid functioning is such
an important process, not only in the normal functioning of
adult organisms, but also in the normal differentiation and

development of embryos, fetuses and juveniles of all vertebrates.

 

The SAB recommends the following.

' The IJC recommend that the Parties select biochemical
indicators to monitor trends in exposures of sh,

wildlife and human populations to compounds that
interact with the aryl hydrocarbon (Ah) receptor, and
fund research to develop biochemical assays to deter
mine trends of chemically-induced changes acting
through other mechanisms.

1.4.2 Research and Regulatory Progress
in Applying Toxic Equivalency Factors

The Agreement, in Annex 2, section 6(a) (i), states that

Lakewide Management Plans . . . shall include a definition of
the threat to human health or aquatic life posed by Critical
Pollutants, singly or in synergistic or additive combinations
with another substance, including their contribution to the 27

impairment of beneficial uses. In preparing Lakewide
Management Plans, the interpretation of analyses of orga
nochlorine chemicals in environmental and biological samples
has been complicated by the number of residues present. One
of the most toxic substances in many of the samples from the
Great Lakes is 2,3,7,8 tetrachloro dibenzo p dioxin. Some
congeners of polychlorinated biphenyls (PCBs), some other
congeners of polychlorinated dibenzo p dioxins (PCDDs) and
some of the polychlorinated dibenzofurans (PCDFs) have the
same mode of action by binding to the aryl hydrocarbon
receptor (Ah). Though all these congeners have the same mode

of action, they have different potencies. The relative potency of
each congener is known as the toxic equivalency factor (TEF).

The interpretation of analytical data has been made easier by
converting the results of the concentrations of each of the
congeners using the TEFs to calculate the toxic equivalent
concentrations (TEQs) as though all the dioxin like activity

were due to 2,3,7,8 tetrachloro dibenzo p dioxin. It has been
assumed that the dioxin like activity in terms ofTEQs of each
ofthe congeners is additive.

Originally, TEFs were developed based on the relative toxicity
in mammals or in mammalian cell cultures. Thus, there was a

need to rationalize the TEFs from the different data sources.

Later work on fish and birds showed that TEFs for these

organisms were different from those for mammals. Thus, there

was again a need to rationalize the TEFs. TEFs can be used not

only to interpret analytical data and to make cause-effect cases,
but also can be used for risk assessment and for permitting

discharges into the environment.
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In the late 19805, the U.S. Environmental Protection Agency

initiated the U.S. Great Lakes Water Quality Guidance, to
develop water quality criteria for the protection of wildlife from
exposures to persistent toxic substances. Because approval of
the guidance had implications for species listed as threatened,
rare and endangered, the agency entered into formal consulta

tion with the U.S. Fish and Wildlife Service (FWS) to comply

with Section 7(a)2 of the Endangered Species Act. In the final
biological opinion issued by the FWS, the two agencies agreed
to hold a workshop to develop a consensus on the use of TEFs
for chlorinated dioxin-like compounds, that would be protec
tive of wildlife. This proposed workshop was merged with one
that was being organized by the World Health Organization
(WHO) in Stockholm, Sweden for June 15 18, 1997. At that

meeting, experts developed tables ofTEFs, through consensus,

for mammals, fish and birds. This work has recently been
published, after peer review, in the primary scientific literature
(Van den Berg et al. 1998); see Table ?X? below. The U.S. EPA

and the U.S. FWS held a workshop in Chicago, January 20 22,

1998, to address the use ofTEFs in ecological risk assessments.

These TEFs were then presented by Tim Kubiak at the IJC
Workshop on Water Quality Criteria held in Chicago on March
25-26, 1998 and at the Meeting to Assess Scientific Issues in
Relation to Lakewide Management Plans, held in Windsor on
February 25 26, 1999.

Risk estimates for regulatory purposes have traditionally been
based on total PCBs, because these were the only data available.

The implications of using TEFs for each of the PCB, PCDD
and PCDF congeners to calculate toxic equivalent concentra
tions (TEQs), are that the estimated risks are generally larger
than when they were based on total PCBs. The current Great
Lakes Water Quality Guidance for human health assessment
includes TEFS for PCDDs and PCDFs to calculate aTEQ that
establishes the risk for these substances. But PCBs are still
assessed separately as total PCBs, even though TEFs are
available. Similarly, for wildlife, criteria are set for 2,3,7,8-
tetrachlorodibenzo p dioxin, but notfor other PCDDs and

PCDFS; and criteria for PCBs are set on the basis of total PCBs

and not on the basis ofTEFs. Further, the current guidance
does not address the subtle differences in the consensus WHO
TEFs that were established for birds and mammals.

The Great Lakes Water Quality Guidance provides a process to
derive water quality criteria for these compounds, but does not
contain TEFs or total PCB criteria for sh, such as lake trout,
and there is no guidance for integration of analytical data on
PCBs, PCDDS and PCDFs across these families of chemicals.

The current water quality criterion value of 14 ppt total PCB
for protection of fish, is a carry over from the EPA s 1986
Quality Criteria n Wter or Gold Boo/e, and seems to be a

default value. This criterion relies on {dated toxicological and

bioaccumulative potential rather than a consideration of the
effects of dioxin like compounds on early life stage mortality,
which is the basis for the WHO TEF scheme for fish. If the
reproductive, developmental and congener speci c
bioaccumulation factors were taken into consideration, the

water criteria for some individual congeners would be at least
two orders of magnitude lower. A similar scenario unfolds for
birds and mammals.

The application of the TEF/TEQ approach has several other
regulatory implications. For example, fish and wildlife con
sumption advisories have been developed for humans based on
total PCBs. Human health would be better protected if

 

advisory decisions considered resulting total TEQs using the
WHO TEES, which take into account the risk posed by the

most significant chlorinated compounds present with
dioxin like activity. The resulting total TEQ risk could then be
compared side by side with total PCB risk.
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This scheme using the TEF/TEQ approach successfully
addresses the risks posed by substances that exhibit dioxin like
activity. But there are other PCBs that are toxic through other
modes of action. These kinds of toxicity arenot addressed
through the TEF/TEQ scheme. Data sets relating to total
PCBs have been used for risk assessment for elfects that are not
mediated through the Ah receptor. The TEF/TEQ approach
should therefore be viewed as a complementary approach to,

and not a substitute for, total PCB assessments.

The TEF/TEQ approach is geographically neutral and has
universal utility for estimating dioxin like activity in fish,
wildlife and human populations exposed in all ecosystems
throughout the world. The variables that are subject to change
in risk assessments in other locations will be: target organisms;

the complexity of their supporting food chains; water
bioaccumulation factors or biota to sediment accumulation
factors; and toxicity data that are relevant to protection and
restoration of sh and wildlife populations. Regardless of
geographic location, the critical pathway can be identified by
using the WHO TEF/TEQ approach as the unifying method
ology for assessing different target species and food-chains in
different ecosystems.

The WHO TEF/TEQ approach is applicable to a variety of
regulatory circumstances. For example, it can be used in the
preparation of Lakewide Management Plans for critical
pollutants and of Natural Resource Damage Assessments.
Similarly, in tributaries to the Great Lakes that have limited
water quality, the WHO TEF/TEQ approach can be used by
the states or U.S. EPA under the U.S. Clean Water Act s section
303(d), to derive Total Maximum Daily Loads (TMDLs).
After additional collection of supporting data on TEQs in waste
loads from point and nonpoint sources, a TMDL may be
established taking into consideration an allocation for an
adequate margin of safety. When based on food chain



 

contamination, regardless of source, this could include contami The SAB recommends the following.

nation that arises directly from sediments or atmospheric
deposition. To this end, U.S. EPA Region 5 is preparing a ' The IJC urge the Parties to implement the WHO tox'ic
framework document, with the concurrence of the Agency s equivalency factors approach in the development of
Science Advisory Board, on the application of the TEF/TEQ water quality criteria.
approach.

 

The Great Lakes Science Advisory Board concludes that the
WHO TEF method would be a useful approach to determine
additive effects of some critical pollutants related to Annex 2 of
the Agreement.

Eble 1 World Health Organization Toxic Equivalency Factors (WHO TEFs) for Humans, Mammals, Fish and Birds.

