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STATE OF MICHIGAN
QFFICE OF THE GOVERNOR
LANSING

JOHN ENGLER
GOVERNOR

July 17, 1992

Dear Michigan citizen:

Too often in the past, Michigan's environmental pricrities have been set by the crisis
of the moment, budget uncertainties, media attention, or conflicting data. | am convinced
that it is time to carefully review and evaluate our priorities and base those priorities on
careful thought and scientific information. We must do this in order to efficiently apply
our limited resources to addressing the most serious environmental risks that our state

faces.

This report is the culmination of many months of research, analysis, and debate
about the most important environmental issues facing Michigan. The result of these
efforts is a list of issues ranked according to their relative importance to the health and
welfare of the people of this state and Michigan's ecology.

As g first step in the process, this report will help us formulate environmental
protection and pollution-prevention policies that will protect and enhance the quality of
life for us and our children. | have asked the Chair of the Natural Resources Commission,
Larry DeVuyst, to have the Commission solicit your comments on the report. Please
carefully consider what is contained in this report. With your support, we will be able to
address these problems with intelligent, cost-effective strategies that will provide the
greatest benefits for the environment and our citizens,

Sincer

ohin Engle
Governor

JE/CM/jIf
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Executive Summary

Michigan’s environmental problems were once
obvious. and during the last two decades we have
addressed many of the most serious concerns.
Today, however, environmental issues are more
complex and the Michigan Relative Risk Analysis Proj-
ect (RRAP) was created to identify and rank the most
pressing issues.

The RRAP used commiftees of scientists, agency
representatives, and citizens fo study environmental
problems, declde which were of parficular concern,
and then rank the Issues by comparing the risks they
pose fo the environment and qudlity of life. Scientific
informationwasprovided through a workshop, back-
ground papers, and presenfafions. The commitices
workaed on the project for about eight months and,
exceptforthe ogency represenfatives who recelved
their regular salary, alf committee members volun-
teered their time and expertise. Their work wads over-
seen by a steering committee of the heads of key
state agencies and a representative from Governor
Engler's office. Public comment about the issues and
the process wasreceived during four public hearings
held across the state as welf as through written corrr

ments.

During the project. the committees dedait only
with residual risks, those risks remaining after consid-
ering the effects of current controis. Therefore, the
RRAP results should not be construed to mean that
program support can necessarily be shifted from low
to high priority issues.

- The RRAP was funded by the U.S. Environmental
Protection Agency and produced a list of 24 issues
ranked in four categories. Population growth, den-
sity, and distribution were considered broad factors
that affect virtually all environmental concerns in the
state. Because many of the Issues are complicated
and may involve many facets of a particular prob-
lem, the committees developed rationales fo ac-
company the issues and rankings. They believe the
rationales are critical to understanding the Issues and
thelr rankings.

This report will be distributed to-key officlals In
stafe and federdi government as well asenvironmen-
tal organizations and interested cifizens. Thisinforma-
flon will provide a framework for responding to
Michigan’s environmental problems.

Executive Summary 1



Introduction

Michigan citizens enjoy a quality of life envied by
much of the world. This quality of life is directly related
to environmental quality and the many sensitive en-
vironments that can be dffected by a wide range of
human activities, The state has sand dunes, more
than 11,000 inland lakes, 36,000 miles of streams,
38,000 sguare miles of Great Lakes, and 3,288 miles
of Great Lakes coastliine, including islands. Farming.
manufacturing, fransportation, and tourlsm are
among the activities that can affect these resources,

Unfortunately, financial resources for protecting
Michigan's environment are limited. and these re-
sources are keenly sought by state agencies, educa-
ticnal and research institutions, and speciai interests.
This made objectively defining and ranking the
state’s most important environmental issues critical.
The best means of accomplishing this fask was to
organize a group of cifizens, scientists, and state
agency representatives who could use sclentific
knowledge as the basis for comparing the relative
risks of various environmental problems,

Population issues. although not addressed di-
rectly. were important considerations throughout this
project and affect the severity of environmental con-
cems. Of particular importance is the effect of pop-
ulation growth, density, and disirbution. A joint
staternent by the National Academy of Sciencesand
the Roval Society of London provides a timely warm-
ing: "If current predictions of populafion growth
prove accurgte and patferns of human activity on
the planet remain unchanged., sclence and technol-
ogy may not be able fo prevent elther Ireversible
degradation of the environment or continued pov-
erty for much of the world.”

It was not the intention of this project to minimize
any ervironmental issues. In fact, the commiftees
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recognized that all of the issues ranked are important,
and this is reflected In the ranking categorles. It ls a
mistake to think that the project was designed fo
remove any lssue from the environmental action
agenda, Itis also Imperfant fo note that this project
dealt with residual risks, that is, risks as they exist with
current controls—regulations, programs, and infra-
structure, Removing conirols or diminishing support In
any of ihese areas would be likely to Increcse prob-
lerms and elevate the importance of those kssues.

The result of the project is a bluepiint for environ-
mental action fhat willenable state officials to formu-
late practical and effective policies for addressing
the most important issues facing the state foday. This
report explains the process in detfail and includes
important points made during debates,

While everyone may not agree completely with
the approach taken by the participants, this report
should be read carefully because its conclusions
were reached only affer careful consideration by
many highly qualified people. They took a hedge-
podge of difficult issues and organized them in a
logical. systematic fashion. Thelr findings are certain
to have a significant effect on the state’s environ-
mental policy for many years.

It is anticipated that important comment on this
report will be forthcoming from the public and other
interests affer itis distributed and reviewed. This input
Is encolraged and should be constructive In viewing
the proposed relative risks and developing the steps
for addressing them. ‘

Background

On the first Earth Day in 1970, people around the
world recognized the impoertance of the environment



fo thelr health, the hedlth of plants and animals, and
the quality of life. At that fime, environmental prob-
tems were obvious: fivers were catching fire, dark
clouds of smog filled the air, and sensitive wildlife was
threatened with extinction.

In the 22 years since the first Earth Day, however,
we have made great strides in environmental protec-
flon. We have set air and water quality standards,
banned the production and use of certain chemi-
cals, and designed new ways for humans fo conserve
natural resources. The 19905 is a new erd for environ-

mental quality.

Urseen chemicals confinue to contaminate our
soll, water, and air; wildlife habitat is disappearing at
arapid rate: and we are now learning about how the
afmosphere has been damaged by human activl-
tles. These issues are both global and local and are
related to population growth and unwise patterns of
consumption.  Unfortunately. recognition of these
problems comes af a time when financial resources
are strained by huge deficlts and competing needs.
While the commitfee recognized that all environ-
mental problems are important, the need to ldenfify
and rank these issues for action was obvious,

In 1986 the Environmental Protection Agency
(EPA) embarked on a unique effort fo examine envi-
ronmental risks to U.S. citizens. Specifically, the
agency Identified critical risks and compared them
with each other fo develop a hierarchy for remedia-
tion and pollution prevention. This herarchy, based
on scientific knowledge, could then be used to de-
sign strategies that would yield the most posifive re-
sults glven the funds available.

