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n 1982, the Minnesota Legislature
passed, and Governor Al Quie

_ signed, the Minnesota Acid Depo-
" sition Control Act, the first acid
rain regulation in the United States

at a time when it was arguably the
hottest environmental issue. The

act directed the Minnesota Pollution
Control Agency to develop an acid
deposition standard and control plan.
In 1986, despite resistance from coal
and energy interests, the agency pro-
mulgated rules fulfilling the statutory
requirement.!

The scientific groundwork that set
the stage for Minnesota's action in-
volved two internationally renowned
scientists: a Canadian who emigrated
to Minnesota, where he spent a career
conducting groundbreaking research
on aquatic systems, and a Minneso-
tan who emigrated a short distance
across the border into nearby Ontario
to conduct seminal work on water-
sheds affected by pollution. Their
holistic approaches drew on nuclear
weapons testing, pollution of lakes
by detergents, and the complex rela-
tionships between the atmosphere
and the aquatic systems. Their work
helped drive public concern about
acid rain and the eventual passage of
the Minnesota law.

THE ENVIRONMENTAL SCENE,
1960-1980

Environmental consciousness was on
the upswing in the 1960s and 1970s.
Rachel Carson’s influential book
Silent Spring was published in 1962.
Oil shortages drew attention to the
limits of natural resources. Environ-
mental catastrophes such as Ohio’s
Cuyahoga River fire (1969) and Penn-

Aerial photo of Terrapin Lake in Washington
County, Minnesota, in 2021.

sylvania’s Three Mile Island partial
nuclear meltdown (1979) created an
awareness that human activities were
fundamentally damaging the planet.
More and more Americans, and
others around the world, were rec-
ognizing that something was amiss
in humans’ relationship to the earth.
The zeitgeist of this era was char-
acterized by British astronomer Sir
Fred Hoyle'’s 1948 prediction: “Once a
photograph of the Earth, taken from
outside, is available . ..anew idea as
powerful as any other in history will
be letloose.”

Eighteen years later, on August 23,
1966, NASA's Lunar Orbiter took the
first photos of Earth from the moon’s
orbit. Many observers have noted the
impact this image had on the human
psyche. The growing environmental
awareness led to the celebration of
the first Earth Day (1970) and the
passage of pivotal legislation, in-
cluding the National Environmental
Policy Act (NEPA, 1970), the Clean Air
Act (1970), and the Clean Water Act
(1972). The Environmental Protection
Agency was established in 1970, and
President Richard Nixon appointed
highly regarded William Ruckelshaus
as its first administrator.?

As pollution became more bla-
tant in the 1960s and 1970s, times
were ripe for new environmental
regulations. Public support was high
for improvements in clean air and
water. A politically active generation
building on earlier social and antiwar
movements expanded public aware-
ness that corporations were “getting
away with murder.” In addition,
increasing affluence in the US econ-
omy made it possible to pay for these
regulations. Caught off guard, the
business community was unable to
mount sufficiently strong opposition.
These landmark pieces of legislation
embodied the mindset that environ-
mental problems could be solved
locally by controlling big polluters.
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The directives in the laws are known
in the parlance of environmental
regulation as “command and control,”

downwind. This was something new
that we really hadn't known about
clouds.*

in 1957 he discovered high levels of
radiation in the hillside vegetation in
Westmorland, England.

because they mandate emissions lim-
its at individual industrial plants.?

Even as these new laws were
passed, many scientists and govern-
ment officials began to recognize that
environmental impacts cross political
boundaries; that effects can be subtle
and move from one compartment in
the environment, such as the air, to
another compartment, such as water;
and that solving these problems
might require multijurisdictional
and even multinational efforts. In the
1960s and 1970s, however, this holis-
tic consciousness was in its infancy.
Ironically, one of the unforeseen con-
sequences of the 1970 Clean Air Act
was that many polluters, rather than
reduce emissions, raised the heights
of their smokestacks to disperse the
pollution more widely, thus reducing
local impacts but exacerbating acid
deposition downwind.