(With permission, from Van den Berg et al. 1998)

TEF

Congener Humans/Mammals Fish a Birds a
2,3,7,8 TCDD 1 1 1
1,2,3,7,8 P6CDD 1 1 1 b

1,2,3,4,7,8-HXCDD 0.1 a 0.5 0.05 b

1,2,3,6,7,8 HXCDD 0.1 a 0.01 0.01 b

1,2,3,7,8,9 HXCDD 0.1 a 0.01 c 0.1 b
1,2,3,4,6,7,8 HpCDD 0.01 0.001 <0.001 f

OCDD 0.0001 :1 <0.0001 0.0001

2,3,7,8 TCDF 0.1 0.05 1 b
1,2,3,7,8 PeCDF 0.05 0.05 0.1 b
2,3,4,7,8 PCCDF 0.5 0.5 1 b
1,2,3,4,7,8 HXCDF 0.1 0.1 0.1 b,d

1,2,3,6,7,8 HXCDF 0.1 0.1 d 0.1 b,d

1,2,3,7,8,9 HXCDF 0.1 a 0.1 C,d 0.1 d

2,3,4,6,7,8 HXCDF 0.1 a 0.1 d,e 0.1 d 29
1,2,3,4,6,7,8 HpCDF 0.01 a 0.01 e 0.01 e

1,2,3,4,7,8,9 HpCDF 0.01 a 0.01 c,e 0.01 e
OCDF 0.0001 a <0.0001 c,e 0.0001 6

3,4,4 ,5 TCB (81) 0.0001 a,c,d,e 0.0005 0.1 C

3,3 ,4,4i TCB (77) 0.0001 0.0001 0.05

3,3',4,4',5 PeCB (126) 0.1 0.005 0.1

3,3',4,4',5,5' HXCB (169) 0.01 0.00005 0.001
2,3,3',4,4' P6CB (105) 0.0001 <0.000005 0.0001
2,3,4,4',5 P6CB (114) 0.0005 a,d,e,f <0.000005 6 0.0001 g

2,3',4,4',5-PCCB (118) 0.0001 <0.000005 0.00001

2',3,4,4',5 PCCB (123) 0.0001 a,d,f <0.000005 6 0.00001 g

2,3,3',4,4',5 HXCB (156) 0.0005 d,e <0.000005 0.0001
2,3,3',4,4',5' HXCB (157) 0.0005 d,e,f <0.000005 d,e 0.0001

2,3',4,4',5,5i-HXCB (167) 0.00001 a,f <0.000005 e 0.00001 g

2,3,3',4,4',5,5' HpCB (189) 0.0001 a,d <0.000005 0.00001 g

Abbreviations: CDD, chlorinated dibenzo-p dioxins; CDF, chlorinated dibenzofurans, CB, chlorinated biphenyls; QSAR,

Limited data set.

In vivo CYPlA induction after in ovo exposure.

In vitro CYPlA induction.

Prediction from quantitative structure-activity relationship based on CYPIA induction (monkey, pig, chicken, or fish).

Structural Similarity.

No new data from previous WHO review (Ahlborg et al. 1994).

QSAR modelling prediction from class speci c TEFs 'm
a
n
a
g
i
n
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1.5 REMEDIAL ACTION PLAN ASSESSMENT:
SITE VISITS TO THREE AREAS OF CONCERN

The SAB held three of its regular meetings during the biennial
cycle at Areas of Concern. This scheduling was intended to
assist the Commission in assessing the status of progress in
selected AOCs, in keeping with the practice of the SAB from
1995 97. Of the three locations, only St. Marys was designated
by the IJC for status assessment in 1997 99, and, accordingly,
the SAB coordinated its activities with a view to overall

Commission needs and schedules. An IJC summary of this
assessment is presented in its report, St. Marys Area of Concern,

I]C Status Assessment, Felnuary 1999. The other locations,

Cornwall and Grand Calumet, were identified in order to assist

the Commission in considering their potential as status
assessment candidates, because these areas had been visited by

the SAB in the past, and because there was a strong local interest

in hosting a board meeting to discuss pertinent scientific issues.
Board comments and recommendations were forwarded to the

Commission under separate cover as business arising from each

of the meetings.

Cornwall and Massena

The first of these meetings was the 107 meeting of the SAB

30 held in Cornwall, Ontario at the St. Lawrence Institute of

Environmental Sciences, on September 3 and 4, 1997.

It was recommended that:
' following receipt of the Stage 2 Cornwall Remedial Action

Plan, that the Commission consider the Cornwall/Massena
Areas of Concern for the purpose of a joint site assessment.

This recommendation was based on the benefits of obtaining a
comprehensive assessment of progress from among the multi
jurisdictional efforts in the boundary waters. Such an assess
ment could serve to place the proposed Remedial Action Plans
into the wider context of lakewide effects, and help the
jurisdictions establish priorities for restoration and coordination.
Overall, the SAB was encouraged by the progress of the

Cornwall RAP and the integration of the St. Lawrence River
Institute activities as part of their process.

St. Marys River

The second of these meetings was the 108 h meeting of the SAB
held in Sault Ste. Marie, Michigan on November 19 and 20,

1997. The board reached the following conclusions regarding
the St. Marys River Area of Concern, based on the comments
and submissions from its public meeting.

' Inadequacy of the Planning Process
It was evident from the comments of the BPAC, citizens,

elected officials and industry representatives that the
protracted planning process was symptomatic of a general

Sue/J an assessment could serve to place

the proposed Remedial Action Plans into

t/oe wider context oflakewide e Z cts,

and help the jurisdictions establile
priorities for restoration and

coordination. Overall, the SAB was

encouraged oy t/oe progress oft/7e

Cornwall RAP and the integration of

t/ae St. Lawrence River Institute

activities as part of their process.

 

lack of leadership, support and resources from a lead
agency. Several specific issues were noted in relation to this
problem: the need for improved accountability to sustain
progress; broadened BPAC membership to address plan
implementation; local empowerment of stakeholders to
define problems and assess options and possibly the use of
a dispute resolution process to assist in the development of
a partnership based approach.

0 Scientific Needs
The SAB did not have the benefit of any integrated
scientific analysis that either defined the problem(s) or

supported any conclusions on the priorities for
remediation. Health issues have not been addressed,

particularly in relation to the known effects caused by
exposure from persistent toxic substances to fish, wildlife
and humans. The high level of knowledge and GIS
capability with respect to sea lamprey, including remedial
least cost analysis, contrasted sharply with the inability to
address other use impairments confidently. The Depart
ment of Fisheries and Ocean s approach on sea lamprey was
viewed as a model that could be extended to the entire
RAP.

' Existing Sources
The SAB was impressed by the efforts made by the
industries in recent years to reduce pollutant discharges to
the river. Significant improvements have been made by
both St. Marys Paper and Algoma Steel since 1990, and
the board concluded that these actions will have important
positive consequences for river water and sediment quality.
Representatives from both companies expressed an interest
in the problem of contaminated sediments and a willing-
ness to work with the other stakeholders in planning and
executing appropriate remedial measures. It was evident
that both industries have focused to date on compliance

 



 

with regulatory requirements related to pollution control
rather than undertaking a comprehensive assessment of
their roles or responsibilities in larger remedial efforts.

' Other Comments
Communication was identified by stakeholders as generally
inadequate. Several examples included a lack of commu
nity knowledge about the recent sampling activities of
various agencies and about the potential for drinking water
impairment downstream of the primary sewage treatment
plant discharge. There was concern that the Area of
Concern designation might compromise efforts to obtain
national recognition of the river as a heritage site, rather
than an appreciation that remedial actions could sustain
and complement the restoration and protection of natural
attributes.

It was apparent to the SAB that the benefits of increased
community awareness and educational opportunities that
often characterize successful RAPs have not occurred in the
St. Marys RAP. With strengthened communication, such
as school programs, community cleanup activities, and an
improved media focus, the planning process could be

greatly facilitated.

Grand Calumet

The third of these meetings was the 111'h meeting of the SAB
held at the Spring House Inn, Porter, Indiana, on September
24, 1998. It was concluded that:

' the Grand Calumet Area of Concern would benefit from a

comprehensive review by the IJC under its Annex 2 status
assessment process, The area is a unique combination of
serious pollution problems, significant natural heritage and
community development challenges. On the basis of the
relevance of sediment remediation to Remedial Action

Plans, the SAB identified there is a considerable wealth of

experience and knowledge in addressing issues related to
the management of contaminated sediment by the U.S.

Army Corps of Engineers, US. Steel and the Grand Cal

Task Force, that could be transferred throughout the basin

with the involvement of the Commission.

It appeared from the presentations and discussions with two of
the major industries in the area, US. Steel and Bethlehem Steel,

that industry has made a renewed commitment to environmental
management and stewardship. The US. Steel project, to remove
contaminated sediments in five miles of the Grand Calumet
River, is one of the largest projects of its kind in North America
and represents state of the art engineering and technology.

The ecological research efforts and capacity at the Lake Michigan
Ecological Research Station and the Great Lakes Science Center
continue the standard ofexcellence in the tradition ofDr. Henry
Cowles, one of the area s earliest and most eminent researchers.

While the current focus ofthe research has been on natural
history, conservation and protection of remnant natural heritage
areas, an opportunity was identified by the SAB to extend this
research to include restoration ecology with a View to integrating
the recovery at remedial and industrial sites into the surrounding
natural landscape. Such an initiative could be facilitated through
the RAP with enhanced interagency coordination.

 

Tbe Grand Calumet Area of Concern
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Based on the experience of planning advisory committees
elsewhere in the basin, there are strategic advantages for the

agencies to encourage further local involvement in the CARE

(Citizens Advisory for Remediation of the Environment)

committee, particularly in supporting local leadership as the
committee chair. Notwithstanding the known practical benefits

of encouraging public involvement in plan preparation, public

support in decision making is a key factor to plan implementa
tion and ultimate progress.

Academic institutions in the community, such as Purdue
University and Indiana University, provide opportunities to
diffuse and apply academic research to problems in the area
through local partnerships and initiatives. This is an example of
outreach that could be further promoted in discussions between
RAP developers and local leadership. University involvement in
RAPs is an approach that has been used successfully elsewhere in
the Great Lakes basin as a resource for addressing community
needs.

