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ACID PRECIPITATION: THE COAL LEGACY IN THE UPPER MIDWEST
Dennis M. Richter
University of Wisconsin-Whitewater
Department of Geography
Abstract
Increased use of coal in industry and utilities has resulted in acid precipitation assoc
iated with SOx and NOx emissions. The resultant aquatic and terrestial problems, and their
solutions, are of considerable concern to the upper Midwest states.
INTRODUCTION

and the smelting of sulfur rich ores.

Virtually all

The earth’s atmosphere is constantly being altered
by man-induced factors from such diverse sources as
industrial processes, agricultural operations,
transportation, waste disposal, and residential
emissions. Atmospheric conditions distribute these
emissions over large areas often to the detriment
of distant rural and urban populations and the
physical environment in which they are located.
Atmospheric fallout can increase phosphorus loadings
in lakes, increase the PCB level in water bodies,
and deposit acids in all precipitation forms. The
atmosphere has become a pathway for the transfer of
a broad range of pollutants into the world ecosystem
which is subsequently the repository of a myriad of
airborne substances.

of eastern Canada, portions of the northeastern
United States and the upper Great Lakes states have
experienced SOx and NOx loadings that exceed the
assumed assimilative capacity of the aquatic eco
systems. As a result some of the lakes in the
Adirondacks, the Muskoka area of eastern Ontario,

ACID PRECIPITATION
In recent years Americans have been inundated with
a variety of environmental problems that have been
in our environmental system for many decades but
have only recently come under intense study by both
private and governmental researchers.
In the early
1970's Earth Day caught the attention of Americans
and began a new awareness of environmental problems
by the general public.
and parts of the Quebec-Maine-New Brunswick border
have undergone acute acidification. More recently
granite floored lakes in the states and provinces
bordering Lake Superior have begun to exhibit
increased acidity attributable to outside, as well
as regional, sources.
Sources of SOx and NOx
In the United States the principal source of SOx is

One of the more recently identified atmospheric
pollutants in North America is acid precipitation
generally associated with coal fired power plants

from fixed sources while the NOx pollutants are
derived almost equally from mobile and fixed sources.
Coal fired power plants are the prime source of SOx,
many of these have been in operations mode for over
ten years and thus have only recently begun to
install gaseous pollution control devices. With
the federal government encouraging the use of more
domestic coal in place of oil for utility generation
and with a virtual moratorium oi\ nuclear plant
construction starts the acid precipitation problem
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reluctant to issue restrictive orders based on very
limited facts concerning damage to the environment.
The federal government in Ottawa was reluctant to
intervene in a provincial matter especially since the
power plant is owned and operated by Ontario Hydro.
Research by the Duluth office of the E.P.A. on the
impact the plant could have on the Boundary Waters
Canoe Area indicates that environmental damage from
acidic precipitation could have a detrimental
effect upon the aquatic systems in the plume area
of the power plant.
Although the plant will not begin operation until
the mid-1980's with the first 200 megawatt unit,
pressure to include scrubbers, in addition to the
planned particulate removal system, is increasing
from both the Minnesota E.P.A. as well as the
United States E.P.A. Unfortunately local concern
in the Province has not been evident, the problem
being viewed as minimal and with limited impact on
nearby communities. The recreation industry in
northwestern Ontario has been alerted to the problem
but has yet to mount organized opposition.

is likely to intensify unless realistic control
measures are taken in this decade. The recent
environmental legislation concerning new coal fired
power plants does not apply to those plants already
in operation, therefor SOx and NOx loadings to the
atmosphere from these existing sources will continue
for the foreseeable future. Large electric utilities
in the United States have gradually begun to retrofit
these older thermal electric power plants, however,
the costs to the consumer - and the resultant rate
increases - are subject to State regulation. Older
fossil fueled plants, although continuing in service
because of environmental action against nuclear plants,
may be too old to economically retrofit.

In August of 1980 the United States and Canada
agreed to work on a new arrangement to control cross
border air pollution, primarily acid precipitation.
Anthropogenic emissions of SOx in eastern North
America are estimated at 23 million tons per year
with over 80% attributable to U.S. sources., with
over 60% of the U.S. emissions from coal fired power
plants.
NOx emissions are estimated to total 24
million tons per year with over 90% from U.S. sources
and nearly half of these emissions from the U.S.
coming from automobiles.

