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TO THE READER:

The Laurentian Great Lakes form the nation's
fourth sea coast, a chaln of beautlful, enor-
mous |akes linking the heartiand of America
with tha Atlantic Ocean. in addition to recres-
tion and transportation uses, these gecioglcal
marvels could provide an everiasting supply
of frashwater and food fish. Instead, the
lakes’ water, plants and animal iife are being
contaminated by a variety of man-made toxic
substances. Ultimaisly, these substances
pose a threat to the health and economic
well-bsing of the raglon’s peopla.

The primary mission of the University of
Wisconsin Sea Grant College Program s to
sxplore the potentials of and sesk solutions
to the problems of the Great Lakes and other
marine resources. Becauss of the urgency
and Importance presently attached to the
Great Lakes contaminants problem, this over-
view of Ssa Grant achisvements during the
past thres years gives spacial attention to our
activities related to toxic substances. Sea
Grant's many other programs and ressarch
projects — ranging from aquaculture and
policy studles to diving physiology and ocean
snginsering — are profiled later In this report.

The goals and priorities of the Sea Grant mis-
sion shift and changs to meet the needs of
the time, but its thres key functions remain
the samae: research, education and outreach.
Only by tying together all three functions can
teal progress be made toward realizing the
benefits and solving the problems of marine
resources. The lakes’ resources, If preserved
and used wisely, will continue to beneflt
future generations of Americans snd our
Canadlan neighbors.

it 7 il

ROBERT A. RAGOTZKIE , DIRECTOR




THE INVISIBLE MENACE

On Novamber 22, 1978, U.S. Secretary of State
Cyrus Vance and Canadlan Minister of External
Aftalrs Don Jamieson lifted their glasses of cham-
pagne and toasted one of their most important
jolnt possessions —the Great Lakes.

The occasion was the signing of a new interna-
tional Great Lakes Water Quality Agreement in
Ottawa, Canada. Containing 15 articles and 12
annexes, the new agreement updates, strengthens
and bullds upon the 1972 water quallty agreement
petwaen the two countries. The intent ol the agree-
ment remains the same: to preserve and protect the
largest reserve of freshwater on the face of the
earth.

Gver 40 miilion people - 15 percent of the U.S.
population and 25 percent of the Canadian popula-
tion — Iive and work along the shores of the Great
Lakes. They fely on the lakes for drinking water,
recreation, fish, and water for Industrial processes.
All of these uses demand clean water.

The rapid developmant and settiemsent of the reglon
In the earlier part of this century took Its toll on
water quallty, By the 1980s, Lake Erie was being
widely touted as the "dead” Great Lake, and dalgae
blooms and fiah klils were reported throughout the
jower lakes.

Today, thanks to government action in both coun-
trles to control pollution and to the efforts of
university and government scientists, the akes’
water quallty is vastly iImproved. Fish are making a
comeback in many areas, and beaches closed
since the aarly 1940s are open to swimmers again.

Nonethslass, problems remain. A recent ruling by
the U.S. Food and Drug Administration called atten-
tion to the seriousnass of PCB pollution in the
takes. And the International Joint Commission, the
body that oversees water quality control, has sald
that the control and monltoring of toxlc substances
is the most urgent problem facing the lakes.




Since the University of Wisconsin Sea Grant Pro-
gram began in 1968, research aimad at sclving
Groat Lakes water quality probiems has been a
high priority. So tar, over 50 such projects have
been supported.

In the Iats 19608 and early 70s, Wisconsin Ses
Qrant inveatigators focused on such questions as
pesticide contamination of ducks in Lake Michigan,
autrophication In Green Bay and the effects on fish
of chemicais used to control populations of the
paraaitic saa lamprey.

As the program has grown and knowledga ot Great
Lakaa contaminants has become more sophisti-
cated, the field of topics has sxpanded to Include
tha sourcas, fates and effects of many problem
chemicals In the lakes. Theas Include organic com-
pounds like PCBs and DDT; heavy metais like zinc,
cadmlium and arsenic; petroiesum, and phoaphorous.
Sclantiats have studled, In particular, where thess
substances can be found, how they affect the
aquatic environmaent and their public health impli-
cations,

In addltion 1o this research, the University of
Wisconsin Sea Grant Program has also supported
economic and policy studles related to lake man-
agemant and public service projects meant 1o
anhance public understanding of Great Lakes water
quallty Issves.

This report describes many of these Sea Grant
activitles over tha past five years and puts them
into the broad context of water quality problems
related to the Great Lakes. It is meant only to be a
glimpse of the program a3 It exlsted in 1979. This
part of the Wisconsin Sea Grant College Program
will continue to evolve and grow as long as water
quality problems pilague the peopte of the US. and
Canada who live along the shores of the Graat
Lakes.




PCBs:

A THREAT TO THE FISHERIES

Polychlorinated biphenyls. PCBs. Fifty years ago,
they didn’t exiat. Today, they are found almost
everywhere on earth, even in the most remote
reglons of the Arctic and Amazon.

These colorless, odoriess chemicals are found In
minute quantities In the environment and have
become detectable only as a result of recent
advances in analytical chemistry. And yet thay have
made newspaper headlines, inspired acts of Con-
gresa, worrled the public, belsaguered the flshing
Indystry and spawned a wide range of research
projects.

Since PCBs were first manufactured in 1928, 1.4
blilion pounds of these compounds have been pro-
duced. They had been used in many products
becauss of their stability and low conductlvity of
slectricity. For a time, they could be found In
adhesives, plastics, paints, electrical components
and carbonlesa carbon papers.

But research over the past 15 years has shown that
thesa chemicals can be harmful to animals and
humans it Ingeated in sutficlent quantities.

when this information firat came to light, the
manufacture and use of PCBs wers widely cur-
tallsd. Now they are used only in closed systems
like slectrical transtormers or capacitors. And the
U.S. government -- In response to an act of Con-

PCBs are still widely used in “closed” systems Hie these
slectrical transformers along & Door County road.

greas—is attempting to strictly controi their dis-
posal,

Nevertheless, aimost half of the PCBs used In the
past have ended up In our natlon's dumping
grounds —some 500 milllon pounds. As a result,
PCBs are widespread in the environment,

in the Upper Midwest, the Graat Lakes and the
Mississippl River have borne the brunt ot PCB
poliution because most PCBs ultimately and up in
aquatic systems. Once there, they sink to the bot-
tom, where they lie in the sediments and are plcked
up by bottom-fesding organisms. These organisms
are aaten by larger organisms and tish, which are,
In turn, eaten by still larger fish. The PCBs become
pregressively mare concentrated at each step up
this food chaln, and peopls are at tha top of this
chain.

Since PCBs were firat recognized as a problem in
the Great Lakes, scientlsts assoclated with the
University of Wisconsin Sea Grant Program have
been studying them.

The researchers are trying to answer the questions
being asked by government agencles, lawmakers,
tishermen and the public: Where are PCBs coming
trom? Where do they go? How do they affect fish?
Can we get rid of them? What do they do to people
who eat fish?




rant research in answer to that iast quastion
ﬁr.:m?:md the Federal Food and Drug Administra-
tion In June 1878 to take isgal actlon to lower the
amounts of PCEs permitted in fish sold for human
consumption from five to two parts per million .
{ppm). This action has ralsed some new questions:
How wiii the PCB ruling affect the Groat Lakes
sport and commercial fisherles? What fish in the
jakea will meet the new standards? How long will
the flsh remaln contaminated with PCBs? New Sea
Grant reasarch wili attempt to answer these ques-

tions, too.

PCHe in the Qreat Lakes —
Where do they come from?

At firat, it was thought that most of the PCBs com-
Ing into Lake Michigan and the other Great Lakes
were carrled In runoff or ware dumped with
municipal and industrial wastes.

However, UW-Madlson water chamist Anders
Andren has shown that the atmosphere |s perhaps
tha most Important source of PCBs In the lakes,
Aftar collecting alr samples around the southern
basin of Lake Michigan, he and his students found
that as much as 70 percent of the PCBa entering
the lake may coms from tha atmoaphers, This
amounta to some BBOO kilograms or nearly 18,000
pounds per year.

“It's hard 16 pinpoint the sources of these airborne
PCBs because thay are so diffuse,” says Andren.
“Large citles with a lot of industrial actlvity aiways
have elevated lavels of PCBs in thelr air. They
come out of landflils, incinerators, hydraulic tlulds
and leaking transformers.”

Related research at the University of Minnesota
has found PCBs In the sadiments of Lake Superlor,
generally regarded as the purest of the five Great
Lakes. Because of the scarcity of Industry around
that lake, Andren believes these findings under-
;éoara the importance of atmospheric inputs of

s.

Nonethaless, “point sources” of these chemicals
remain important. Ons of the major contributors of
PCB8s to Lake Michigan is an area just offshore
Waukegasn, Illinois, whera Outboard Marine Cor-
poration had been dumping wastes for years. In
Wisconsin, the prime PCB hot spot is the
Sheboygan River. Here, a company inadvertently
dumped large amounts of PCBs in a landfili site,

where they leached into the riv
et I ar and contaminated

D:vid Armstrong, also a UW-Madison water
cr::;nist, has been working extensively on the PCB
prodlem. He says that because airborne sources

are so difficult to control, it is all the more critical
to track down the sasier-to-manage discharges
from speclfic sites.

UW-Madison water chemist Anders
Andren shows visiiors one of the air
monltoring stations used to determine
tow much of Lake Michigans PCB
load comes from the stmosphare.

The Fate of PCBa

Armstrong and his colleagues have been studying
the fate of PCBs In Lake Michigan by collecting
samplas of bottom sediments from the lake and
studying how organisms take up PCBs in the water
and from the fake bottom.

Once PCBs get into the lake — by whatever means
—they normally become attached to particles in
the water and settle to the bottom within two
years, says Armstrong. From there, he notes, they
are often recycled into the lake's food chain by tiny
bottom-feeding organisms known as benthic
invertebrates.



Previous studies of DDT, a chemical cousin of
PCBs, showed that once its use had been bannad,
DDT decreased but did not disappear completely in
Greal Lakes fish. This led to the theory that DDT
was baing reintroduced into the food chain by
bottom-feeding organisms long after the chemical
was absent from the water,

Armstrong says a similar phenomenon may be
occurring with PCBs. According to present jnforma-
tion, he says, the burlal of PCBs in bottom sedi-
ments is the chief way in which these con-
taminants are removed from the water. How long
this takes depends on the amount of sediment car-
ried into the lakes, the topography of the lake
bottom and lake curtents. If tiny organisms that
burrow in the sit In search of food are prasent,
they will stir up these sediments and consume
PCB-contaminated particies, which are then passed
up through the lake's food chain.

This combination of factors, says Armstrong,
makes it hard to predict how long PCBs will remain
a problem in the lakes, even atter all new inputs of
tha chemicals have stopped.

“Dapending on the area of Lake Michigan,” he
says, “it could be ten or as many as fifty years
before the PCBs would be safely burled in the sedl-
ments.”

David Armstrong, co-coordinator of Sea Grant Microcon-
taminants and Water Quality Subprogram, sxamines &
gas chromatograph printoul showing PCB psaks.

PCBs in Fish

The Great Lakes resources most threatened by the
presence of PCBs are fish. The levei of PCBs in the
water itseif is so low as to be harmless when
ingested. However, PCBs do concentrate in the
figh, especially large, fatty fish ilke lake trout, carp,
coho ang chinook salmon. PCB leveis of ten parts
per million are not uncommon in these species in
some parts of Lake Michigan.

For nearly ten years, John Lech and Mark Melan-
con, scientists at the Madical College of Wiscon-
sin, have been studylng how fish take In and
metabotize toxic substances like PCBs.

Lech says fish can take up PCBs directly from the
water as well as through the food chain. Some fish
have been found to contain concentrations of PCBs
that ara 100,000 to a mlllion times greater than the
concentrations in surrounding waters.

Lech says earlier research showed that fish can
chemically alter such foreign substances when
they are taken with food and digested.

“A compound could be changed to & form that is
less harmful,” he explains, “or it may attach itself
to ancther moteculs or particle that makes it easier
for the fish to excrete it.”




Jeohn Lech, co-coordinator of the Water
Quality Program, injecis a chemical
into the aquarium to see how it affects
the figh.

On the other hand, he notes, soma chemicals may
become more toxic once they come in contact with
the fish's enzymes,

According to Lech, PCBs apparently do not become
more toxic once in a fish’s system. He said adult
fish seem to be able to carry fairiy high levels in
their bodies without ill effects. But the fish are
slow to eliminate PCBs.

Lech and Melancon found that rainbow trout,
exposed to one type of PCBs in the laboratory,
eliminated 30 percent of the chemical after two
weeks but took another 13 weeks to rid their
systems of an additional six percent.

Studies by UW-Madison pharmacologist Richard
Peterson have shown that spawning can help to
speed up the etimination of PCBs from adult fish,
since some of the chemical gels transferred to
developing eggs and sperm. Overall, spawning has
been found to reduce PCB levsls in hatchery-reared
adult trout by six to ten percent.

But this may have other repercussions. Former UW-
Milwaukee biochemist Robert Broyles, now at the
University of Oklahoma, has reported that in the
early developmental stages, baby trout and chinook
salmon can take up PCBs directly from the water —
in addition o the PCBs already passed on from the

parent fish. These tiny fish can thus accumulate
lethal doses. Some scientists have speculated that
this contamination may be one factor in the fallure
of lake trout, once native to Lake Michigan, to
reproduce successfully there now.

Controlling PCBs

The most obvious place to control PCBs is at the
source. For that reason, Congress and several
states —including Wisconsin —have banned the
manufacture and purchase of PCBs with few
exemptions, such as use in electrical transformers
and other closed systems,

In addition, the federal Toxic Substances Control
Act, passed by Congress in October 1976, requires
the government to enforce strict controis on the
disposal of PCBs.

The problem of what to do about PCBs already
loose in the environment still remalns. Armstrong
suggests, for example, that PCB dump sites, once
identified, could be capped with soil that would
prevent the chemicals from escaping to the water
or atr.

Another, somewhat novsl suggestion for reducing
PCBs in Lake Michigan fish has come from Arm-
strong and his former student David Weininger,
now with the Environmental Protection Agency in
Duluth, Minnesota. They note that the critical polnt
of PCB transfer in the lake's food chain lies with
the alewife, the chief food source for the large lake
fish. Because alewives eat a lot and grow slowly,
they tend to concentrate significant amounts of
PCBs. Weininger has suggested that one way to
reduce PCB levels in the large fish would be to
harvesi aiewives on a massive scale.

In effect, this would remove that lake trout and
salmon’s contaminated food source. Weininger
theorizes that these fish would then switch to eat-
ing smelt and sculpin —two species with low PCB
levels. Weininger believes that, if this were done,
PCB concentrations in adult salmon coutd decline
by a factor of four within five years. Ron Poff,
Great Lakes Fish Manager for the Wisconsin
Department of Natural Resources, is intrigued by
Weininger's suggestion, though he feels that a
large-scale alewife harvest might be costly for the
state.

In any case, there is some evidence that PCB levels
in Lake Michigan fish are declining naturally, albeit
very slowly. Evidence for this has come from
Michigan and IHinois, but Wisconsin officials say
they don't see these trends in their state waters.
The Wisconsin DNR is now conducting a compre-
henslve monitoring program to look closely at PCB




levels in fish from throughout the state. The pur-
pose |8 10 advise both commaercial and sport fisher-
maen of where In the state certain tish contain
levels ot FCBs {ower than the proposed FDA stan-
dard of two ppm,

indlcations are that many fish, particularly thoas in
Lake Michigan and the Misaissippi Rlver, are stil
waell above this standard. But when and how tast
PCB lavels will decline remains unknown.

UwW-Madison blologist James Kitchell has been
working with Armatrong, Welninger and Uw-
Milwaukes blologiat Frad Binkowski to develop a
blosnergetics model of the lake's fish spacies. The
model Incorporates knowledge of fish diets, growth
rates and predator-prey relationships, all based on
ongolng Univarsity of Wisconain Sea Grant
tisheries research. With the model, the sclantisis
can use a computer to predict what PCB leveis In
fish would be, given a cartain set of environmental
clreumstances.

For example, they have predicied that If PCB Inputs
to tha lake were to stop immadiately, PCB ievels in
coho salmon wouid decling 60-B0 percent within six
years. After that, they say, the ramaining amount
would decraase very slowly.

L ————— .

Sediment samples isken from Lake
Michigan (bottom) are maasured in &
shipboard laboratary (top). l;hdn::::'
are studying these sampies -
mine how much BCBe are in lake sedt
ments and how long they sre likety to
remain there.




PCBe and Human Health

The overriding concern ralative to PCB-contami-
nated fish is human health. There I8 controversy
over whethar PCBa can harm humans when con-
sumad at the levels found in Great Lakes flsh. But
the avidence that PCBs can be toxic to humansg
has bean compaelling enough to prompt the FDA to
tighten its standards on food contalning these
compounds. Soma of that evidence has come from
the research of James Allen, a UW-Madizon
pathologist.

Since a 1968 accident in Japan In which 15,000
people ate PCB-laden rice oll, sclentists and physl-
cians have known that iarge doses of PCBs could
kili or sicken paople.