In conclusion, the SAB commends the use of status assessments 3 1

as an interim review process in specific instances where RAP
progress has been slow. The SAB experience in supporting these
reviews, by assessing scientific issues and facilitating stakeholder

dialogue through site visits, invited scientific presentations and

public meetings is viewed by the board as an effective approach
to provide scientific advice to the Commission with respect to
Annex 2 progress. The SAB urges theCommission to continue
these efforts and intends to coordinate its future public meet
ings in the 1999-2001 biennial cycle in order to continue to
contribute a scientific perspective to the status assessments.
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1.6 TOLEDO NONPOINT WORKSHOP:
NONPOINT SOURCES OF POLLUTION
TO THE GREAT LAKES BASIN

Background

1998 marked the 20 h anniversary of the publication of the final
reports of the Commission s Pollution From Land use Activities
Reference Group (PLUARG). PLUARG produced a body of
work that remains the cornerstone of current thinking about
nonpoint source pollution in the Great Lakes and elsewhere.
Now, 20 years after PLUARG, the Workgroup on Parties
Implementation seeks to assess the status of nonpoint source
pollution control in the Great Lakes basin, particularly progress
by the Parties under Annexes 3 (Control of Phosphorus) and 13

(Pollution from Non Point Sources) of the Agreement. To that

end, the workgroup sponsored a special session at the Great
Lakes soil erosion and sediment control conference, held in

Toledo, Ohio, September 16 18, 1998. The following report

summarizes the ndings of that session.

Session Format

The workgroup commissioned two major papers from leading
experts in urban and agricultural nonpoint source pollution
control. The first of these was fromMr. Tom Schueler,

Executive Director of the Center for Watershed Protection,

Washington, D.C., on the topic of Source and Controls of

Pollutants in Urban Runo The second was from Professor

Terry Logan, a member of the Environmental Sciences faculty

at Ohio State University and a former PLUARG participant.
Dr. Logan spoke on the topic Nonpoint Source: ofPollutants to
the Great La/ees 20 Years Post PLUARG.

In addition to these two speakers, the session included a panel
of four experts: Dr. Trevor Dickinson, Emeritus Professor of

Water Resources Engineering, University of Guelph, and a
former PLUARG participant; Dr. Roger Brook, Professor of
Agricultural Engineering, Michigan State University; Mr.
Michael Hunter, Certified Crop Adviser, Bruce AgVise,

Ontario; and Mr. Peter Johnson, Soil and Crop Advisor,

Ontario Ministry of Agriculture and Food.

The session was attended by about 25 participants, and the
breadth of experience within this group contributed markedly
to the lively technical discussion during and following the
formal presentations.

Requirements Under Agreement

Two annexes of the Agreement are relevant to the control of
nonpoint sources of pollution. Annex 3 provides several key
provisions relating to the control of phosphorus, including load
reduction targets. Annex 13 of the Agreement, on Pollution
from Nonpoint Sources, calls for the Parties to:

Nevert/aeless, it became apparent during

t/ae works/90p t/aat nonpoint sources of

pollution to t/ae Great Lakes oasin

remain a serious issue, and tlzat

plaospljorus levels are far om under

control

 

' identify land-based activities contributing to water quality
problems described in Remedial Action Plans for Areas of
Concern or in Lakewide Management Plans, including but
not limited to phosphorus and critical pollutants; and

° develop and implement watershed management plans,
consistent with the objectives and schedules for individual
Remedial Action Plans or Lakewide Management Plans,

on priority hydrologic units to reduce nonpoint source
inputs.

Annex 13 specifies a number of other requirements relating to
the control of nonpoint sources, including surveillance, surveys
and demonstration projects. Furthermore, Annex 13 empha
sizes the importance of demonstration projects of remedial
programs on pilot urban and rural watersheds to advance
knowledge and enhance information and education services,

including extension services, where applicable.

Progress to Date

It was pointed out at the session that progress in these areas was
significant through the 19805 but has agged over the past
decade. In part, this may be because other issues, such as
concern for persistent toxic organics, became prominent in the

environmental agenda and eventually took precedence over
issues that were generally believed to have been solved. Never-
theless, it became apparent during the workshop that nonpoint
sources of pollution to the Great Lakes basin remain a serious
issue, and that phosphorus levels are far from under control.
Phosphorus continues to be a major source of concern in the
Great Lakes basin, both because of persistent eutrophication in
some areas and because control strategies have been less effective
than anticipated. Similarly, soil erosion (leading to high
sediment loadings to watercourses) remains a significant
problem in some areas.

In view of the fact that nonpoint sources of pollution are
signi cant in a number ofAreas of Concern, and therefore that

remedial actions in those areas remain to be developed, the
ndings of this session also have important implications for the

 



 

management of Areas of Concern and for Lakewide Manage

ment Plans.

The SAB recommends the following.

0 The IJC identify to the Parties the need for continued
action and vigilance in the control of pollution from
nonpoint sources. Such action will be particularly
urgent in Areas of Concern where nonpoint sources
have been a major contributor to the impairment of
beneficial water uses.

° The IJC begin discussions with the Parties to review the
adequacy of the phosphorus load reduction targets
described in Annex 3 (Control of Phosphorus) of the
Agreement, because phosphorous continues to be a
concern in the lower lakes.

Participants at the session also noted the tremendous changes
that have occurred in the Great Lakes basin over the past 20
years, observing that the basin of today is signi cantly different
from the basin of 20 years ago. These fundamental changes in
the basin may be far more important than the presence or
absence of controls in in uencing pollution levels. Urbaniza
tion in particular has brought significant changes to natural
systems, particularly in increased land surface imperviousness.
These changes have in turn led to increased runoff and associ
ated water quality impairment. The impacts of this urban
drainage on receiving waters are significant and must be
included in any attempt to address nonpoint source pollution.
Major improvements in urban drainage impacts may be
achievable through modest land use planning changes coupled
with appropriate and well maintained structural measures such
as in ltration trenches and storm water retention ponds.
Jurisdictional issues may, however, be thorny, because effective

control of urban nonpoint sources demands linkages between
environmental and planning agencies at several levels of
government. These linkages may be entirely absent or compli
cated by local political or economic forces. In urban systems,
the appropriate planning unit may be much smaller than in a
largely permeable agricultural watershed. Urban management
systems may have to be based on sewersheds the areas served
by individual sewer systems rather than on natural drainage
patterns.

In rural areas, economic forces on agriculture have forced a

move toward intensive farming, often in large-scale operations
quite different from the traditional family farm. Two effects
have arisen from this move. First, livestock operations have

tended to move toward confined animal feeding operations,
which produce large volumes of manure and related waste
waters, such as wash waters. If not properly managed, these
concentrated waste sources can have a dramatic impact on local
receiving waters. A second influence in agricultural portions of
the basin has been the gradual implementation of soil conserva
tion practices, such as conservation tillage or no-till, throughout
the basin. Some regions have embraced these practices more
enthusiastically than others. Several participants noted that,
because of high local acceptance, or topographic, soil or crop
factors, we appear to be approaching the limits of acceptance
and/or effectiveness of available soil conservation technology in
some areas. These comments underscored the need for local
measures tailored to local needs throughout the basin. Conser
vation tillage clearly remains a powerful tool in some parts of

the basin, but where it has been fully implemented and
nonpoint source pollution remains a problem, other measures,
for instance advanced treatment systems, may be appropriate.

In both urban and rural systems, microorganisms emerged as an

issue of particular concern, especially following recent outbreaks
of Cryptosporidium that may have arisen from animal wastes.
The full range of microbiological pathogens, their biology and
pathways, and appropriate control/treatment methods are still
largely unknown, but are likely to be important avenues for
future investigation. The urgency of this issue has increased in
recent years because of drinking water impairments at several
locations in the Great Lakes basin, revealing inadequate
protection, control and treatment capabilities.

 

The SAB recommends the following.

' The IJC initiate discussions with its advisory boards and
the Parties about the signi cance, sources, biology and

pathways of microorganisms arising from nonpoint
sources of pollution.

In contrast to rising concern about pathogens, pesticide use was

viewed by participants as much less problematic than it was
even a decade ago, in part because of the advent of new products

with very short half-lives and low persistence, also because of
improved pesticide storage, handling and user training pro

grams.
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In addition to known and emerging pollutant sources, partici
pants raised the issue of uncertainties in climate change and
weather patterns, and their potential to impact the distribution l
and abundance of water resources. New technologies, such as
precision agriculture (discussed below), may help us do the right
thing at the right time in responding to climate and weather
change, but only if those technologies are economically feasible,

understood and used by farm operators.

Although we now have much better general information about
the nature and importance ofsources, most of this information is
derived from inference and not from direct measurement. In fact,

we have few direct measurements ofloads, especially the detailed
chemistry (for instance of phosphorus species) that may be
relevant in assessing the effectiveness of proposed controls. As
governments scale down their monitoring and surveillance e forts,

these data are becoming scarcer and older. Without strong data,

we lack proof of cause and effect relationships, and therefore
cannot make sound management decisions with confidence.
Computer models of agricultural systems, for instance, too often
rely on inadequate data to make predictions that are in uential in
guiding (possibly erroneous) management decisions. The paucity
of good data on nonpoint source loads and their impacts on
environmental decisions has contributed to confusion about

' appropriate actions and endpoints and is a major obstacle to
further progress on commitments under the Agreement.
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The SAB recommends the following.