Air Pollution Legislation
Upper Great Lakes situation
The United States and Canada both bear responsibility
for controlling legislation; the Clean Air Act has
resulted in a vigorous control and enforcement
program by the E.P.A. that has reduced ambient levels
of SOx and NOx in the United States. New Source
Performance Standards legislated in the 1977-79
period call for a reduction of up to 90% for SOx and
60% for NOx with respect to emissions from new coal
fired power plants.

The danger to the environment of the states border-

Canadian efforts have been less encouraging in the
area of coal fired power plants; the Canadian Clean
Air Act does provide for national emission standards
for pollutants that are deemed a danger to public
health. The provincial governments are responsible
for regulation of common air pollutants; considering
the size of the provinces of Ontario and Quebec it
has been difficult for the federal government to
intervene on the basis of transfer of utility
pollutants across provincial boundaries. A recent
case involving a power plant designed to use coal
near Atikokan, Ontario resulted in no emission
controls being placed on the stack for gaseous
pollutants primarily because the Province was
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ing Lake Superior is increased because buffering
agents such as limestone in the soil and the rock
are of inadequate capacity to neutralize the added
acidity from the atmospheric fallout. Normal rain
fall has a pH of 5.6; rain collected and analyzed

acid precipitation. These options would include:
1) burning less coal via energy conservation with
additional residential weatherization, solar systems
for heating and hot water, earth home construction,
and alternate local fuels; 2) burning more low
sulfur coal from the western United States versus
the high sulfur coal of Illinois and the Ohio Valley;
3) installing scrubbers on coal fired thermal
electric plants to reduce the emission of SOx and
NOx from the flue gases; 4) converting to fluidized
bed combustion of coal with pre-washing of coal;
and 5) synfuel production from coal at the mine
site.

L*nion J u ic t

All of these options have economic, political,
social, environmental and technological costs
associated with them. The disposal problem assoc
iated with scrubbers and the higher ash content of
low sulfur western coal are examples of economic
and environmental problems.
In addition the transfer
of ambient air pollutants from one state to another
via air mass movements varies somewhat from season
to season during the calendar year. Another problem
may relate to the discussion of research facts. An
example of this is the aforementioned Wisconsin
study in which a federal researcher indicated that
as much as 50% of the acid precipitation source was
derived from within the State itself, the State
D.N.R. estimate is that less than 10% is State
derived. Thus proving who is correct and who is
responsible may take precedence over solving the
problem of acid precipitation and result in
considerable environmental damage.

The slight natural acidity of normal rain is due
to the presence of carbonic acid (H2CO 3), which is
formed by the reaction of atmospheric carbon dioxide
(CO2 ) with water.
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in Wisconsin in 1979 was found to be 10 times more
acid than normal and the same research project and
the State Department of Natural Resources and
federal E.P.A. found that 47 of 350 lakes tested
faced the threat of irreversible acid precipitation
damage. Over 80% of the lakes in the states
bordering Lake Superior contain only small amounts
of acid neutralizing minerals with those under
100 acres in surface area, and with minimal surface
water inlets and outlets, the most susceptible
to damage.

The economics of paying for the solution(s) will
ultimately be borne by the public in higher charges
for electricity and control costs on other sources
of SOx and NOx that will be passed On to the
consumer. Whether the public will accept the fact
that it is preferable to pay now or pay later
remains to be seen. Pressure by citizens to require
strict enforcement of the Clean Air Act and its
amendments plus efforts at joint Canada-U.S.A.
cooperation are essential to the well-being of the
citizens and the environment of the upper Great Lakes.

Snow melt water is highly acidic due to the winter
season accumulation of atmospheric pollutants in the
upper Great Lakes. The runoff period of snow melt
and spawning of many fish coincide thus magnifying
the acid precipitation problem. Since the ground
is frozen during most of the spring thaw in the
region the direct runoff to streams and lakes is
lacking the potential buffering from soil minerals.
The increased acidity of the water enhances the
solubility of many toxic metals including aluminum
and mercury which further aggravates the ecological
ramifications of acid precipitation.

ACID PRECIPITATION - THE UPPER GREAT LAKES
An increasing number of studies have shown that
acid precipitation is responsible for several
adverse effects on the public welfare. These
include, among others, the acidification of lakes
and streams with resultant damage to the aquatic
ecosystems; acidification and demineralization of
soils; possible reduction of cropland and forest
production; and, deterioration of man-made materials.