In 1972, with UW Sea Grant support, Allen began to
Investigate what effects much lower doses of PCBs
might have on rhesus monkeys, whose metabolism
ciosaly ressmbles that of humans.

In his initial work, Allen fed the monkays diets con-
talning high levals of PCBa (300 and 100 ppm) for a
month, The animals suffered overt symptoms of
polsoning. Within thres montha, they were dead.

Allen subssquently iowerad levals to 5 and 2.5 ppm
and showed thess could affect the health and
reproductive abilitles of monkeys fed a steady diet
of PCBs In the iaboratory.

Infants born to these axperimental anlmals
racelvad PCBEa through their mothers' milk and sut-
fered hair foss and acne. They were also more

Paychologiste with Wisconsin's Primate Ressarch Center
have studied the behavlor of young monkeys sxposed to

PCBs through their mothers. They find such monkeys to

be hyperactive and have isaming disablilties.

susceptible than normal infants to infection and
siress-related diseases, Follow-up studies on these
animals, done by UW-Madlison psychologist Robart
Bowman, revealed that these young monkeys also
suffered from behavioral and learning disabllities.

Even after aduit monkeys were removed from a

PCB diet for three years, infants born during the
“racovery” perlod also showed some of theae |l
ettects,

Mors recently, Allen and resaearch assistant
Deborah Bargottl have been feeding monkeys PCB
levels as low as .5 and 1 ppm thres times a week in
an attempt to more closaly approximate human
exposure to the compounds.

The adult monkays have suffered no obvlous HI-
etfects. But, as In earller experiments, the mothers
have produced smaller-than-average infants with
the hyperplgmentation typical of PCB polsoning.
Preliminary findings In¢lcate thass Infants, {00,
auffer from behavioral problems.

How all these experiments may apply to the human
sltuation, Allen can’t say.

“There’s no quastion that PCBs are harmful 1o
humans; tha question Is at what level they are
harmtul,” he says, adding that “there has been no
work on humans to date that has ylelded con-
clusive results on this."

The pathologist |s particularly concerned that long-
term, low-level PCB exposure may be causing
subtie forms of health damage. But, as Barsottl
notes, “In real lifs, people are exposed to 8o many




contaminants that It would be hard to prove that
PCEBs were the cause of a particular dlsorder.™

Nevertheless, Allen says some of the symptoma his
research team has encountered with the monkeys
bear investigating In men, woman and chlidran,
These include silght alterations in immune
reaponses, alteratlons in menstrual cycles,
Increased incidence of abortions, decreases In
infant birth weights, and learning and behavioral
disabilities.

Several University of Wisconsin Sea Grant projects
addressing PCB effects on humans are now getting
under way. Edward Kendrick of the UW-Madison
Department of Preventiva Medicine has begun a
study of thirty mothers In the $heboygan area who
have a history of eating fish from the PCB-con-
taminated Sheboygan River,

He plans to analyze the breast milk and blood of
these mothers and compare the PCB levela he
finds to those found in mothers who have not eaten
fish from the area.

“We'll also look at the infants and assesa thelr
development and growth rates,” explains Kendrick,

Meanwhiie, further north on Washington Island, Jili
Smith is investigating levels of PCBs |n adults.
Smith, a UW-Madison graduate student In
apidemiotogy and anthropology, la working with the
Island's registered nurse to collect information
about local resldents’ dietary habits and to analyze
the PCB levels in their blood. Commerclal fishing
has long been an Important enterprise on the
island, and many residents consume large amounts
of fiah.

Depending on tha cutcome of this pilot profect, a
larger study may be undertaken to see whather flsh
consumptlon can be linked with high levels of
PCBs In the blood and whether this, in turn, can be
linked with any of the symptoms of PCB intoxica-
tion uncovered by Allen and Barsotti.

Given the presesnt state of knowledge about PCBe
and human health, the Wisconsin DNR advises
pregnant women, nursing mothers and chhidren
under six years old not to eat flsh known tc contain
high levals of PCBs. All others are advised to limit
their meals of these fish — especially carp, lake
trout and saimon—to once a week,

UW-Madison food scientist David Stulber is among
those advising consumers on how to reduce PCB
lavels In their flsh. He notes that PCBs are stored
in the fat, and so fat and skin should be removed in
cleaning, espacially the fat around the tiaty's back
and belly, Stulber, a Sea Grant Advisory Services
speciallst, also recommends broiling, baking or bar-
becuing the fish 30 that it doesn't cook in its own
juices.

Wisconsin's Lake Michigan commercial
Halvermen are among thoss hardeat hit

by tha PCB problem.

Stuiber works closely with sportsman, fish con-
sumers and commerclal flshermen. He says that If
the new PCB ruling from the FDA goes Into effect,
It could have a serlous Impact on Wisconsin'a com-
merclal fishing industry, the largest of any Great
Lakes state.

Economists have estimated that Wisconsin's
fishery could lose some 31 mililon a year because
of fish—primarity In Lake Michigan—that are off
limits as a result of the proposed 2 ppm standard.
Sport fishing actlvity in the lakes could also
decrease, says Stuiber, through negative publicity
or, poasibly, reductions tn fish stocking programs.
The Lake Michlgan aport fishery in Wisconsin Is
valued at more than $10 mitiion a year.

These figures dramatlically ernphasize tha Impor-
tance of resolving the PCB issue in Wisconsin.
Questions about PCB sources, fates and effects
remain, and the University of Wisconsin Sea Grant
Institute will continue to probe for answers In the
laboratory and In the field. In addition, the Institute
wlil make a special effort to keep government
agencies, other universities, fishermen and the
public apprised of the information its investigators
are uncovering.



PESTICIDES:
DANGEROUS ALLIES

The problem of toxic substances in the Great
Lakes firat came to light In the late 1860s, when
high lavala of DDT, a persistent pesticide, tusrned
up In the lakes’ larger fish apecles. Trout and
satmon In Lake Michigan were contaminated with
DDT at levels as high as 25 parts per mililon—
greatly in excess of the federal standard of & ppm
In food tish. As a result, some of these fish couid
not be markated.

Concern aiso resultad from studlea linking DDT to
daclines in the populations of eagles and other
birds of pray. The pesticide disrupted the birds’
calclum-producing mechanlam, causing tham to lay
ogQs that had pracarioualy thin shells and were
subject 1o prematurs braakage.

In 1972, DDT was banned nationally. One heartan-
ing resuit has been that levels of the pesticide In
Great Lakas flsh have dropped by about 80 percent
in recant years, according to research by UW-
Madison water chemist David Armstrong. Levels ot
dleldrin, another rastrictad pesticide, have also
declinad.

“DDT residues in lish began to decline faster than
wa thought they would after many of these
chemicals wers bannad,” Armstrong notes. "Wa
saw an Initial rapld drop when their Input to the
anvironment was stopped. Now DDT levels In fish
are remaining falrly constant.”

Eagles (top) and other birds of prey
wers adversaly atfected by ODT spray.
Ing in the 1950s and 0. The gresn
hydra (bottom) has given sclentists
new Insights Into the effects that low-
lavel exposure to pesticides can have
on onganisms.




The chemicals haven't disappeared entirely
because pesticldes entering the lakes settle to the
bottom and are burled in sediment. Bottom-feeding
organlams pick up the pesticldes from the seadi-
ments and cycle them back into the lakes' food
web. This explalns why concentrations of DDT
dropped to about 20 percent of their orlginal levels
and then stayed about the same. Eventually, how-
ever, the DOT In the surface sediments becomes
burled by uncontaminated muds, according to Arm-
strong. His research has algo shown that some
degradation of DDT occurs In the sediments.

Past Sea Grant work has also shed light on the
way in which pasticides affect the small organisms
that are food sources for tish. In one study, UW-
Madison entomologlsts Fumlo Matsumura (now at
the University of Michigan) and Mailory Boush
found that low levels of DDT, dleldrin, toxaphene
and other persistent pesticldes can impair the
raproduction of the green hydra (Chiorohydra
viridissima), a zooplankton.

Levals of thase compounds ranging from ons to
five parts per bliljon (ppb} significantly reduced the
green hydra's abillty to produce buds. Whan grown
in the lahoratory in pesticlde-contaminated water,
the tiny animal had to use 50 percent more energy
to produce a bud,

Over the years, another pair of sclentists —John
Lech and Mark Melancon of the Medicai Collsge of
Wisconsin in Mllwaukee — have examined how
varlous pesticldes and other toxic chemicals are
taken up, matabolized and eliminated by fish.

Among the compounds they have examined are
Bayer 73 and TFM, two chemicals used to control
sea lamprey populations In the Great Lakes. Lech
and Melancon found that rainbow trout exposed to
Bayer 73 over a 24-hour pericd concentrated it in
thelr bile at levels up to 10,000 times greater than
those in the surrounding water; TFM was concen-
trated over 1,000 times. As & result of this work, the
researchers have suggested that fish might be
effective monitors of poliutants that are nearly
undetectabise in the water I{self.

In other work, Lech and Melancon explored the
effects of chemical Interactions in an aquatic
system. The pharmacologlsts found, for example,
that carbaryl —a DDT substitute widely used on
corn and other crops - ¢an react in combination
with other chemlcals to harm aguatic organisms. [n
the laboratory, carbaryl signiticantly increased the
toxicity of 2,4-D, an herbicide; dieldrin, an insectl-
cide; rotenone, a carp poison; and pentachioro-
phenol, a wood preservative.

Chemicals like these have been used widely
throughout the Great Lakes basin. Through runoff

and other sources, they eventually reach the lakas.
The implications of that process underacore the
naad for a better understanding of the toxicity and
intaractions of various chemicals raleased to the
environmant.

Mark Melancon, Medical College of
Wisconsin, extracts fish tissuss for
analysis ol PCB residues and
metabolltes. Such tests reveal how tish
concentrate PCBs and how they
sliminate PCBs trom their tissues.
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DIOXINS:

OF MONKEYS AND MISCARRIAGES

T

Crop dusting with chemical pesticides remains a widespread practice.

©On July 10, 1976, an industrial sxplosion at a
chemical tactory in Seveso, a town in northarn
Italy, raleased a poisonous cloud that drifted over
some 4,000 acres of land. The cloud contained high
leveis of 2,3,7 8-tetrachlorodibenzo-p-dloxin (TCDD)
=one of tha most toxic and persistent organic
chemicala known,

Within days, hundreds of birds and smalil animals
died, leaves began to drop from trees and residents
of the area suffered from nausea and skin ajl-
ments. More than 700 people ware evacuated from
the town. Because past incidents of accidental
TCDD contamination were known to have affected
unborn babies, more than 90 pregnant women
obtained clinical abortions.

But the now-famous Seveso incident was a large-
acale industrlal accldent Involving large amounts of
dioxin. Scientiflc attention in the U.S. is beginning
to focus on the possible human health implications
of very low lavels of dloxin contaminatiion.

Dioxin ia an unwanted minor byproduct in the
manutaciure of saveral chemicals, including 2,4,5-T,
a widety-used herbicide. Each year, about seven
million pounds of 2,4,5-T are sprayed over nearly
five million acras of land in this country. The
chemical has been used to kili weads and woody

shrubs along the right-of-ways for powerlines, high-
ways, pipelines and rallroads, and on rangelands,
pasturelands and forestlands.

Many of these uses wera halted as the result of a
March 1879 order by the Environmental Protection
Agency. Citing a possibie Ink between 2,4,5-T
exposure and miscarriages among wormen in
Oragon, the EPA issued an emergency suspension
ruling that banned all uses of 2,4,5T and one of its
derlvatives, Sllvex, excapt on rice crops and ilve-
stock grazing land.

The order reflected growing concern about dioxin
contaminants In 2,4,5-T. Although these con-
taminants can break down into less harmful
materials under ideal conditlons, sclentists believe
most TCDD remalns in the environment. Unknown
quantities of this toxic substance are carried into
watarways via the air, aurface runoff and industrial
discharges.

Waterways whare TCDD has turned up include
Michigan's Tittabawassee Rlver and Lake Huron’s
Saglnaw Bay. The compound has atso been found
in sediments and leachates from landfill sites near
the Niagara River in New York State.

TCDD is known to cause tumors and birth defects
in laboratory animals, and ona study has found an




increased incidence ot liver cancer among Viet-
namese people in the wake of the U.S. miiitary's
extensive use in 1961-82 of Agent Orange, a
defollant containing relatively high levels of TCDD.

In the U.S., dioxin has already turned up in the
breast milk of nursing women living near 2,4,5.7-
sprayed iands. Cattle grazing on treated rangelands
have als¢ shown TCDD tn their fat, whers the
chemical has a tendency to bulid up.

Uw-Madison pathologist James Allen, a consultant
to the Italian government in the Sevesc incident,
has been looking at the health effects of long-term,
low-level exposure to dioxin - exposurs that, In
humans, could resuit from diet or proximity to
araas sprayed with 2,4 5T.

To find out it therae is a “safe” level of TCDD, Allan
has been placing small amounts of the chamical in
tha diat of rhasus monkeys, whose metaballam
ctosely resembles that of humans.

“We have yet to find a 'no effect’ lavel of dioxin,”
the Sea Grant investigator reports. “In the rhasus
monkey, we know that TCDD s extremely toxic.
Even at low levals, it produces blood abnormalities,
reproductive failures and an increase in liver func-
tiong.”

In hig first tests, begun in 1975, Allen fed elght
temale monkeys a diet containing 500 parts per
triliien (ppt} of TCPD for ning months. Five of the
sight animals dled threa months later.

“We didn’t expect 10 see that. We thought this
amount of dioxin was so small that it wouldn't kil
the monkeys," says Allen’s assistant, graduate stu-
dent Deborah Barsotti. The surviving animals, like
the monkeys that died, experienced a drop in red
and white blood cells and lost body hair. In addi-
tion, they sufferad swollen eyelids and reproductive
fallure. Only one of the monkays was able to give
birth.

The scientists later lowerad tha level of dioxin in
the dlet of a second group of monkeys to 50 ppt.
None of the animals have died but they have exper-
ienced problems, Including a number of spon-
tansous abortions and one stilibirth. Only two
monkeys produced offspring.

Allen and Barsotti racently began feeding another
group of monkeys a diet containing 25 ppt of
dioxin. The results are not yvet in, but Barsotti
believes this group may produce enough offspring
to permit an evaiuation of the physical and
behavioral etfects of TCDD on infant development.
Another group of monkeys will also be tested after
being fed a diet containing 5 ppt of dioxin.

A rhesus monkey, sxposed to only 600
parts per trillion {ppt} of dioxin, suflers
dramatic eftects, Including swelling
around the eyes, ioss ot halr and skin
probiema.

r
L



in natura, TCDD levels ganecally remain low. But
Allen 18 quick to point out that low-level, long-term
axposure may be as serlous as a one-lime, high-
dose axposure. For example, Allen's work has
shown that only two to three micrograms of TCDD
per kilogram of body weight were enough to kili
most of one group of monkeys over a nine-month
period. '

"Thase results should be sufficient to warrant
further investigations into the health effects of
dioxin on humans,” warns Allen. “The 'no effect’
level of TCDD may be below our deteciable limits.”

Alien belleves the U.S. govarnment should study
Vistnam veterans who came Into contact with
Agent Orange —the 2,4,5-T-based herbiclde used
extanslvely In Vietnam. Many vets have complalned
of health problema that they clalim have resulted
from their exposura to Agent Orangs.

But harbicides may not be the only source of
dioxins. The Dow Chemical Company, one of the
three major producers of 2,4,5T in the U.S., con-
tends that minute quantities of TCDD are also
formed during combustlon In refuse Incinerators,
fossll tuat plants, automobiles and even in the
smoking of cigarattes.

Dow made this claim after high dloxIn levels turned
up in tish taken from the Tittabawassee River,
which fiows past the chemical company's Midland,
Mlichigan, piant, While critica polnt to Dow as the
likaly source of the TCDD, the company has sug-
gestad other sources are to blame.

Untll racently, there was some fear that traces of
dioxin might alsc be formed during the chiorine
bleaching of pulp In paper milis, UW-Madlson s0ii
aclentlst John Harkin believed that the right combi-
nation of chemicals and conditions might exist In
pulp processing to create dloxin-type compounds
a3 a byproduct.

To tind out If this was happaning, Harkin analyzed
affluents from Wisconsin paper mills and aiso
simulated effluent bleaching procedures in the
laboratory,

Fortunately, he found that the bleaching of paper
pulp doas not produce dioxins.

“This is probably due to the fact that the tempera-
tures generated in the mills are not high enough to

create these compounds,” Harkin explains. Sea Grant ressarch has shown that
dioxins are not produced as a by-

Had the reverse besan true, he says, “it would have product of the paper-making process

wreaked havoc on the paper industry, since there 48 had once been suspected (top), but

are some 47 pulp and paper mills In Wisconsin, and other discharges, like thosa from fossli

1
4 many use chlorine to bleach their pulp and alter- u‘:..;.':o,::'p,':'z: :mm;’;:";::u“

nate bleaching compounds are very expensive.” amounts of dioxin.