' The IJC urge the Parties to ensure that there are
adequate monitoring and surveillance programs for
nonpoint sources of pollution, particularly for the
evaluation of the effectiveness of speci c management
actions, for the identi cation of cause-and effect
relationships and for informed decision making about
the control of nonpoint sources.

Emerging Technologies

Comments from panelists and participants alike indicated that
we are now reasonably well informed about the general
characteristics of sources, with the notable exception of micro

organisms, and the limits of control technologies. Many of the

actions recommended for phosphorus control under Annex 3
have been implemented throughout the basin. We appear to be
approaching the limits of acceptance and/or effectiveness of
available soil conservation technology in some regions where
nonpoint source pollution is still not adequately controlled. In
these areas, more aggressive measures, for instance using
emerging technologies drawn from industrial and municipal
systems, may be necessary. In all cases, measures must be
planned and managed on a local basis, in response to the needs
of the local system. The Level 1 and Level 2 actions identi ed
in Annex 3 apparently are not, in themselves, any longer
sufficient for the control of nonpoint sources. Instead, it will

be necessary to develop new technologies and to couple those
new approaches with existing methods and improved land use
planning.

Emerging technologies for control of nonpoint source pollution
generally take two forms: modification of technologies in use in
other industrial or municipal sectors; and optimization of

nutrient and soil management through new microprocessor
technologies. Control at source was considered by participants
to be critical. It is, however, clear that we cannot rely on

existing technologies, however well implemented and main
tained, to resolve the nutrient and sediment loads arising from
nonpoint sources of pollution. Both in the urban and in the
rural environment, future progress must depend on a combina
tion of technology and land use planning on a watershed or
subwatershed basis. It is likely that farmers will need financial
incentives to risk new technologies or lower fertilizer and
pesticide inputs. In some areas (for example, precision agricul
ture), technology development may be proceeding faster than

our ability to implement it effectively. It is unlikely that the
agricultural community will be able to fund the necessary
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education, economic incentive programs and agronomic
research. This is an area where government support could be
instrumental in helping this technology to reach its full
potential.

Although government regulation has been an effective tool for
the control of industrial and municipal point sources, it has
been less effective in managing nonpoint source pollution, in

part because of the diffuse nature of sources and the problem of
assigning ownership. Traditionally, farmers have enjoyed the
right to farm, with associated exemptions from many controls
that would apply in other sectors. Farm operators are therefore
likely to resist government regulation strenuously, arguing that
controls must be on a site by site basis and developed in the
context of local economic and environmental conditions.
Economic incentives and education/extension programs have
been and are likely to continue to be critical in encouraging
progress in control of agricultural nonpoint sources.

The SAB recommends the following.

0 The IJC request the Parties to increase funding for
research and development of new technologies and
techniques for the control of urban and rural nonpoint
sources of pollution.

° The IJC urge the Parties to place special emphasis on
urbanizing areas; that is, those areas in transition from

rural to urban uses. Such land use changes represent
opportunities for implementation of watershed man
agement plans as de ned under Annex 13, 2(b), as a

condition of their development.

In the view ofthe Science Advisory BOard, the Commission has
an important and central role to play in alerting the Parties and
individual Great Lakes jurisdictions to the need for continued
action on phosphorus, sediment and pathogen control. It is
clear that obligations under Annex 13 of the Agreement cannot
be met with the present level of effort. New technologies
combined with improved land use planning will be necessary to
meet targets and continue the progress achieved to date.

The SAB recommends the following.

The IJC request the Parties to report on their imple-
mentation of the recommendations for agricultural
practices that were published in its Ninth Biennial
Report on Great Lakes Water Quality.



 

1.7

The Commission directed the Great Lakes Science Advisory
Board, in its December 1997 memorandum concerning
Priorities for 1997 1999, to keep a watching brief on the issue
of endocrine disruptors. A watching brief is intended to update
the Commission on the most recent developments occurring
with respect to an issue relevant to Great Lakes research or
policy. Governments have reviewed the evidence concerning
endocrine disruptors (United States Environmental Protection

Agency 1997; Health Canada 1998) and described their research
programs (Reiter et al. 1998). In 1996 the US. Congress

amended the Food Quality Protection Act and the Safe
Drinking Water Act to require the US EPA to establish a
screening program to determine which pesticides and other
substances might have effects on human endocrine systems.
The US EPA set up the Endocrine Disruptors Screening and
Testing Advisory Committee (EDSTAC) that met over the

following two years and reported in September 1998. US.
EPA published its proposed endocrine disruptors and screening
program, largely based on the EDSTAC report in December

1998 in the Federal Register. In Europe, the European Com
mission set up a Working Group on Endocrine Distupters
under the Scienti c Committee on Toxicity, Ecotoxicity and
the Environment (1999) that concluded that existing guidelines

for toxicology testing were not able to detect all endocrine
disruptors and recommended enhanced or new testing guide
lines. Through the Environment Directorate of the Organiza
tion for Economic Cooperation and Development (1997), an

appraisal has been undertaken oftest methods for detecting
chemicals that disrupt sex hormones and a survey conducted of
the regulatory activities in member countries. Similarly, the
Japan Chemical Industry Association (1997) undertook a

review, on a global basis, of the scienti c and regulatory

strategies for chemicals that mimic hormones and put forward
proposals for research, including international cooperation.

The SAB has reported extensively on this issue over the past 10
years in its reports to the Commission. During the decade, the
various investigations about the eH bcts of persistent toxic
substances in the Great Lakes on human health have been
continually reviewed, integrated and published in the scienti c
literature and disseminated in more accessible documents for the
public (Johnston et al. 1998). There is, however, a convergence

of the various pieces of scientific evidence, and this convergence

supports a conclusion of the widespread occurrence of chemicals
that interfere with the endocrine system and of the associated
effects. These pieces of scientific evidence include the striking
consistency between the epidemiological evidence and the
experimental studies undertaken to investigate toxicity and
mechanisms of action. In addition, exposure of human and

wildlife populations to chemicals that interfere with the
endocrine system has lead to reproductive and developmental
effects. The issue of chemicals in the Great Lakes frequently
relates to various aspects of endocrine disruption and can be
addressed as three central questions.

WATCHING BRIEF ON
ENDOCRINE DISRUPTORS

  

1. What constitutes an adverse effect?

2. What are the implications of irreversible effects at low
doses?

3. How are mixtures of substances to be tested?

What Constitutes an Adverse Effect?

In the early 19805, a cohort of infants was established in western

Michigan to investigate the effects of maternal consumption of
Lake Michigan fish prior to and during pregnancy (Jacobson et
al. 1984). Subsequent testing showed deficits in memory
(Jacobson et al. 1985) and cognition (Jacobson and Jacobson
1993, 1996). Ten years later, a second cohort was established at

Oswego, in upper New York state, to replicate the original
study with infants whose mothers had eaten Lake Ontario fish
(Lonky et al. 1996). These ndings are consistent with studies
on other developmental neurotoxicants with similar or other
modes of action. For example, it is well established that

children who are exposed to lead, either from gasoline or from
paint, suffer a loss of I.Q. points, and there is a well established

dose-response relationship between the amount of lead in the 35
blood and these deficits in the development of intelligence
(Agency for Toxic Substances and Disease Registry 1988;
Centers for Disease Control 1991). A child who is moderately
exposed to lead will not show signs of disease that could be
diagnosed, but may suffer an irreversible loss of development of
normative functioning, such as is measured by LQ. (Needleman
and Gatsonis 1990).

These several studies show that infants and children who are

more highly exposed to pollutants, particularly from maternal
consumption of fish prior to and during pregnancy, have
suffered loss of cognitive development. More recent evidence

indicates that there are other normative functions that are

affected by exposures to pollutants and that would not be
diagnosed using the disease model of medicine. These norma

tive functions include memory, emotion, response to frustration
and decision making. There is a need for a methodology for

assessing the effects of endocrine disruptors on community
health, as recommended in the section on The Definition of

The Threat to Human Health.

There is no doubt, based on the Great Lakes monitoring data,
that the levels of persistent toxic substances have declined in the
past 30 years (Pekarik and Weseloh 1998). However, there has

been an increasing knowledge of the dangers posed by exposures
to these substances. There have been questions posed as to
whether the risks from persistent toxic substances in the Great
Lakes are higher than elsewhere. There is now a much better
understanding of the subtle effects on the endocrine system,
neurological development and functioning (Colborn et al.
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1998), and the development of the immune system (Voccia et

al. 1999) from low level exposures to a range of chemicals. The

replication of the ndings from the Michigan cohort in the
studies of the Oswego cohort underscores the robust nature of
this association. The findings of other behavioural sequelae in
the more highly exposed infants from the Oswego cohort
reemphasize the signi cance of these exposures for those
involved in human health protection. In addition, there are
indications that these biologically signi cant effects could occur
in human populations at levels of exposure close to background
(Johnson and De Rosa 1999).