Acidic deposition has existed
since coal burning became wide-
spread during the Industrial Rev-
olution. The term “acid rain” was
coined in 1872 by Robert Angus
Smith, who first observed the acidity
of precipitation in 1852 in Manches-
ter, England. His observations were
largely ignored or forgotten. Modern
awareness of acid rain dates to 1955
and is attributed to Earl Barrett and
Gunnar Brodin, working in Sweden,;
and to Eville Gorham, who began his
acid rain work in England’s rural Lake
District before coming to Minnesota.
These scientists showed that acidic
precipitation, fog, and clouds con-
taining acidified water from urban
and industrial sources dispersed far

Industrial pollution had gone largely
unchecked in the United States for decades.
By the 1970s and '80s, environmentalists were
becoming more organized and outspoken in
their demands for regulations.
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TWO SCIENTISTS WITH MINNESOTA
CONNECTIONS AT THE FOREFRONT
Two internationally preeminent sci-
entists with Minnesota connections,
professors Eville Gorham and David
Schindler, were at the forefront of
the work that formed the basis for
environmental regulations address-
ing acid rain. Born in Halifax, Nova
Scotia, Gorham earned his doctorate

at University College, London, study-

ing the chemistry of bog wetlands

and rainfall in England's Lake District.

Serendipitously, as he describes it,

Then, as if alight bulb flashed on
in my head, I suddenly realized
that the local hillsides contained
their own ion-exchangers in the
form of Sphagnum moss. . . . Next
morning . . . I gathered some moss,
brought it back to the lab, burned
it, and placed the ash in the Geiger
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Eville Gorham of Halifax, Nova Scotia, photographed at an unidentified Minnesota lake in 1984.

counter. When I switched on the
counter it began chattering . . . so
rapidly that I rushed down to [col-
league and radiation expert] Don
Swift's office shouting “Don, come
quick, something’s gone wrong
with the counter.” He . . . accused
me of contaminating the machine
... that these count rates were
impossible. . . . I began testing the
ashes of all sorts of plants: mosses,
lichens, ferns, herbs, grasses, tree
leaves and garden plants, and
found that mosses and lichens
were far higher than the others

in their fallout content. This was
because mosses and lichens—
lacking roots in the soil—derive
their mineral supplies mostly from
rain and snow.’

Soon afterward, Gorham chanced
to read an obscure Norwegian De-
fense Research Ministry report on ra-
diation levels in Norway, which were
presumably resulting from nuclear
testing in the atmosphere in remote
areas of the Pacific Ocean. The report

indicated that the bones of reindeer
were much richer in radioactive
strontium than the bones of sheep.
Gorham immediately realized that
this was because lichens are a large
part of the reindeer diet, and that led
him to predict that reindeer herders
would also have high levels of radia-
tion in their bodies. That prediction
was later substantiated by scientists
in Finland, Alaska, and elsewhere.
The studies flowing from this remark-
able insight provided evidence to
support the Nuclear Test Ban Treaty
0f1963. Gorham's experience with
radioactive fallout also informed his
ongoing work on nutrient cycling in
wetlands. He observed that elevated
levels of acidity in England’s rural
lakes correlated with the acidity of
rainfall; the highest acidity occurred
downwind from industrial areas.®

In 1962, an attractive job offer
brought Gorham to the University
of Minnesota, where he spent the
rest of his career pursuing his many
interests in ecology—especially the
effects of atmospheric deposition on

wetlands—and earning many awards.
Upon his death in 2020, the Minne-
apolis Star Tribune featured him in an
article entitled, “World-Renowned
Ecologist Was ‘Grandfather of Acid
Rain Research.””

The finding that radioactive sub-
stances could travel long distances in
the air and cause harmful effects far
from the source was an eye-opener
for scientists and the public. The
parallels with acid rain soon began to
multiply, especially in the northeast-
ern United States, in adjacent Canada,
and in northern Europe, places where
lake acidification was being observed.
The issue gained notable traction in
Scandinavia due to the work of Svante
Odén, who was commissioned by the
Swedish government to prepare a
report on acid rain. To the consterna-
tion of his superiors, he went outside
normal scientific channels and sent a
preliminary version to the Stockholm
newspaper Dagens Nyheter, where
it was published in 1967, garnering
much more attention than the 1955
work by Barrett and Brodin published
in a Swedish scientific journal. In
1968, the Swedish National Research
Council published Odén’s report, “The
Acidification of Air and Precipitation
and Its Consequences in the Natural
Environment.”?

