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CAPABI LI TTES OF VARI QUS RESEARCH ORGANI ZATI ONS
TO PROVI DE | NFORVATI ON ON GREAT LAKES WATER QUALI TY*

Eugene J. Aubert

This report presents information on the nature of Geat Lakes
water quality problens that should be addressed over the next
decade by research organizations that support the Geat Lakes water
quality mssion of the International Joint Conmission. This infor-
mation is relevant to the research prograns and capabilities
required by such research organizations in the United States and
Canada. This analysis, based upon the perception of issues and
ecosystem understanding of the author, covers the follow ng topics:
a) the nature of the Great Lakes water quality problem b) a con-
ceptual nodel of an environnental quality managenent system ¢) the
eutrophication problem and d) the toxic organics problem  Future
water quality managenent decisions will be nore conplex owing to
conflicts of use, and nore in-depth assessments will be required
for inplementation. This report is intended to put into perspec-
tive the Geat Lakes Water Quality problens and to pose key
questions relative to environmental research capabilities required
over the next decade.

1. I NTRODUCTI ON

This paper presents information and poses questions about the capabil-
ities of the various State, Federal, university, and private research organi-
zations to provide information to support the Geat Lakes water quality
m ssion of the International Joint Commission (IJC). It is part of a study to
devel op reconmendations to be considered when the Geat Lakes Water Quality
Agreement (GLWQA) 1is reviewed in 1986. Contenplating the capabilities of
these research organizations leads to the question, "Capability to do what?"
There are a series of pertinent questions relating to Geat Lakes water
qual ity problenms, issues, and research needs and the functional and resource
requirements of the research organizations. Wat is the nature of Geat Lakes
water quality problens to be solved by the 1JC? What decision-nmaking process
is being used? or should be used? What is our understanding and perception
of the seriousness of the problens? Wat risks are there to living resources
and to human heal th? What are the cause and effect relationships? the status
of corrective actions? the options for future corrective actions? the
effects, costs, and benefits of past corrective actions, and of possible
future corrective actions? Do the capabilities of existing research organiza-
tions neet the requirements of the critical Great Lakes water quality issues
of the decade 1986-96? Are the resources adequate to make significant
progress in a tinmely manner on problenms that require holistic approaches? Is
there adequate Canadian and United States research coordination? joint
prograns?

*@LERL Contribution No. 409.




This paper, a part of the problem definition phase of this study, is
intended to put into perspective the Geat Lakes water quality problenms and to
pose sone key questions (that should be pursued in greater depth in Phase II)
relative to capabilities of Geat Lakes research organizations required in
1986-96. Aspects of the following five topics will be addressed:

e The nature of the Great Lakes water quality problem
e A conceptual nodel of an environnmental quality managenent system
® The eutrophication problem

The toxic organics problem and

e The Great Lakes research organizations.

2. THE NATURE OF THE GREAT LAKES WATER QUALITY PROBLEM

Natural conditions make the Geat Lakes susceptible to pollution. The
Laurentian Geat Lakes are an interconnected |akes-river basin system (fig.
1). The profile of the system (fig. 2) shows that several of the |akes are
relatively deep. The bottoms of four Geat Lakes are below sea level. The
Geat Lakes have a long retention tine for water and pollutants. The hydro-
logic retention tinme ranges from about 1 year in Lake Erie to over a century
in Lake Superior. In addition, sediments are sinks for many contam nants that
have an affinity for particles.

Two classes of contam nants--nutrients and toxic organic chemcal s--cause
maj or Great Lakes pollution problems. Excessive nutrients cause eutrophica-
tion, which influences the conposition of organisns and the health of the eco-
system  Toxic organic contam nants degrade the health of the Geat Lakes
living resource, and low quality seafood and drinking water can be risks to
human health. Major stresses come fromthe |arge population |iving near the
| akes; industrial and manufacturing concentrations in the basin and upw nd
(many chemcals are produced, used, and transported here); and the use of fer-
tilizers, herbicides, and insecticides by the large agribusiness in the basin.
Great Lakes pollutants come not only from Geat Lakes users, but also from
land users in the basin and users of the free atnospheric resource within the
Great Lakes Basin and probably beyond.