There is considerable evidence for the effects of critical pollut
ants on human reproduction at existing concentrations in the
Great Lakes. In one study beingundertaken in New York state,
there is a signi cant reduction in the timing of the menstrual
cycle in women who consumed more than one meal per month
of contaminated fish from Lake Ontario (Mendola et al. 1997).

In another study (Courval et al. 1999), which is being under

taken in Michigan, about 15 percent of 625 married couples,
who were trying to conceive for at least 12 months, were
unsuccessful. It seems that the strongest association is found
between the increase in the rate of conception failure in these
couples and the fish consumption by the men. Though both
men and women consume Great Lakes fish for most of their
reproductive years, men tend to consume much more sh than
women.

There are several substances in the Great Lakes that interfere
with the development of the immune system in exposed
organisms, including humans (Weisglas Kuperus et al. 1995),

resulting in greater susceptibility to bacterial and viral infections
and to cancer, as well as inducing abnormal immune responSCs,

such as hypersensitive reactions, including allergies and autoim
mune diseases. While most research on immunocompetence
has been undertaken on gulls, terns, seals, polar bear, beluga

whales and osprey, the focus is now on populations that are
heavily dependent on wild fish and game for cultural and
economic uses and for sport.

There is evidence of auditory impairment in Inuit children in
the Arctic exposed to contaminants from consumption of wild
foods (Julien et al. 1987). Similarly, from laboratory experi

mentation with rats exposed to high doses of Arochlor 1254,
there is evidence of auditory loss (Goldey et al. 1995). Several
species of organisms, such as whales, use low frequency sound
for communication and echo-location. From laboratory
experiments with rats, researchers have established that the

mechanism of action of this auditory loss is through the PCBs
causing a decrease in the circulating levels of thyroxine
(hypothyroxinernia). The same effect can be induced with
propylthiouracil that interferes with thyroxine production, and
can be reversed by feeding thyroid hormone. During the
EDSTAC meetings, there were questions about the specific
mechanism, within the thyroid economy, that lead to this

hearing loss. There are twelve known ways that chemicals can
interfere with thyroid production, transport, transformation,
metabolism and excretion. This instance poses the question of
the level of speci city required for decision making to protect
the public good.

This particular instance demonstrates the serious dif culties for

regulatory officials in deciding when there is enough informa
tion to prohibit the manufacture, distribution, use, sale and

disposal of a chemical or when to undertake preventive and

There is considerahle evidence for the

c cts of critical pollutants on human

reproduction at existing concentrations

in the Great Lakes. In one study heing

undertaken in New York state, there is a

signi cant reduction in the timing ofthe

menstrual cycle in women who

consumed more than one meal per

month of contaminatedfish from Lake

Ontario (Mendola et al. 1997). In

another study (Courval et al. 1999),
which is heing undertaken in Michigan,

ahout 15 percent of625 married

couples, who were trying to conceive for

at least 12 months, were unsuccessful. It

seems that the strongest association is

found hetween the increase in the rate of

conception zilure in these couples and

the fish consumption hy the men.

remedial action. For example, during the EDSTAC meetings,
there was extensive discussion of the de nition of endocrine
disruptors and particularly ofwhat constituted an adverse effect.
The evidence from the Jacobsons research (Jacobson and
Jacobson 1996) ofa loss of 6.2 LQ. points indicates that the
result of the exposure of the infants was a de cit in cognitive
function. However, it has been argued that the loss of 6.2 I.Q.

points is within two standard deviations of the norm and
therefore the de cit cannot be described as an adverse health
effect. The question posed by this conclusion is whether this
de nition of an adverse effect is adequate to protect the public
good from the effects of endocrine disruptors (Colborn and
Clements 1992; Colborn et al. 1998, 1999; Johnson et al.

1998; De Rosa et al. 1999).

Irreversible Effects at Low Doses and Some

Limitations of Testing

Much of the evidence cited above is from epidemiological
research undertaken decades after the substances have been
released to the Great Lakes and after exposures of toxicological
signi cance have been shown retrospectively to have occurred.
In preventive rather than restoration terms, experimental
toxicology is the approach used to warn of the potential dangers
posed by chemicals. It is only after chemicals have been released
and have caused damage that epidemiology can be used. During
the EDSTAC discussions, the participants addressed recent
evidence that has shown the limitations of experimental



 

toxicology, undertaken at high doses, in protecting human
health, particularly from chemicals that disrupt the endocrine
system. Traditionally, when chemicals were tested for their
toxicity, high doses were administered to laboratory animals and
the frequency of health endpoints such as cancer, mutations,
birth defects and obvious neurotoxicity were determined in the
exposed animals.

Concern has shifted to endpoints that are more cryptic;
measured as shifts in development of the functioning of the
endocrine system resulting in altered sex steroids and changes in
thyroid economy, and in the functioning of the reproductive,
nervous and immune systems (Colborn et al. 1998, 1999).

These changes can undermine an individual s potential, and they
occur at very low doses (Welshons et al. 1999) but they neither

shorten the life of the test organism nor produce the traditional
endpoints of concern. Evidence now exists that a number of
the contaminants found in the Great Lakes fit into the latter
category. First, there appears to be no threshold at which they
do not effect a change. Second, the physiological effects are
manifested at very low doses that in the past were considered
safe, but that are at concentrations that occur in the environ

ment. And third, depending on time of exposure, the effects at
these low doses are expressed in a non linear, dose response
manner in that they produce an inverted U shaped curve in
which effects appear at low doses that do not appear at high
doses (vom Saal et al. 1995; Welshons et al. 1999). From a

mechanistic standpoint, at the high doses, the feedback to the

brain shuts down the receptors so that there is no longer an
effect.

EDSTAC recommended testing for estrogenic/anti estrogenic,

androgenic/anti androgenic and thyroid activity. Recent
publication of the papers from the work session on health effects
ofcontemporary use pesticides in thejournal ofbeicology and
Industrial Health underscores the difficulty of undertaking this
kind of research and testing. For example, methoxychlor, which

 

is a substitute for DDT, causes enlargement ofthe prostate gland
as though methoxychlor werean estrogen (Gray et al. 1999). In
contrast, a series of assays for anti androgenic activity has been
performed with several new fungicides, plasticizers and some old
insecticides, including methoxychlor, DDT and its metabolite

DDE. In this assay, methoxychlor acted as an anti-androgen and
blocked the androgen receptors in the developing male animal so
that it did not develop like a male. These are the kinds of
problems that have been occurring in vertebrates in the Great
Lakes, and that have not yet been successfully investigated and
remedied. While short term assays forscreening chemicals for
estrogenic/anti estrogenic, androgenic/anti androgenic and
thyroid activity are useful and economical, the endocrine system
is much more complex than represented by these biochemical
assays and there is a need to test chemicals using an embryo assay
to test for a wide range ofendocrine effects.

 

Testing of Mixtures of Substances

Recent evidence has been published showing that the mixtures
of a pesticide, a herbicide and a fertilizer exhibit interactive

effects on the endocrine, immune and behavioral systems

(Porter et al. 1999). These effects suggested to the authors that

there were deficiencies in testing requirements for pesticide
registration and associated implications for human health of
present trends in pesticide use. The situation is further compli
cated by the recent discovery that components of plastics that
have been manufactured and used in increasing quantities since
the Second World War, have now been shown to be endocrine
disruptors. While it is clearly impossible to examine all possible
mixtures of chemicals experimentally (Carpenter et al. 1998), it
may be practical to test mixtures of chemicals that are likely to
be associated with each other from specific activities such as 37
crop rotation or tillage practices, or ef uent discharges for their

interactive threats to human health.
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1.8 EMERGING ISSUES

1.8. 1 Aboriginal People

WVe give thanks to the spirit ofthe

waters for our strength of well heing.
The waters ofthe world haveprovided

to many; they quench thirst; provide
foodfor plants and are the source of

strength for many medicines we need.

Once acknowledged, this too hecomes a

great power for those who seek this gift,
for humans themselves are made of

water. Now our minds are one, agreed.

Okenten Karithwatehk-wen

(in Benedict I985)

The United States has a unique legal

relationship with Indian Yrihal

governments as setforth in the

Constitution ofthe United States,

treaties, statutes, executive orders and

court decisions. Since the formation of

the union, the United States has

recognized Indian tribes as domestic

dependent nations under its protection.

In treaties, our nation has guaranteed

the right ofIndian tribes to a self
government.

U.S. Executive Order 13084

Presidential Document May 14,
I998

These communities are the repositories of
vast accumulations of traditional

knowledge and experience that link

humanity with its ancient origins. The

starting pointfor a just and humane

policy )r such groups is the recognition

andprotection oftheir traditional right

to the land and other resources that

sustain their way ofli e-rights they may

de ne in terms that do notfit into

standard legal systems.