Many early US acid rain studies
were done in New England and
the Appalachian Mountains, both
downwind from the sulfur dioxide-
emitting power plants in the Ohio
River valley. In 1955, researchers
began alarge-scale ecosystem study
at Hubbard Brook Experimental For-
est in the White Mountains of New
Hampshire. Gene Likens, F. Herbert
Bormann, and colleagues found the
rainfall there to be nearly 100 times
more acidic than they expected. They
also found that lakes and streams in
New England were acidifying and
losing fish, similar to conditions in
Scandinavia. James Galloway and
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coworkers at the University of Vir-
ginia studied the damage to Appala-
chian forests by acid deposition.’
Meanwhile, in the Midwest, scien-
tists in Minnesota and neighboring
Wisconsin and Ontario began study-
ing acid rain as well. Among them
was David Schindler, who had grown
up near Barnesville, Minnesota. He
attended the University of Minnesota
and North Dakota State University.
While a Rhodes scholar at Oxford
University, he read Eville Gorham's
work on acid rain. After graduating
in 1966, Schindler accepted a position
at Trent University in Ontario, but he
was soon lured away to a new, unique
project called the Experimental Lakes
Area (ELA), which lies just north of
Minnesota near Lake of the Woods.*°
Schindler and coworkers began
measuring lake chemistry and acidity
in 1968, and they later started large-
scale experiments manipulating
entire lakes. The first ELA study
involved placing a plastic curtain
through the middle of Lake 226 (each
lake is numbered) and adding phos-
phorus to one side. An algal bloom
developed on the phosphorus side.
Arizona State University biologist
James Elser described the aerial photo
of the experiment as “the single most
powerful image in the history of
limnology,” and the experiment led to
phosphorus bans in detergents. Other
ELA experiments involved dosing
lakes with mercury, estrogen, or oil.
Faced with budget cuts, and on
the advice of Gorham and others,
Schindler refocused ELA work on
acid rain. From 1976 to 1993, he and
ELA staff added sulfuric acid to Lake
223 and began taking copious mea-
surements on the effects of this ad-
dition. The most dramatic thing they
found was that “lake trout stopped
reproducing not because they were
toxified by the acid, but because they
were starving to death.” The acid
was killing the smaller organisms
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in their food web. Photographs of
starving fish drew widespread public
attention.'*

Acid rain studies began to gener-
ate extensive publicity. Gene Likens
said that his phone didn't stop ringing
for months, recalling, “It was that
media exposure that really put acid
rain on the map in North America.”
On December 14,1978, for example,
the ABC Evening News reported,

In the Adirondack Mountains of
New York the lakes are so clear
they mirror the forest around
them. One might think pollution
could never taint this mountain
paradise, but it has. The fish have
died in this lake. The rain has
turned the water acid. Scientists
say particles of sulfur are carried
by these clouds and when it rains
it pours a mild sulfuric acid into
lakes like this one. The experts
say power plants discharge most
of the sulfur into the air. And
what goes up these smokestacks,
must come down.'?

Based on the work of Gorham and
others, blame for acid rain pointed to
emissions from distant coal-burning

Professor David Schindler speaking at a
symposium honoring the fiftieth anniversary
of the Experimental Lakes Area project.

In 1978, the National Atmospheric
Deposition Program began moni-
toring acid rain. Two years later, the
National Acid Precipitation Assess-
ment Program began studying the
causes of acidification. In addition,
the US National Research Council
had established a panel of experts in
the late 1970s to look into the issue.
David Schindler was asked to lead the
panel, and Eville Gorham and Svante
Odén were key members. Schindler
and Gorham had first met in 1970 and
found that they shared professional

Schindler and coworkers began measuring lake chemistry
and acidity in 1968, and they later started large-scale
experiments manipulating entire lakes.

power plants; however, the existing
command-and-control regulatory
framework did not allow for such a
scenario to be adequately addressed.
Long-range atmospheric transport
and deposition of air pollution was a
new field, and a definitive cause-and-
effect relationship between sulfur
dioxide emissions and distant acid
rain was not yet confirmed to every-
one’s satisfaction. “There were lots of
deniers of acid rain,” noted Likens.'?

interests and enjoyed one another’s
company. They became the driving
force behind the panel’s finding of
“overwhelming” evidence that emis-
sions from fossil-fuel power plants
were causing acid rain. The panel’s
work was politically sensitive and
gained notoriety as “the Canadian
Conspiracy,” since Gorham was a
Canadian working in Minnesota and
Schindler was a Minnesotan working
in Canada. As Schindler recalled,



The official US position was that
only a few small lakes in the
Adirondacks were harmed, and
they did not like our showing
that there were thousands of
more sensitive lakes in Canada,
acidified by American emissions.
Of course, that is when Canadian
bureaucrats became interested,
bragging about how foresighted
they had been to begin the ELA
work that they had earlier refused
to fund.*

The members of the National
Research Council’s expert panel were
asked to testify before Congress about
the report. Schindler was forbidden

by his Canadian superiors to commu-
nicate with the chairman of the US
House of Representatives’ Energy and
Commerce Committee, John Dingell
(Michigan Democrat), because the
negotiations between the US and
Canadian governments on how to
address acid rain were sensitive, and
Schindler was known to speak openly
about his conclusions without regard
to the possible political implications.
Schindler’s bosses also threatened

to dismiss him if he traveled to the
United States to testify. He did so any-
way, traveling on vacation time and
as an American citizen. “It was a bad
time for an introvert, but I survived
and later even got awards for some

A plastic curtain was placed across a narrows in Lake 226 in the Experimental Lakes Areq,
and phosphorus (then commonly used in detergents) was added to one side of the lake.