PHOSPHORUS:

BANNED, ON THE RUN

Phosphorus — ona of the elements vitat to llite on
sarth. And ysat its extensive use in products ranging
trom fertilizer to detergents has caused environ-
mentat concern. Phosphorus In farm runoft and
municipal sewage enters lakes and streams and
stimulates the growth of weeds and algae —caus-
ing waterways to become eutrophic, or nutrient-rich
and oxygen-depleted.

Concern about the fertllizing effect of phosphorus
on Wisconsin's lakes led the state legislature in
1978 to sharply reduce the levels of phosphorus
allowed in commerclal cleaning compounds.
Simitar controls were already in affect in Canada,
New York, Vermont, Maine, Connecticut, Indlana,
Michigan, Minnasota and the city of Chicago.

Biologists say that Lake Michigan's Green Bay in
particular will benafit from reduced discharges of
phogphorus. Farms, factories and towns have
dumped a heavy load of phosphorus Into this
shallow cul-de-sac. Each year the rasulting algae
blooms caused by phosphorus extand north some
15 to 20 miles from the sutrophic southern end of
the bay.

From 1970 to 1972, University of Wisconsin-Green
Bay limnologist Paul Sager investigated the influx
of phosphorus from its various sources into Green
Bay. He sampled the water at 24 stations in the

bay and 10 stations on the lower Fox River, which
flows into the bay's southern end. He also checked
the effluant of 11 municipal sewage treatment
plants along the river, as well as the water guality
in tributary streams.

Sager estimated that 38 percent of the phosphorus
entering the bay was draining off rural land. He
concluded that the Environmental Protection
Agency's goals at the time for upgraded municipal
sewage treatment would reduce the phosphorus
loading to lower Green Bay by only 30 percent,

Neverthelsss, the states ringing Lake Michigan had
agreed in 1969 to reduce the phosphorus in treat-
meént plant discharges to the lake basin by 80 per-
cent. To reach this goal, Wisconsln ordered the 53
sanitary treatment plants serving districts of 2,500
or more residents in the Lake Michigan-Green Bay
watershed to remove 85 percent of the phosphorus
from their affluents by 1972. The date of com-
pliance has since been pushed ahead to 1985.

This “uniform treatment” approach, though seem-
ing to be fair, tends to be inefficient and costly,
according to UW-Madison engineer Erhard Josres
and economist David Martin, They found that the
cost of removing phosphorus can vary widely from
one treatment plant to another, depending on such
factors as the plant’'s age and size and the par-



e
ticular waste mixture being handlefd, w?‘y not, they
asked, allow industries and municl'?allties to volun-
tarlly buy and sell poliutlon "rights ? l_Jnder this
system, & company which finds it difficult to maet
s permitted affluent standards would pay a com.
pany with more gtficient wasta treatment fat_:alnies
on the sama rlver of lake to remove an additional
share of phosphorus. Thus tha total amount of
phosphorus being added to the waterway would
ramain the same while overall treatment costs

would be less.

This general scheme has been variously termed
Markatable Pollution Rights, Marketable Effluent
Permits and Transferable Discharge Permits (TDP).
The Wisconsin Department of Natural Resources
prefars the latter designation— which avoids the
Imptication that polluting is either “a right,” or that,
belng "markatable,” phosphorus removal may be a
desirable source of profit,

Josres and David suggest that a TDP system would
be appropriate for a city like Milwaukee, which has

The growth of graen slgas along Green
Bay's shores Is one symptom of the
high phosphorus content of the bay's
waters.

large and efficient facilities for removing
pollutants. Milwaukee's treatment plants receive
“pickling Hquor,” a by-product of the local tool and
die industry, These acid chemicals remove the
phosphorus in Milwaukee wastes that would other-
wise be contaminating Lake Michigan. The Wiscon-
sin Sea Grant researchers believe that nearby sani-
tation districts could pay Milwaukes to remove
those amounts of phosphorus that the smaller, out-
lying plants cannot economically eliminate.

In 1977, Joeres and David estimated this trading of
phosphorus removal obligations could save Wis-
congin taxpayers almost $750,000 a year in sewage
plant operating and maintenance costs. A system
of TDPs also avoids the political problem of impos-
ing a uniform treatment standard on dischargers
along a river that has sections with significantly
differant tevels of pollution and treatment require-
ments.

In effect, instead of achieving the raquired stan-
dards themselves, the smailer plants would pay
nearby dischargers with more treatment capability
or those located on cleaner stretches of the water-
way upstream to do more than their share. On
balance, then, the waterway would successfully
mest federal water standards. The DNR would
record these transactions and monitor water
quality by computer and act as broker between the
two dischargers.

While not yet ready to endorse the concept of
transferabte discharge permits, the DNR has
encouraged the research team to look at ways such
a system might be implemented to control organic
pollutants that use up dissolved oxygen in the
water. This blochemical oxygen demand is particu-
larly heavy on the industrializad upper Wisconsin
and lower Fox rivers.

According to DNR water quality planning official
Bonald Thetler, transferable discharge permits
would work bast in regions whers city and indus-
trial dischargers are clustered and have a cumula-
tive effact on a river.

Of equal concern and more difficult to control is
the phosphorus draining off the land, referred to as
nonpoint source pollution. Two projects, recantly
incorporated in the Wisconsin Sea Grant sub-
program on Green Bay, deal in large part with these
diffuse sources of phosphorus.

To better understand and monitor such nonpoint
source contamination, UW-Madison environmental
engineer Frank Scarpace s developing techniques
for mapping large watershed areas in the Green
Bay region from the air. The data that result from
aerial reconnaissance can then ba plugged into
computer models to predict water runoff and its
impact on the quality of receiving waters.



Phasphorus in municlpal snd industrial
wastes can be removed in treatment
plants {top), but olhar sources of the
eloment, like runotl from suburban
{ands {boitom), are not as easy to con-
trol.

Taking a ditferent approach to the same problem,
UW-Madison resource economists Daniel Bromley
and Basil Sharp are examining land use practices
that contribute to nonpoint scurce pollution of
Green Bay area waterways. In particular, the
research team is assessing the impact of livestock
wastes on water in the Lower Fox-Green Bay
region.

From these obsarvations they will compare aiterna-
tive policies designed to lessen the polluting
offects of various agricultural practices. And, on a
more comprehensive level, they will simulate alter-
native watershed management policies and evalu-
ate effects on water quality.

These various Sea Grant projects are aimed at con-
trolling the influx of phosphorus to Wisconsin's
tivers and lakes and the Great Lakes in particular.
The approaches to the problem cut across several
academic disciplines — aquatic biology, engineer-
ing, sociology and economics. Success in integrat-
ing these efforts will go far toward helping to pre-
vent the waste of a valuable nutrient and the
turther eutrophication of areas like Lake Michigan's
Green Bay.




HEAVY METALS:

MATTER OF CONSEQUENCE

1t through the air tn small particles and
r:::;:: rlintt'.i the lgakes. Others trickle in from tr!bu-
tary streams and rivers. No matter how the_y arrive,
heavy metals can cause serious problems in tha
Great Lakes.

Relatively small concenirations of some metals —

guch as mercury, cadmium, zinc and coppar—fzan
klil aquatic organisms. Much lower concantrations
still can have subtle yet harmful effects.

The metals come from a variety of sources, includ-

Ing Industrial discharges, waste dumps, automobila
axhaust and the burning of fossil fuels. Among the

list of problem metals in the Great Lakes are:

MERCURY

Untll 1970, Industries discharged mercuty into the
St. Clair and Detrolt rivers, whose waters empty
into Lake Erie. Mercury contamination of fish and
sadiments led to commerclal fishing bans on the
lake In 1978. Some bans are stlll in effect, and Lake
Erie commercis! flshermen have been badly hurt as
& result,

The hazard of mercury in waterways is due to &
procass called methylation by which microorgan-

industriaiized and haavily sattied waterways like the Fox

River are pollution problem areas becauss of heavy
matals contamination.

isms in lake sediments convert inorganic mercury
into methyl mercury. In high concentrations, methyl
marcury can affect the human nervous system and
even cause death, Methylation is common in the
aquatic environment, and scientists say other
metals besides mercury alsc undergo the process.

ARSENIC

Another metal that undergoes methylation is
arsenic. For many years the Ansul Chemical Com-
pany of Marinatte, Wisconsin, used arsenic in the
production of herbicides. Ansul disposed of wastes
from its manufacturing process along the shore of
the Menominee River. The arsenic leached out into
soil and groundwater and eventually made its way
into the Manominee River. From there it flowad into
Green Bay at the rate of about 35 fons a year.
Although the company has abandoned its herbicide
operation and removed its wastes from the dump
site, arsenic is expected to continue flowing into
Green Bay for another 20 years.

University of Wisconsin-Madison water chemist
Marc Anderson s trying to determine what hap-
pens to the chemical once it reaches the waterway.
He notas that arsenic can exist in saveral different




UW-Madlson water chemist Marc
Anderson {left) studies a sample under
a laser microscops, whils his student
Dennls Iverson {right) measures out a
water sample containing arsenic.

physical and chemical states. Furthermore, it can
cycle through these states many times as It moves
through the water.

Unlike mercury, there is no evidence that arsenic
can build up in the food chain and endanger human
health, But Anderson is concerned about the possi-
bility that arsenic might change the composition of
algae or other organisms in the water. If so, it
could affect the rest of the aquatic system.

Andarscn’s Sea Grant research so far suggests
that the arsenic is diluted scon after it enters the
bay. It then appears to follow the bay's counter-
clockwise flow pattern, drifting to the south,

He finds the highest concentrations ot arsenic in
muddy sediments. These muds ara rich in clay, iron
and aluminum oxides, which take up arsenic easily.

A phenomanon not yat explained is the occurrence
of large amounts of arsenic in the northern part of
the bay. Anderson says this may be due to the
presence of Iron-manganese nodules in that area.
He says the arsenic could occur naturallty with the
nodules, or may concentrate there for some
UnKnown reason.,

CADMIUM

Cadmium is another metal suspected of adversely
affecting aquatic life in the Great Lakes. The
cadmium in Lake Michigan comes primarily from
two sources: rubber tires and electroplating. Car
and truck tires contain small amounts of cadmium.
As tire rubber wears off on the pavermnent, rainfall
washes the cadmium into the waterways. The
metal is also discharged by the electroplating
industry, in which cadmium is used to make other
metais more durable and corrosion-resistant.

Two biologists at UW-Milwaukee — Arthur Brooks
and Paul Bertram —are studying the effects of
cadmium on a zooplankton called Daphnia. So far
they have successfully grown two species of Lake
Michigan Daphnia in the laboratory. The next step
wlii be to subject the tiny animals to long-term
cadmium exposure over the course of several
generations.

Brooks and Bertram aiready found that one

Daphnia strain suffered reproductive failures in the
taboratory when exposed to cadmium levels as low
as one part per biltion. The biologists worry that if



this happens In nature, it could have serious impli-
cations for the aguatic organisms that rely on
Osphnia for tood. They are also concernad about
the Daphnia's proven ability to accumulate and
concanirate the metaf. This could mean that
cadmium concentrales in organisms as it is passed
on up the aquatic food chain.

In reiated work, the Milwaukee researchers are
exploring the possibility that, over time, a strain of
Daphnia rasistant to cadmium may develop.

The humman haalth implications of cadmium pollu-
tion are also a matter of concern. This metal gon-
centrates In the kidneys and liver of humans, ang
high leveis are known o cause kidney disease and
birth detects under some conditions. Fonunately,
says Bertram, the human body seems to be able to
toierate low fevels of cagmium.

LEAD & TRACE METALS

Exploring another piece of the heavy metals picture
is UW-Madison water chemist Anders Andren. He is
attempting to find out precisely how metals enter
the lake from the atmosphere and what the magni-
tude of this source is in Lake Michigan,

The question of magnitude involves calculation of g
"mass balance.” Measuremaents of the amount of a
metai entering the lake from all S0urces are com.
pared with the amount that settles out intg the

Tha animal above is & young Daphnia
— a zoopilankion very important in the
Graat Lakes food chain —as seen
through 2 microscope. These organ-
isms have been shawn io be sansitive
to iow isvals of cadmium in the water.




sadiments. If the sediment figure is lower than the
input figure, it is an indication that the metal Is
building up in the water.

In analyzing sources of metals in the atmosphere,
Andren has found that much of it comes from
industrial areas — Gary, Chicago, Milwaukee and
sven as far away as St. Louis.

Most of the lead in the atmosphere comes from
automobiles, which contribute heavily to the 0.5 to
3.0 ppm lead concentrations in the air over Lake
Michigan. This compares to lead concentrations of
02 to .05 ppm in air a century ago. The sediments
in southern Lake Michigan contain 46 times more
lead than they did approximately 100 years ago,
before the use of leaded gasoline.

Andren is trying to determine how much of that
lead enters the water and how much gets carried to
the lake bottom. Among other things, he wants to
know, can the lake effectively rid itself of all the
lead it recelves, or could lead concentrations reach
a level toxic to aquatlc organisms and perhaps
even humans?

Andren is working with another UW-Madison water
chemist, David Armstrong, to determine how heavy
metals move through water from the lake sedi-
mants.

“If we find metal concentrations are bullding up in
the water, then controlling these materials at thelr
sources is even more important,” says Armstrong.
“If the metals aren't building up in the water, it

would indicate the lake is taking care of the prob-
lem by Itself. That's what we're trying to find out.”

Armstrong and Andren have discovered that metals
adhere to aquatic organisms like algae and plank-
ton and are carried by these organisms to the
bottom of the lake. But if there is more metal in the
water than the crganisms or other particlies can
carry, the metal will accumulate and become more
concentrated in the water. An understanding of this
process can help in evaluating the impact of trace
metal pollution, says Armstrong.

Since heavy metals are toxic but difficult to
measure at very low concentrations, sensitive
methods are needed to detect them. One of these
methods is Anodic Stripping Voltammetry (ASV)—a
process by which trace metals are collected and
concentrated on an electrode {usually a mercury
drop) and then eventually released at concentra-
tions that are higher and easier o measure. This
process has limitations, however, since researchers
must carry samples back to the laboratory for
analysis, and contamination of the samples is a
constant risk.

Uw-Madison chemist Walter Blaedet is working on
a new ASV technique that could be used by

regearchers in the field. Instead of mercury,
Blaedel's techiniqus involves using an alectrode
mads of porous, sponge-llke carbon matetlal that is
formed inta small plugs. Thesa fit Into a portable,
battery-powered apparatus that sclentists can carry
with them on research trips. Eventually, Blaedel
would tike 10 see his system refined so that it
could be placed in the water and left there to
record heavy metal contaminant levels auto-
matically.

Thase Wisconsin Sea Grant projects are providing
Information on the increasingly important problem
of heavy metal contamination of the Great Lakes.

Jossph Wang of the UW-Madison
Chamistry Department makes adjust-
ments on a new ASY instrument he snd
Walter Blasdsl have developed. The
device is maant 1o snabls scientists to
analyzs water samples in the flald for
low concentrations of heavy metals.




OIL:

NO SLICK SOLUTION

Ol spiits and petroleum pollution are generally con-
sidered to be a problem of the world's oceans, not
the Great Lakes. But oll tratfic on the Great Lakes,
a8 in the rest of the world, has grown dramatically
in recent ysars. The Great Lakes ports at Toronto,
Detroit, Indiana Harbor and Sarnia have bacome
centars for a thriving commerce in crude and
refined petroleum products.

There have not been any oll tankar accidents on
the Great Lakes to compare to the 19768 breakup of
the Argo Merchant, which spiiled nearty 24,000
metric tons of oit off the coast of Massachusstts,
or the Amoce Cadiz, which dumped almost 205,000
metric tons of petroleum Into the waters off
France's Brittany coast in 1978. And no incident In
the Great Lakes compares to the ol drilling rig
accident in Mexico's Bay of Campeche, that sent
20,000 to 30,000 barrels of oll a day into the Gulf of
MexIco throughout the summer of 1979.

And yet there may be 1,400 times as much oil per
unit of water in the Great Lakes as in the world's
::;::?a-lrufihermora, these freshwater seas may be
WIacunsly Sensltive to oil pollution, according to

f Sea Grant specialist J. Philip Keiltor.

:t.r:::(::rf“l:'m““ that more than 134,000 metric
Off reach the Great Lakes each year—most

of It from urban runoff and In municipal waste-
water. He says auch chroni¢ discharges of oll into
the Great Lakes poss significant ecologlcal risks.

In Kelllor's view, the Great Lakes may ba particu-
lariy vulnerable to oil pollution because the lakes'
bays and channsis are llke big bathtubs and offer
little room for the gradual dispersal of oil before it
affects the shorslines. In addltion, the cold temper-
atures of the Great Lakes slow the degradation of
petrcleum compounds ang prelong their toxic
affects. Also, the cleanup of wintertime spills can
be hampersd by ice.

From government and industry records, Keillor
found that in tonnage, patroleum s the fourth
largest commodity shipped to and from U.S. Great
Lakes ports (more than & milllon tons are shipped
between U.S. ports each year), and Canadian ship-
ments slightly exceed the U.S. level.