The actual impact of acid precipitation on the
upper Great Lakes has yet to be felt, however, with
a large proportion of the economy of the areas
bordering Lake Superior, the upper halves of Lakes
Michigan and Huron, and the smaller inland lakes
reliant on recreation associated incomd the ultimate
impact could be devastating. The recreation industry
in this area relys upon fishing and other water
related activities, and the recreation cottage
industry derives much of its attraction from the
myriad of lakes and streams found in the region.

Major source regions within the United States for
pollutants rich in SOx and NOx include the Ohio and
Tennessee Valleys, the North Central and Northeast
industrial areas, and the Washington to Boston
urban corridor. As additional coal fired power
plants are built and industries increasingly
convert to coal fired boilers areas upwind of the
upper Great Lakes the capacity of watersheds to
neutralize atmospherically deposited acids will
decline. That point at which the aquatic systems
have a significant change in pH and beyond which
life forms and chemical changes take place is called
the threshold of lake acidification. From research
conducted in Europe it appears that a pH of 4.6
for rainfall causes this threshold to be reached
in lakes and streams.

Reducing Acid Precipitation
Several possible options for reducing the acidity
of lakes have been used in both Scandinavia and the
Adirondacks of New York including the liming of
lakes to neutralize the acid rich water. The prime
emphasis for those areas that have not yet reached
the danger level for water acidity is to seek
options for reducing emissions that contribute to
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Long Range Transport of Pollutants

Secondly, the introduction of particulate control
measures has resulted in gases and aerosols having
fewer adhesion nuclei in the gaseous plume. This
has resulted in these two pollutants travelling
much further from the source than occurred prior to
the advent of this specific pollution control
measure.

The general public is aware that water pollution
is generally confined to the geographic boundaries
of a particular watershed, although downstream
transfer of pollutants in major rivers such as the
Ohio, Tennessee and Mississippi rivers is readily
apparent to even the casual observer. Controls on
industrial water-borne pollution and continued
improvements of major urban sewage treatment plants
has improved water quality from man-generated
effluent.

In the upper Midwest states SOx and NOx loadings to
the atmosphere are not uniform, as should be expected
the heavily industrialized states are the largest
contributors. Ohio followed by Indiana and Illinois

Unlike water pollution acid precipitation involves
long distance transfer of atmospheric pollutants
with no regard for natural, national or international
boundaries. Unlike water pollution which visibly
flows with the surface water, air pollution is
usually not visible, nor are air mass movements
necessarily observable by the naked eye. The very
nature of high and low atmospheric pressure systems
can result in winds flowing across part of North
America from east to west or from northerly and
southerly directions. Thus the commonly accepted
fact that winds are prevalently from the west is
not the case.

Estimated Annual SOx and NOx Emissions
(tons per year)
State

SOx

Illinois
Indiana
Michigan
Minnesota
Ohio
Wisconsin

1,707,089
1,890,543
1,224,801
284,869
3,269,734
718,141

NOx
1,278,773
962,190
742,273
341,664
1,187,001
404,697

Source: US E.P.A. NEDS
lead the Midwest in emissions and Minnesota having
the least amount of SOx and NOx loadings to the
atmosphere.

Research has shown that almost 50% of the acidic
deposition affecting the water bodies of eastern
Ontario originated in the United States, large
portions of the SOx and NOx coming from the New York,
Pennsylvania and West Virginia industrialized areas.
Pollutants from the industrialized Ohio Valley have
been traced through atmospheric monitoring using
weather balloons to areas in northern Wisconsin and
Minnesota. Pulp and paper mills in northwestern
Ontario have contributed to the atmospheric loading
that subsequently has been associated with the acid
precipitation of Isle Royale, parts of the upper
peninsula of Michigan and the Lake Superior shore
areas of Wisconsin.

As the United States places greater dependence
upon coal as a primary energy source through the
latter part of this century SOx emissions within
the region will continue to increase. Presumably
the US E.P.A.'s New Source Performance Standards
and Prevention of Significant Deterioration regul
ations will slightly offset some of the expected
increases. The S0 2 emission restrictions in these
regulations will mean increased emission abatement
methods such as flue gas desulfurization systems
and coal washing as older S02 sources are phased out
and newer S02 sources are built.