The EPA project produced areport in September
1990 entitled Reducing Risk: Setting Pricrities and

Strategies for Environmental Frotection. This report is
the basis for new initiatives by the agency fo deal with
critical problems and iimited resources. Reiative risk
projects were inttiated in all of EPA’s regional offices
prior to publication of the Reducing Risk report,

In late 1991 Michigan became one of the first
stafes to embark on a relative risk project of its own.
Sucha project was especidlly important for Michigan
because of its proximity to the Great Lakes, its many
inland lakes and streams, and a variety of human
activities within the state that could threaten these

resources,

Michigan

Currently, Michigan’senvirenmental priorifies are
determined in a complicated manner that leaves
considerable doubt as to ifs efficiency and effective-
ness, The legisiature can seft prioritles through annual
generdl fund appropriations and statutes, Certain
pricrifles can also be defermined by commissions
such as the Natural Resources Commission (NRC)
and by a variety of state agencles. Constituent and
special irferest groups alse pursue thelr own priority
issues through a varlety of channels,

The wide diversity of responsibility vested in de-
partments of sfate government makes priority setting
especidlly cumbersome, The departments of Nafu-
ral Resources (DNR), Agriculture (DOA). and Public
Health (DPH) have statutory respensibility for environ-
mental and hedlth protection, but some other de-
partments undertake activities that can have a
significant effect on the quaiity of Michigan’s envi-
ronment. These include the Michigan Department of
Transportation (MDOT) and the Michigan Public Ser-

Introduction 3




vice Commission (MPSC), which has responsibility for
energy policy In the state.

Changes in the budgets of programs are deter-
mined by the availabllity of restricted funds, general
funds. federal funds, and by inifiatives of the legisla-
ture and the agencies themselves. In addition, many
current state government priorities are the result of a
series of historical decisions that may have been
correct at the fime they were made but may now
need o be changed to accommedate new frends
or information.

Rarely has state govemment had the opportu-
nity to step back and complete a detdalled evalua-
tion of Its environmental priorities. In September 1991
the EPA awarded ¢ grant fo the DNR to conduct the
Relative Risk Analysis Project (RRAP). The goal of the
project was to use input from citizens, scientists, and
state agencies to idenfity and rank Michigan’s envi-
ronmental concerms, The results are summarized In
this report and are intfended fo provide Infermation
fo legislators, the governor, environmental groups,
and others involved in formulating environmental

policies.

_ For the purposes of this project, risk was consid-

ered to be any involuntary exposure fo harmful sub-
stances or condifions cutside the workplace. Risk
was defined as “residual,” meaning that risk remain-
ing after current regulatory and other measures were
considered. This approach meant that risks such as
smoking. which s voluntary expasure, were not con-
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sidered. Because only residuc risks were evaluated,
certain risks could increase greatly if current controls
are diminished of removed.

it Is aiso imporfant o note that no environmental
jssues were considered unimportant; however, rank-
ing required consideration of the most important is-
sues. Thus, readers should not construe the results fo
mean that it is appropriate to ignore any environ-
mental issues. Population growth and density, for
example, is an issue that permeated the entire pro-
cess; but Instead of handiing it separately, the com-
mittee members decided that it should be identified
as an overriding issue that affects virtually all other
envlronmental concerns,

Itis important fo explain why those Involved inthe
RRAP made the decisions they did about environ-
mental problems. Understanding perceptuat differ-
ences aboutl the reiative importance of issues Is
crifical to understanding the process and ifs value.
This report will examine the debate that occurred
during the RRAP to help explain the rationale for
identifying and ranking issues.

The results of this project willenable the governor.
legislators, agency personnel, and other policymak-
ers to evaluate the relative risks associated with the
most pressing envirormental issues in the state. This
information alsc will enable them to incorporate sci-
entific, social, and agency perspectives in their deci-
stons as they strive to make the best use of limiied
financial and human resources.



The Process

Public Sector Consultants, Inc., was contracted
by the DNR fo design, facilifate, and staff the Michi-
gan RRAP. This firm was selected because of its
expertise in consensus building and its extensive ex-
perience with environmental issues. It designed a
process that brought together the public, the sclen-
fific community, and representatives from key state
agencies fo ensure practical recommendations that
could be implemented effectively.

The project was administered by the DNR, which
approved fts design and oversaw all of its compo-
nents during performance. The department re-
celved quarterly reporfs of progress. and DNR staff
met reguidrly with Public Sector Consultants staff to
deal with logistical problems and other Issues that
arose in the course of the project,

Steering Committee

The Michigan RRAP was directed by a Steering
Committee consisting of the directors of the DNR,
DPH, and DOA, the chairman of the MPSC, a policy
agdvisor from the governor’s office, and project advi-
sor Wiliam E. Cooper, Ph.D., of the Institute for Envi-
ronmental Toxicology at Michigan State University.
The chairman of the Steering Commiffee was the
DNR director. The Steering Committee met to en-
dorse the project and process, to review the Issties
identified by the project working committfees. and fo
discuss implementation.

The Steering Committee qppointed three work-
ing committees: Agency, Ciizen, and Scientist (see
Figure 1),

Figure 1: Michigan's Relative Risk Analysis Project

Steering Committee

Citizen Committee

Agency Committee

Scientist Committee
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Agency Committee

The Agency Committee consisted of seventeen
peaple from the DNR, DOA, DPH, MPSC, MDOT, and
a county health department. Some members of the
Agency Committee wrote or reviewed scienfific
white papers on the issues fo be ranked. Committee
members also attended public hearings as observ-
ers. The committee chairman was Gary Guenther,
the DNR's director of research and program devel-
opment.

Citizen Committee

The Citizen Committee consisted of fourteen rep-
resentatives from a variety of backgrounds. Many of
the Citizen Committee members are current or for-
met members of sfate cormmissions that deal with
natural resource or environmental issues. The Cifizen
Committee conducted four public hearings and an
environmental roundtable discussion. The commit-
tee was chaired by William Rustern, senior vice pres-
ident of Public Sector Consultants.

Scientist Committee

The Scientist Committee conslsted of fourteen
Michigan sclentists from academid, govemnment,

6 The Process

and business. This committee was representdfive of
a wide diversity of disciplines in the sciences includ-
ing. but net limited o, biology, environmental chem-
istry, human heqlth, and toxicology. The Scientist
Committee was responsible primarily for writing and
reviewing white papers that explained the extent of
scientific knowledge for each issue. The committee
also briefed the Cifizen and Agency committees
about the information contained in the white papers.
The committee was chaired by William E. Cooper,

project advisor,

Selection of Participants

All committess were organized with the advice
of key members of public and private organizations.
The process was overseen by the Steering Commit-
tee. Selection of working committee members was
based primarily on their background and experience
and their ability to work with others to reach consen-
sus. From the oufset, and throughout the process,
members of the working committees were reminded
that they were not advocating a particular special
interest. Instead, they were representing the broader
interests of the general public, the state government,
and he sclentific community.