Kelllor believes some naw devalopments in petro-
jeum commarce on the lakes could have long-range
pollution potentlal. Small tankers in the 30,000-
barrel range are being scrapped in favor of tankers
which carry up to 100,000 barrels of oll. These
larger tankers present the possibility of larger,
more catastrophic spilis. On the other hand, Kelllor




has found that, to date, most oil spills ogcur in the
form of smaH, chronic spitlage in harbor operations
— which suggests that the fewer loadings required
by large tankers may result in less harbor contanmti-
nation. Yet spills from tankships and tank barges
tor 1976 and 1977 were up significantly (52 in 1876,
28 in 1977) over those of the previous three years,
during which the average was 21 spills per year.

Keillor is also concerned about a trend to tanker
barges. High winds and waves can easily break
lines from tugboats, isaving barges adrift and at
the mercy of a storm, Tanker barge spills off the
Cleveland and Milwaukee harbors in 1875 and 1976
graphically demonstrated this risk.

The Sea Grant researcher has made his research
information available to Michigan and Wisconsin
officials, the U.8. Coast Guard, Canada's Environ-
mental Emergency Branch, and the U.S. Fish and
Wildlife Service. The latter agency is especially
interested in the potential number and effects of oil
spills that might occur if Great Lakes navigation
becomes a year-round operation —a possibility now
under study by U.S. and Canadian authorities.

In related research, UW-Madison water chemists
Anders Andren and David Armstrong are investigat-
ing the extent to which petroleum hydrocarbons
have contaminated Lake Michigan's southern
basin.

“We know for sure this is happening near Indiana
Harbor," says Andren, “but we want to see if we
can detect it further out.”

Basic to this quest is the need to distinguish
between naturally-occurring hydrocarbons and
those introduced by human activity. Andren notes
that there is no standard way to analyze hydro-
carbons in sediments. With graduate student Paul
Doskey, he set about establishing ways to sample
and analyze sediments in Lake Michigan. In August
1978, Doskey and other researchers collected take
bed samples from five locations in the southern
lake basin.

“Qur first objective wlill be to see whether petro-
leum hydrocarbons have contaminated sediments
in areas othar than the industrial ports of Chicago
and Indiana and nearby regicns of the lake,” says
Andren,

The research team brought back box-shaped
“cores™ about one quart in volume. Preserved by
refrigeration, these cores will be sliced into hori-
zontal layers and analyzed. The lower strata will
represant the older sedimentary deposits in the
lake bed.

“We are far from identifying the thousands of com-
pounds in petroleum,” says Andren. But in the last

A U.S. Coast Guardsman uses z suc-
tion hoss to vacuum up ol spitied from
A bargs that went aground in Lake
Michigan near the Milwaukee shore.




tag, researchers have developad

few years, he no
gas zhromatographic technigues for detecting poly-

nucieated aromatic hydrocarpons (PAHS).

& many are carcinogenic, PAHs are an
Fr:::::nt cla:s of compounds. Thay may 3iso be
good indicatora of oil poliutlon because they are
constituents of many refined oll products, Andren
says.

The reiative abundance of Carbon-14 and Carbon-
13 in samples can revesl the age of a petrolaum
deposit. The ratio of such hydrocarbons_ as pristane
and phytane can also indicate the relative age of
tha petreleum deposits. Phytane, for exampie, is
known to be abundant in ancient sediments;
pristane is generally associated with more recent
deposits.

Oil may be a significant Great Lakes pollutant, at
laast in and near harbors, and both Andren and
Keillor ragret the lack of research on how it affects
Great Lakes fauna. Research on ocean oil spills
indicatas that petroleum compounds can interfare
with fish spawning and kill bottom-dwelling organ-
isms. In the Great Lakes, aguatic animals are
already contending with eutrophic conditions and
microcontaminants in the lower lakes and with
cold, nutrlant-poor waters in the upper lakes. In
these stressed environments, petroleum contamina-
tion may represant an excessive burden.

John Lech, toxicologist at the Medical College of
Wisconsin in Milwauzkes, has examined how fish
take up and transform two hydrocarbons character-

An oll boom ¢urves around the barges in an only partially
successiul sffor to keep the leaking oil {lighter araas)
trom drifting out Inio Leke Michigan,

isticatly found in fuel and lubricating ail —naphtha-
lene and 2-methylnaphthalene. These and other
hydrocarbons have been found in lake trout caught
in the open waters of Lake Superlor and L ake
Huron,

Lach exposed young rainbow trout to naphthalene
far eight hours in the laboratory. He found that
they concentrated the compound in their tissues at
levels 20 to 100 times higher than those in the
water and concentrations in fat and bile were
several hundred times highar. These concentrations
declined rapidly, however, once the contaminant
was ramoved. The fish eiiminated half of the
dosage in less than 24 hours, and the remaining
lavels dsclined by half over ansuing 24-hour
periods.

Longer exposure to these substances resulted in
even greater uptake. Following four weeks of
exposure, concentrations in bile were 13,000 times
for naphthalene and 23,500 times for 2-methylnaph-
thalene the concentration of surrounding waters.

While the Great Lakes may naver experience an il
spill anywhare near the magnitude of large ocean
spitls, smaller spilis in the lakes are constantly
exposing aquatic life to chronic contamination
from petroleum compoungs.

Keillor and other ressarchers believe the potential
for serious environmental damage illustrates the
need for improved oil recovery equipmant as wetl
as more research on the effects of chronic low-
level exposure on lake organisms.
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LIVING RESOURCES

The charterad carferry maneuvers into position, At
& signal, thousands of lake trout yearlings are shot
over the side through large hoses and into Grean
Bay. Threa SCUBA divers bobbing in the cold,
choppy water disappear as they foliow the stunned
young flsh to the bottom.

In this watery undertaking, Sea Grant scientists, In
cooperation with government aganciea and fish
hatcherias, are trying to get to the bottom of a vex-
Ing mystery: Why aren’t once-abundant lake trout
successfully spawning In Lake Michigan?

The rasearchers were hoping 1o tind a partial
answer 30 feet down on Horseshoe Reef, a historlc
trout spawning ground in central Green Bay. The
blologists and divers thought the fingerlings might
remain fong enough on the reef to pick up sensory
cues of sight, smell and currents that would lure
them back to that site to spawn In four or five
years. [f successful, this and similar plantinga at
other sites could help to reestablish natural spawn-
Ing by this valued sport fish,

Lake trout are not the oniy nativa tiah that once
knew better days. in the laat century, Lake
Supsrlor's whitefish were caught In large numbars
with a standard six-inch mesh net. Today, the flsh
are generally smalier and so are the catches —due
ta the mid-century onslaught of the paraaitic sea
famprey.

With the lamprey now under control, the harvest of
whitefish shows occaslonal rebounds. But with
such unpredictable boom and bust cycles, where |5
the fishery headed?

UW-Stevens Polnt biologists have been probing for
the answer, recently tagging and analyzing over
8,000 fish over a three-year period. T encourage
the cooparation of fishermen, the researchers
offered bounttes of $1 to $10 for each tag retumed.
The response was tremandous, with tag returns
topping 1,500 In the third year aione. Personal con-
tact and a growing appreciation for the research
also helped, the sclentists feel,

While flshermen earned a few extra dollars, the
biologists belleve they gained useful information
on two population strains of whitefish in Grean Bay
and northern Lake Michigan. Thay found that the
more important strain spawns in North Bay and
Moonlight Bay, which are adjacent bays on Door
Peninsula’s eastern shore. The tagging revealed
that this one population contributes more than 75
percent to Wisconsin's whitefish catch. The
bicloglsts believe it Is essential, therefore, to pro-
tect these fertile coastal waters from pollution,
dredging or other harmful developments.

A diver Inventories aquatic animals
found within &« sampling ring on a resf
nesr Lake Michigan's Door Peninsula
whare lake trout once spawned.

In Lake Superior, a research team works even more
closely with local fishermen. The target for both is
the lake's upder-harvested, yet abundant, popula-
tions of amelt.

Bacause smelt feed after dark and near the sur-
face, scientists in their rasearch vessel —an old,
converted tug — often meet fisharmen on the lake at
night. Both the research vessel and the fishing
boats use sonar equipment to focate smeit concen-
trations, and such inforration Is frequently shared,
to the benefit of both partles.

Through these experimants, as wall as more basic
studies of the smelt and their habitats in the
western half of Lake Superior, the scientists intend
to prove that a neglected fishery can be tapped to
produce more food and provide mare jobs.



Sclentists check a trawi net for smelt during a nighttime
ressarch sxpadition on Laks Superior.

Other Saa Grant researchers are assessing alewlfe
populations in Lake Michigan, examining the poten-
tial of white suckers as a food source, studying the
feeding behavior and growth of yellow perch in
Green Bay, and documenting the biologlcal role ot
plankton — the microscopic plants and animals that
are a vital source of food for fish.

Much of this information iz being assimilated in a
mathematical model, which researchers developed
in an effort to approximata the dynamics of fish
growth and predation in the lakes. In one applica-
tion, the model reliably predicted the uptake and
retention of PCBs by yellow perch over a perlod of
years,

PCBs have been a chronic problem for Great Lakes
fishermen, a problem aggravated by a recent deci-
sion by the U.S. Food and Drug Administration to
reduce by mora than half the maximum ievel of
PCBs allowed in fish soid commarcially. Those
standards could reduce the marketable fish harvest
in Wisconsin's Great Lakes waters from 48 million
to two million pounds annuatly. Sport fishing might
also be adversely affected by the negative publicity
of unsafe fish.

In response to the toxlc substances issue, Sea
Grant researchers are deveioping a model to
assess different strategies to manage the Lake
Michigan fishery while minimizing the problem of
PCB contamination. That project, as well as
another project concerned with assessing the
benefits and costs of sea lamprey control and
salmonld stocking, are intended to help restore the
fishery ecosystern while rehabilitating the commer-
clal fishing Industry on the lake.

Focusing on the human aspects of the fisheries,
Sea Grant economists are developing an economic
profile of Wisconsln's commercial fisherman. This
information Is being made avallable to agencies
charged with regulating many conditions of the
fishing trade.

Although tha financial outlook for Great Lakes
flsharmen has not been bright, it is getting better.
The reopening of the Lake Michigan chub fishery in
1978, for example, was sncouraging ~ suddenty, it
seems, the Issus has become not what other work
is avallable to the chub fishermen, but how they
would divide the 900,000-pound chub quota.




AQUACULTURE

Expetimantal filtration system at UW-
Madison's Aquacuiture Ressarch
Laboratory {top). Laboratory techniclan
Blit Manci feeds perch fingsrlings smali
amocunts of ammonla and nitrites to
ss¢ how they affect growih (bottom).

The Great Lakes once held what was thought to be
an ingxhaustible supply of fish. In Wisconsin, the
tradition of Friday night fish fries — with yellow
perch the usual antree — grew out of this abun-
dance. But overfishing, poliution and competition
for food with invading alewives took their tool on
tha perch population, and today the demand for
perch greatly exceeds the supply.

To help ease this shortags, University of Wisconsin
researchers are developing techniquses for raising
yellow perch in tanks under controlled environmen-
tal conditions — a system called aquaculture. They
are also looking at freshwater aquaculture in a
broader sense — to see what role it might play in
the future of the Great Lakes fisheries.

in one form or another, aquaculture has been prac-
ticed for centuries. But growing perch in an artifi-
cial environment presents many problems. One is
the water itself, The most practical approach
seams to be to recycle water continuously through
an aguaculture system. But the electrical and heat-
ing costs of recycling are high, so chemical engi-
neers are working to deveiop a more economical
system,




Watar In present recirculating gystems also picks
up amall amounts of ammonia and nitrite from
waste filters. Thess toxic chemicals retard the

of tish and could, in concentration.s
glr::‘;:):t;h, te lethal. Researchers are explormlg
how much ammeonia and nitrite water ¢an contain
and stil! support healthy, fast-growing fish._The
next etep will be to design fliters to maintain water
guality within those levels.

Another problem I8 what to feed the fish. Perch
sesm 1o lare best on a formulated dlet con:lposecl
mainly of fish meal. But this diet is becoming
expensive and difflcult to obtain, so scientists ara
ssarching for & diat that will produce rapid growth
at the leaat cost. To do this, investigators are
determining the energy requirsments of perch and
sxperimentlng with different diets to find out how
mugch snergy the fish use to digest various feeds.
Among other things, they hope to develop a feed
that will approximate the parch’s dlet in nature.

Securing a rellable supply of brood stock is another
challenge. While techniques for the artificial
insamination of warm-blooded anlmals have been
used for a long time, they are new to the tish world.
Two UW-Madison aclientists, however, have suc-
¢eeded In freezing flah sperm for as long as six
weeha. They expect to sventually be able to pre-
serve tha sperm for even Ionger perlods. With arti-
ficisl Inseminatlon, aquaculturists will need a
amalier supply of brood stock and will be able to
breed the tish at any time of the year.

Through cross-breeding and selaction, researchers
are also working to develop a straln of perch that is
sulted to aquacultural ¢onditions, A critical phase
of perch aguaculture |s the period of growth from
the larva to the fingerling. Young perch transferred
from the wild don't farg well in tanks, and raising
perch from larvae lsn't practical because no artifi-
clal tood source can compare with natural sources.

The present alternative — now used at the UW Agua-
culture Research Laboratory —is to grow perch in
pends during this critical larval stage. The ponds
are fertliized and then stocked with fish eggs in the
spring. After the 8ggs hatch and grow to fingeriing

8ize, the ponds are drained )
ferred to tanka, and the fish are trans-

Perch fingering reared In fingeding
production pond at one of the UW-
Madison™s agricultural experimental
farms.




GREEN BAY

Fishing ground, transportation artery, ingustrial
workhorse, recreation area — Lake Michigan’s Green
Bay is one of the nation’s most heavily used and
most productive waterways.

At tha same time, this resource suffers from a
familiar list of ailments: pollution from municipal
and industria! waste, eutrophication, the pressures
of shoreline development.

In line with a renewed effort to clean up the water-
way and restore its fisheries, the University of Wis-
consin Sea Grant Program in 1978 launched a
major, 10-year research program on the bay and its
watershed. The program aims to fill in gaps in cur-
rent knowledge about the bay's physlcal, chemical
and biological systems, and to transiate the resuits
of that research into a form usaful for making deci-
sions about the bay's future.

Involvad in the effort are biologists, chemists,
geologists, oceanographers, economists, engineers
and social scientists from UW campuses in
Madison, Green Bay, Stavens Polnt and Milwaukes,
and from Lawrence University in Appleton.

A key part of the research program is to study the
ecclogy of Green Bay’'s west shore marshes, which

@reen Bay perch tisherman Everstt
Marks, heading for homs.

represent an estimated 80 percent of all of Wiscon-
sin's Great Lakes wetlands.

Amaoang other things, these marshes are important
as fish spawning grounds and as habltat for rare
bird life. Researchers are studying the relationship
between vegetation, bird life and changing water
lavels in the hope their work will help government
agencies design better ways to manage and pro-
tect these critical wetiand resources.

Other researchers are looking for ways to improve
the managemaent of the bay's fishery—the most
productive on Lake Michigan. Projects focus on the
growth and distribution of various fish, including
yellow parch, a staple of Green Bay's commercial
fishing Industry; whitefish, Wisconsin's most valy-
able commercial species; planted lake trout, which
have failed to reproduce naturally in Lake
MIchigan, and sucker, a potential target for com-
mercial fishermen.

Equally critical to the future of the bay Is its water
quality, which is imperiled by industrial discharges
and runoff from rural lands in the watershed.

One Sea Grant Investigator is examining fand use
practices in the bay area with an eye toward




trlak clean-up of the Fox River ls
:r':ndp‘::vlng Groen Bay's water qualily
(latt). UW-Green Bay students use a
seine nel 1o capturs perch fingerlings
In ona of the bay's {ish nursery areas

{Below).

developing proposals for reducing the runoff of
nutrlent-rich sedimant.

Another researcher is working to improve tach-
niques for mapping land use in the bay’s watershed
with girborne cameras and remote sensing devices.
These technigues, in turn, will be plugged into a
Department of Natural Resources computer model
to assess the impact of pollution from diverse
“nonpaint” sources such as farmland runoff.

Yot another scientist is examining the fate of some
35 tons of arsenic ssepling into the bay each year

from an industrial waste dump on the Menominee
River.

To provide a bridge between the research aspect of
the program and the community, a planning work-
shop was held at the UW-Green Bay campus In the
fall of 1978. The workshop drew together about 100
Wisconsin, Michigan and Jilinols representatives
trom universities, industries and government, who
explored research needs and opportunities on the
bay. From this workshop came several reacom-
mended research priorities that are being incor-
porated into this year's Green Bay program —
among them circylation patterns and water trans-

port in the bay and a toxic substances invantory for
the Fox River and Green Bay.



POLICY STUDIES

Protecting the Great Lakes is not simply a matter
of controlling the discharge of poliuting chemicals
and wastes. It also means managing resources
along the coastlines. Developing tools for effective
coastal management has been a principal aim ot
several investigators in the Sea Grant Policy
Studies area.

(n one Instance, researchers have pointed the way
toward creation of a cadastre —a comprehensive
record of tand holdings. Designed to register such
factors as land ownership, boundaries and environ-
mental data, these records will be an invaluabie
help to agencies involved in coastal planning and
an ald to shoreline property owners. Though
applied initially to Racine County —which has
taken preliminary steps to implement the idea —the
cadastre concept is transferable to other areas as
well.