Our Common Future

{World Commission on Environment

and Development 1987

 



Since the signing of the 1972 Agreement, the Commission has
received numerous submissions, concerning Great Lakes
matters, from aboriginal people living in the Great Lakes basin,

as well as from First Nation, Indian Tribal governments and
their organizations or institutions (Abbott, February 1998
unpublished report). During 1995 97, the IJC undertook four
community consultations at Walpole Island, Akwesasne in
Wisconsin and Michigan. In addition, aboriginal scientists
from both countries have served and continue to serve on the
Science Advisory Board (SAB) or its workgroups and on the
Council of Great Lakes Research Managers, and are often
invited to participate as scientific experts at SAB sponsored
activities supported by the Commission. The Mohawk
Council of Akwesasne has hosted two SAB meetings, most

recently the 107Ih meeting of the SAB held September 3 4,
1997 at the St. Lawrence Institute of Environmental Sciences in
Cornwall, Ontario.

On the occasion of the Science Advisory Boards 112d1 meeting,
its Workgroup on Emerging Issues met with representatives and
advisers of aboriginal organizations from both the United States
and Canada. These included the US Great Lakes Indian Fish
and Wildlife Commission, the Anishnabek Ontario Fisheries
Resource Centre, the Walpole Island First Nations Heritage

Centre and the Union of Ontario Indians. Policy advisers from
the US. Environmental Protection Agency and Environment
Canada were also present. The purpose ofthis meeting was to
identify scientific issues afTecting aboriginal uses of the Great
Lakes and to identify how these could be addressed in terms of
water quality management and decision making under the
Agreement. Two central issues emerged from the discussion:
The values and uses of traditional knowledge and the involve
ment of First Nation, Indian and Tribal governments as

governments with the Parties to the Agreement.

Traditional Ecological Knowledge

Aboriginal people in the Great Lakes basin have knowledge that
is vital to the understanding of the Great Lakes ecosystems.
Aboriginal people participate in Commission activities because
of their personal and professional expertise. Their knowledge of
their communities and areas also has proved to be very useful to
the Commission and its boards. The board considers tradi
tional ecological knowledge as an opportunity to enhance and
complement traditional research methodologies and data
sources.

In the Great Lakes, aboriginal people live on all of the most
important water ways and interconnecting channels, as they
have done for thousands ofyears. Their knowledge is impor-
tant for understanding how these areas function. Traditional
ecological knowledge available in aboriginal communities is
being increasingly incorporated by academics and government
agencies to complement traditional approaches to scientific
discovery.

Traditional ecological knowledge contributes to scienti c
understanding in several unique and important ways. It often
comprises the only historic record of the state of the Great
Lakes prior to the extensive human settlement and development
over the last two centuries. This knowledge offers a unique
perspective in understanding the changes that have occurred in

 

the basin ecosystem and the goals needed to achieve its restora-
tion. Aboriginal people view nature as an interconnected web
of life that includes humans, and therefore their culture is based

on an extensive knowledge of the ecosystem upon which their
survival and spiritual values historically depended. Such
knowledge and experience now are critical to understanding the
Great Lakes basin ecosystem. Finally, the understanding of
impaired use by aboriginal people, because of cultural diHer

ences, differs from that of other groups. For example, aborigi-
nal people may consume all edible parts of fish and wildlife,
including the liver. Discernment of tainting of fish and Wildlife
flavour would differ for groups that consume muscle tissue
only. Similarly, the assessment of degraded fish and wildlife
populations could differ from the needs and historic use of
natural stocks by aboriginal communities.

 

This unique perspective of aboriginal people is recognized by
non-governmental organizations in the Great Lakes. Groups
like the Sierra Club, Greenpeace and Great Lakes United are

appointing aboriginal members to their boards and committees
to assist these organizations to a more cooperative partnership
with other Great Lakes residents. The Great Lakes Indian Fish
and Wildlife Commission, over the years, has proven that it can

work successfully with other organizations toward improved
fish and wildlife management. The St. Lawrence River Institute
of Environmental Science works in cooperation with the
Mohawk Community ofAkwesasne, the City of Cornwall and
local industries to research and educate people about river
environmental problems and their remediation. These groups
are seeking to understand and acknowledge aboriginal interests
in the Great Lakes, and are working to avoid any confrontation

or conflict that might arise through misunderstanding.

Similarly, the role of the Commission to assess the Parties
progress under the Agreement, is enhanced by including 39
traditional ecological knowledge. With the establishment of
watershed boards for other boundary waters than the Great
Lakes, the involvement of First Nation, Indian and Tribal

governments becomes even more important. All of the
boundary waters have associated aboriginal communities that
rely upon water resources. Federal, provincial and state govern-
ments often fail to comprehend the impacts of their water
policies on aboriginal people. Legal remedies and recent court
cases have affirmed the rights and responsibilities of aboriginal
people under Treaties, to the uses ofand interest in the water,

lands and resources of these areas.

The SAB recommends the following.

0 The IJC advise the Parties of the importance of tradi-
tional ecological knowledge for understanding the Great
Lakes basin ecosystem, and the need to develop mecha-
nisms and processes to ensure that the opportunity to
contribute such knowledge is fully provided to aboriginal
people and their structures of governance.

Further Indian and Tribal Governmental Involvement

In keeping with the use of traditional ecological knowledge to
enhance and complement understanding of the Great Lakes
basin ecosystem, it was clear from the representatives at the
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November 1998 meeting of the Workgroup on Emerging
Issues that aboriginal interests related to the purpose of the
Agreement are particularly signi cant in terms of the many
small communities throughout the Great Lakes region and the
extent of commercial and subsistence fishery activities that are
affected by water quality concerns, especially related to human
health. It also was noted that as governments, aboriginal and
tribal leaders have limited direct opportunities to influence lake
management decisions being made by other levels of govern
ment, even when they are directly affected by the decisions.
Examples of several of these concerns include habitat loss from
urban development; the effects of introductions of exotic

species; loss of native fish species to introduced species that are

preferred by sports anglers; the potential effects of commercial
aquaculture on habitat and native fish species; sediment cleanup

decision making and lack of action; and the perception of weak
overall environmental management and enforcement records of
senior governments in general. Because there is no institutional
mechanism to address policy or program concerns of First
Nation, Indian and Tribal governments, aboriginal people often

deal directly with the management agencies of senior govern
ments on an ad boc basis. In terms ofbinational issues under
the Agreement, Indian governments and organizations have
tended to rely on the UC to voice their concerns to the Parties.

When Administrator Carol M. Browner delineated EPA Indian

Policy, she stated that the core principle of the Policy, a
commitment to working with federally recognized tribes on a
government to-government basis to enhance environmental

protection, has been reaffirmed by President Clinton and

remains the cornerstone of EPA s Indian Policy (correspon
dence, the Administrator, US. EPA, March 14, 1994). A

similar approach to recognize Indian self government, and

through devolution to facilitate greater aboriginal involvement

in environmental policy, also is being promoted within
Environment Canada under its Aboriginal Policy Directorate.
(Brant, personal communication November 1998).

In terms ofthe IJC s role under the Boundary Wters Treaty of
1909 (International Joint Commission 1990) to prevent and
resolve disputes, there is concern that First Nation, Indian and

Tribal governments do not participate in the decision making
process ofthe Parties on a governmental basis. While govern
mental linkages to implement the Agreement include, for
example, the Water Quality Board, the Binational Executive
Committee and the Canada Ontario Agreement that foster
binational cooperation, the involvement of First Nation, Indian

and Tribal governments in Great Lakes decision making at
comparable levels has not been evident to date.

Given their organizational capability, economic dependence on
the fishery, exposure to toxic substances through consumption
of Great Lakes fish and unique ecological knowledge of the
lakes, Great Lakes First Nation, Indian and Tribal governments
have a role to play with the Parties in their efforts under the
Agreement. Their involvement as governments in Agreement
activities is essential to achieving the purposes of the Boundary
Waters Treaty.

The SAB recommends the following.

' The IJC continue to strengthen its consultations with
First Nation, Indian and Tribal governments so as
to perform its roles of assisting the Parties in the

 

implementation of the Agreement and in preventing
and resolving disputes under the Boundary Waters
Treaty.

' The IJC advise the Parties of the need to involve First
Nation, Indian and Tribal governments in the institu
tional arrangements under the Agreement in order to
bene t from their knowledge and expertise, and to
enhance binational cooperation in its implementation.

Wben Administrator Carol M Browner
delineated EPA Indian Policy, sbe stated that
tbe core principle oftbe Policy, a
commitment to working wit/7 federally
recognized tribes on a government to
government basis to enbance environmental
protection, bas been rea irmed by President
Clinton and remains tbe cornerstone ofEPA s
Indian Policy (correspondence, tbe

Administrator, US. EPA, Marc/a I4, 1994).

A similar approacb to recognize Indian self
government, and tbroagb devolution to
facilitate greater aboriginal involvement in
environmental policy, also is beingpromoted
witbin Environment Canada under its
Aboriginal Policy Directorate. (Brant,
personal communication November 1998).

1.8.2 Coupled Great Lakes Observation
and Modeling System

Great advances in science and technology have been made
during the this century, thatcan now be applied in the 21st
century, to study one of our world s most precious resources
the Great Lakes. The lakes contain 20 percent of the world s
fresh water and will undergo ever increasing pressures from
expanding population. Many problems will remain
degraded water quality, contaminants, non-indigenous species,
erosion, fishery recruitment, threats to biodiversity, consump

tive uses and additional ones will undoubtedly appear. In order
to apply a comprehensive ecosystem approach that re ects wise
stewardship, new and more efficient methods will be needed.