Commi

ee Activities

in September 1991 the working committees met
for a two-day session. The first meeting was an infro-
duction o the relative risk process, ecological and
environmental concepts, and each other. The meet-
Ings began with an overview of the project and a
description of a similar project inVermont, During the
session, nationaily renowned scientists presented ma-
ferial on a variety of environmental issues: multirmedia
transport and fate, foxicology, in-place toxicants,
biodiversity, and landscape ecology. Members
were also provided with background material for
later reading.

The committees met individually for one day in
late October and early November 1991, Each com-
mittee identified key environmental issues to be
ranked later. Individual sessions were followed by a
one-day general meeting ineadrly November 1991, so
that working commiftees could reconcile differences
and develop a single list. The result was a list of 23
Issuss that included both environmental and human
heahlh concerns,

in Decermber 1991 the Cltizen Committee hosted
public hearings in Detroit, Gaylord, Grand Rapids,
and Marquette. The purpose of these four hearings
was to Inform the public about the project and ob-
tain their views on the list of issues. The public was also
invited to submit written comments. All comments
were summarized for review by the Steering and
Working committees. The deputy directors of the
DOA, DNR, and DPH and the MP3C commissioners
were 3o asked to comment on and review the issue
list. Their comments were sought fo ensure that the
listwould be comprehensive and address Michigan’s
most pressing environmental concems.

In February 1992 the Steering Committee met to
review and comment on the list of issues identifed by

the working committees and the concerns raised in
public hearings. in wriffen comments, and by state
officials. Urban pesticides was an important issue
raised in the public hearings, and some believed it
should be considered separately, The Steefing Com-
miftee decided that urban pesticldes could be ad-
dressed under the more generalissue of degradation
of urban environments,

Between December 1991 and February 1992 the
Sclentist Commitfes prepared white papers for each
of the 23 issues. These papers were assigned to indl-
vidudls specializing in relevant subjects. The docu-
ments, each about ten pages, were reviewed by
others knowledgeable about the issues. In o few
cases o member of the Agency or Cltizen commit-
tees wrote or reviewed a white paper. The purpose
of the papers was o provide Michigan-specific
background information about each Issue so that
relative rankings would be based on commonunder-
standings of scientific knowledge.

The white papers also illustrated the current state
of sclentific knowledge and the madjor scientific un-
certainties pertaining fo the rsks. They included a
statement of the issue; a description of the problem
source, Including the extent to which Michigan is a
responsible party; a descripfion of the effects and
recovery time; and a description of the risks. These
risks could involve a combination of ecological, eco-
nemic, human heatth, and social effects. The white
papers addressed only the residual risks of problems-
Ithose risks remaining given current control programs,

The white papers were disfributed fo all commit-
tee members, and In March 1992 the working com-
mittees met as a single group for a one-day session.
The authors of the white papers briefly presented their

Committee Activities 7




work and answered questions. The methods for the
final ranking, including explanations of how similar
projects had compared issues fo create a hierarchy
of environmental concerns, were also discussed.

One week affer discussing the white papers, the
committees met for a two-day session.. All commil-
fees again met as one group to discuss and agree
on the ranking method to be wsed, The participants
decided that they would include quality of life,
human hedlth, and ecological risks in one ranking.
Participants also agreed that issues should be ranked
according to scientific knowledge of residual risks
without regard to political concerns. ease of remedi-
ation, or popular perceptions. Economic costs were
not considered during the ranking process, so the
rankings reflect only relative risks and nof risk man-
agement concerns. Each committes then met sep-
arafely and ranked the issues,

Onthe second day allcommittees met to discuss
their respective committee rankings, reach a con-
sensus, and develop d single list of ranked issues.
During the discussions the committees decided that
generation and disposal of hazardous and low-leve!
radioacfive wastes should be considered separately.

8 Committee Activities

As a result the final ranking Included 24 Issues. During
theranking the committeesemphasized that the rate
of populkation growth, and Its density and distribution,
was an important issue that affected virtually all the
other environmental problems considered,

Although two committees used a three-tier rank-
ing system in their rankings, a four-fier system was
finally agreed upon. The system used the following
categories: high-high. high, medium-high. and me-
dium. This ferminoclogy was selected because the
committees felt that none of the issues should be
misinferpreted as unimportant. The committees also
believed it was critical that the ranked issues always
appear with explanatory statermentsrationales"that
evolved during the ranking process. These rationales
describe the scope ofissues and provide readers with
important information that explains why issues were
ranked as they were,

This final report discussing the project, process,
and results was circulated for comment among all
committees. Affer comments on the draft final report
were received, the working committees had com-

pleted fheir duties.



Results

The Issues

Intially, the three working committees (Agency,
Citizen, and Scientist) met separately fo identify lssues
for ranking. In each group the issues that were cho-
sen were important enough and/or of a high enough
level of public concern fo warrant ranking, Hundreds
ofissues could have been chosen; ifissues are neton
the list, they are thought fo present q tower residual
risk by definition. Many smaller issues were incorpo-
rated in the broader issues selected.

No group was given detailed instructions on how
to define the issues. Partficipants wished to resist the
tendency fo overdefine, codify, and consirain the
intellectual process by stfandardizing it at the outset,
The three-committee framework and the individual
commiftee members were chosen io maximize

breadtfh of knowledge, experience, and values, The

process was, in fact, sfrengthened by the diversity
that individuals brought to the table. These diverse
groups were able to reach consensus, and each

committee independentty came to similar rankings

for many of these issues.

Takles 1-3 present the three inifial commitfee lists
of the issuies, and Table 4 presents the final consensus
list. The number of issues varied initially. The Agency
Committee began with 25 issues, the Cliizen Commit-
tee with 24, and the Scientist Committee with 19. Of
these, nine issues were identical in all three commit-
tees. and ancther éigh’r were ldentical in two of the
three committess.

The consensus list of 23 iterms resuifed from a
six-hour healthy debdate among all of the parficipants.
Issues were clarified, fems aggregated and/or sepa-
rated, and definltions specifled untll there were ne

terms of categories unacceptable 1o any group. For
example. the air foxics Issue was redefined as aimo-
spheric transport and deposifion of air foxicsin recog-
nifion that outdeor air in Michigan is not a medium of
significant exposure to toxic substances, Rather, airis
a franspert and deposition medium for persistent tox-
icants such as mercury (Hg). lead (Pb), PCBs, and
dioxin cutside of the workplace. The biodiversity /hab-
ifat modification issue was eéxpanded to include the
infroquction of exolic species. The energy issues were
combined as energy production and consumption:
practices and consequences.