Managing our coastal property effectively also
depends on the participation of shoreline residents.
In an effort to improve citizen involvement in
coastal planning, Policy Studies investigators held
a series of workshops in Kewaunese County. This is
a predominantly rural area on the west shore of
Lake Michigan that is under increasing develop-
maent pressures. Several hundred citizens attended
these workshops and responded to quastionnaires
developed by the Investigators. They identified
crltical natural and cultural resources in the area
and urged that the county becosme the focus for
area-wlde coastal planning. The technigues
involved in this project are being used in several
other counties as part of ongoing efforts to pre-
serve farmiand and coastal wetlands.

On another front, researchers have suggested that
the state might be able to manage s Great Lakes
resources mose efficiently if it were to adopt
innovative pollution control schemes. One proposal
involves the buying and setling of pollution rights.
Scientists have suggested, for example, that a
systam of transferable discharge permits could
simplity the control of phosphorus entering Lake
Michigan. They are now examining how this con-
cept might be applied to water quality control
along the Fox River.

Anothar water quallty-related policy project focuses
on the "Milwaukee Pollution Case.” This 1977 court
decislon required metropolitan Milwaukee to
comply with waste treatment standards much more
stringent than those set by the federal government.
The point of the study is to see what scientific
evidence led the court to this conclusion.
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The fate of the lakes' human fesources has also
concerned Investigators. Along thesge linas, a group
of Milwaukee researchers inventoried Iabo; and
management organizations in the Great Lakes-St.
Lawrence Seaway systermn and found that larger
ships and new technologles have made fakes
sallors an aged, vanishing bresd. In particuiar, the
trend toward fewer, larger and more automated
vessels has reduced the need for gkilled crews.

Partly in regponse to these findinga, manpower
planners are attempting to retrain and relocate dis-
placed Great Lakes sailors. Other agencies, Includ-
ing the Coast Guard and the U.S. Department of
Transportation, are alsa relying on the results of
this study for their planning efforts.

Endangered resources of an unusuai sort are the
tocus of two other projects. In one, an Investigator
is examining the relationship between the coastal
environment and the people of the Sea lalands In
South Caroiina. This remarkably intact Atrican
culture is Imperilad by changing technology and
land deveiopment. Other researchers studying the

Commarclai fishermen on South
Carolina's Sea Inlands.

relationship between cultural development and the
ocean environment in waterfront communities
should find this Sea |slands study both interesting
and useful.

The second project I8 alsc designed to help protect
a threatened cultural resource — Greaat Lakes ship-
wracks. By looking at the resource Itsetf, legal
ownership patterns and what other states have
done, Investigators hope to make recommandations
on alternative ways In which Wisconsin might pre-
serve these Invaluable archeoclogical relics.

in the nationalfinternational arena, a noted legal
scholar is exploring the implications of negotla-
tiona at the Third United Nations Law of the Sea
Conferance as they relate to global natural
resources decisions. The investigator In thls
project, a UW-Madison law professor, has extensive
experience in the study of international legal
issues and has been asked to serve on an
American Soclety of Internatlonal Law panel study-
ing nationallsm and the marine environment.
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COASTAL STRUCTURES & EROSION

Ice damaged dock in Munising, Michigan.

Looking like a dilapidated roller coaster, the
Munlsing marina dock stands twisted and distorted
as & resuit of the awesome force of winter ice.
Each year, shofeline ice bends iron railings, twists
docks into crazy shapes and lifts pilings right up
out of the lake bed, causing hundreds of thousands
of dollars worth of damage along Great Lakes
coastlines.

Allen Wortlay, a University of Wisconsin-Extension
enginesr, has been trying to find solutions to this
expensive problem. He has surveyed ice damage at
nearly 100 Great Lakes marinas, including the one
at Munising on Lake Suparior, and has advised
many marina owners on how to mintmize ice
damage.

As a result of his advice, some marina owners have
installed bubbler systems that prevent ice from
forming around their docks. These systems are
expenslve, however, each costing over $4,000 to
install and more than $1,000 a year to operate.

Wortley has also prapared an ice engineering
guidebock and sponsored conferences on ice and
marina design for northern climates. One alterna-
tive he is investigating is a system used by the
Scandinavians — floating docks. In Lake Superior's
Bayfisld Harbor, Wortiey is testing three differant
types of commercially available floating docks to

see how they hoid up under severe ice conditions.
So far, he says, these docks seam 10 withstand the
stress and strain of Lake Superior ice.

Another problem plaguing those who live along the
coast is the continual 1oss of coastal land and
structures to erosion. The lakes have long demon-
strated overpowering forces of erosion in this
geologically young region. The red clay along the
shores of Lake Superior and the glacial till along
Lake Michigan are both vulnerable to runoff, seep-
age and 1o the clawing action of the surf.

in one project, UW-Madison geophysicists have
axplored the layers of glacial tilt that lie exposed in
the clay-like bluffs along Wisconsin's Lake
Michigan coastiine. By examining soil properties in
the laboratory, the researchers have been able to
assess how vuinerable these bluffs are to erosion
and to offer guidance to coastal planners.

Along Lake Superior, two UW-Superior botanists
have catalogued plant life at 25 sites along tha red
clay biuffs from the westem tip of the lake to the
Bayfield Paninsula. Aerial pictures, old surveys and
other historic records reveal that these blufts have
lost an average of two to three feet per year over
the last three decades. The northern Wisconsin
botanists seek to determine what plants provide
the most effective anchors for the red clay soil.




Winter ice along the shors can causs
ahore srosion (below). A coastai resl-
dent uses concrete blocks snd rubble
to try and stop coastal ercsion in
Racine, Wisconsin (bottom right).

Although strong and dsep root systems are
desirable, the researchars conclude that to control
arogion, roots must not extract too much water dur-
ing dry periods. If the clay becomes too dry, it
bacomes brittie and fractures. When it rains, these
cracks act as if they were greased, one face slip-
ping against the other and exposing the soil to
turther srosion. The researchers hope to find
vegetation that will not extract toc much moisture
and yet stabilize the bluffs, thus helping prevent
the waters of Wisconsin's Lake Superior coast from
turning blood red after a heavy rain as they do now.

In another project, researchers have analyzed eight
sites along Lakes Michigan and Superior to assess
factors influencing shoreline slope, vegetation,
wave action and lake levals, Among other things,
they have determined that rains and surface wash
cah be as important in causing blutfs 1o recede as
other factors such as groundwater saturation.

information from these projects will help coastal
planners and engineers find the best erosion
control techniques for various high bluff areas
along the lakes.

in a related, retrospective look at the Great Lakes,
UW-Madison climatologists are trying to correlate
long-term climatic changes with water levelg in
Lake Superior. These historical trends offer possi-
ble insights into future lake levels and asscciated
erosion in the lakes. Such information may also be
of use in other research and in management
policles that must consider the effects of diffarent
climate episodes.

To verity the region’s climatic history, the
researchers are examining published reports on
tree rings based on corings from 122 sites in North
America. They have also coltected over 100 red and
white pine corings at three sites in Michlgan’s
Upper Peninsula. Many of these trees were over 250
years old.

The thickness of each ring indicates the annual
precipitation in the region of the tree. From this evi-
dence, the Madison scientists detect what appear
to be sharp breaks In patterns of water supply to
the Lake Superior basin in 1915, 1934 and 1853. An
understanding of the characteristics of such
climate episcdes and causes wiil enable scientists
to predict future lake levels more refiably.

None of these projects, of course, can hope to
compietely thwart the process of erogion. But Sea
@Grant research should help scientists to under-
stand erosion’s causes, enlist thae natural defenses
of shoreline vegetation and project the long-range
effacts of climate on 1ake leveis and the resulting
loss of shoreline.




DIVING PHYSIOLOGY

& OCEAN ENGINEERING

Put a bicycie rider under water and you still have
the same bicycle rider . . . Or do you?

Submergence affects the respiratory and gir-
culatory systems of the human body. In such an
alien environment, the body behaves differently.
Even with a source of oxygen, it has to learn how
to breathe differently to work at maximum
efflciency and even to survive.

The changes the body undergoes under water are
being tracked by Sea Grant scientists monitoring
such things as air consumption, heart rate and
blood pressure in human "guinea pigs” pedaling
blcycles underwater.

This project at the university’s Biotron is part of a
major diving physiology program directed by Drs.

Edward Lanphier and John Rankin of the Depart-

mant of Preventive Medicine.

The Information they develop may help determine
the best position for the body in underwater work.
it could also influence the design of diving

Voluntesr Russell Stensrud (right) heips Univarsity of
Wisconsin graduate student Shunsaku Koga determina
how working underwater alfects a person’s heart rate and
resplration.

amergency procedures and, as a side bensfit, help
medical researchers improve breathing techniques
for chronic lung patients. Work Is also progressing
on how people retain carbon dioxide whiie diving
underwater. Past research has shown that some
people don't breathe enough alr and thus tend to
build up excess carbon dioxide, which sometimes
results in fatal underwater accidents.

In additlon, the researchers now have a pressure
research chamber instailed in the Biotron for use in
anima! and human studies on tha effects of both
high and low pressures. The investigators hope to
develop new approaches to decompression and 10
determine how pressure can affect the fetus in
pregnant women.

The wheole program is aimed at making commercial
and racreational diving safer and more productive.
Other researchers have also been looking at ways

to improve diving safety and performance.

In past work, All Seirig and a group of mechanical
engineers developed a number of innovative




devices for recreational divers, who now spend over
$500 million a year on equipment. Patents have
been applied for on new SCUBA equipment, diving
reguiators, rescue decompression chambers and
other devices. The researchers have also gaveloped
a mobile underwater laboratory and a stabie diving
platform.

In current work, the investigators are creating
equipmant designed to minlmize breathing
reslstance underwater and allow divers to re-
breathe exhaled gases. And in a novel approach to
recreational SCUBA diving equlpment, new snorkel
gaar designed 10 work In deep and shaliow water I
bsing developed.

In a third ccean engineering projact, UW-Madison
engineer T. C. Huang is exploring ways to help
Great Lakes freightars withstand the force of
waves, vibratlons, and other forms of stress.

The awesome power of thase forces was [llustrated
by the 1975 sinking of the freighter Edmund
Fitzgeraid In Lake Superior. While the exact cause
of this disaster remains a controversy, the ship's
hull was found In two pieces on the iake bottom,
suggesting that the ship broke up under stress,

Huang's correspondence with shipbuilders, naval
architects and martne engineers Indicates a need
for better understanding of huli vibratlen under dif-
ferent wave conditions. With most new ships balng
designed by computers, Huang's three diffarent
computer models could lead to better dasign of
Great Lakes fraighters.

Plgmy goats (above) and pregnant
shesp (Dalow) are being used in decom.
pression sxpstiments al the UW.
Madison Blotron's hyperbaric chambet,




ADVISORY SERVICES
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& COMMUNICATIONS

Col. Ben Chapla {right) and Robert Yidekovich take
measurements along a Racine County blut! as part of the
Coastwatch project.

The dangers of chemical pollutants in water and
figh . . . Ways to revitalize the Great Lakes
fisherles and make better use of neglected species
of fish . . . The feaslbllity of growlng fish in man-
made environments and of retrieving valuable
metals from the ocean floor. . .

All such knowledge resulting trom university
research is of little value unless it reaches those
people who need it. This is the function of Sea
Grant Advisory Services and Communications.

With workshops, publications, personal contacts,
radio programs and films, Advisory Services and
Communications carry the information developed
by Sea Grant researchers and other sources toa
whole spectrum of audiences —industries, govern-
ment agencies, schoois, other universities, citizen
groups and the general public.

The chief function of Advisory Services is to
arrange and conduct technical asslstance, con-
tarences, workshops and public information pro-
grams on a local, regional, state and sometimes
natlonal level.

This program was recently expanded with the
creation of field offices in four strategic iocations
on the Wisconsin coasts of Lakes Superior and
Michigan. Sited at Washburn, Green Bay,
Milwaukes and Sister Bay, Sea Grant representa-
tives reach out to provide technical assistance to
area fishermen and other Great Lakes user groups.
They also supply marine-related information to
lacal schools, civic groups and the generat public.

Sea Grant Advisory Services also arranges for
assistance to the public from university specialists
in engineering, aquacutture, food science and



tisheries. Through workshops on deep $ed mining,
toxlc substances and fisheries research, the
Advigory Services staff has acted as a switchboard
channeling research and policy information to com-
merical fishermen, industry representatives, scien-
tists and goverament officials.

A apecial project involving Advisory Services per-
sonnel Is the Coastwatch project. Sponsored by
the Wisconsin Coastal Management Program, &
group of local citlzen volunteers is monttoring )
shoreline processes In Racine County. This project
is providing information to coastal planners who
are deveioping criterla for regulating shoreiine
devaloprent and use in erosion-prone areas.

Agquaculture, or flsh farming, is an area of Sea
Grant ressarch that has generated such wide-
spread Intereat that, in the fall of 1977, Sea Grant
openad a new Aquaculture Research Laboratory.
Here yaliow perch ara grown in tanks in & con-
trolled environment, More than 1,000 peopie have
baen taken on toura of this facillty by Advisory
Services personnel to see how a fish farm might be
sat up and operated In Wisconsin’s anvironment.

Another example of assistance involves the flshing
Industry, Advisory Services food sclentist David
Stulber has helped some fish processors modify
their operations to correct sanitary problems and
deal with tish wastes by converting those wastes
Into a Hquid fertilizer for house plants. Now the
wastes are disposed of safely whiie providing the
processors with a new product line,

Door County Sea Grant specialist Lynn
Frederick helps commercial fisharmen
Dennis and John Hickey make minced
sucker patiles using squipment bor-
rowed from food sclence professor
David Stulbser {iop). Sea Grant coastal
enginesr Phil Kasiltor drivea & marker
stake into a Racine County biut! as
part of the Coastwatchers shore ero-
alon project (bottom).




Stuiber is also developing new uses for long-
neglected species of Great Lakes fish. He has
found that, with the help of smoking and spicy
sauces, alewlves can be made into a tasty product
similar to sardines; with the aid of vegetable fat
and sweet corn, suckers can be breaded and used
as minced fish cutlets.

On a regional level, Sea Grant representatives par-
ticipate in the Great Lakes Network, a coatition of
Sea Grant paople from the Great Lakas states. As
part of this program, Advisory Services Co-
sponsored a fisheries conference in late 1977 to
map out long-range policy conskderations for
managing the Great Lakes fisheries.

On the national level, the Wisconatn Advisory
Sarvices Division hosted a national workshop on
toxic substances in aguatic environments in July
1979 and coordinated the ninth and tenth Under-
water Mining Institutes in fali of 1978 and 1979. In
racent years, this annuval meeting has focused pri-
marily on the legal, economic and technical chal-
lenges of mining the ocean floor for its golfball-slze
manganese nodules.

The Communications Office is anothar part of
Advisory Services, producing and distributing a
wide range of publlcations and public service pro-
grams based on Sea Grant work.

Around the Shores of Lake Stiperice1 A Mﬁm&x Sites

A total of 46 new publications were produced by
the Communications Office In 1977-78 alone, and
more than 100,000 copies of all Wisconsin Sea
Grant publications were distrlbuted. These publica-
tions range from technical reports for use by sclen-
tists and engineers to simplified, down-to-earth
publications for s¢hool chlidren and the general
public.

UwW-Sea Grant's newaest publication s Around the
Shores of Lake Superior: A Guide to Historic Sites.
This 180-page book, written by two UW-Extension
historians, {akes its readers on a 1,000-mile journey
around Lake Superior, identifying and describing
113 sites of historic or scenic interest along the
way. The book is being distributed by University of

- Wisconsin Press.

In cooperation with tha University of Wisconsin-
Madison Institute for Environmental Studies, Sea
Grant also continues to produce Earthwatch, a
daily, two-minute radio program about the Great
Lakes, sclence and environmental issues. The
award-winning program is broadcast by about 100
stations in six Great Lakes states and is heard by
an estimated four miilion people, making it the
largest public service program produced 1o Wiscon-
sin.

In addltion, the Sea Grant Communications Office
distributes films and slide shows, issues press
releases and prepares pamphiets and brochures for
the program. The staif's public reiations role some-
times takes a more direct approach: At the 1979
Wisconsin State Fair, more than 104,000 people
visited the Sea Grant staff's Great Lakes fisheries
exhibit and examined materials about PCBs, smok-
ing figh, fish recipes and the Sea Grant Program in
general.




EDUCATION

W

Paople are the ultimata users and beneficiaries
when marine rasources are developed and utilized
—and the uitimate losers when these resources are
abused. Whather they are policymakers, resources
managars, technlcians, private entreprensurs or
simply members of the general publlc, people need
to know about marine raaources, how they are
developad and what thelr Jimits are. This |3 the
business of education.

An Intagral part of the University of Wisconsln Sea
Grant College Program, marine education takes on
many forma. Sea Grant supporis education in
several ways —through financial asslstance o stu-
dents, funding new courses and special lectures on
the Great Lakes and oceans, providing educational
publications, and supporting fleld research, educa-
tlonal travel and seminars on marine topics for
college students.