The algal bloom that developed on the phosphorus side (bottom of photo) provided dramatic
evidence of the effects of pollutants on our lakes and waterways.

of the same things I had been repri-
manded for a decade earlier!"*®

Controversy about whether to
regulate emissions arose among US
states. Those that mined and burned
coal generally did not have vulnerable
resources like low-alkalinity lakes and
forests on soils with little buffering
capacity, while economies in New En-
gland and states like Minnesota that
had vulnerable lakes and forests were
not reliant on coal. The northeastern
states with the best documented dam-
ages called for a national plan to con-
trol emissions, but support was tepid
in much of the rest of the country. The
Ohio Valley states with many large
coal-burning power plants and the
eastern coal-mining states were ada-
mantly opposed to emissions limits.
The automobile, steel, and rubber in-
dustries of the Rust Belt states were in
decline, and those states also opposed
regulations. Coal and electric-power
interests believed that addressing
acid rain would result in increased
electricity costs, further hurting these
industries. At the national level, for
the time being, economics trumped
environmental concerns, and action
was put off.

The 1980 election of President
Ronald Reagan solidified a pro-
business, anti-environment approach
to federal regulations. On the cam-
paign trail, Reagan claimed, “approxi-
mately 80 percent of our air pollution
stems from hydrocarbons released
by vegetation, so let’s not go over-
board in setting and enforcing tough
emission standards from man-made
sources.” Reagan’s appointees to head
the Environmental Protection Agency
and the Department of the Interior
(Anne Gorsuch Burford and James
Watt, respectively) opposed regu-
lation and worked to undo existing
rules. With powerful interests oppos-
ing action, political leaders took the
more politically palatable approach of
endorsing further study.'®
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Lake trout before and after acidification eliminated key food species from Lake 223 in the
Experimental Lakes Area during the lake acidification study.

Meanwhile, back in Minnesota,
politicians from both sides of the
aisle followed a different path.
Minnesota stood alone in taking the
moral high ground by enacting mea-
sures to limit emissions from state
sources despite the fact that the bulk
of deposition in the state originated
elsewhere. Even the highly impacted
New England states did not act in-
dependently but chose to support a
national approach.'?

MINNESOTA—

AN ENVIRONMENTAL LEADER

The State of Minnesota is often
recognized for its environmental
progressiveness. Perhaps the rich
and varied landscape, the traditions
of the indigenous Native American
tribes, and the large numbers of
conservation-minded hunters and
fishers fostered a heritage of envi-
ronmental protection and an attitude
of respect and preservation. The

Minnesota Pollution Control Agency
(MPCA) was established in 1967, three
years before the US Environmental
Protection Agency. Minnesota was an
early adopter of a state environmen-
tal policy act, passed in 1973, requir-
ing review of projects for potential
environmental impacts. The state has
also been a trailblazer in many other
efforts to legislate and regulate for
environmental protection.'®

These policy efforts included a
long battle to preserve the Bound-
ary Waters Canoe Area Wilderness
(BWCAW). Following hotly contested
debates, Congress passed and Presi-
dent Jimmy Carter signed the 1978 act
establishing the wilderness. The Na-
tional Association of Property Own-
ers, the State of Minnesota, and other
nearby property owners challenged
the law in court, but a broad coalition
of state and national environmental
groups worked to preserve the wilder-
ness designation, which was upheld
by the US Supreme Court in an 8-1
decision on March 8,1982.*°

This highly mobilized and mo-
tivated environmental coalition
was sensitive to other threats to the

A Union Pacific freight train carrying car after
car of western coal through the Thunder Basin
National Grassland in Wyoming.
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A pro-BWCA button from 1978.

state’s natural resources. Collectively,
these activists were well positioned
to respond to the new threats of

acid rain. They also were aided by
Eville Gorham from the University
of Minnesota, by a progressive state
legislature willing to act, and by the
relatively inexpensive solution of
switching to low-sulfur western coal.
These conditions enabled Minnesota
to act ahead of the nation and alone
among states.?®

Preliminary acid rain research
by the MPCA in the 1970s suggested
that approximately 1,000 of the
state’s lakes were threatened, and an
additional 3,500 could be threatened
if emissions continued unchecked.
The thin humic soils and coniferous
forests of northeastern Minnesota
were also vulnerable. At a US House
subcommittee meeting in 1980,
Gorham testified, “In Minnesota,
the data we now have suggests that
rain is approaching the acidity levels
which have caused distinct damage
in Scandinavia.” These concerns
proved powerful in the political
arena and convinced Minnesota law-
makers to act.?!