Table 1. Agency Committee Problem Sets

Acid Deposition

Alr Toxins

Alteration of Natural Hydrology
Biodiversity :

Childhood Lead Exposures
Conseguences of Fossil Fuel Consumption
Degradation of Great Lakes Shoreline
Electrormagnetic Fields

" Environmental Emergency Preparedness

Global Climate Changes

Hozardous Waste Including Low- and High-Level
Radioactive Materials

Inadequate Infrastructure Maintenance

Indoor Air Pollution

Inefficient Energy/Environment Pglicy

In-Place Confaminants .

Lack of Effective Poliution Prevention Strategies

Loss of Natural Habitat

Loss of Prime Farmiand

Loss of Upper Ozone Layer (Stratospheric Ozone
Depletion)

Persistent Toxins

Point-Source Water Degradation

Surface Level Ozene (Photochemical Smog)

Waste Management and Disposal

Water Degradation from Nonpoint Sources

Urban Environments
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Table 2: Citizen Committee Problem Sets

Acid Deposition

Alr Toxics

Biodiversity (Loss of Blodiversify)

Contaminated Sediments of Surface Waters,
Inciuding Great Lakes

Contaminated Sites

Electromagnetic Field Effects

Energy Consurnption (Inadequate Energy
Efficiency and Conservafion)

Environmental Education {Inadequate
Environmental Education)

Global Climate Change

Great Lakes Water Quality and Quantity
Ground-level Ozone (Photochemical Smog)
Groundwater (Aggregated Groundwater Problems)

Habitat Loss

Inadequate Sclentiflic Knowledge About the Effect
of Compounds, Materials, and Practices Prior to
Introduction or Application In the Environment

Indocr Air Poliution

Introduction of Exotic Species

Lack of Cocrdinated Land Use Planning

Nonpoint Source Poliution

Point-Source Water Pollution

Soll Erosion :

Solid Waste (Excessive Waste and Improper
Disposal)

Stratospheric Ozone Depletion

Urban Environment

World Population Grawth

Table 3: Scientist Commitiee Problem Sets

Acld Deposition/Pollutant Deposition

Air Toxics

Blodiversity

Ecological Aspects of Water/Habifat Degradation
Environmentdal llliteracy/Apathy

Geopclifical Considerations

Global Climate Change

Habitat Modification

Heavy Metdls in the Ecosystemn

High-level Radicactive Waste Management

Indoor Pollufants in Private Homes

Land Use Patfferns/Landscape Management
Other Air Pollutants

Photochemical Smog

Releases of Unireated Raw Sewage from
Combined Sewer Overflows

Solid Waste Managernent
Stratospheric Ozone Depletion
Toxic Organic Chemicais
Water Resource Management

Rankings

The procedure and rationale used for ranking
issues paralieled that used for defining the issue list,
Each of the three commitiees ranked the issuesinde-
pendently. Each chose a systern with which it felt
comfortable, Again, the participants were not in-
structed on how fo proceed. The Agency and the
Citizen committees chose Q three-category ranking
system (high-H. medium-M and fow-L). The Sclentist
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Committee chose a four-category system using high-
high. medium-high. low-high and fow-low catego-
ries. Table 5 represents the intermediate rankings
organized In the subgroupings that were used in the
final consensus rankings. One can edsily see the
remarkable agreement on the rcnkings; The few
outstanding exceptions are indoor air pollution, gen-
eration and disposal of high-level radioactive waste,
biodiversify/habifat modification, and degradation
of urban environments.




Table 4: List of Commitiee Issues

Absence of Land Use Planning that Corsiders
Resources and the Integrity of Ecosystems

Accidental Releases and Responses

Acid Depaosition

Altergtion of Surface Water and Groundwater
Hydrology, Including the Great Lakes

Atmaospheric Transport and Depaosition of Air Toxics
Biodiversity/Habifat Modification

Contaminated Sites :
Contaminated Surface Water Sedimenis

Criferia and Related Air Pollufants

Degradation of Urban Environments
Electromagnetic Field Effects

Energy Production and Consumption: Practices
and Consegquences
Generatlon and Disposal of Hazardous Waste

Generation and Disposal of High-level Radicactive
Waste

Generatficn and Disposal of Low-level Radioactive
Waste .

Generation and Disposatl of Municipal and
Industrial Solid Waste

Global Climate Change

indoorPollutants

Lack of Environmental Awdreness

Nonpoint Source Discharges fo Surface Water and
Groundwater, Including the Great Lakes

Photochemical Smog

Point Source Discharges to Surface Water and
Groundwater, Including the Great Lakes

Stratospheric Czone Depletion

Trace Metals in the Ecosysfem

Part of the design of this risk-assessment process
was to test whether differences in knowledge base
" or differences in perceptions were associated with
differencesinranking. Inthe process of the RRAP, the
knowledge base of each participant was brought up
to @ fairly high and consistent level for all three
groups. This was accomplished through the selection
of key Individuals, as well as through the lectures
presented by the visiting scientists, the white papers,
and the interpersonal interactions of the committee
particioants.

The issues and their Individual rankings were dis-
cussed In great detdall in the final meeting of all the
particlpants. The discussion began by asking the
group whose ranking differed most from the others to
explaln itslogle To the rest of the particloants. inevery
case, A consensus was reached with no minerity
positions. Although the committees originally identi-
fled 23 envircnmentd issues. all decided fo spiit the
isslte of generation and disposal of low-fevel radioac-
five waste and hazardous waste into two issues. The

committees felt that the two problems contained in
this single fssue were significantty different and meri-
ted individual ranking. As a result, the final RRAP fist
contains 24 issues.

Four issues received a particulaily large amount
of discussion; this was due in large part to the varia-
tion in the rankings from group 1o group.