About 50 graduate and scores of undergraduate
students are financiatly supported, directly or
indirectly, by the UW Sea Grant Program. Many
more students are Involved in Sea Grant work/study
programs and Sea Grant-supported courses and
other educational activities. With Sea Grant syp-
pert, graduate students who have made significant
ressarch contributions participata in national scien-
g::;metetir:g: and symposiums, Five exceptional
uate students are recaivi i
assistantanine. ocelving special research

Sea Grant education funds have also been used to
Support 2 "Problems in Oceanography” course at
UW-Macdison and to send studants in the class to
Sapelo Island, Georgia, tor oceanic experienca.

With partial support from Sea Grant, 17 Advanced
Botany students were sent to San Salvador,
Bahamas, for a field study of marine algae of the
Caribbean Ocean in 1978.

Several lecture series and a few speclal lsctures
have been supported, too. Among therm were a
guest lecture seminar for the UW-Madison Water
Chemistry Program and a nine-lecture series about
Sea Grant research held on three UW campuses.
One of the more recent special lectures was a dis-
cussion of the new 200-mile national fishing zone
by Cr. Brian Rothchild of the National Oceanic and
Atmospheric Administration.

Other Sea Grant education projects have intro-
duced Milwaukes inner-city youth to Great Lakes
issues, sent Sister Bay and Green Bay students out
on the RV "Aquarius” to witness Lake Michigan
tield research firsthand, and provided field trips to
Lake Superior wetiands for Washburn area stu-
dents.

in an effort to help teachers integrate environ-
mental studies into their curricula, the Sea Grant
communications staff produced and distributed An
Educator's Guide to Great Lakes Materials, which
describes Great Lakes-oriented books, films, maps
and pamphlets availabie for classroom use.

In addition, Sea Grant has joined with the UW-
Madison instituta for Environmental Studies in
developing a tabloid called Earthbeats for junior
and senior high scheol students. The first two
issues, which focused on the Great Lakes and
energy resources and conservation, are now in use
in classrooms throughout Wisconsin.




SEA GRANT PUBLICATIONS, 1977-79

PUBLIC INFORMATION REPORTS

Annusl Report: 1874-1976. WIS-SG-77-127.

Project Directory: 1976-1978, WIS-SG-77-128.
Earthwatching Il WIS-SG-78-129.

Green Bay: Portralt of a Waterway. WI(S-5G-76-130.
Project Directory: 1979-80 WIS-5G-80-131

Around the Shores of Lake Superior: A Gulde to Historic
Sitas. M. Bogue & V. Palmer. WIS-5G-79-132.

EDUCATION REPORTS

Educator's Guide to Great Lakes Materials: Books, Flims,
Maps, and Pamphista For Classroom Uss. Pam John-
son. WIS-SG-78-600.

Earthbests (environmental tabloids for high school stu-
dents). No. 1 —“Energy."” No. 2—"Great Lakes.”
WIS-SG-78-801.

ADVISORY REPORTS

The Technology of Perch . Richard W. Soder-
berg and John T, Quigley. WIS-SG-77T-410.

mmmoummmummmmu
Small Craft Harbors, C. Allen Wortley. WIS-SG-78
417.

The Consequences of hzation in the Treaty and
Customary Law of the Sea. Richard B. Bilder. WIS
8G-78-418.

Wisconsin's Lake Michigan snd Green Bay Commaicial
Fisherlas ~ A Statistical Overview. Richard C. Blshap,
Danlel C. Vogel, Gienn G. Stevenson and Ramona
Woakland. WIS-SG-76-418.

ThVWIonolthoLakoHanhm
consin. Peter J. Salamun and Forest W. Staarns.
WIS-SG-78-420.

Perch Fingerling Production for . Proceedings
of a conferance at the University of Wisconsin,
WIS-5G-78-421.

Historic Preservation in Coastal Communities — Bayfleld:
A Case Study. Roydan E. Tull and William H.
TJishler. Publishad jointly with the University of Wis-
consin School of Natural Resources. WIS-5G-78-422.




TECHNICAL REPORTS

Institutional Design for improved Environmeniat Quality:
Legal and Economic Aspects In Wisconsin. Danlel W.
Bromlay, Meivile McMillan, Marc Robertson and
Allen Schrosder, WIS-580-77-232.

Marttime Labor Organizations on the Grast Lakes-St.
Lawranos Seaway Erlc Schenker, Harry C.
Brockel and Wayne R. Wendling. WIS-5G-78-233.

Groen Bay Resssroh Workshop Proosedings. WIS-5G-76-
234,

REPRINTS

Some Legal lssuss In the Coastal Zone Mansgement Act:
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UNIVERSITY OF WISCONSIN SEA GRANT COLLEGE PROGRAM @ 1979-80

PROJECT DIRECTORY

The largest reservoir of freshwater on the face of the earth, the Great Lakes
are host to a remarkable diversity of living and mineral resowrces, and pro-
vide a unique oceanic shipping artery connecting the world with the agricul-
tural and industrial heartlands of the United States and Canada. The lakes
aiso provide graphic examples of ecosystems thrown into disarray and clean
clear waters despoiled by human use. '

To explore the potentials of this extraordinary natural resource and to provide
solutions to the problems it faces are the primary missions of the University
of Wisconsin Sea Grant College Program.

Though less than 12 years o/d, the Program has already gained internatlonal
recognition for its research on Great Lakes chemical poilutants, particularly
PCBs (pofychlorinated biphenyls). Sea Grant-supported PCB studies have
been used by both state and federal policymakers as the basis for enacting
controls on these toxic chemicais.

Another major area of Sea Grant research Involves rehabilitation of the Great
Lakes fisheries—enhancing fish production and wtllization fo restore a once-
thriving food industry and foster a healthy recreational industry.

But the Wisconsin Sea Grant Program encompasses much more than tisharies
and water quality. Other major Sea Grant subprograms inchsde Aquaculture,
Green Bay, Geologicat and Mineral Resources, Ocean Engineering, Diving
Physiology, Policy Studies and New Applications. Within these subprograms
are mora than 50 research projects. Project goals range from determining
what types of docks and piers can best withstand the lakes' destructive
winter ice to finding new ways to detect and mine underwater minerals.
Scientists in these subprograms are also daveloping electronic devices to
focate and estimate lake fish populations, designing safer and more gfficiant
diving equipment, tracing the fate of toxlc chemicals after they enter the
lakes, and examining international law with regard to ocsan issues and na-

tional policies.

Solving *‘real-life’’ marine problems is the underlying goal of alt Sea Grant
research, and project proposals are carefully reviewed both at the locat and
federal level before they are approved and funded.

0f coursa, scientific research means little if the information it produces is not
communicated to the individuals and industries that need it. This role is filled
by the Sea Grant Advisory Services staff. Research results are widely dis-
seminated through scientific, technical and gensral audience publications.
Information is also shared at special workshops and conferences on Great
Lakes jssues, and Advisory Services fielg agents make direct contact with
the pubiic on the local jeval through speeches, exhibits, involvement in com-
munity activities and answering individual inquiries.

In cooperation with the lnstitute for Environmental Studles, the SsalGrant _

Program also produces Earthwatch, Wisconsin's largest public service radio
program. The award-winning program is broadcast each weekday by about
100 radio stations and reaches an estimated four million people in six Great

Lakes states.
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rant function is education. The Program supports many
:?aoéﬂggeﬂar!:ruizaegraduaia students throughout the University of Wisconsin
System and provides grants for developing new university courses, holding
special lectures and film serles, and creating opportunities for adults and
students to do field studles on the Great Lakes and oceans.

Administersd by the University of Wisconsin Sea Grant Institute, the Sea
Grant Program brings a wide array of university taient to bear on Graat Lakes
problems and marins resources in general. Though headquartered on the
UW-Madlson campus, Sea Grant work Involves nearly 100 faculty members
and 150 graduate students on six other University of Wisconsin campuses—
Green Bay, Milwaukee, Stevens Point, Marinette, Superier and UW-Extension
—and at two private colleges—Lawrence University and the Medical College

of Wisconsin,

One of a national network of Sea Grant institutions funded by the National
Ocsanic and Atmaspheric Administration of the U.S. Department of Com-
marce, the Wisconsin Sea Grant Program became the nation's fifth Sea Grant
Coilege In 1972 in recognition of its achievements. Sea Grant work Is well
regarded in Wisconsin, and the leglslaturs recently increased the program’s
state budget to match increases in an annual federal grant that now stands
at $1.7 million.

A list of 1978-80 Sea Grant subprograms and projects—and a brief descrip-

tlon of sach—follows,

LIVING RESOURCES

Blologists, ecologists and resource aconomists are seeking to understand and
snhance the biological riches of the Great Lakes and promote their wise use.
Research axtends from investigation of nutrient recycling by microscopic
zo0ptankton 10 an analysls of fish management strategies to minimize PCB
contamination of the lakes’ valusd trout and salmon.

1} IMPACT OF NUTRIENT RECYCLING ON
:.&Kﬁ :’lCI'IIEIN'S NUTRIENT BUDGET

Arthesr Uraeks, Charlss Ramaes, Canter for
Groat Lakes Studies, UW-Miwaukes

AR imporiant phase in the cycle of nutrients
within a lake's ecosystam s the transport of
such elemants as nitrogen, phesphorus and
carbon in the excretions of zoapiankton and
fish. Zoclogists are sampfing Lake Mithigan
walers 1o better undarstand the contribution
of this phase 1o tha Izke's essantial nutrient

base &3 well as reiated interactions of
aguatic lite.

2) BREAT LAKES ZDOPLAN
MONOGRAP (5.2 KTON KEY AND

Suniey Dedsen, Zoslosgy, UW-Madisen

A cefinitive list, or k Loft

tn Lake Superior anuefhe Gr::{zgfal:nﬁon
genaral will include informatipn gn the
history, .a_bundanl:e, trophic telationships
and distribution ot thesa minuta aquatic
animals, This information, pius detalled lina
grawings of sach Specias. witl provids basic
knowledge helptys in managing tisharies.

3) FODD REQUIREMENTS, GROWTH AND
METABOLISM OF YOUNG ALEWIVES (LR-0}

Garrell Horden, Frad Binkowskl, Zaslegy,
UW-Miwaukes

Ressarch is determining the amount of
anergy derivad from lood use in alewile
growth over time andl at controlied
femperatures. This information is being in-
corporated in a mocel of biomass dynamics
and fish predator-prey relationships in Lake
Michigan—particularty that betwean
salmonid spacies and their alewife prey.

&) OPTIMIZING YIELD FROM WESTERN
LAKE SUPERIDR COMMERCIAL FISHERIES
THAGUGH SMELT STOCK ASSESSMENT
{LR-8}

Witism Swenson, Bislogy, UW-Supecier

Biologists ara studying smeil populations
and, in cooperation with commarciat
fisharmen, developing suitahle aquipment
and technigues for a year-round, offshore
commercial smett fishery. In addition, water
sampling throughout western Lake Superior
is revealing the effects of water turbidity,
plankion concentrations and water
{emperatures on alewife abundance.

5) AECAEATIONAL AND GOMMERGIAL
FISHING IN WISCONSIN'S LAKE MICHIGAN
WATERS (LR-11)

fAichard Blahep, Agricultursl Ecansmics,
UW-Madison

Resource economists are moniioring the
atonomics of commercial tishing and,
ihrough Interviews and mali surveys,
developing a social/economic profite of
recraational ftshermen. From thls intorma-
Hion, tha economists will be abe to clarify
and perhaps resolve the economic issues
that arise in conflicts batwesn sport and
commercial fishing in Lake Michigan and the
Graat Lakes tn genaral.

§) ALTERNATIVE MANAGEMENT
STRATEGIES FOR MINIMIZING PCBs IN
LAKE MICHIGAN FISHES (LR-14)

James Kiichell, Zeslogy, UW-Madisen

Building on previous Saa Gran! work, this
profect ¢ an investigatian into the effec-
tiveness, costs and bensflis of various kinds
of fish management practices aimed at
minimizing the amounts of PCBs in Lake
Michigan fish harvested for human con-
sumption. 1t wili rasult in a better
understanding of the dynamics of and rela-
tionship between the lake biomass and the
levels of FCBs in salmonlds and their prey
and how this might be maniputated o
reduce the risk to human heatth. {Inttiated
Septamber 1, 1979).



7) COMPETITION FOR RESOURCES AMONG
PLANKTIVDROUS FISHES IN LAKE
MICHIGAN (LR-15)

John Magruson, Limnology Lehoratory, UW-
Madisn

Daclsion on fish stocking programs and
narvgst quotas must be based, in part, on
knowiedge of the planktivorous fish popula-
tion. This project will sxamine the seasonal
divisions of habital resources amoeng
planktiverous fishas and how this atlects the
distribution of the food fish that prey on
them. (initiated September 1, 1979).

§) ECONOMICS OF REHABILITATING THE
LANE MICHIGAN FISHERY: A CASE STUDY
{LR-18)

Rickerd Blahop, Agriculursl Ecanamics,
UW-Madisen

This project will assess the henefits and
costs of $6a lamprey control and saknonid
stocking programs for all of Lake Michigan.
Te be carried out jointly with Michigan State
Univarsity Sea Grant researchars, tha projact
will ba especially important 1o future policy
decisions on thess programs # the
chemicals currently used to control the sea
lampray fun into problems with the EPA.
{initiated September 1, 1979).

9) APPLICATION OF FISH GROWTH
MOBELS (FA-2)

James Kitchell, Marine Studies Cantar, W=
Madison

To predict changes In the complex tiokogical
wab In the Great Lakes, biologists gaveloped
a mathematical mode! usetul in investigating
the dynamics of fish prowth and he rats at

which predatars consume their prey. While
this work focused on lake trout, rainbow
trout and alewits, other models were
ceveloped to estimale 563 lamprey predation
undar various snvironmental influences amd
{0 sstimate the route and parsistence of
PCBs in Fish. (Compheted August 31, 1979).

10) FSH POPULATION ESTIMATION IN
LAKE MICHIGAN LSINE SONAR {FA-1)

Joim Magrasen, Zesiegy, UW-Madisen

Biokogists and englneers perfected neaw shig-
board sonar techniques lox detecting
fish—-their location, ebundance and spatial
distribution. This research focused par-
ficularty o Lake Michigan alswives, which
constitute the lake's preponderant blomass
and forage basa, {Comgpletad August 31,79).

GREEN BAY

Several interralated projects, involving an array of scientitic disciplines, are
focused on Green Bay. Within this watershed lie the environmental and sociat
problems of over-enriched waters, industrial poliution, urban and rural

runoff, highly productive but dynamically changing fisheries—and the

promise of a better future.

1) BIDLOGICAL PRORUCTION 1N BREEN
BAY COASTAL MARSHES (6@-8)

H. J. Harrls. Sclencs and Envirenmantal
Change, UW-Groan Bay

Systematic sarmpling of the biota of ihree
watlands—Peters Marsh, Sensiba Wiklite
Arsa and Peshtige Marsh—is providing an
understanding of these sensitive coastai en-
vironments. Data on rooted plants, small
animal organisms and marsh birds should
reveai the eflects of naturai changes in
water level as wall as human-caused portur-
bation, such as diking and the disposal of
dredged materials in wetlands areas.

2} DYNAMICS OF HERBIVORE POPULA-
TIONS AND FIRST-YEAR YELLOW PERCH N
LOWER GAEEN BAY (LR-7)

Sumaw Richman, Bislogy, Lawrance Uni-
versity; Paul Sager, Sclence and Environ-
montal Change, UW-Graan Bay

Biologists are examining the feeding inter-
actions among phytoplankian, zooplankton
and juvenile perch to Defter assass the
growth and abundance of perch the $ower
bay, Water sampling as well as axamination
ol perch stomach contens will reveal
specifically the role of 200plankion fluctua-
tions in the snergy flow ot pelagic com-
MILAITHS.

3} VITAL STATISTICS AND POPULATION
STRUCTURE OF THE WISCONSIN WHITE-
FISH FISHERY OF LAXE MICHIGAN (LR-3)

Henry Becks, Wisceasin Cooperatie
Fisheries Aessarch Unk, UW-Stevans Peint

Whitglish tagging and anzyme studies are
helping o locale geneticaily discrete while-

fish stocks and ta ceterming the age distel-
bulign. abundance and migrations of this
commercial fish throughout Green Bay and
northern Lake Michigan. tnformation on fish
mortality and year class strangth will
enhance management of 3 more stabie
fishery. Drawing upon ihis resaarch experi-
anca, the investigators are haiping the
Wisconsin Departmant of Natural Resources
to design & whitetish sampling program for
tha future.

4) DYNAMIGS OF SUCKER POPULATIONE
OF GREEN BAY AND ADJACENT WATERS OF
LAKE MICHIGAN (LR-5)

Jahn Magnuson, Zeclogy, UW-Madisen

Biotogists are studying the popuiation siruc-
ture, growth and mortality rates of SUCKS
in Grasn Bay tributaries and on the Laxe
Michigan side of the Doar County Peninsula.
I, acidition 16 biological information, the
research wili indicate how great a com-
mercial harvest of Suckers can be sustained.