During the 1970s, progressives
dominated the state political scene.
The Democratic-Farmer-Labor Party
(DFL) held majorities in both houses of
the state legislature for most of the de-
cade. By the late 1970s, the party held
as many as 49 out of 67 seats in the
state senate. The house of representa-

tives was more volatile; the DFL held
as many as 104 out of 134 house seats
in the late 1970s, but by the early 1980s
the body was more evenly divided.
DFL governors held office for 26 of the
36 years between 1955 and 1991.22

In 1982, state representative
Arlene Lehto noted that Minnesota
should take steps to limit its own
emissions before asking other states
to make reductions, saying, “I be-
lieve it will lay a foundation for us
to go after the other states who are
causing 70 percent of our problem.”

The act directed the MPCA to de-
velop an acid deposition standard and
a control plan to ensure that the stan-
dard was attained and maintained.
One indicator of the strength of
support for action on acid rain is that
while Governor Quie signed the Acid
Deposition Act, he was not on record
as a staunch environmental advocate,
and that same year he vetoed another
significant piece of environmental
regulation, the Minnesota Superfund
law. A sum of $81,455 was appropri-
ated from the general fund to conduct

Despite differences on other issues, the two main political
parties broadly supported environmental causes.

These arguments carried the day in
Minnesota despite lobbying from the
electric utilities, the taconite mining
industry, and out-of-state coal mining
interests. The opponents argued that,
in acting alone, Minnesota would put
the state’s industries at a competitive
disadvantage. They further feared
that emissions reductions achieved
ahead of federal action might not be
credited under a later national plan,
forcing Minnesota’s industries to
make reductions twice over.??
Despite differences on other
issues, the two main political parties
broadly supported environmental
causes. The house authors of the acid
rain bill included DFL representatives
Arlene Lehto (St. Louis County), Wil-
lard Munger (Duluth), and Lee Green-
field (Minneapolis); and Republicans
Gary Laidig (Stillwater area) and
William Dean (Minneapolis). The bill
passed the house with only four op-
posing votes. The senate author was
DFLer Gerald Willet. The final senate
vote was 56 in favor and 3 opposed.
The bill was then sent to Governor Al
Quie (Independent Republican) for
his signature, securing the first acid
rain regulation in the United States.?*

the mandated work in the first year
(1983), and an assessment on electric
utilities was established for future
funding.>®

The statute did not call for specific
controls, due in part to the lack of
detailed knowledge about the sensi-
tivity of resources in Minnesota and
exactly what was needed to protect
them. Instead authority was dele-
gated to the executive branch, i.e., the
MPCA, to conduct studies and pro-
mulgate rules. Although numerous
acidified lakes had been identified
in New England and Canada, along
with a handful as near as Michigan
and Wisconsin, no acidified lakes had
been found in Minnesota. The view
across the political spectrum was that
the MPCA could be trusted to conduct
a serious analysis and propose a rea-
sonable solution.

SHOW US THE DATA

One of the MPCAs first steps was

to determine the extent to which
resources in Minnesota were at risk
from acidic inputs. Beginning in
the late 1970s and early 1980s, field
workers from the MPCA, the US
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Environmental Protection Agency
Duluth Laboratory, the US Forest Ser-
vice, and the Minnesota Department
of Natural Resources sampled 1,842
lakes and found that 474 of them were
sensitive to acid rain. Most of the
sensitive lakes were small, averaging
about 240 acres, but many were valu-
able fishing and recreational lakes.
Extrapolating from this sample, the
MPCA estimated that as many as
2,200 lakes in Minnesota could be af-
fected. Approximately 200 lakes were
considered highly sensitive, primarily
in Itasca, Lake, Pine, and St. Louis
Counties.?®

Monitoring of other ecosystems
showed that they were not as sen-
sitive to acidic inputs as the poorly
buffered lakes. Sandy outwash soils
of eastern Minnesota and shallow
bedrock soils of the Arrowhead
Region, encompassing 1,365,600
acres, were classified as potentially
sensitive to acidic deposition. No
evidence was found for damage to
forests or peatlands at the existing
levels of deposition. These findings
suggested that if lakes were protected,
then less-sensitive resources like soils
and forests would also be protected.
The MPCA found no lakes in Min-
nesota with significant damage to
aquatic life; however, such lakes were
known in nearby Wisconsin, Michi-
gan, and Ontario.