Inregard fo the issue of the degradation of urban
environments, the Agency Committee ossumed that
if the other issues were controlled, many of the urban
environment problems would be greatly reduced,
When considering indoor polfutants, the Cifizen Com-
miftee chose not to include indoor smoke (fireplaces.
smoking, etc.) and reasohed that the duration of
exposure, the sensitivity of children and the elderly,
who are in the housebound age groups, and the
range of potent velatiie organic compounds (VOCs)
should have produced evidence of effects, morbid-
ity and/or mortaiity. They thought that this empirical

Results 11



Table §: Rankings by Commitiee
(prior to final consensus ranking)

Issues Agency* Citizen* Sclentist

Absence of Land Use Planning that Considers Resources and the Integrity

of Ecosystemns H H HH
Accidenfal Releases and Responses M/L L LL
Acid Deposition L L LL
Alteration of Surface Water and Groundwater Hydrology, Including the

Great Lakes M H MH
Atmospheric Transport and Deposition of Air Toxics H/M 4% MH
Biodiversity/Habitat Modification H/M H/M MH
Contaminated Sites M/L M LH
Confaminated Surface Water Sediments L M LH
Criteria and Related Air Pollutants L L LH
Degradation of Urban Environments M H MH
Electromagnetic Field Effects L L LL
Energy Production and Consumption: Practices and Consequences _ H H HH
Generation and Disposal of Hazardous-and Low-level Radloactive Waste L/M M {H
Generation and Disposal of High-level Radioactive Waste H M LL
Generation and Disposal of Municipal and Industrial Solid Waste [\ L LH
Glokal Climate Change H/M H HH
Indocr Pollutants H L HH
Lack of Environmental Awareness H/M H HH
Nonpeint-Source Discharges to Surface Water and Groundwater, Including

the Great Lakes H/M H MH
Photochemical Smog M L LH
Point Source Discharges to Surface Water and Groundwater, including the

Great Lakes M MH
Stratospheric Ozone Depletion H H HH

M iV MH

Trace Metdls in the Ecosystem

*Dual rankings indicate disagreemant among committee members on how to rank tThat issue, both rankings are indicated.

evidence did not exist and therefore gave these
poliutants a lower relative ranking.

The generation and disposal of high-level radio-
active waste issue was given a wide array of ranks
because of differences In the basic assumptions of
the committees. The Agency Committee assumed
that the issue would not be adequately addressed
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by the federal government and ranked thisissue high.
It did agree that, when and if the federal terminal
storage facility is available fo the state, the issue
would be of less concern. The Scientist Commiltee
assumed that the federal govermment will have the
terminal storage facilities available to the state prior
to the decommissioning of the existing nuclear plants
in Michigan. Assuming the present management, it




ranked the issue fow-low. [f the federal govermnment
is unable fo provide adequate storage for these
nuclear wastas, the issue would rank in the Scientist
Committee’s high-high category. The declslon was
split in the Citizen Committes, which gave it a me-
diumranking. All fhree commitfees basically agreed
on the scientific facts relevant to this issue. They
initially disagreed on the validity of assurnptions.

Biodiversity /habitatmodificationwas the subject
of much debate because of the scope of the issue.
Potential problems associated with the introduction
of exofic species—both agquatic and terresirial—and
the need for the preservation of certain plant species
around the world for medicine development were
part of the debate. The committees finally agreed
that this Issue warranted ranking in the highcategory.

The group decided on four categories (high-
high-HH. high-H. medium-high-MH. and medium-M)
to provide more degrees of discrimination. Particl-
pants assigned issues fo thelr respective categories

only when all three committees wera in complete
agreement with thelr independent rankings. The .
groups began ranking issues where there was con-
sensus or agreement and fhen discussed how the
remaining issues comparad with those that were al-

ready ranked.

The consensus rankings of 24 issues are presented
in Table 6. The issues within one category are not
ranked In relation o each other, The rationales are
as essential as the issue definition. More defadiled
explanations are confained in the white papers.
Again the consensus was obtained if, and only if, the
rationales accompanied the rankings.

Because each committee ranked issues sepa-
rately, debate was spontaneous and candid. Sepa-
raterankingsenabled the groups forely more directly
on their own perspectives fo determine relative risks.
Surprisingly, the: diverse backgrounds produced very
similtar rankings.

Table 4: Final Combined Committee Rankings and Ralionales
(Issues of equal rank are fisted alphabetically within their group)

HIGH HIGH _
Absence of Land Use Planning thaf Considers Resources and the Integrity of Ecosystems

This issue involves broad changes in the landscape that affect environmental quality. It has many aspects,
including farmland, Great Lakes and other shorelines, habitat maodification, inefficient use of public money,
lack of an infegrated state land use plan, loss of open space, multiple jurisdictions, soil eroslon, timber
rmanagement, urban sprawl/urban flight. and wetlands.

Degradation of Urban Environments

The effects of population density are wide ranging and complicated by multiple stresses. This Issue Includes
all urban environments and is closely related to land use. Degradation of the infrastruciure associated with
drinking and wastewater treatment, the effects of urban sprawf, and pesticides are part of fhis issue. Certain

exposures to heavy metdls, such as lead in paint, are diso included.

Energy Production and Consumption: Practices and Consequences
Energy consumption drives the infrastruciure that sustains Michigan's standard of living. The inefficient use of
energy and the deleterious by-products of production and consumption threaten the economic security and

envircnmential guality of the state and nation.
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{Table 6 confinued)

Global Climate Change -
This issue includles the “greenhouse effect” and associated long-term changes in weather patierns that could

have profound effects on Michigan. Certain activifies In Michigan contribute to the bulldup of greenhouse
gases. Michigan sources contribute fo the buildup of greenhouse gases, and state policies may affect the
problem. One consideration Is the fact that the atmospheric lifefimes of some greenhouse gases are on the
order of hundrads of years. Consequently, if climate change is detected. it may take generations to reverse

the effect,

Lack of Environmental Awareness
People are uninformed about envircnmental issues, and lack of information may make it more difficult to make

ifestyle changes that may be necessary to correct many of the problems identifled in this project. Thisissue is
broader than K-12 education and extends inte adulthood.

Stratospheric Ozone Depletion
Ozone acts as a filfer for ulfraviolet radiation emitted by the sun. As ozone levels decrease, humans will be

exposed fo increased ulfravioletradiation and there may be anincrease ineye disease and skin cancer, Plant
growth aiso could be affected, resulting in lower crop and timber yields. Michigan sources contribute fo the
bulldup of ozone depleting gases, and state policies may affect the problem. An immediate ban of
destructive chemicals wouid net eliminate the threat until the middle of the next century because of the long

lifetime of some of these gases in the afmosphere.

HIGH

Alteration of Surface Water and Groundwater Hydrology, Including the Great Lakes

Michigan’'s water resources are ameng the most important fo the state. This issue includes changes in water
levels that result frorm natural and human activities, such as channelization, dredging. dams, and withdrawals,
This issue includes modification of streams and construction and maintenance of county drains as well as

groundwater reserves,

Atmospheric Transport and Deposition of Air Toxics

There are more than 200 contaminants designated as air toxics. Many of these substances are known or
suspected carcinogens while the rest pose other hegith risks or may have unknown biological effects. This
issue considers the effects of human exposure to air toxics as well as their effects on ecosystemns. At
concentrations measured in Michigan, inhalation of dir toxics does not appedar to pose a measurable health
risk. However, PCBs, mercury. dioxin, and a handful of other persistent toxics are the main concern because
they can be fransported hundreds (maybe thousands) of miles before depositing and accumulating in the
environment. Persistent toxics are responsible for fish advisories in the Great Lakes and infand lakes in Michigan.

Atmospheric depaosition is the principal source.