5} FACTORS INFLUENCING THE REESTAB-
LISHMENT OF SELF-SUSTAINING STOCKS
OF LAKE TROUT IN LAKE MICHIGAN WITH
SPECIAL REFERENCE TO GREEM BAY (BB-T)

John Magausen, Toslegy, UW-Madimen;
Ress Homal, Macine Studies Conter, UW-
Nadissn

To halp rastere naterally raproducing lake
frout in Lakas Michigan and Superiar,
biolpgists ar® studying the history of the
lake trout popuiations, the genstic characier-
istics of three stratns of trout, and the
physica) features of Spawning regts in Lake
Suparior and Green Bay. Federal and state
agencies, with recommendatians and

assistance by the investigators, are pianting
(ake trout fingeriings on these oftshore sites
to 566 if they will ‘remember’’ and retum
to spawn at these offshore sites whers they
have boen planted.

§) FATE OF ARSENIC DEPOSITED IN BREEN
BAY BY THE MENOMINEE RIVER (0B-11)

Marc Andersen, Water Chemistry, UW-
Madisen

Water chemists are invastigating the move-
ment and chemical cycling of arsenic that
has keached from an Industriai dump into &
triputary of Grean Bay. Flexl sampling of
this massiva contamination coupled with
taboratory testing seeks to determine wherea
and in what form the arsenic is “"ending
up'*—whether it escapes 1o the atmosphare,
concentrates in the bay's biota, or settiés in
bottom sediments.

1) AEMOTE SENSING OF THE GREEN BAY
WATERSHED TO ESTIMATE THE (MPACT OF
LAND DEVELDPMENT ON THE BAY'S
WATER QUALITY (88-9}

Frank Scarpece, Institute for Environmental
Studies, UW-Madisen

Enginesrs are developing digitized {number-
oded), multi-spectral aerias imagery—
remote sensing that can “‘picture’” land
coves and water cusrents, Thase techniques
witl 255655 Renpmint source poilution in the
Groen Bay watershad in the form of urban
and agricuttural runotf.

B) KONPOINT SOURLE POLLUTION IN
GAEEN BAY AND TS IMPLICATIONS FOR
WATER QUALITY MANAGEMENY (GB-8)

Dasist Bromisy, Agricuitersl Ecaaemice,
UW-Madisen

Focusing on the Lower Fox River and Green
Bay watershed, resoirce sconomists are
analyzing current land use practices and
afternative policies for reducing sediment/
nutrient runof! from rural hinterlands, By in-
tegrating tha estimates ol these and other
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nonpeint sources with known poinl source
loadings, the investigators can better simu-
late and compars altarnative water guality
managemsni policies.

9) WATER-MASS STRUCTURES AND EX-
CHANBES IN BREEN BAY, LAKE MICHIBAN
{GB-10)

CRterd Mortimer, Cantar for Great Lakes
Studias, UW-Milwaukes

Information does not exist about the
dynamics of thermai stratification and water-
mass axchange in Green Bay. This project
will provide such intormation, which is
urgentiy needed lar the selection, testing
and develppmant of maodets of water quality,
#cOSysiam dynamics and management
strategles. This information will lead to a
bettar-designad waisr quality monltoring net-
work lor obtaining reallstic assessment of
long-term eftects on Green Bay of manage-
men? stralegies in the watershed. This
project will have immadiale, practical value
in asses5sing water quality changes In the

bay and providing real-world data for testing
and improving various ecosystem models,
and long-term value in improving water
quality management with respect fo the bay.
(tnitiated July 1, 1979).

10) PHYSICAL-CHEMICAL CHARACTER
ISTICS AND DYNAMICS OF BREEN BAY,
LAKE MICHIGAN (6B-12)

James Wiersma, Sclnce and Environmental
Change, UW-Graen Eay

This projact will provide baseling data
against which the actual impaet of tuturs ac-
tivities on tha bay can be assessed. This in-
formation can alse be used to test predictive
mathematical modals of gutrophication and
water-mass movement. The project will pro-
vida physical-chemical data abiout the bay,
define major seasonal changes during the
opan water period, examine nutriem transter
procasses and determine whether eutraphic
conditions in the lower bay are causing
oxygen depletion in the hypolimnion during
the summer. (initiated July 1, 1979).

AQUACULTURE

To extenc and enhance the capacity of the Great Lakes for producing fish, a
research team is developing technigues for growing fish under controlled
conditions via aquaculture. Initially the emphasis has been on the culture of
yeltow perch inciuding nutrition, reproductive biclogy and larvae production.
The program will be extendad t¢ research on other specias of coof water fish
such as walleye, centrarchids (sunfishes) and whitefish.

1) EVALUATION OF WATER REUSE
SYSTEMS FOR YELLOW PERCH AQUA-
CULTURE (AD-6)

Joha 1. Quighey, Enginaering, UW-Extenalen

By monltoring three water treatment and
recycling systems, rassarchers ara tompar-
ing their relative efficisncy, festing angrgy-
saving modifications in water circulation and
identHying production-scaie water fuality
needs of the fish from agg 1o marketabia
size. Specitic factors being sxamined in-
clude water temperaturas, dissolved oxygen
leveis, the water's pH {@lkalinity vs. acldity)
ind the presence of such axcratory products
a5 ammania, nitrate and nitrite,

2) PERCH AQUACULTURE SYSTEMS STUDY
(AQ-7)

Erhard Joares, Pawi M. Berthousx, Civil
and Envirenmantal Enginssring, UW-
Madison

Parch aquacufture has been demonstrated to
be technically feasible, but can it be mads
commearcially feasible? That is what this
project aims to find out. By building a fish
growth model and a production cost madsl,
1he researchars will provide a reafistic
sstimate of the costs and feasibility of
developing a perch aquaculture operation.

3) DEVELOPMENT OF AQUACULTURE
SYSTEMS FOR COOL WATER FISH SPECIES
(AQ-4)

Harold Calbert, Food Sclence, UW-Madison

Food sclentists, biclogists and engineers are
perfecting ways to grow yeliow parch and
other cool water fish in controlled an-
vironments. Rasearch cbjectives include the
development of year-round perch raproduc-
tien, optimum feeding regimes and analyses
ot the effects of water conditions in tanks
and rearing ponds on perch growth.

#) ENERGY REQUIREMENTS OF YELLOW
PERCH (AQ-5)

Clifford H. Martimer, Frad Binkowski,
Contar for Great Lakes Studies, UW-
Mitwaikon

Biologists are determining the metabolism of
yeilow perch in relation to their weight and
water temparature. Gonversion-efficient fish
diets that enable fish 10 grow with the Jaast
expenditure of energy will contribute to the
suceess of perch aquacufture.

DIVING PHYSIOLOGY

f“e"“m are investigating how the human body functions underwater—
Nowledge that will help make SCUBA diving a safer and easier activity.

1) PHYSIOLOGY OF DIVING (NA-13)

dohe Nankin, Proventive Medicine, Uw
Madtwn; Edwarg Lanphier, Diotrcg,
UW-Madisen i ’
A medical resaarch team is investigati
. ng the
:mmt aspacis and physiology ufféepqsaa
Wing ang underwater work In order to
T8asa underwater parformance ability and

diving safety. Research involves work with a
hyperbaric chamber and immersion tanks in
the UW-Madison’s Bigtron.

2) FETAL RESPONSES TO DECOMPRESSION
{0P-1)

John H. 6. Rankin, Physiclogy, UW-Madisen
Thera are more than 40,000 registered

female SCUBA divers in the U.S., but very
litthe is known about the dangars of diving
during pregnancy. The aim of this preject is
ta determine whether standard decompras-
sion tables, designed for men, ara suitahip
for use by pregnant wemen and 1o prove the
fimits of fetal resistance to decompression
sickness so that recommendations to women
whe dive during pregnancy can be made.
This will be accompiished by observing the
eftect of standard *‘no decompression™
dives on sheep at various stages of gasta-
tion. (Initiated Gct. 1, 1979).



MICROCONTAMINANTS & WATER QUALITY

“‘The Commission believes that the control and monitoring of toxic
substances within the Great Lakes ecosystem is the most urgent problem
facing the Governments under the present Water Quality Agreement. M
International Joint Commission Fifth Arnual Report

This statement reflects the considered judgement of the scientific com-
munities and government agencies in both the U.S. and Canada. Chemists,
biologists, pathelogists, toxicologists and medical scientists of the Wisconsin
Sea Grant Program are angaged in research on the sources, ecosystem
routes, effects on aquatic life and, ultimately, the consequences on human
health of several of the more critical contaminants of the lakes. Research is
also underway on methods to detect and anticipate new toxic chemicals

entering the lakes.

1) AR POLLUTION INPUT OF ORGANIC AND
INORGANRIC SUBSTANCES TO LANE
MICHIGAN WATER (MW-6)

Anders Andren, Civit snd Environmental
Enginasring, UW-Madisen

Water chesmists are analyzing air and rain-
waler sampies taken from Lake Michigan to
determing what proportion of contaminants
in the watar arrive via the aimosphere. This
knowledge—pius a determinatlion as 1o
whethsr airborne contaminants are coming
from patural sources or from human activi-
ties—wiil Indicate tha usefulness of water
quaiity programs based soiely on controliing
pollution from tributaries and coastal runoff.

7} PETROLEUM HYDROCARBONS IN THE
SEDIMENTS AND BENTHOS OF LAKES
MICHIGAN {INDIANA HARBOR) AND
SUPERIOR (DULUTH HARBOR) (MW-13)

Anders Andren, Civil snd Enviconmamtal
Engleearing, UW-Madison

Water chemists are measuring the ‘evels of
seigcted hydrocarbons i two petroleurn-
poiluted harbors. Iatormation derived trom
sediment cofes, indicating tha depth distri-
butkn of thase hydrocarbons, and concen-
trations found in important benthic
organisms will be vsefut in assessing and
cantrolling Great Lakes oil poflution.

3) BIOTRANSFORMATION OF SUBSYITUTED
PHENOLS BY FISH AND AQUATIC MICRD-
ORGANISMS (MW-17)

John Lach, Pharmacalegy, MedicH Callege
of Wacansin

Pemachiarophencol (PCP) has bean shown to
be toxic fo fish at low concentralions, and
pentachloroanisole (PCA], its methyl ether
form, has been found in sevaral fish
spacies, including Lake Michigan lake trout.
This project will evaluate soma of the possi-
bie sourcas of PCP in tish. This will be ot
valug in predicting what situations might
tause high PCP jevels in fish and how these
tavels might be reduced if they become 2
proGlem. {Initiated September 1, 1879).

4) RESPONSE OF DAPHNIA POPULATIONS
T0 LONG-TERM CADMIUM EXPOSURE
{MW-16)

Arthur Brooks, Conter fer Grest Lakes
Studles, UW-Miwaukes

By expasing Daphnia 10 controlled amounts
of cadmium, biciogists are fesfing zooplank-
ton reststance 1o a toxic poliutant found in
trace amounts in ihe Great Lakes. Determin-
ing haw this Industrial contaminant affects
Daphnia reproduction, predator avoidance
and other survival characteristics of this
important aguatic animal will Influsnce how
waler Guality criteria In the Great Lakes are
sat,

5) AESPONSE OF PRIMATES TO PCBs
{BR-$}

James R. Alsn, Prthelegy, UW-Madisen

Rhasus mankeys fed diets containing PCB
levels comparabie to those found In con-
taniminated Great Lakes tish suftered il
haalth and impaired reproduction. Now sub-
jects are baing tested on diets of fish meal
containing PCBs at one part per million—
clasaly approximating husman exposure o
these compounds.

5) INVITATIONAL WORKSHOP ON THE
ANALY3I3 OF TOXIC ORGANIC COMPOUNDS
TN THE GAEAT LAKES {MW-15)

Jesaph Delline, Civil and Exvirenmental
Englnesring, UW-Madisen

Intarcalibration of methodology and general
agresment on analytical protocots ans assen-
tial to the afficent diffusion of scientific
knowleoge. This workshop will provide an
oppartunity for scientists concernad with the
analysls of taxic organic compounds in the
Great Lakes 1o Inspect firsthand the data of
other scientists in the fieid and to exchange
information face 1 1ace. A summary report
oft the consensus opinions rsached regard-
ing mathods for foxics analyses in Greal
Lakes matrices wilt subsequently be pre-
pared and widely cistributed o appropriate
university and agenty laboratacies. (Initiated
Septembar 1, 1979).

T) EVALUATION OF PROCEZSES CON-
TROLLING THE TRACE METAL STATUS OF
SOUTHERN LAKE MICHIGAN (MW-11)

David Armstrong, Watwr Chemistry, UW-
Madison

Analyses of Lake Michigan sediments show
increasing leveis of such trace elaments as
iead, zing, copper, chromium, fin, bromine
and nickal, To undarstand the ecological
gitects, water chemists are studying race
metals input from lake tributaries, their
pathways through the laks, movement in
and out of bottom sadiments, and interaction
with piankton and other aquatic life.

8) ON-SITE HEAVY METAL ANALYSIS
USING ANODIC STRIPPING VOLTAMMETRY
{WW-15)

Willsm Blaedel, Chemistry, UW-Madisen

For on-site measurement of irace metals in
varlous aquatic media, chemists ane
daveloping an improved electronic method
for detecting trace metal ions in water. A
prototype instrument, incorporaling porous
plectrodes (of pyrolytic carbon) amd other in-
novations, will be tested on water samples
of Increasing chemical camplaxity—distilled,
tap, lake and sea water—as weli as Lake
Michigan ltself.

9) ACCUMULATION, DISTRISUTION AND
ELIMINATION OF PCBs IN YELLOW PERCH
FED A CONTAMINATED RATHON (MW-14)

Rickard Pelersan, Pharmacy, UW-Madisan

Pharmacologists ars feeding yalow perch
PCB-contaminated fish meal (made from
Lake Michigan alewives) and recording the
accumulation, distribution and eliminatien af
the compound in the test fish, Thesa
laboratory studias will indicate whither ale-
wife fish meal can safely be used in perch
aguacuiture.

19) EFEECT DF SPAWNING ON DISTRIBU-
TION AND ELIMINATION OF PCRs IN LAKE
MICHIGAN FISH (MW-9}

Richerd Potarson, Pharmacy, UW-Madisen

Pharmacologists are investigating the effect
of g and sperm: formation and spawning in
rainbow troxit (tatty fish prototype) and
yellow perch {nonfatty fish prototypa) on
the distribution and elimination of PCBs by
tha fish. In addition, tha resaarchers am
fooking at the transfer ol PCBs from the
adutt fish to the egg and then o the
developing fry to better understand the
aftect ol this widespread industrial con-
faminant on Great Lakes sccsystems.

11) PCE LEVELS iN HUMAN FLUIDS:
SHEBOYGAN CASE STUDY (MW-18)

Jeha Rankin, Praveniive Madicios, UWN-
Madison

A1 the request of the state Departmenis of
Natural Resources and o! Haalth and Social

o1



Sarvices, and the City of Sheboygan, this
project wili examine PCH contamination of
the breast milk and blood of Shabaygan
residents, obtain preiiminary dala on the
affect of PCBs on infant health, and dater-
mine {he ralationship betwesn PCB leveis
and the ingastion of sport fish from Wiscon-
sin waterways, specificaily the Sheboygan
River. {Initiated Juty 1, 1979).

12) RESPONSES OF PRIMATES FED
DIOXIN-CONTAMINATED FISH OIL (MW-22)

James A. Alen, Patholagy, UW-Madizen

Gams fish and watar supplies in some zreas
of the U.S. are contaminated whh ‘evels of
TCDD potentially injurious to humans. By
feeding lish ol containing dioxin to an

animal mooel that rasponds skmilarly to man,

the project wil! provide an avalualion of the
potentiai danger to the human population
posed by the consumption of fish con-
taminated with this substance. This data will
be of assisiance to regulatory agencies in
establishing safe leveis of TCDOD in the food
chair.

13) AN ASSEESMENT OF SELECTED
PRIORITY ORGANIC POLLUTANTS IN THE
LOWER FOX MIVER ANDI GREEN BAY
{NW-20}

Jesoph Daifine, Civil and Envircamantal
Emgimsetring, UW-Madlsen

State and fedsral snviconmantal poticy-
makers nead a broad base of accurate
Information by which to assess the organic
pellutant probiem. This project will investi-
pate the types of chemicals that might be

axpected 10 appear in the lower Fox River
aqualic envirenment, daveiop or improve
methods of getecting such chemizals, and
isckate and kdentity priority pollutants,

14) AN ASSESSMENT OF PATHWAYS OF
CHEMICAL IN THE LOWER FOX AIVER/
GREEN BAY (MW-21)

Anders Andren, Civil and Envirenmaental
Enginesring, UW-Madisen

What bacomes of hazardous chemicals once
they enter the aquatic environmeni? This
project is aimed at improving and evaluating
the presant procedures used to predict the
fate of selected chemicals in the Fox River
and Green Bay arsa. State agencies can use
this information o evaiuate the Impact of
hazargous chemicals In this area and to
svalyate the human haalth Implications of
thass pollutants. (initlated September 1,
1979).