Spatial scales of pollutant stress depend upon the problem and cover the
di mensions fromthe source to the effects. For point source problens, the
scale is usually local; for nonpoint source problens, the contanm nant source
may be within or outside the basin, and the scale can be large (thousands of
kilometers). Tenporal scales depend on the hydrologic residence times, the
time constants associated with sediment-water interaction (seasonal to de-
cades), and the rates of deconposition of the contam nant within the system

Do we know how to clean up the Geat Lakes? Decisions are being nmade on
the basis of insufficient know edge and information. A recent workshop on
Geat Lakes water quality resulted in the followi ng recommendation: "Devel op
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FI GURE 1l.—The G eat Lakes.

an increased understanding of how the Great Lakes ecosystens function in order
to evaluate their response to various stresses and corrective neasures,"”
(NOAA, 1980). There is general agreenent that quick fixes are not feasible,
and that a holistic, ecosystem approach is needed. In its 1982 annual report,
the 1JC Science Advisory Board nmade specific reconmendations for increased

G eat Lakes research efforts.

3. A CONCEPTUAL MODEL OF AN ENVI RONMENTAL QUALITY MANAGEMENT SYSTEM

My perception of the challenges facing Great Lakes managenent for the
next decade relates to ny understanding of Great Lakes problens and the G eat
Lakes ecosystem and my concept of the managenment system | will describe a
conceptual nodel of an environmental quality management system (fig. 3) that
puts in perspective the major subsystens and conponents. This nodel is not
unique. Central is the Great Lakes ecosystem which is influenced by
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FI GURE 3.--Conceptual nmpdel of an environmental quality management system.

contaminants, |ike PCBs or nutrients. These are the result of various human
activities of production, services, or consumption, which are responses to
soci etal demands. Contanminants are discharged or mayspill or leak directly

onto or into the water, onto or into the land, or into the atnosphere.
Contaminants find their way to the lakes either directly or via pathways of
| and drainage and streanflow or atnospheric transport and deposition.
Contaminants cycle in and through the |akes, are transfornmed, and have sone
ultimate fate. Contanminants may affect people (health, aesthetics,

econom cs), aquatic plants and animals, and uses of the Geat Lakes (e.g.,

fishing, water supply, recreation, tourism, shoreline property). The term
"probl enshed" has been used as a neasure of the scale of the stress; it is the
region that spans the contaminant source to the affected area. It can be

|arger than the Geat Lakes watershed. Depending upon the perception of
probl ens by people and organizations, policies and |aws are established by

| egislative bodies, rules and regulations are established and carried out by
executive agencies, and disputes are settled in courts. Management strategies
based upon an assessnment of the ecosystem problem (i.e., identification of
effects and the sources, pathways, and loads to the |ake and determnation of
the contam nant cycling, transformations, and fate) and an assessnent of
feasible options to aneliorate the problem provide a mx of actions necessary
to achieve ecosystem goals. Ecosystem goals relate to the acceptable uses of
the Great Lakes resources or common property and to the balance of benefits,
acceptable risks, and acceptable costs to Geat Lakes users and to society.
The adoption of ecosystem goals for the Geat Lakes acceptable to all juris-
dictions represents asignificant political problem




4, THE EUTROPH CATI ON PROBLEM
4.1 What is cultural eutrophication?

Eutrophication is the overproduction of undesirable plant life caused by
excess limting nutrients. In the Great Lakes, the nutrient limting total
phyt opl ankton growth is wusually phosphorus; however, the production of
desi rabl e species of phytoplankton, e.g., diatons, are often limted by
silica. Eutrophication effects, depending upon the severity of the problem
can include: increased turbidity, aesthetic nuisance (e.g., cladophora on
beaches), clogged water intake filters, drinking water taste and odor prob-
| ens, dissolved oxygen depletion in bottom waters, and a shift in species
distribution of biota.