Biodiversity and Habitat Modification
This issue includes the introduction of exofic species, biotechnolegy, wetland loss, forest monoculture,

sedimentation in streams, and species extinctlon. Loss of species is ireversible and global in scope; these
changes could affect ecological balances. Stafe land management policies and lack of a land use plan

may contribute to the problem.

Indoor Poliutants
Americans spend the majority of their time indoors and may be exposed to a varely of contaminants that

inciude asbestos, lead, radon, VOCs (volatile organic compounds), and many others. This issue involves homes
as well as office buildings, but net workplaces regulated by the Cccupational Safety and Health Act. Some
aspects of this problem are related to energy consumption and conservation practices. In some cases,
conseving energy has meant an increase in indeor air pollutants because of reduced air circulation and

exchange.

Nonpoint-Source Discharges to Surface Water and Groundwater, Including the Great Lakes

Widely distributed sources expose surface water and groundwater fo a variety of pollutants. Such sources
Include ferilizers, pesticides, soll ercsion, and sewer systems. -Many of these pollutants are carried fo water
systems by the runoff from sireets, parking lots, agricuitural land. and lawns,
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(Table & continued)

Trace Metals in the Ecosystem
Exposure to heavy meidls results in a wide variety of toxic effects o all organisms, including humans. Heavy

metals present a particularly difficult problem because they are commaon and occur naturally. Mercury Is most
critical, especlally in aguatic environments. Some natural processes can make metals more mobile and toxic
in the environment, Lead and cadmium are also a considerable concern because of the effects on children.

MEDIUM HIGH

Contaminated Sites
This problem should be considered on a case-by-case basis. The risk depends upon how people are exposed,

such as through groundwater, surface water, soil, etc. indlividual sites can and do pose local risks, depending
on the fate and fransport of and exposure 1o contaminants. Considerable state and private efforts are key fo

recducing local exposure; continuation of current programs Is critical,

Contaminated Surface Water Sediments
Pollutants captured in sediments can be re-released into surface water ecosystemns.  Sediments containing

mercury, lead, polyaromatic hydrocarbons, and other persistent foxics could become lingering sources of
confamination. There are indications that levels of certain contaminants are decreasing, but we must mainfain -
current controls fo ensure this frend. Catastrophic events, natural scourling, and dredging could release
contaminants stored in surface water sediments.

Generation and Disposal of Hazardous Waste )
Because Michigan is a significant generator and user of hazardous wastes, the need for pollution prevention

practices and appropriate waste management is criical. Small-quantily generators are a problem because
they are not regulated aslarge-quantity generators are, yet collectively they account for a significant arnount
of the hazardous waste generated. A magjor concern Is what happens when hozardous waste never makes
itinfo approved landfills, Continued funding of the existing regulatory framewaork Is critical o maintain quality

management.

Generation and Disposal of High-level Radioactive Waste

High-level radicactive waste is accumuliating at nuciear power plants. Although regulation of this material is
a federal lssue, its presence in the state poses potential environmenfal and human health risks, The relafive
risk is dependent on federal government action or Inacticn. Several Michigan nuclear power plants and thelr
radioactive wastes are located very close to the Great Lakes (within 200 feet), and this could pose parficular
disposal/management problems. Decommissioning of these plants may force the on-site containment issue

to the forefront.

Generation and Disposal of Low-level Radloactive Waste
Because Michigan is a significant generater of low-level radioactive wastes, the need for pollution prevention

practices and appropriate storage facilities is crifical. The problem is femporary storage before a final storage
solution is found. Once the issue of final storage is resolved, risks will be reduced.

Generation and Disposal of Municipal and Industrial Solid Wasie

Management of municipal and industrial solid wastes plays a crucial role in land use planning, protection of
water resources, and similar environmental issues. The primary issue is waste volume and our decreasing abillity
to handle it. Part of managing this problem must entall waste minimization and recognition that continued
landflling Is not a permanent solution. Household hazardous waste also can pose environmental problems
when disposed of in solid waste landfills, A secondary issue is methane mobllization of foxic organic

compounds.

Photochemical Smog
The principal concern with smog is ground level ozone, which, at high enough concentrafions, is a lung iritant

and can be harmful to plants. Ozone concentrations exceed EPA standards along the Lake Michigan shoreline
and in southeast Michigan for an hour or two a few times during the summer. Along Lake Michigan this pollution
primarily comes from emissions from other states, while southeast Michigan both imports and produces ozone.
Efforts are under way to eliminate dll exceedances by the mid to late 1990s.
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(Table é confinued)

Point-Source Discharges to Surface Water and Groundwafer, Including the Great Lakes

While significant progress has been made in reducing the risk to surface water from other sources, the primary
focus of this issue is combined sewer overflows. Sewage can be confaminated with biolegical pathogens
such as hepatitis virus, polio, efc. Of parficular concern s the effectiveness of the aging infrastructure, which,

in many cifies. is approaching fime for replacement.

MEDIUM

Accidenial Releases aond Responses
This issue includes oil and chemical spills, and fires and the ability of autherities to respond to these eventsin a

fimely and sffective manner. Terrestrial spills are relatively easily contained, and this is where most accidents
occur. Water transport poses more risks, and there is some question about the preparedness for spills on Great
Lakes. There is technology In the state for responding to accldental spills. but emergency plans are not tested

ddequately.

Acid Deposifion .
Acidity deposited in Michigan is primarily from re?lonal afmespheric emissions alihough Michlgan contributes
to the problem. Potential problem areas exist in the western part of the Upper Peninsula and at Isle Royale, 1t
is not clear whether acid deposition is enhancing the acidification of inland Iakes in these areas. Fish specles
are fewer in these lakes, but evidence for historical declines is limited. Most other inland lakes and the Great
Lakes are buffered from acid deposition effects. Acid deposition is a problem with soils of low alkalinity
because it causes nutrients and metals to leach out of the soll (potentially into water systems). Acid snow melt
mobllizes aluminum under more highly acidic conditions in the springtime and may flush metals Into rivers and
streams. This problem is related to energy issues because of the buming of high-sulfur codl in power plants.

While adjacent states continue fo use high-sulfur coal, Michigan does noft.

Criteria and Relaled Air Pollukants
These air pollutants include everything in the dir other than photochemical smog and the pollutants classified

asair toxics. The mostimportant are the criteria poliutants—carbon monoxide, sulfur dioxide., nitrogen dioxide,
. and fine particulates—acid aerosols, and visibility-reducing haze. Because of existing conirol programs these

criteria poliutants occur in Michigan in concentrations lower than the federal standards. Acid aerosols do not
appedar to occur at concentrations of concern in Michigan. Visibility inMichigan has declined since the 1950s,

but it has not affracted the attention of the public,

Electromagnetic Field Effects
This Issue Invoives the potential for adverse hurnan hedith and ecological effects related to electrical and

magnetic fields radiating from powerlines, certain household appliances, and other sources. There is limited
data about the effects of fields, and there is no known mechanism for environmental or human heatthdamage

to occur.
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Analysis

The RRAP has clustered relative riskinto four rank-
ings and the committees considered all of these
issues to be important. This project did not sepord’re
risk info human health and ecological risk; these risks
were considered together by the committees. [t is
also important to note that not il of the risks can be
resolved by state action. Some risks, such as global
climate change. are broad Issues that wil require
national and internaflonal efforts. The RRAP commit-
teesbelleved, however, thatitwasimportantfo iden-
tify and rank these Issues here so that readers could
understand the relative importance of other issues
and so that the reporf would atfract affention to the
most important Issues we face,

Table 6 provides the listing of the committee
rankings and rationales. It is impossible to separate
the issues from the rationales and understand accu-

rate meanings.