The 20 h Century, characterized by undersampling and reduc
tionist approaches to understanding the Great Lakes, is now
completing its course. New capabilities using computers,
remote sensing, rapid communications and visualization
technology, combined with the accumulated scientific knowl
edge and expertise of Great Lakes scientists, promise to advance

the understanding of how the Great Lakes function and are
affected by pollutants.



 

An early vision of the bene ts and challenges of establishing a
transboundary monitoring network was described by participants
at an IJC workshop convened in October 1984, to explore in a

conceptual manner, the need and possibilities for transboundary
monitoring network. This work, along with other binational
initiatives, such as the air component ofGreat Lakes International

Surveillance Program (GLISP), eventually provided the ground-
work and consensus for the establishment of Integrated Atmo
spheric Deposition Network (IADN) in 1990. IADN is the only

current binational monitoring program operating along the
transboundary region, comprising a system ofmaster stations on
each lake, supplemented by substations established in critical
locations. In its recent report The UCand the 21 Century, the
IJC noted that many of the basic scientific issues will remain,

while the need for management and decision making capacity
will increase. Such management needs will require sophisticated
techniques and approaches to sustain the integrity of the Great
Lakes and implement the Agreement. A comprehensive
transboundary monitoring network will provide the following
significant benefits:

° greater cost effectiveness over research vessels and manned
crews;

' continuous monitoring capability during extreme weather
conditions;

' better planning for more detailed field experiments;
' improved management and predictive capability of the

state of the lakes;

° direct availability of information on the web for real time
access;

0 integration of weather satellite data with lake data on the
weather channel;

° the opportunity to take a virtual tour of any or all of the
Great Lakes;

° an improved understanding of the complex relationships
between sources and pathways of persistent toxic sub
stances;

. increased data sharing and access; and
' protecting public health.

In the early 1980s, Walter Munk, a distinguished physical
oceanographer, published a paper Observing the Ocean in the
19905 (Munk and Wunsch 1982). In it, he discussed the

scientific discoveries that would be possible by joint acoustic
tomographic and satellite altimetric observations. The idea was
to fuse oceanographic data from different sensors working on
different time and spatial scales to achieve a whole greater than
the sum of the individual parts. In response, the oceanographic
community developed what is called ocean platform based
measurements that form the basis for the scientific infrastruc
ture thatis currently used in ocean research today.

Perhaps the most dramatic example of the progression of
experiments and experimental methods comes from the Toga
Tao array (tropical ocean global atmosphere tower array) and
Enso (El Nino southern ocean oscillation) events. Early
experiments designed to detect the periodic oscillation of warm
equatorial water and the coupling with atmospheric models, led
to the tremendous advances in our ability to predict the effects
of El Nino and La Nina. Remarkable advances in technology
have revolutionized and expanded the original ideas of Professor
Munk. Electronic devices are getting smaller, cheaper and
lighter and require less and less power. These developments,
coupled with advances in sensors, batteries and hardware, have

led to marked advances in instrumentation.

Ocean platforms and vehicles for instrument deployment have
also become smaller, cheaper and more versatile; these platforms

and vehicles include submarines, remotely operated vehicles and

autonomous underwater vehicles. Geographic positioning
systems provide real time, all weather navigation and position
ing capabilities.

 

The final report to Congress of the National Oceanographic
Partnership Program (1999), waara' a US. Plan far an

Integrated Sustained Ocean Observing System (http://
core.cast.msstate.edu/chap1.html), concluded that while many
observation and monitoring programs exist that serve the
current needs of many users, their elements are not integrated,

do not constitute a complete system and are not as cost
effective, nor as useful as they could be, even at present levels of

funding. The development of a sustained observation program
to detect, track and predict physical, chemical and biological
changes in oceans is currently underway in the United States.

The scale of research needed to study the world s ocean systems
and related international efforts to study global change,
necessitates the use of bold and innovative approaches. The
application of these techniques, however, to the realm of
freshwater research has been modest to date. Nonetheless,
technological development is occurring that indicates both the
capability and feasibility of integrated and automated monitor
ing. The development of remote underwater sampling station,
by Apprise Technologies Inc., semipermeable membrane devices
(artificial fish) that bioaccumulate toxic substances, and the
monitoring device developed by the Lambton Industrial Society
to monitor spills in the St. Clair River, area few of the practical
examples that are currently in use.

These developments continue to result in substantial improve
ments in in sita sensing for various physical, chemical, 4 1
biological and geological parameters. A number of in-situ
chemical and biological sensors are capable ofmeasuring the
following parameters: pH, Oz, NO3 , uorescence measurements
for dissolved organic matter, proteins, and PAHs, C02, ATP, Cl ,

and F . Several others are under development. Physical sensors,
such as those for temperature, current fields, pressure, and

conductivity, show continued improvement. Recent advances in
molecular biology also hold some promise for biological and
chemical sampling. As an example, it is probable that the DNA
chip technology soon will allow researchers to measure
picomolar concentrations of chemical contaminants as well as
identify types and concentrations ofpathogens.

At the same time, there are challenges to overcome. The

number ofchemicals that presently can be determined in Sim,
particularly those that occur at low concentrations, is still small.
Similarly, the number of biological parameters that can be

determined remotely is limited. Increased understanding of the
Great Lakes depends upon new analytical tools. Thus, rapid
improvement in methods are needed, particularly with respect
to sensors that can operate in situ and for extended time periods.

When combined with advances in communications capabilities,

the potential exists to create integrated automated systems, that

collect and report information on a real-time basis (see Figure 1).

Communication components include satellite links, the Internet
and high-speed modems. For example, a new company headed by
Gates and McCall will send 288 satellites in low earth orbits

(LEO) by 2002. The combination of high speed low-cost
landlines (>155 mbps), with broadband satellite systems will be a
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model of the future fusing television, the web, radio and

telephony. There will be an increasing capability to view the earth
from space at increasingly better resolutions. Resolution is
currently being re ned from existing weather satellites at
approximately 1.1 kilometers (.68 miles) and Landsat-7 at 30
metres (98.43 feet; colour) and 15 metres (49.21 feet; black and

white), to new U.S., just released technology, of 0.82 metres

(2.69 feet) resolution (Quick Bird). Additional sensors are

presently planned, and will provide more detailed information on
chlorophyll-a, sea surface temperatures, turbidity, geoids, cloud
cover, ice cover and many other parameters.

Concurrent with communication improvements have been the
remarkable advances in computers. Moore s Law tells us that
computational capabilities will double approximately every 18
months. There is no end in sight for this advance until 15 to
20 years from now, and by then, new technology may replace
existing ones.

Finally, the field ofvisualization is now a bona de academic

endeavor. This is an area of tremendous importance for several
reasons, but two stand out.
1. Data streams are, and will continue to be substantial. One

can liken using them as an attempt to drink water out ofa

re hydrant. These streams need to be managed and
interpreted for understanding and decision making.

2. 3-D and 4-D images are much more effective at conveying
information that will enable easier comprehension.

Operational observation systems that combine in situ and space
derived observations of the Great Lakes in real time, will
provide nowcasting and forecasting capabilities on a grand scale.

Figure I

 

In addition to providing seasonal and longer-term monitoring
lake atmosphere forecasts, the operation of these systems will
offer signi cant capabilities for understanding, managing and
protecting the aquatic ecosystem and its resources. Improved
technology for measuring biological and physical parameters
will enable scientists to make baseline observations that
researchers, educators, environmental managers and IJC

Commissioners can use at their desks. This capability could
include a real-time satellite image (several bands from UV to

IR), real time temperature and current fields, wind speed, and

lake state data. They will be able to use the data with 3 D
hydrodynamic models to predict the entire temperature and
flow structures of a lake. Three-D physical models will serve as
the basis for conveying information in manageable and realistic
fashion. The models will be integrated so that they are capable
of acquiring real-time physical data from the various hydrologi
cal and meteorological sensors. Data from measurements of in-
situ chemical, biological and geological parameters can then be
integrated into the physical model. Thus, it will be possible to
produce accurate basic views of water temperature, wave height

and current velocities all as a function of time. It also will be
possible to have realistic calculations and observations of mass
balances and transport of chemicals, eutrophic state, photosyn
thesis rates, fish populations, phytoplankton, zooplankton,

bacteria and pathogens, as well as calculation ofwater budgets
and levels. A powerful, integrated observational system would
enable scientists to achieve a deeper understanding of the Great
Lakes basin ecosystem and would also provide a sounder
foundation for management decisions.

In order to move forward from the concept to an actual
binational system for Great Lakes observation and model
ing, the SAB recommends the following.

A Potential Integrated Automated System to Collect and Report Information on a Real-Time Basis
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° The IJC promote the development of an information
technology system basinwide, as a tool for better
management and binational cooperation for the Great
Lakes.

' The IJC advise the Parties to investigate the feasibility
and value of a systematic, cooperative approach to
applying information technology to the management
and research challenges of the Great Lakes and consider
research and technology transfer needs in four speci c
areas:

development of a digital Great Lakes computer
framework capable of real time interaction with in
situ data from physical, chemical, biological and
geological sensors;
realistic three-dimensional coastal water circulation
models capable of nowcasting and forecasting;
development of distributed computer applications
systems that can integrate a variety of
multidisciplinary software packages; and
development of additional chemical, physical,
biological and geological in situ sensors.