A eutrophication nodel developed by Chapra (1977) illustrates sone system
concepts with respect to the eutrophication problem and puts human beings into
the Great Lakes ecosystem Chapra developed a relatively sinple |arge-scale
phosphorus nodel (a |oad-driven. tine-dependent mass bal ance of the Geat
Lakes system. Figure 4 depicts the nodel structure, a mass bal ance for
phosphorus. It assumes that the |akes are conpletely m xed on an annual time
scale. For each |ake or |ake basin, the mass balance states that phosphorus
accunul ation equals waste source loads plus inflow from the upstream | ake
minus out fl ow m nus | ake loss to sedinents. \Waste sources of phosphorus in
the Geat Lakes are

Human wast es- - phosphorus from that fraction of popul ation served by
sewers minus the phosphorus renoved by treatnent;

The contribution due to househol d detergents;

d e

SUPERIOR

FI GURE 4.—~Phoephorus model network (Chapra,1977}. W is waste
source load and & is phosphorus lost to sediments.




® Land drainage--estimted as separate agricultural, urban, and forested
| and nonpoint sources; and

At mospheric sources.

A historical sinulation of |oads from 1800 to 1970 is shown in figure 5.
Phosphorus budget information from 1965 to 1975 was used to calibrate the
model .  \What does the | oad nmobdel show? Setting aside discussion of severa
critical assunptions, the nodel shows that Lakes Erie and Ontario have the
bi ggest | oads, that there was a big increase in human waste |oads from 1870 to
1970 as the population grew, that there was a big increase in household deter-
gents from 1940 to 1970, that there was a bhig increase in land runoff to Lake
Erie from 1850 to 1880 because of changed agricultural practices in the basin,
and that the phosphorus |oads increase with tine.

Model results from 1800 to 1970 (fig. 6) show that the increase in
phosphorus concentration in Lakes Erie and Ontario in recent decades is |arge
The lakes react differently to phosphorus |oads. Lake Erie will always tend
to be eutrophic since the lake is shallow and its drainage basin is large

The nmodel was used to assess the follow ng scenario: Wiat if all mgjor
muni ci pal waste treatment facilities were to reach the phosphorus objective of
1 mg/1? Figure 7 shows that a significant decrease in phosphorus concentra-
tion would be expected for Lakes Erie and Ontario with the 1 mg/l linitation
The horizontal dashed and dash-dot |ines separate the phosphorus concentration
into three qualitative categories of water quality: eutrophy, mesotrophy, and
oligotrophy. \Western Lake Erie would renmain eutrophic even with a reduction
in phosphorus concentration to 1 mg/l in municipal waste treatment facilities,
while central and eastern Lake Erie woul d becone mesotrophic.

4.2 What have governments done to control eutrophication?

The 1972 GLWQA focused on controlling point source discharges and set
target loads by setting total phosphorus concentration at 1 mg/l for all nuni-
cipal waste treatment facilities with discharges to Lakes Erie or Ontario
greater than 1 mllion gal/day. The 1978 CGLWQA extended point source linita-
tion to all Great Lakes and reconmended nenpoint source control for Lakes Erie
and Ontario and for Sagi naw Bay.

Government action since 1972 includes the expenditure of over $7 billion
to construct and upgrade nunicipal waste treatment facilities in the Geat
Lakes Basin and reduce phosphorus loads. An 1JC reference on |and drainage
sources was conpleted and showed that phosphorus |oads from agricultural |ands
with clay soils are significant and vary according to agricultural practice

4.3 What are the status and trends of Great Lakes eutrophication?
Figure 8 shows that phosphorus |oads from rmunicipal waste treatnent

facilities have been significantly reduced for Lakes Erie, Ontario, and
Mchigan. The ordinate is the phosphorus |oad in thousands of netric tons per
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year. The 1972 loads for Lakes Erie and Ontario are estinmated since noni-
toring didn't start until 1975. The values at the right are the Agreenent
estimated | oads. W have essentially achieved the target phosphorus |oads set
in the Agreenent.