High-High Relative Risk

The following six issues were ranked ashaving the
highest relative risk, high-high:
-« Absence of Land Use Planning that Consid-

ers Resources and Infegrity of Ecosysferhs

s Degradation of Urban Environments

* [Energy Production and Consumpfion: Prac-
tices and Consequences

s Global Climate Change

o Lack of Environmental Awareness

» Siratospheric Ozone Depletion

The issues of absence of land use planning that
considers resources and the infegrify of ecosystems,
energy production and consumption: practices and
consequences, and lack of environmental aware-
ness are broad issues that affect all others on the list.

Addressing these problems could reduce the effects
of other problems.

Deg}radaﬁon of urban environments is q unigue:
category because about 80 percent of Michigan’s
pepulation resides in an urban sefting. This i an
important Issue because population density and the-
complications of multiple stresses compound ehvi-
ronmental rsk in urban areas. . Urban problems in-
clude air and water pollution, land degradation
{sprawl and land contamination), toxic releases, de-
teriorated and abandened structures, pesticides,
and lead poisoning. It is the coming fogether of all
these envircnmental sfresses in urban setings that
creates a great relative risk.

Global climate change and strafospheric ozone
depletion are important lssues for Michigan not be-
cause Michigan is sclely responsible for them or can
solve the problem dlone but because these issues
have the potential for permanently disrupting the
natural -environment in the state. They affect the
entire planet, and the effects are lasting and broad.
The state cannot solve these problems alone, but it
can take aleadership positicn. Michigan can setan
example and coniribute to the solution by ensuring
that state policies do not exacerbate the problern.

High Relative Risk

Six issues were ranked as having highrelative risk.
They are;

e Alteration of Surface Water and Groundwa-
ter Hydrology, Including the Great Lakes

e Atmospheric Transport and Deposition of Air
Toxics

e Biodiversity/Habitat Modification

e Indoor Pollutants
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s« Nonpoint Source Discharges fo Surface
Water and Groundwater, inciuding the
Great Lakes

+» Trace Metals in the Environment

The state has direct control over solutions fo most
of these problems. Although many of the problems

associated with afmospheric fransport and deposi-

tion of air toxics are the result of indushial activity
along the southemn Lake Michigan shore, there are
sources of these airborne contaminants within the
state that can be directly controlled.  This issue is
related to frace mefals in the ecosysfemn because
some metals, such as mercury, are fransported in the
afmosphere and are later deposited on land where
they enter the Great Lakes watershed through runoff
or enter the Great Lakes directly.

Biodiversity/habifat modification are important
jssues because the commitiee believed that failure
to address these issues could require lohg-term solu-
tions, and in the case of species extinction, there are
no remedies. The infroduction of exotlc species alsc
poses certain risks to Michigan habitats and, insome
cases, can modify them greatly. Risks associated
with other ecosystern changes are reflected in the
issues of atteration of surface water and groundwater
hydrology and nonpoint source discharges fo sur-
face water and groundwater. The commitiees
stressed the importance of Michigan’'s water re-
sources, the link between surface water and ground-
water, and the deslre to maintain the quality and
quantity of these resources.

The amount of time people spend indoors fo-
cused attention on the variety and amount of alr-
bome substances that could cause health problems.
As a result, indoor poliutants was ranked in this cate-

gory.
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Medium-High Relative Risk

Eight issues were ranked as having medium-high
relative risk. They are:

¢ Contaminated Sifes

s Contaminated Surface Water Sediments

¢ Generation and Disposal of Hazardous
Wasfe

s Generation and Disposal of High-level Ra-
dioactive Waste

o  Generation and Disposal of Low-level Radio-
active Waste

s  Generation and Disposal of Municipal and
industricl Solfld Waste

s Photochemical Smog

s Point Source Discharges to Surface Water
and Groundwater, Including the Great
Lokes

With the exception of generafion and disposal of
high-level radioactive waste, state government has
made major efforts to deal with these issues. These
efforts are af least parfially responsible for minimizing
the effects of these problems and accalint for lower
rankings than the issues would have received other-
wise. The results of stafe government efforts are es-
pecially evident in the case of point source
discharges fo surface water and groundwater, pho-
tochemical smog. and confaminated sites. In addi-
fion to disposal issues, generation of various wastes
was also considered, The committee believed that
disposal sclutions must also address the generation of

waistes.

Confaminated surface water sediments can
pose particularly difficult problems when toxic sub-
stances are continually recycled in the environment
through natural processes such as aguatic plant
growth and decomposifion of organic matter.




Medium Relative Risk

Four issues were ranked as having medium rela-
tive risk:

* Accidental Releases ahd Responses

s Acid Deposition

e Criteria and Related Air Pollutants

» Electromagnetic Field Effects

In regard to the issues in this category, there s
some debate about the actudl existence of the
problem or the number of individuals or the ecosys-
tems affected. Flectromagnetic field effects was
included because of the pofentially large effectand
difficulty of remediation if human hedlth rlsks are
proven. [n some cases there are significant state
programs addressing the issue, as in the case of acid
deposition and criteria and related air pollufants.

Known accidental refecses and responses often
occur on land. and Michigan has had no major
difficulties in minimizing the environmental effects of
this problem. There are state and federal govern-
ment programs clready established to handle such
accidents fhrough reporting mechanisms and avail-
ability of containment and cleanup devices.

RRAP Rankings in Context

It is interesting to compare the RRAP results with
the results from the EPA’s Region V risk assessment
program (Table 7). The Region V process separcied
ecolagicdl risks from human health risks. While many

of the Issues are ranked similarly, the issue definitions
are different, and the EPA definitions reflect reguia-
tory mandates. Some madjor differences befween
Michigan and Region V rankings exist by omission. .
For example, the EPA does not list degradation of
urban environments, absence of land use planning
that considers resources and integrity of ecosysfems,
or lack of environmental awareness. Some rankings
differ, for example, those for accidental releases and
responses and criferia and related air poliutants. Fu-
ture discussions should focus on reasons for the differ-
ences and simiiarities and then on actions to solve
these problems.