15) BIOTRANSFORMATION AND DISPOSI-
TION OF GRAEAT LAKES MICROCON-
TAMINANTS IN SALMONIDS (BR-8)

John Lech, Phavmacoiogy, Madical Cellege
o Wiscensin

Trxdcologists examined the manner In which
rainbow trout take up, metabolize and
excrete the lampricide Baysr 73—a toxic
compound sometimas used as 4 synargist in
the chemical controi af lamprey regroduc-
tion. Other compounds similarly studled are
PCBs and other known Great Lakes con-
{faminants, whose tbserved concentrations in
fish blis may provids a means of gauging

contaminant concentralions not onfy in the
fish but in ihe lakes. (Completed August 31,
1979).

16) ACCUMULATION AND BIOLDSICAL
AYAILABILITY OF PCBs In LAKE MICHIGAN
SEDIMENTS (MW-12)

David Amwstrong, Water Chamistry, UW-
Madison

Walter chemists have investigated the rate at
which PCBS are accumylating in Lake
Michigan sedimsnts and are now calcutating
the compounds’ future movement via
bottom-dwailing organisms to pelagic fish,
This Information will be used to estimate
how long PCB concentrations will parsist in
Great Lakes lish as an environmental prab-
lam. {Compieted August 31, 1979).

17) RESPORSE DF PRIMATES 70 2,3,7.8-
TETRACHLORODIBENZO-p-DIDXIN {MW-8}

James R. Aen, Patholagy, UW-Madison

Rhesus monkeys were fad diets containing
trace amaunts of a dioxin called TCDD, an
extremely foxic compound thought to exist at
very low concentrations in the Great Lakas.
Steady diets comtaining TCDD at only 500
parts-par-trillion impairad tha monkeys'
reproductive system, lowered resistance to
diseasa and killad five of the eight animals
within nine months. Concentrations reduced
fentold produced simllar results within two
years—resuits considered quite significant,
since the physiology of rhesus monkeys is
simHar to that of a human. {Compietsd
August 31, 1979).

OCEAN ENGINEERING

Human activities in lakes and oceéans involve risks to property and life itself.
Research engineers ars designing devices to make underwater diving safer
and more efficient, ship hulls less prone to wave damage and small craft

harbors safe from winter ice.

1} IMPULSIVE RESPONSE AND RESONANCE

OF GREAT LAKES SHiPS (DE-8)
T. {. Heang, Engineering Mechanics, UW-
Madisen

To investigate a possible cause of Great
Lakes shipwrecks, an enginger is mathema-
tically modstling the responses of ship hulls
fo varigys types of wave action which creafe
vibrations in leng-hodied vessels. These
vibrations cause the huli to resonate—an
ampiified motion that in some instances
might isad to structural failure and loss of
ship.

2) DEVELOPMENT OF UNDERWATER
DEVICES (0€-8)

AR . Muchanical Enginesring, UW-
msl::'

Engineering research teams are designing
safer and more efficiant equipment to assist
underwater divers in the strenuous and

often disorienting realm benaath the surface.
Their achigvements inciude techniques for
improving the design of standard snorkels;
air reuiators that dllow sasisr breathing and
the one-tima reuss of exhaled gases, and
lighter, stronger SCUBA tanks.

3) ICE ENGINEERING FOR SMALL CRAFT
HARBORS (OE-9)

Alen Wortley, Enginesring, UW-Extenzien

Dock failures and mainfenance costs

dua 10 ice result in jossas of millions of
dollars annuaily. This project will prapars a
"Design Manual lor Morthern Smali-Craft
Harbors,'* which will provide practical infor-
mation about ica behavior and characteris-
fics, and dockage systems 1o deal with
them. included will be specitic dock design
critaria and recommendations, and evaiua-
tions and cemparisons of commarcialky-
produced floating dock systems. (Initiated
Sept. t, 1979).

4) FLOATING DOCKAGE SYSTEMS 3UB-
JECTED TO iCE LOADINGS (0E-7)

Allen Wertiey, Enginsering, LiW-Extansisn
An angineer sought io Improve the tech-
nhjues for the design and construction of
floating dockage systems in small craft
harbaors traubled by winter Ice. [n addition to
cormparisons of commercially available struc-
tures, the resaarch included measuremant of
ice thickness, water lsmperatures and olher
winter congitions found in smalt craft har-
bors in the Upper Great Lakes. {Completed
Aug. 31, 1679).



POLICY STUDIES

Many water resource questions, within the Great Lakes region and globatly,
require social, political and economic answers. Several projects, grouped as
concerns of ‘‘policy,”’ are developing managerial options and approaches to
a varisty of problems—trom the decline of Great Lakes shipping to the
preservation of historically important shipwrecks.

1) BCEAN POLICY AND NATURAL
RESDUACE STRATEGY (PS-24)

Richard Bildes, Law School, UW-Madison

& Yormer State Department speciatist in
international law is exploring the wida range
of ocean mesource issues confronting the
world's natiens and possible approachas to
their resolution—Dboth within and outside the
framework of the Law of the Ssa con-
ference. Through a study of internatianal
policies and law, as weil as consultations
with authorities in the field, the research
aims at *'more management consistent
policles for ocean and global resources. ™

2) ECONOMIC INCENTIVES AND BARRIERS
TD COASTAL WETLANDS PROTECTION
(r3-29)

Richacs Barrows, Agricultural Economics,
UW-Madison

Major oppasition to attempts to preserve the
state’s watiands appears to coma from the
agricultural sector. This project will attampt
to pravide Infformation about the economic
incantlves 1o drain wetlands for agriculture
and thus help resourca managers and law-
makers davelop inndvative means 10 over-
cofmns these incentives through partial or full
compensation to wetlands owners. This will
includs the gevelopment and application of a
conceptual mathematical mods! of these
etonomic incentivas for typical Wisconsin
farms. {Initlated Sept. 1, 1979).

3) ASSESSING AN UNDERWATER PARK
PAESERYE FOK WISCONSIN'S GNEAT
LAKES WATERS (P$-26)

Wilam Tishier, Landscaps Architecturs,
U'W-Madizon

To preserve a regional haritage, in-
vastigators are making an invantory of the

scores of shipwrecks along Wisconsin's
Great Lakas shersline. They are further
researching the jurisdiction and ownership
of thess wrecks, and exploring ways to pra-
tect the most Inigresting and accessible
wrack sites as underwater parks—to be
managed as living museums of Great Lakes
histary.

4) CULTURAL CONTINUITY: THE SEA
ISLANDS AFRQ-AMERICANS (P3-27}

Tem Siick, Afro-American Stadws, UW-
Madlson

A spacialist in Afro-American history Is
documenting the evolution of Atrg-American
culturs Indigenous to the remote barrier Sea
islands off the South Carolina coast. An
understanding of the manner in which the
descendants of sarly isiand piantation slaves
are adapting to modarn farming and fishing
may provide a modal for studiss of other
insular communities whils enceuraging
greater sensitivity in coastal devalopment
that may sncroach upen sthnic populations.

5) TRANSFERABLE DISCHARGE PERMITS:
IMPLEMENTATION STUDIES (P8-28)
Martin David, Economics, UW-Madisen

Building on previous Sea Grant ressarch,
this study will creale a simuiation model of
{he tndustrial sector's reaction to the oppor-

tunlty to purchase and sell pollution parmits,

and assess tha affects of such action on
water quailty, the likelihood of viclations of
water quailty standards, and the river's
ability to withstand short-term poliution
shocks. The thrust of this study is to pro-
vide 2 comprahansive report to the Wiscon-
sin Department of Natural Resources of the
design and implementation of a transferabie
discharge permit system for the Fox River.
{tnitiated Sept. 1, 1979).

5) BREAT LAKES INTERMATIONAL TRADE:
HINTERLAND SERVED AND SHIPPER’S
ROUTE OPTIONS {PS-25)

Eric 3chenker, Busionss Adminisiratien,
UM hwrauian

Economists and maritime trade specialists
are studying recerly relsasad data on the
origin/destination of Greal Lakes' maritime
trade. (n & related effort, they are looking at
shipping costs and market arsas, and
daveloping a model to dafine optimum cargo
routing for Great Lakes shippers—an
analysis that will identify the strangths and
waaknesses of various Great Lake ports.

7) AN IVESTIGATION OF MARKETABLE
POLLUTION NIBHTS FOR POLLUTION CON-
TROL {P3-22]

Martin David, Ecowemics, UW-Madizen,

E. Josres, Enginesring, UW-Madisen

An sconoMics-angineering rasearch team
hias proposed a system for controiling pollu-
tion by the issuance of ' poilution rights™’ —
praferzbly termed *transteralie discharge
permits’' by Wisconsin Department of
Natuzal Resourcas officials—-to industyles
and municipalities discharging into river
systems. Tha investigators analyzed the
policy and operational aspects of the
systerm, which they bellave would
strengthen DNA wiforts to implerent more
falrty the Wisconsin Pellution Discharge
Elimination System. (Completaed Aug. 31.79).

8} LIMNOLDGICAL COMMENTARY ON THE
MILWAUNEE PRLLUTION CASE

Cfferd Martimar, Coster for Grest Lakes
Studles, UW-Miwaukes

A protracted lawsuit, ending in 1877 In
taceral court, found tha! Mliwaukee harbor
effiuants were potuting iHinols waters of
Lake Michigan, A timnologist studied the
legal controversy betwesn lHlinois a5 plaintif
and Miwaukee and its sanitation district as
defandants to determine what scientitic evi-
dance weighod most heavily in the court’s
decision. An objective was fo discover the
implications for resolving future snvironmen-
tal disputes and how the legal procass, as
invoked in this case, might be improved.
{Compietad Aug. 31, 1979).

NEW APPLICATIONS

Soma projects do not fall within the topical boundaries of other research sub-
programs, Currently, one such project is examining how Lake Superior water
jevals respond to long-term changes of climate,

1) RESPONSE OF LAKE SUPERSOR TO NET
BASIN SUPPLIES AND GREAT LAKES
WATER LEVELS TO CLIMATE VARIATIONS
{NA-7)

Waitrsud Erinkmann, institute for Exviren-
monta} Studies, UW-Madison

Ciimatologists are assassing the influence of
climate on long-term fluctuations of Great

Lakes water ievals. in this affort, probabllity
distributians and fime saries mogels of
climate and net basis supplies for a
300-400-ysar perlod are being X
based on historical records and climatic
indicators, such as tree rings and polien in
lake sediments. Thase datz will ba used o
develop scanarios af future net Basin sup-
pligs and lake levels.

2) LAXE SUPERION SHORELINE VESETA-
TION AND EROSION: A% ECOLOGICAL
SURVEY (MA-18)

Rudy Koch, Cowter bor Lake Superier
Studies, UW-Superier

To establish the influence of vapetation on
coastat erosion, botanists cataiogued plant
iite a1 25 sites along Wisconsin's Lake
Superior shore and studied aerial plctures
and historical surveys of the receding coast-
line. Through fiald wark and greenhouse
studies of selectad plant species, they
looked for suitabla trees and plani cover that
would heip stabilize the srosion-prone red
clay blutfs ot the region. {Completed Aug.
31, 1979).



GECLOGICAL & MINERAL RESCURCES

Analysis of Lake Michigan and Lake Superior shorslines will lead 10 an
understanding of the forces causing Great Lakes coastal erosion. Investi-
gators are aiso concerned with long-range water supplies, considering the
hydraulic connection between Lake Michigan and groundwater aquifers near

its Wisconsin shoreline.

1) DETAILED ANALYSIS OF FACTORS
INFLUENCING SHORELINE ERDSION ON THE
GREAT LAKES (NA-9)

Tuncer Edi, Civll and Envirenmantsl
Englnesring, UW-Madison

David Mickelson, Goslegy and Gosphysics,
UW-Madisen

Factors influencing coastal erosion—among
them, cllmate, soii type, groundwater, vege-
tation, wave action and lake lavels—ars ba-
Ing analyrsd at saveral sites characterized
by sloping contours along Lakes Michigan
ang Superipr. This information is being com-
piked for the use of anyone involved in dater-
mining both structural and nonstructural
remedies for erosicn in high bluff areas.

BEOPHYSICAL ASSESEMENT OF THE
HYDRAULIC CUMMNECTION BETWEEN LAKE
MICHIGAN AND THE GROUNDWATER
A&UIFEHS ON ITS WESTEAN BOUNDARY
(MN-1)

Mary Andersen, Geslegy, UW-Madizen

information gainad from this Hve-year project
wil gnabie sciantists for the tirst time to

assess how much groundwater Hows into
the lake, or, conversety, how much can be
induced to flow from the lake into heavily
pumped areas. This information wil aiso be
valiabie in determining whare contamination
of the (aka i possibia as a rasult of surface
waste disposal (e.g., andhills and sewage
sludge) and in assassing the environmental
impact of power plant and ather construction
sites. (initiated Sapt. 1, 1979).

) STRATIGRAPHY AND GEOTECHNICAL
PROPERTIES OF GLACIAL DEPOSITS ALONG
THE SHORELINE OF LAKES MICHIGAN AND
SUPERIOR (MN-2)

David Mickelson, Geslegy and Gasphysics,
UW-Madisen

The variablitty of matariat along the shoreline
must be tested before biuff ratraat models
tan be deysioped to assess the siope falurs
process. This project will produce that infor-
mation. n addition, it will provide a betier
knowledge of the glacial history of the Lake
Suparior regions. Cosponsored by the
Wisconsin Coastal Management Program.

EDUCATION & ADVISORY SERVICES

Through personal contacts, meetings and media communication, the Advisory
Services program within the Sea Grant institute forges the information and
service link between those who study marine and Great Lakes resources and
those in industry, government and the public who use those resources.

1) ADVISORY SERVICES DIRECTOR'S
OFFICE (A-1}

Gragary Hedden, Diractor, UW-Extensien

Sea Grant specialists provide infarmation
anc assistance ! individuals and organiza-
tions interested in aquaculture, coastal ero-
sion defenses, fisharies, underwater mining
and other areas of Sea Grant expertisa.
Such contacts outside the institute program
alse identity public needs and influence the
course of future Sea Grant research.

2) SEA GRANT ADVISORY SERVICES FIELD
ABENTS AND ACTIVITIES (A-14}

Gone Wootk, UW Ssa Brant Dffice

UW Sea Grant Institute reprasentatives—
stationed at Washburn, Green Bay, Sister
Bay and Mllwaukee—provide information
about the Institite program and carry out 2
variety of educational/informational projects
ranging from meetings on fish cookery to
short courses on lake biology .

3) SEA GRANT COMMUNICATIONS (A-2)
Linda Weimer, UW 353 Grant Offics

Great Lakes and Ssa Grant information Is
disseminated in many ways—through fims,
publications, news articlas, radio programs
and spacial exhibits. Publications designed
for tha publlc inciude, for instance, *'ABCs
of PCBs,"" *‘Fundamentals of Fish Farm-
ing."" "‘Our Great Lakes,'' and '‘Fish of
Lake Superior.”’

4) EARTHWATCH PUBLIC SERVICE RADH]
PROGRAM AND NEWSPAPER COLUMN (A-3)

Linda Waimpr, Feyton Smitk, YW Se Gt
Difics

Earthwatch—a daily, two-minute environ-
mental radio program produced in coopara-
tion with the UW-Madison Institute for Envi-
ronmantal Studies—is carried by over 100
stations in Wisconsin and the Micwesl, far-
thwatch/Wisconsin, & mora regionally-
focused news column, appsars weekly in 80
newspapars, principatly in Wisconsin.

B} FOOD SCIENCE AND FISH PROGRAM
(A-8)
David Stulber, Feod Science, UW-Madhsen

A Sea Grant food scientist provides informa-
tion and technical assistance to the fishing
industry and advica on tish handiing and
preparation to sports fishermen and con-
surmars. In addltion, ha is deveioping new
food products from undar-utillzed fish like
the sutker and alewite and warking on bet-
ter ways 1o use or dispose of lish process-
ing wastes,

6} SPECIAL EDUCATION PRDGRAME

The Sea Grant Office underwrites several
aducational activities, including assistant-
ships for students working on 5ea Grant
resaarch, new courses in oceanography and
limnology, and special lecture/fiim series on
campuses around the stats,

o
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Sea Giant Institute

University of Wisconsin-Madison
1800 University Avenue
Madison, Wisconsin 53708




PROGRAM BUDGET = 1977-79

University of Wisconsin Sea Grant College Program

1977-78 1978-79
Fedoral State Federal State
LIVING RESOURCES 170,758 131,705 129,383 58,943
AQUACULTURE 101,727 52,043 144,653 68,071
GREEN BAY - -— 233,853 116,869
MICROCONTAMINANTS AND WATER QUALITY 188,000 105,315 215,225 100,707
POLICY STUDIES 118,874 50,297 122,643 57,219

MINERAL RESOURCES 58,894 35,537 - -

OCEAN ENGINEERING 17,374 62,598 62,749 45,765
NEW APPLICATIONS 48,387 43,059 97,205 48,381
ADVISORY SERVICES 390,000 105,137 383,113 174,148
EDUCATION 43,518 28,734 18,722 12,193
PROGRAM DEVELOPMENT 74,939 10,081 44,791 30,097
SHIP TIME -0~ 60,000 -0 60,000
PROGRAM ADMINISTRATION 111,530 40,514 115,073 54,609

TOTAL: $1,400,000  $725000  $1,545000  $828,000 55
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