What are the lake effects? The 1983 Great Lakes Water Quality Board
Annual Report contains the followi ng informtion:

Lake Ontario--conditions have tentatively inproved. The spring |ake-'
wi de phosphorus concentration has decreased, and a shift has occurred
in open | ake phytopl ankton species from nesotrophic to oligotrophic

types.

Lake Erie--A tentative conclusion is that the whol e-1ake spring
phosphorus concentration has decreased and the lakewide autumm con-
centration of chlorophyll a has decreased

¢ Sagi naw Bay-- Al gal species have shifted from bl ue-greens to diatons
and greens (indicating a shift from eutrophic to nesotrophic
condi tions).

Several questions are now being raised. Are the phosphorus control stra-
tegies cost-effective? Have the control strategies produced the expected
results? What is the |ake response to a decrease in phosphorus |oad? Should
phosphorus from |l and drai nage be controll ed? Wat would be the benefits and
costs? A know edge of the ecosystem dynamics is required in order to answer
these questions. The sinple mass-bal ance nodel uses |-year tine steps and
ignores the detailed | ake ecosystem processes of the annual cycle. W have
apparently solved the relatively sinple wastewater treatment problemwth the
expenditure of sone $7 billion. Wile the effects on phosphorus |oads have
been dramatic, insufficient understanding of the ecosystem makes it difficult
to define with confidence the beneficial ecosystem effects from these |oad
reductions. We are now confronted with the need to assess the nonpoint source
nutrient problem Managenent options involving agriculture are more conpl ex
than those involving nmunicipal waste treatment facilities, and to assess bene-
fits and costs, we nust inprove understanding of the effects on the Geat
Lakes ecosystemof a further reduction in phosphorus. Many research questions
remain. What is the nature of the cycling, transport, and fate of phosphorus
forms? Are all phosphorus forns available to phytoplankton? Are sedinents a
sink or a source for phosphorus? Do benthos and zooplankters affect phos-
phorus availability and cycling? Wy do particular algal species doninate?
Are factors other than phosphorus, e.g., fish predation, affecting |ake plank-
ton conposition and water quality?

5. THE TOXI C ORGANI CS PROBLEM
5.1 What is the Geat Lakes toxic organiecs probl enf?
Toxic organic contam nants come from various industrial, agricultural

and public sources. They enter the Great Lakes ecosystem by spills, |eakage
at nospheric loads and pathways, |and drainage, and point sources. The

11



pol lution potential in the Geat Lakes Region is high: over 2,000 chemcals
are produced or used here; 33 percent of U S. hazardous wastes are generated
here; over 800 mgjor municipal and industrial dischargers are here; and
billions of tons of hazardous wastes are transported here. Some toxic sub-
stances are persistent and bioaccumulate in the food chain. Various classes
of toxic organic contam nants, e.g., PCBs, dioxins, PAH, have been found in
the tissues of Geat Lakes fish. At particular concentrations, toxic con-
taminants interfere with fish breeding cycles, induce deformties and death,
and cause fish for human consunption to be a risk to human health as defined
by the Food and Drug Adninistration. The following are frequently asked
questions: Do toxic organic contam nants affect the fish? Is it safe to eat
the fish? to swin? to drink the water?

Several remarks on toxic organic contam nants are in order. A large
fraction of toxic organic contaminants loaded to the |akes from the atnosphere
and tributaries sorbs onto particulate6 and settles to the sedinents. Each
contaminant will partition differently between the dissolved and particulate
phases.  The sedi nent-bound contam nants can be reintroduced into the water
columm via storm resuspension events, which are common during winter. A
second and apparently inportant process for renpbilizing contam nants out of

sediments involves direct uptake by benthic invertebrates and transfer up the
food chain to higher trophic |evels. Thus, the large reservoir of con-

tam nants associated with the sedinents is still in intimate contact with the
remai nder of the ecosystem