1.8.3 Survey Results on Emerging Issues

The Workgroup on Emerging Issues has undertaken several
surveys to help identify emerging issues, in keeping with the
mandate of the workgroup and the Science Advisory Board.

  

 

1 15 122) and broadened its respondents to include the public and
International Association for Great Lakes Research (IAGLR) 97

participants in 1995-97 (1995 97 Priorities Report, pages 37 38).
During the 1997-99 biennial cycle the workgroup continued its
use ofthe survey, by posting an electronic format with a hotlink
from the IJC homepage, and by specifically inviting State ofthe
Lakes Ecosystem Conference (SOLEC) 98 participants to
contribute their input. This was done through the cooperation of
SOLEC organizers by placing a survey announcement in confer
ence registration material and by making a hard copy version of
the survey questionnaire available at the UC s Indicators Imple
mentation Task Force poster in the conference display area.

1.8

As in previous surveys, this survey was intended to be consultative,
and was not designed for the results to be extrapolated to a general
population. The issues are considered to reflect the knowledge
and expertise of each of the respondents, however, most topics
were defined to be in the categories of (a) governance/ institutional

or (b) social/economic/cultural. These categories were defined in

the survey form in order to provide further clarity on each issue.
Interestingly, the issues do not indicate that there is need for new

scientific knowledge to address them, but rather, a need for a

revised/strengthened Agreement, new protocols or further
implementation of the Agreement. Although the total number
of responses was limited, the submissions were thoughtful and
included several respondents from outside of the Great Lakes
basin. In terms of salience to the board, three ofthe issues

identified by respondents are related to the 1999 2001 candidate
priorities submitted by the board to the Commission: review of
Annexes 5 (Control of Phosphorus) and 13 (Pollution from

 

During the 1993 95 biennial period, the workgroup solicited

advice from the Agreement boards, and surveyed international
agencies on emerging issues, (1993 1995 Priorities Report, pages

Non Point Sources), long term impact of land development and
urban sprawl on Great Lakes water quality; and limits ofcurrent

sewage treatment plant technology.

             

The summary of all responses is shown in Table 2. 43

kale 2 Survey Results on Emerging Issues

Issue Category Approach Measure

1 Improved education K IZ Social Revise Agreement Program review/evaluation

2 Nonpoint source management Governance New PLUARG Reference Policy analysis and program related
to urban growth review/evaluation

3 Zero discharge related to Physical process Strengthen GLWQA Policy analysis/
long range transport /Annex 15 improved monitoring

4 Better understanding of Social More study as in recommendation
economic theory 19 of Ninth IJC Biennial Report Policy analysis

5 Identify nonchemical stressors Ecology Implement existing Agreement Multidisciplinary analysis involving
relative to chemical ones industry

6 Eliminate persistent organic Ecology Implement existing Agreement, Monitoring

pollutants globally international protocols and assessment

7 Better sewage treatment plants Governance Implement existing Agreement Program review/evaluation

and sewer infrastructure

8 Virtual elimination of persistent Governance Implement existing Agreement Monitoring and assessment

toxic substances

9 Improve institutional Governance Revise Agreement Program review/evaluation; develop
arrangements to implement new criteria to assess institutional

the GLWQA effectiveness

10 Urban sprawl, land management Resource Revise Agreement Land use control and monitoring

1 1 Contamination by pesticides Physical process Existing education Monitor and regulate use

12 Development of gene chips Physical process New technology Improved monitoring and health
assessments
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It is evident that, while no single emerging issue was seen as

outstanding, the responses do indicate a need to sustain effort in

particular areas important for Agreement implementation.

As a strategy for eliciting public and scientific response to

identify emerging issues, the workgroup views its use of surveys

as an important opportunity for individuals to alert the board

and the Commission of issues. Its value, therefore, lies in the

consultative process. In terms of an approach to future research

and analysis, however, it is recognized as only one technique of

several that can assist the workgroup and the board. In its

seminal work on Using Foresight to Protect the Environmental

Future (US EPA Science Advisory Board 1995a), the Environ

mental Futures Committee of the US EPA SAB identified
three basic techniques that can be used to gain insight on future

conditions:

' scenario development, using backcasting or projections to
the future based on likely or desirable events;

° trend analysis based on present day observations and
interpretations of experts; and

° scanning, involving the systematic review of published
information, contacts with futures watching organizations,

or consultation with knowledgeable individuals.

In addition to these techniques, six selection criteria were

identified as a basis for determining major issues of importance.

They are timing, novelty, scope, severity, visibility and probabil
ity (US. EPA SAB 1995a, b).

The workgroup intends to apply the concepts and insights
developed by the Environmental Futures Committee to provide
increased rigor to its own work on emerging issues on behalf of
the SAB and the Commission. In its strategic plan approved in
June 1998, the IJC stated that in order to sustain and enhance its
operational capacity and effectiveness, that it must concentrate its

attention, energies and expertise on issues that are of major

rigni eance [italics added] (IJC strategic plan, Objective 6,
approved June 9, 1998). The early identification of such issues
enables the Commission to fulfill its valuable alerting role with
the governments, with a view to avoiding future water quality

problems through coordinated action and response. Rather than
prediction, per re, therefore, a major strength of future research
and analysis is to provide a methodological framework that can
be used to assess information, and influence decisions and actions,

especially research agendas. (U.S. EPA SAB 1995a, b).

1.8.4 An Emerging Risk from Nitrogen

Recent studies give a basis for concern about environmental
effects from the increasing levels of nitrogen in the lower Great
Lakes and their tributaries. The problem is evident in the long
term increases in the concentrations of nitrate, and nitrite

nitrogen in Erie and Ontario waters, for which data indicate a
recent doubling. The trend is driven by moderately high levels
of nitrogen in shallow ground water and streams due to the
continuing applications of nitrogen fertilizers and the discharge
of treated wastewater. Both lakes may now be beyond a
doubling from historically very low background levels of
nitrogen. Other studies, such as the work of Peierls et al.

(1991), indicate up to 100 fold increases in nitrate concentra

tions in water at the mouth of large rivers draining industrial

 

ized or densely populated watersheds, and that phenomenon

may need to be examined for the lower Great Lakes.

One well documented example of the nitrate problem is from a

freshwater system, the Illinois River, where mussel die offs were

shown to be probably due to ammonia generated during
decomposition of excessively nitrogen enriched biological
productivity (Sparks and Dillon 1993). Recently, risks to
amphibian species have been reported for Ontario streams by
Rouse et al. (1999) at nitrate concentrations as low as 2.5 mg/L;

the US. national water quality standard of 10.0 mg/L. Nu
merous papers have appeared on the apparent role of nitrogen in
degrading coastal and estuarine resourcesand contributing to
disease in Chesapeake Bay and other east coast waters. In
1997, the Ecological Society of America published an Issue
Paper on the causes and consequences ofchange in the global
nitrogen cycle. Acidification of soils and waters, and the
accelerated loss of biological diversity were among their
principal concerns. Also in 1997, there was a full issue of the
journal Ambit) (Hessel 1997) devoted to problems attributable

to nitrogen deposition in Europe. Other new research from
Wisconsin indicates that exposure to herbicides and commercial
nitrogen applications leads to effects on small mammals (Porter
et al. 1999). Finally, in December 1998, a report Emerging

Diseases at Indicators ofC/yange Marine Ecosystems (Epstein et
al. 1998) was released. It focuses on diseases stimulated by
nitrogen and other factors, but emphasizes effects on mussels,
fish and mammals. A variety of mechanisms are involved, with
many leading to risks to human health, and mostly involving
nitrogen. Mechanisms include the elevated levels of toxic
ammonia forms from decomposition processes; biological
toxins from harmful algal blooms (due, in part, to eutrophica

tion); and the suppression of disease defense mechanisms due to
lowered carbon nitrogen ratios and related changes in cell

metabolism.

Only limited information is available on these concerns for
freshwater environments, but the observed trend and environ

mental effects indicate a need to broaden consideration of risks
from nitrogen enrichment at sites within the Great Lakes.
Surprises are inevitable in complex resource systems, challenging
the state of our science and its role in supporting restoration of
the chemical, physical, and biological integrity of the waters of
the Great Lakes Basin Ecosystem. The consequences of
elevated nitrogen levels may be one of these surprises.
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ACTIVITIES AND MEETINGS OF THE
SCIENCE ADVISORY BOARD FOR THE
1997-1999 BIENNIAL CYCLE

September 34, 1997

November 19 20, 1997

February 18 19, 1998

May 27-28, 1998

September 25 24, 1998

November 12 13, 1998

February 25 26, 1998

May 13 14, 1999

September 24, 1999

 

Cornwall, Ontario

Public meeting at the St. Lawrence Institute of Environmental

Science and hosted by Mohawk Council ofAkwesasne

Sault Ste Marie, Michigan

Held at Lake Superior State University
St. Marys River Status Assessment

Windsor, Ontario

Windsor, Ontario
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