In December 1982, the MPCA
compiled a report entitled “Aquatic,
Terrestrial, and Peatland Ecosystems
in Minnesota Considered Sensitive
or Potentially Sensitive to Acid
Deposition.” It was presented to a
technical review committee, and after
comments and discussion, the MPCA
Citizens’ Board approved the report
in April 1983. The MPCA continued
to update the sensitive areas listing as
new information became available.?”

As a prelude to rulemaking, the
MPCA had established a technical
review committee with representa-
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Acidified lakes were often treated by adding lime from a boat or by helicopter, as in this
demonstration during a 1990 conference in Gdvle, Sweden.

tives from the forest, tourist, utility,
and mining industries, as well as
environmental advocates and state
agencies. The committee was charged
with discussing specific issues and,

if possible, resolving some of them
prior to the formal rulemaking pro-
cess. The meetings were open to the
public and were sometimes attended
by dozens of interested parties. The
committee narrowed the focus to

the most controversial issues, and
unsurprisingly given the divergent in-
terests attending the meetings, little
progress was made in resolving them.
Most attendees favored controls on
acid rain; however, those opposed

to regulations were well funded and
brought teams of attorneys and con-
sultants. The MPCA realized early

on that consensus would be difficult.
Nevertheless, taking into account the
review committee inputs, the agency
proceeded to develop rules pursuant
to the statutory directive.

The Minnesota Administrative
Procedures Act prescribes a rigorous
process to ensure that interested par-
ties can comment on proposed rules.
In October 1984, the MPCA published
a Notice of Intent to Solicit Outside
Opinion. In November 1985, the
MPCA Citizens’ Board authorized for-

mal rulemaking, and the agency filed
documents with the chief adminis-
trative law judge indicating the intent
to hold hearings. In December 1985,
MPCA director Thomas Kalitowski
issued a Notice of Hearing; eight days
later Northern States Power Company
(NSP; now Xcel Energy) filed a proce-
dural objection. Several procedural
filings ensued, but the process moved
forward.?®

Rule promulgation requires devel-
opment of a Statement of Need and
Reasonableness describing the statu-
tory authority, the reason for the rule,
and why the specific features of the
proposed rule are reasonable. After
the statement is registered, a 30-day
public comment period follows. If 25
or more persons request an adminis-
trative hearing, an administrative law
judge must take testimony. Agencies
are required to demonstrate a rational
basis for a rule, but they do not need
to demonstrate that it is the “best”
rule.?®

The MPCA Statement of Need and
Reasonableness was lengthy and tech-
nically detailed. It was also unusual.
Rather than relying exclusively on ex-
isting evidence, the MPCA conducted
original research and contracted
with university scientists in Minne-




sota and elsewhere for additional
research. Collectively, they concurred
that rainfall with a pH of 4.7 or lower
(i.e., more acidic) would harm Minne-
sota’s most sensitive lakes. Polluters,
however, do not emit pH directly. The
pollutants they emit—mainly sulfur
dioxide—react in the atmosphere to
form acids. MPCA scientists needed
to correlate the level of sulfur that
corresponds to a pH of 4.7. That
critical analysis allowed the MPCA

to link acidification back to specific
polluters. The MPCA analysis showed
that a limit on sulfur deposition of 11
kilograms per hectare per year (equiv-
alent to 9.8 pounds per acre in the
form of sulfate) would protect Minne-
sota’s sensitive lakes. The proposed
rule set the standard at that level and
was applicable only in areas of the
state with sensitive resources. Mon-
itoring data in 1985 showed that the
standard was met at all MPCA moni-
toring stations with the exception of
a site near Sandstone. This finding
was good news. Minnesota lakes were
mostly in pretty good shape, and lim-

Atmospheric scientists used air transport models to
trace sulfate deposition back to the sources of sulfur
emissions and identify the responsible entities.