Figure 9 shows a PCB budget for Lake Mchigan. \What does it tell us?
Concentrations, in metric tons (MI), are shown in three conpartments; there
are two conpartments in the lake (identified as dissolved with 15 MI and par-
ticulate with 5 M and one conpartment in the sedinents (with 25 M. Shown
are dissolved and particulate loads to the lake (in netric tons per year) from
the atnosphere, tributary streans, and sediments; the atmospheric load is 212
times the tributary load. The sediment is both a sink and a source, with a
net annual accumulation in the sedinents. A large sedinment resuspension or

Lake Michigan PCB Budget
(MT or MT /yr)

Tributary Atmosphere Tributary
Jo.3 1l Lo1

FI GURE 9.--Lake Michigan PCB budget (Eadie, personal communication).
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load to the lake occurs in winter, when the lake is neutrally stratified. Two
significant facts are apparent:

(1) The main |oad of new PCBs to Lake M chigan cones fromthe atnos-
phere; and

(2) Wiile the sediments are a net sink, varying anounts of the |arge
concentration of PCBs in the sedinents are | oaded back into the
| ake, intermttently, with the passage of storns, especially in the
cold and neutrally stratified season.

5.2 What have governnents done
to control toxic organic contaminants?

Several governnent actions have been taken. The manufacture and sale of
DDT has bee" banned. The manufacture of PCBs has been banned and its use
limted by law. Mst future uses of toxaphene have been banned, but current
supplies can be used until Decenber 31, 1986. The U.S. Environnental
Protection Agency (EPA) is developing a national strategy for dioxins.

5.3 What are t he status and trends of
Great Lakes toxic organic contanm nants?

The First Biennial IJC Report (IJC, 1982) after the 1978 Geat Lakes
Water Quality Agreement states the following: "Toxic and hazardous substances
are another matter. The Geat Lakes basin ecosystem suffers from 'w despread
contam nation and the lakes are a mmjor sink for such substances,' and the
surrounding population is exposed to toxic and hazardous substances through a
variety of pathways. The inpact on human and environnental health is not well
understood, and this is a matter of great concern. Further studies of the
transport, fate, and effects of such substances were recommended as well as
the adoption of an overall strategy for toxic substances control prograns.”

The Geat Lakes Water Quality Board 1983 Annual Report contains signifi-
cant information on status and trends. Over 800 substances of potential con-
cern have been identified in the Geat Lakes ecosystem For nany of these
substances, there is still insufficient information to assess hazards or
risks, nmuch less to establish a control program Mst recent 1981 and 1982
data indicate that the general decline in the concentration |evels of PCBs,
DDT, mercury, and other contaminants in fish flesh and bird eggs during the
| ate 1970s has stopped. For exanpl e,

Lake Superior--PCB levels in lake trout still exceed Agreenent objec-
tives.

Lake M chigan--PCB, total DDT, dieldrin, and chlordane levels in |ake
trout whole fish conposite sanples exceed Agreenment objectives.

Lake Huron--DDT and PCB levels in lake trout whole fish composite
sanmples still exceed Agreement objectives.

13




@ lake Erie--PCB levels in walleye still exceed Agreement objectives.

e Lake Ontario--PCB levels in lake trout, snelt, and spottail shiners',
and DDT |evels inlake trout exceed Agreenent objectives.

What do we know about toxic organic contam nant dynam cs? Sinple steady-
state nodels are available, but nodel research and devel opnent and conparison
with data are in a very early stage.

6. THE GREAT LAKES RESEARCH ORGAN ZATI ONS

What are the research organizations that provide the information to sup-
port the water quality mission of the IJC through its advisory mechanisns?
Detailed information is available in the Science Advisory Board 1982 Annual
Report and the Research Advisory Board 1976 Directory of Geat Lakes Research
and Related Activities.

In Canada, the nmajor Federal government contributors to Geat Lakes water
quality research are the National Water Research Institute (NWRI) and the
Geat Lakes Fisheries Research Branch (G.FRB), both located at the Canada
Centre for Inland Waters (CCIW), Burlington, Ont.; vessel support is provided
by the Bayfield Laboratory for Marine Science and Survey. In addition, sever-
al major universities pursue Geat Lakes research, including the Universities
of Toronto and Waterl oo.