Within the Great Lakes Basin acid precipitation
Although NOx emissions are also expected to increase
over the next several decades the previously
mentioned E.P.A. regulations, the increase in more
fuel efficient vehicles, and a potential decrease
in vehicle miles will combine to make the increase
in NOx emissions minimal.
WISCONSIN'S ACID PRECIPITATION
The State of Wisconsin has a large data base with
respect to water quality; two periods of information
are available: 1925-41 (Birge and Juday) and 1959 to
the present (State Department of Natural Resources).
Although other areas of the United States receive
acid precipitation the State of Wisconsin is class
ified as a high sensitivity area with respect to
impact of acid precipitation while many areas with
high potential precipitation of acid deposition are
rated as low or moderate in sensitivity. Sensitivity
is largely associated with the regional chemistry
of soils and bedrock, especially the presence or
absence of the alkaline metals. Many Midwest states
have an abundance of these metals, especially
calcium, that aid in the buffering of acid precip
itation. Two rock types that are rich in calcium
are limestone and domomite, their presence in either
original bedrock or the soils derived from the rock
counter the acidity in the precipitation.

has continued to increase with areas of precipitation
acidity above the normal being found throughout the
Basin. Greatest concentrations are found adjacent
to Lake Erie and Lake Ontario, however, those areas
of the upper Great Lakes Basin have soils and bed
rock geology that have limited acid buffering ability.
Over the past several decades two pollution abate
ment strategies have contributed to the long-range
transport of gases and aerosols. To maintain local
air quality standards and reduce local air pollution
problems taller stacks have been built to aid in
removing the air borne pollutants far from the source.

The soils of northern Wisconsin reflect the rock
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type from which they were derived and are acidic in
nature. The soils are from the podzol (spodsol)
dominant soil group, these soils are characteristic
of a moist, cool, temperate climate with coniferous
and mixed forest predominant. The soils are mainly
sands and sandy-loams with high permiability and
low acid buffering capability. The only other major
soils group in northern Wisconsin is the peatland
soils which are very acidic in nature due to the
plant communities associated with soils of this type.
The potential for increased pH change towards the
acid end of the scale is greatly enhanced by the
addition of acid precipitation to already susceptible
soil types.

input from atmospheric deposition.
In the Lake Superior District of northern Wisconsin
bedrock conditions are especially low in buffering
components. Addition of small amounts of acid
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from precipitation would tend to place the surface
waters into the danger category with respect to pH
level.
Wisconsin's lakes may be divided into two groups,
seepage lakes are those without inlet or outlet
streams while drainage lakes are those with surface
inlet and outlet. The lakes in the northern half
of the State are approximately evenly divided
between these two groups. Most seepage lakes tend
to be more acidic because of the nature of the
vegetative cover in the surrounding area.
The effect of acid precipitation on plants and
forest species is less clearly recorded. A Tenn
essee Valley Authority researcher noted that com ,
cabbage and cotton crops have become reliant on
sulfur dioxide pollution from TVA power plants. By
eliminating the SO2 pollutants farm production
could be cut by as much as 10% unless other means
of supplying sulfur to the crops was used. Research
with alfalfa has shown that as much as 73% of the
sulfur needed for growing alfalfa could be derived
from atmospheric sources. Simulated acid rain has
been shown to stimulate the growth of white pine
seedlings, suggesting that nitrogen uptake may be
increased with the increase in acid precipitation.

Bedrock geology of Wisconsin is made up of two
major types: igneous and sedimentary. The former
G E N E R A L IZ E D

BEDROCK

G EO LO O Y

OF

W IS C O N S IN

These positive aspects of acid precipitation are
offset by negative aspects. Acid precipitation in
the form of SOx adds hydrogen and sulfide ions to
the soil. As the number of hydrogen ions increase
the base cations, mainly calcium and magnesium, are
displaced. Concurrently the sulfate ions promote
the leaching of cations out of the root zone into
the groundwater. As a result, the soil becomes less
fertile.
In addition, increasing soil acidity
lowers the avilability of phosphorus and increases
the solubility of many metal ions, one of which,
aluminum, is known to be toxic to plants.
Acid precipitation has been shown to induce blemish
ing on Yellow Delicious apples, and precipitation
with a pH of 4.0 resulting from addition of acids
to the atmosphere from volcanic activity reduced
tomato production in the Kona District of Hawaii.
White pine that has been subject to excessive S02
develop needling browning, and Swedish studies have
indicated that acid precipitation has contributed
to a decrease in forest growth during the 1950's
and early 1960's. Acid precipitation inhibits bacte
rial nitrogen fixation in the roots of soybean plants.