iting acidic deposition would prevent
the type of degradation that was seen
in New England and Scandinavia.*
Another piece of information
needed for the rulemaking was iden-
tifying where the acidic deposition
was coming from. Atmospheric
scientists used air transport models
to trace sulfate deposition back to the
sources of sulfur emissions and iden-
tify the responsible entities. MPCA
modelers worked with national
experts to select and implement
two transport models. The models
showed that Minnesota emissions
contributed between 6 percent and 30
percent of the deposition at sensitive
sites in the state. Other states and
Canadian provinces contributed the
remaining 70-94 percent. Surpris-
ingly, Texas was the biggest contribu-
tor to Minnesota’s sulfate deposition,

This two-bucket type of rain sampler began to be used widely in Minnesota and around the
country in the 1970s. The precipitation detector on the front triggers the cover to move across
to the second bucket, allowing precipitation to be collected in the bucket on the right.

at 9-18 percent. Emissions from the
Texas petrochemical industry were
huge (more than 1.6 million tons per
year of sulfur dioxide); a large pro-
portion of precipitation in the Upper
Midwest originates from the Gulf of
Mexico. The two biggest contributors
within Minnesota—NSP’s Sherco
and Minnesota Power’s Clay Boswell
power plants—were responsible for
1-12 percent of the deposition at loca-
tions around the state.

A Minnesota rule could not con-
trol emissions coming from other
states and provinces, and federal
regulations did not account for
long-range interstate transport of
pollutants. Reducing Minnesota’s
sulfur dioxide emissions to zero
would not result in attainment of the
standard. The MPCA concluded that a
national approach was necessary and
therefore proposed a control plan that
would accomplish Minnesota’s reduc-
tions if a national plan were enacted.
The provisions of the plan included
a cap on sulfur dioxide emissions
from Minnesota's two largest utilities
(NSP and Minnesota Power); a limit
on statewide emissions of 194,000
tons per year (a reduction of 60,000
tons per year from 1980 levels); a
requirement for large power plants
without efficient controls to install
Reasonably Available Control Tech-
nology (i.e., a 50 percent reduction at
NSP’s Allen S. King and a 20 percent
reduction at Minnesota Power’s Clay
Boswell plant); and a two-year study
period (1990-92) to evaluate the need
for a second round of reductions.
The requirements were achievable by
switching from high-sulfur eastern
to low-sulfur western coal, which was
ramping up production at the time.
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MPCA estimated the control costs
at $40.9 million per year for NSP and
$4.7 million per year for Minnesota
Power. Benefits were difficult to
monetize because most of the socio-
economic value of natural resources
(such as environmental amenities
associated with pristine aquatic
ecosystems) are external to markets.
Alarge percentage of Minnesotans
in the Land of 10,000 Lakes partic-
ipate in fishing, boating, and other
activities on the state’s waters. The
MPCA hired Bemidji State University
economist Patrick Welle to conduct a
contingent valuation survey of Min-
nesota citizens. The study revealed
that Minnesotans were willing to pay
between $1 million and $89.4 million
per year to protect sensitive lakes;
the midpoint was higher than the
estimated costs. Clearly, Minnesotans
placed a high value on lakes and were
willing to pay to protect them.

SHOWDOWN IN THE HEARING ROOM

To support its case during the admin-
istrative hearings, the MPCA tapped
the expertise of 11 state scientists and
14 other scientists from the University
of Minnesota, the University of Wis-
consin, Bemidji State University, the
US Environmental Protection Agency,
the US Forest Service, the Wisconsin
Department of Natural Resources, the
Ontario Ministry of the Environment,
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and others. A coalition of environ-
mental groups also participated,
bringing their own attorneys and wit-
nesses. NSP and Minnesota Power—
the main opponents—were supported
by coal (particularly eastern) and
taconite mining interests, the Electric
Power Research Institute, consulting
firms, and university scientists.

Between January 22 and May 1,
1986, Administrative Law Judge Allan
Klein began hearing testimony. On
35 evenings, at hearings in Roseville,
Duluth, Hibbing, and Rochester, 75
witnesses testified and 965 exhibits
were entered into the record. More
than 8,000 people signed petitions
supporting “acid rain standards to
protect Minnesota’s natural resources
now and for future generations,” and
more than 800 letters were received
in support. In their testimony and
exhibits, the public overwhelmingly
favored adoption of the rule. Most
acknowledged that the rule would
raise electric bills, but they supported
adoption nonetheless.?!