In the United States, the major Federal government contributors to
Great Lakes water quality research are: the Geat Lakes Environnental
Research Laboratory (GLERL) of NOAA in Ann Arbor, Mich., the U S. EPA
Environnental Research Laboratory-Duluth mainly through its Large Lakes
Research Station (LLRS) in Grosse |le, Mich., and the Geat Lakes Fishery
Laboratory of the Fish and Wldlife Service, Ann Arbor. The Sea Gant Program
(co-funded by NOAA and the states), the NOAA GLERL, and the U S. EPA LLRS sup-
port Great Lakes water quality research at a nunber of universities and
| aboratories: Argonne National Laboratory, Case Western Reserve. Clarkson
Col | ege, Duke University, Mnhattan College, Mchigan State University, Oak
Ri dge National Laboratory, Chio State University, State University of
New York, University of Mchigan, University of Mnnesota, University of
Wisconsin, and University of Wsconsin-M Il waukee.

In addition to Federal institutions, the Province of Ontario and the
Geat Lakes States--Illinois, Indiana, Mchigan, Mnnesota, New York, OChio,
Pennsyl vania, and Wsconsin--nmaintain |aboratories that participate in noni-
toring (wth Federal financial support) and contribute in varying degrees to
Great Lakes research.

The conplexity of the Geat Lakes water quality issues warrants an inten-
sive program of multidisciplinary research specific to the Geat Lakes
resource problens. Such research should be systematic and holistic to include
all first-order aspects of the Geat Lakes ecosystem pertinent to the prob-
lems. Since fundanmental information and tools are lacking, such research nust
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include a long-term conmitment in process research, nurerical nodeling
research, and applied research to inprove engineering assessment tools and
decision making. If research is inadequate, it will be difficult to assess
probl ems and develop alternative management options. Once problens have been
identified, solutions and recovery may take decades. There is adequate |atent
capability in the Canadian and United States institutions, but its devel oprent
and focus on Geat Lakes water quality problens requires organization and

| ong-term conmitrent of resources to devel op the needed understanding, infor-
mation, and methods of decision naking. |s the Geat Lakes Federal research
funding conm tnent consistent with the threats to the valuable Geat Lakes
resources and, consequently, human health? Is it consistent with the long-
term research needs?

7. CONCLUDI NG REMARKS

| perceive the primary Great Lakes water quality issues of the next

decade (1986-96) to be 1) nutrient enrichment , prinmarily from nonpoint source
tributary loads from land drainage; and 2) toxic organic contam nants from
at nospheric |oads, nonpoint source tributary |oads, and point sources.
Managenment decisions will be mre conplex owing to conflicts of use, and nore
i n-depth problem assessments will be required for inplementation. It wll be
necessary to have greater understanding of and information about contaninant
sources, fate, and effects on the Geat Lakes ecosystem as well as inproved
assessments of remedial measures to aneliorate unacceptable risks, conflicts,
and costs. Costs include risks to the living resource and to human health;
conflicts of Geat Lakes resource use, atnospheric resource use, and |land use;
and costs to users of the Great Lakes resource, atnosphere, and |and.

The primary questions for Phase Il of this study are:

Do the capabilities of Geat Lakes research organi zations match those
required for the critical Geat Lakes issues of the next decade (1986-
96) for point source |oads of contam nants? for nonpoint source |and
drai nage? for atnospheric |loads from sources within the Geat Lakes
basi n? for atnospheric |oads from sources outside the G eat Lakes
basi n?

e Do we have an adequate understandi ng of and infornation about the
effects, benefits, and costs of past corrective actions? of future
corrective actions?

o Do the research organizations in Canada and the United States have
suitable mssions, objectives, and research prograns and sufficient
resources (including staff, facilities, and funding) to vigorously
pursue these holistic, nultidisciplinary ecosystem research problens?

e | s there adequate Canadian and United States research coordination?
joint research prograns?
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