located in north-central Wisconsin and associated
with the massive Precambrian shield composed of
granitic and other highly insoluble igneous rocks.
The latter is divided into two categories, the
sedimentary materials of the northwest and central
regions of the State which, while more permeable,
contain little calcium or magnesium carbonates to
neutralize acid precipitation. These include a
variety of sandstones, shales and conglomerates
which have adequate buffering to offset normal
acid input but cannot neutralize increased acid
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Fish and other aquatic life have a wide pH tolerance,
from 5.5 to 9.5, however, detrimental metabolic,
respiratory, and reproductive changes occur in fish
outside the threshold range of 6.0 to 9.0. Normal,
unpolluted rainfall pH of 5.6 is within the tolerable
range for fish, but with the addition of acids to
the atmosphere a rainfall of 4.6 or less can be of
serious consequence to the fish population. An
example of acid contamination is the acid mine
drainage often associated with coal mining areas.
The streams may appear perfectly clear but be barren
of fish life, some distance downstream as the pH
increases from the introduction of higher pH waters
fish population may return to normal.
In Wisconsin a 1980 survey indicated that 2,700 lakes
have a pH of less than 6.0, most of these are very
small seepage lakes with limited drainage areas.
Many species of fish have their reproduction
inhibited when the pH of the lake waters reaches the
4.5 to 6.0 level. Walleye and smallmouth bass are
the most sensitive (ph 6 .0), followed by lake trout
(pH 5.3), white sucker (pH 4.9), and yellow perch
(pH 4.6).

SUGGESTED REMEDIAL ACTIONS
A variety of possible actions will provide both
additional research on acid precipitation and funds
and technological advances to reduce the problem.

A study conducted during 1979 indicated that more
than 50 lakes out of 350 surveyed in northern
Wisconsin were below pH 6.0.

Legislative Action

CHEMISTRY OF 350 NORTHERN WISCONSIN LAKES
A C ID IT Y

S U S C E P T IB IL IT Y

eric pH balance.

The State of Wisconsin has relied primarily on
non-renewable federal funding, expecially the
”208" dollars which terminated in mid-year of 1980.
Appropriations from the State legislature should
be given serious consideration both for research
and implementation of measures to control acid
precipitation and its effects in the state. The
State of Minnesota recently passed legislation
appropriating $ 100,000 for a research program.

C A T E G O R IE S

Federal Action
The Acid Precipitation Act of 1979, Title X of
Senate Bill 932 authorizes $55 million over ten
years to support acid precipitation research and
control. As of mid-1980 no funding has been
specifically allocated for state activities, however,
the task force to be created by the Act is to work
in close harmony with state agencies.
Emission Control Actions
Section 111(d) of the Clean Air Act addresses
emissions from existing air pollution sources which
includes fossil fuel thermal electric plants. The
US E.P.A. may. issue regulations which then require
the states to establish standards of performance to
control pollutants. Each of these standards of
performance require polluters to install Best
Available Control Technology (BACT) with consider
ation given for age of facility and life span left.

A similar study of the Boundary Waters Canoe Area Voyageurs National Park during 1978 and 1979
indicated that two-thirds of the 85 lakes surveyed
were susceptible to change from acid precipitation.
In this specific locality in northern Minnesota
the average annual pH of precipitation is very
close to 4.6. Additional SOx and NOx emissions from
coal fired power plants under construction will
increase the acid precipitation problem.

Requiring coal washing on a national basis to
remove substantial amounts of pyritic compounds
would reduce sulfur emissions by between 10 and 20
percent using the best technology available. This
effort should be especially directed at the high
sulfur coals of the Appalachian area.

Precipitation monitoring in the State of Wisconsin
was initiated in June 1979 at the Department of
natural Resources Trout Lake station. During the
fall of 1979 event monitoring was begun by the DNR’s
North Central District near Rhinelander. Early
results from this monitoring program indicate the
average pH of precipitation in these localities
to be on the order of 4.5 Although the size of
the sample is small the implication is quite clear,
acid precipitation has affected the pH of atmosph

Congress should consider requiring all existing
power plants to be retrofitted in order to comply
in a consistent manner with national emission
limits. A reasonable length of time should be
allowed for this to take place so that undue hard
ship and funding problems are taken into account.
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With the nation becoming more and more reliant
upon coal as a major fuel source it becomes increas
ingly important that good base-line data be devel
oped concerning SOx and NOx emissions. Each source
of these two pollutants, based on a standard thresh
old level, should be required to install continuous
monitoring equipment to provide a data base and aid
the plant operators in monitoring emissions of SOx
and NOx.

energy via power grids to consumers it would be
possible to reduce the acid precipitation dangers.
This possible contribution however does merely
remove the problem to some other area rather than
actually addressing the problem.
Existing technology and technology in the develop
ment stage would include staged combustion systems,
fluidized bed combustion, scrubbers, and the intro
duction of powdered limestone into flue gas exit
stacks.