The expert witness testimony
Judge Klein heard was frequently
controversial, with witnesses cross-
examined at length by opposing
parties. NSP funded the Electric
Power Research Institute to conduct
separate modeling of long-range
transport air dispersion, lake and
watershed modeling, and statistical
analyses of the data. Besides Eville

Gorham and David Schindler, among
the many notable scientists testifying
were Charles Driscoll (Syracuse Uni-
versity), Michael Oppenheimer (then
with the Environmental Defense
Fund), Patrick Brezonik (University
of Minnesota), Steven Lindberg (Oak
Ridge National Laboratory), and
Jerald Schnoor (University of Iowa).
Many days of hearings turned into
battles of the experts on the minutia
of scientific technicalities, something
that “confounded” Klein.**

In June 1986, Judge Klein released
a 56-page report with 177 Findings
of Fact. In summary, he found that
the MPCA had 1) fulfilled all relevant
requirements of law; 2) documented
its statutory authority; and 3) demon-
strated the need for and reasonable-
ness of the proposed rules. Klein
recommended that the proposed
rules be adopted. The MPCA Citizens’
Board adopted the rules in July, and
in August they were published in the
State Record, becoming state law.*?

FURTHER DEVELOPMENTS

After more than 10 years of study,
along with leadership changes in
Washington, DC, in 1990 Congress
reauthorized the Clean Air Act,
expanding Title IV to include acid
deposition control. Two phases were
prescribed. The first phase required
110 of the largest power plants to



The Sherburne County Generating Station
(Sherco) is the largest coal-burning power
plant in Minnesota. Xcel Energy, which owns
the plant, has announced plans to close the
facility's three units by 2030.

reduce their sulfur dioxide emissions
to 2.5 pounds per million British
thermal units (Btu) by 1995 (with an
extension to 1997 possible). The sec-
ond phase required 2,000 utilities to
reduce their sulfur dioxide emissions
(to 1.2 pounds per million Btu) by

the year 2000. The overall effect was
to reduce sulfur dioxide emissions

to an estimated 10 million tons per
year—nearly half of the 1980 levels.
A 50 percent drop was what Eville
Gorham had recommended earlier

as a starting point. For utilities that
reduced their emissions below the re-
quired limits, the act set up a national
trading plan to sell credits to other
utilities who could then emit above
the requirements. The final result was
deemed politically and technically
feasible at the time, although later
analyses found that additional reduc-
tions were needed to protect sensitive
resources.®*

The technology-based reductions
enacted by Congress were nearly
identical to those already in the Min-
nesota rules. The Minnesota standard
remains the only acid deposition
standard promulgated in the United
States at a level to protect sensitive
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ecosystems. Ongoing monitoring
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maintained compliance with the
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Minnesota'’s acid deposition
story marked a watershed point in
environmental regulation. Problems
could no longer be laid at the door-
step of the local polluter. Issues had
become national and international
in scope, and solutions required a
wide lens and multiple cooperators.
This trend has accelerated. We now
recognize that some of our most
intransigent problems are caused by
nonpoint pollution coming from the
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Sulfate deposition in the United States, 1985 and 2017. (Data from the National Atmospheric Deposition Program)
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cumulative effects of small actions
by whole populations, as opposed to
a single point source. The solutions
require altruistic actions similar to
those in the Minnesota acid deposi-
tion story.

The current climate crisis facing
humanity has many impacts, includ-
ing those to energy, transportation,
and economic infrastructure—all

with global implications. Like the
acid rain story, national and inter-
national actions must go beyond
single jurisdictions. No single state or
nation can solve the climate problem,
and action may disadvantage the
actor in the short term. In contrast to
acid rain, climate change solutions
are orders of magnitude more diffi-
cult. Despite ample cause for concern

about the future of our planet, Eville
Gorham held an optimistic perspec-
tive, writing, “There is reason for
hope. It may seem unimaginable that
we can learn to manage consciously
the entire planetary ecosystem. We
should, however, remember that
throughout our relatively short his-
tory, the unimaginable repeatedly has
morphed into the commonplace.”*¢ @

Notes

This essay originated in a paper | presented in
2012 at a conference at the Minnesota Histori-
cal Society on Minnesota's environmental his-
tory. It further evolved from conversation with
other participants and the conference conve-
ners, George Vrtis and Chris Wells. I'd also like to
extend my sincere thanks to Betsy Haugen, Min-
nesota legislative reference librarian, for her
outstanding assistance in helping me locate
documents in the state legislative archives. |
also thank ). David Thornton, Judge Allan Klein,
David Schindler, Ann Cohen, Kevin Proescholdt,
and Peter Ciborowski for agreeing to be inter-
viewed, and especially Professor Eville Gorham
for his mentorship, his friendship, and his cri-
tique of an early draft.
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