Other Actions
A large variety of policy and technological options
are available or presently being considered. Perhaps
one of the most important for the immediate future
is the conservation of energy through public educ
ation and economic incentives. By supporting solar
energy systems of both a passive and active nature
with tax incentives states could provide the needed
encouragement to conserve energy and reduce air
pollution levels. Currently a program being offered
by Wisconsin Electric Power would allow a homeowner
to install solar panels to supply a large portion
of the hot water needs of a standard household for
a fixed (1980) price of $2,575. With State and
federal tax rebates the final cost to the homeowner
would be approximately half this amount. Three
hundred homes will be part of the program which ends
December 30, 1980; while the total energy savings
in coal burned by Wisconsin Electric Power will not
be substantial the mere fact that a power utility
is involved in such a program is encouraging. The
combination of tax incentives and the expertise of
the utility should be extended with the aid of
legislation at the federal and state level to
provide low cost loans to homeowners.

Although the Clean Air Act was not designed to
control acid precipitation there are some measures
that could be taken within the existing framework
of the Act. Section 123 of the Act controls stack
height if the E.P.A. designates specific height
regulations. Failure to specify height restrictions
merely encourages air polluters to raise the stack
height which distributes the pollutants further
from the source and thus allows the polluter to
meet air quality standards. In addition, the
higher the stack the longer the pollutants remain
in the air.
Section 120 of the Clean Air Act requires E.P.A. to
issue regulations requiring noncompliance penalties
concerning violation of emission standards after
July 1, 1979. To date (mid-1980) such regulations
have not been adopted since the President's program
and Congress' inaction have limited the efforts of
the E.P.A. to adopt appropriate measures. Major
utilities and other sources of SOx and NOx emissions
beyond the limits should be required to pay penalties
equal to the economic advantage accrued through
their failure to install the proper pollution control
equipment.

Tax incentives for weatherization programs are
currently available and will contribute to a lessened
demand for energy from utility companies. The trend
towards smaller homes in the United States will also
contribute to a reduction in demand for energy to
heat and cool homes.

Congress directed US E.P.A. to set national ambient
standards for fine particles under Sections 108
and 109 of the Clean Air Act. These fine particles
primarily made up of sulfates and nitrates are the
basic components of acid precipitation. E.P.A. is
expected to propose an inhalable particulate
ambient air standard by December, 1980.

The development of alternative energy sources such
as wind and biomass is slowly advancing in the
United States. The burning of wood has taken a
recent upswing in such areas as New England and the
upper Great Lakes states. Unfortunately little
recent research has been conducted to study the
impact of wood smoke emissions on the atmosphere
and the addition of considerable amounts of highly
acidic ash to the land. A recent survey has shown
that the cost of high quality stove wood has risen
dramatically in central Wisconsin, and in the south
eastern Wisconsin area a full cord of seasoned hard
wood retails for over $100. Cost and availability
in many areas of the United States will present
problems for wood as a fuel source, as will the as
yet undetermined environmental aspects of massive
cutting operations and disposal of both atmospheric
and solid pollutants.

SUMMARY
European and Canadian research has demonstrated
that acid precipitation causes adverse changes in
the aquatic ecosystem.
It is likely that large
scale transfers of acid rain precursors from sources
up to 800 miles away contribute to the acid precip
itation problems of various parts of the upper Great
Lakes region. Additional research needs include
a nation model to determine how long-range transport,
transformation, and deposition affect susceptible
areas in the United States. Action to control
emissions are critical to solving the acid precip
itation problem. Appropriate regulations must be
established at the federal level, portions of the
Clean Air Act must be used in controlling acid
emissions, and state agencies must enforce air
quality standards developed by the federal govern
ment. The general public must make a concerted
effort to conserve energy that is derived from the
burning of coal and oil.

Wind power, at one time a major source of energy for
Great Plains water wells, has witnessed a resurgence
in many parts of the United States. A number of
federal demonstration projects as well as small scale
private manufacturing firms has demonstrated that
wind power is .feasible.

The American public must be prepared to pay now for
cleaner air or pay later with the loss of both
man-made and natural resources to acidic precip
itation including recreation, forest, aquatic,
wildlife, soil and water resources.

The replacement o t growth of electric generating
facilities in less acid sensitive areas of the
country. By developing smaller, more dispersed
sites with adequate controls and transferring the
335
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