A similar cormparison can be made between the
RRAP results and the existing state programs estab-
flshed by the DNR and DPH. The mdjor efforts of these
departments are In areas where the residual risks are
considered medium or medium-high. This means ei-
ther that many of the existing programs have worked
and these risks to human health and ecology have
been reduced. or, in some cases, that the risks were
not great and could be addressed on asife-specific
basis. This also means that new intiatives and new
resources should be directed toward the high-risk
areas where lithe effort is currently being made while
maintaining existing programs.’ There are few state
programs that deal directly with issues in the high-
highand high categories. That is areflection that we
have falled to address these issues effectively or that
the issues are beyond the authority of state govern-
ment. N scme cases, some state programs have
confributed to problems.
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Table 7: Rankings of Risk—A Comparison

Michigan's RRAP

EPA Region V

Ecological Risk

Human Health Risk

High High

Absence of Land Use Planning

Degradation of Urban
Environments

Energy Production and
Consumption: Practices and
Conseguences

Global Climate Change

Lack of Environmental
Awareness

Stratospheric Ozone Depletion

High

Alteratlon of Surface Water and
Groundwater Hydrology

Afmospheric Transport and
Depasition of Air Toxics

Blodiversity /Habitat Modification

Indoor Poliutants

Nonpoint Source Discharges fo
Surface Water and
Groundwater

Trace Metdls in the Ecosystem

Medium High

Contaminated Sites

Contaminated Surface Water
Sediments

Generation and Disposal of
Hazardous Waste

Generation and Disposal of
High-level Radicactive Waste

Generation and Disposal of
Low-level Radicactive Waste

Generation and Disposal of
Municipal and Industrial Solid
Waste

Photochemical Smog

Point Source Discharges to

Surface Water and

Groundwater

Medium

Accidental Releases and
Responses

Acid Deposition

Criteria and Refated Air
Poilutants

Electromagnetic Fleld Effects

High

Accidental Chemical Releases

COC2 and Global Warming

Hazardous/Toxic Air Pollufants

Nonpoint Source Discharges fo
Surface Waters

Physical Degradation of
Temrestrial Ecosystems

Physical Degradation of Water
and Wetlands Habitat

Stratospheric Czone Depletion

Medium High

Abandoned/Superfund Sites
iIndustrial Wastewater Discharges
QOzone and Carbon Monoxide
Pestlcides

Sulfur and Nltrogen Cxides

Medium Low

RCRA Hazardous Waste
Storage Tanks

Low

Industrial Solld Waste Sites
Municipal Sclid Waste Sites

High

Accidental Chemical Releases

Indoor Air Poliutants

Indocr Radon

Municipal Wastewater
Discharges

Stratospheric Ozone Depletion

Medium High

Hazardous/Toxic Air Pollufants
Llead

Nonpoint Source Discharges
Czone and Carbon Monoxide
Pesticides

Radiation Other than Radon
Sulfur and Nifregen Oxides

Medium Low

Abandoned/Superfund Sites -
Aggregated Drinking Water
Aggregated Groundwater

- Alrborne Lead

Industrial Solid Waste Sites

Industricl Wastewater Discharges

Municipal Wastewater
Discharges

Particulate Matter

PCB Worker Exposure—TSCA

Storage Tanks

Low

Municipal Solild Waste Sites

Physical Degradation of
Terrestial Ecosystems

RCRA Hazardous Waste
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Future Work:

Implementation Straftegies

Now that major environmental issues have been
identified and ranked, financial and human re-
sources must be dilocated to mitigate. remediafe, or
prevent environmental risks. For some issues, the next
step is obvious. Legisiation, execufive orders, or sim-
ilar measures can be implemented quickly. But these
responses are not always the complete answer; and
in many cases they are Inadequate 1o resolve the
most difficult problems.

Some issues, such as energy production and
consumption: practices and consequences. will re-
quire comprehensive research and carefuly de-
signed public policies. Others may be addressed
with a combination of executive orders, legislation,
and additional research. In any case, the resulfs of
this project should be used fo build public consensus

for action.

In the course of developling solutions we must not
forget direct and Indirect costs. Some solutions, for
example, may simply require additional funding In
key areqs, Oihers, however, may require new regu-
lations that could lead fo an increase in the cost of
doing business in the sfate. These cosfs must be
welghed against the benefits of protecting
Michigan’s environment.

Public policyis not driven by scientific knowledge
alone. Public aftitudes, economic reality, and the
cooperation of the business community are among
the factors affecting the state’s ability to respond to
environmental lssues. A plan is required to identify
and account for these facters in order to develop
useful environmentat sirategies.
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Appendix: Issue Summaries

Absence of Land Use Planning That
Considers Resources and Integrity of
Ecosysiems

Land use, by and large, determines the future.
The land In Michigan has a fundamental role In sus-
taining our state for the long haul. Despife this, Mich-
igan lacks a statewide planning system that
encourages appropriate land use with consideration
for sustainable resources and long-ferm ecosystem
health, This threatens Michigan’s quality of life, The
lack of infegrated land-use planning is a broad Issue
with far-reaching effects.

In Michigan, and elsewhere, state and local
agenciesmanage the resources under thelr statutory
jurisdictions as individual commodities. For example,
within the Michigan Department of Natural Re-
sources (MDNR), the Wildiife Division focuses on deer.
grouse, and pheasants, the Forest Management Di-
vision focuses on economic returns from the sdle of
fiber, the Fisheries Division focuses on fish species that
support a strong recreational industry, the Surface
Water Quality Division focuses on clean water, and
so on. Other state agencies concern themselves
with agricutture, urban development, human health.
and transportation ot various government levels. A
multitude ofiand-use authorities and Inferests express
thelr control and power at the local level. Little af-
tention Is pald to coordinating the goals of these
various entities fo lay the foundation for integrated
land-use planning. Ramifications of this lack of coor-
dingtion are numerous:” The natural landscape pat-
term and its associated naturdl habitats and biota
generally are unprotected and exposed to dalfer-
gtion; some renewable resources are not being man-
aged in a sustainable fashion: a burgeoning deer
herd threatens the regeneration of economically im-
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portant free species and many herbaceous plantsin
our forests; wetland degradation robs us of valuable
ecosystem functions; urban sprawt supplants prime
agricultural fand; and the unnatural appearance of
our landscape (including pootly planned residential
and Industrial parks) offends human sensibilities.

it should be a high priority for Michigan to de-
velop a land-use plan that optimizes wood produc-
fion, resource extraction, bioclogical diversity. clean
water, cultural cohesion, human health, housing.
and other societal goals. Not adopting this priority
poses a severe, long-term risk to the sustainablity of
resources, integrity of ecosystems, and human health
and existence., Current science and technology is
sufficient fo dllow us to undertake integrated land-
use planning now.

In Michigan ad-hoc arrangements of govern-
ment units cut across natural landscapes, and con-
flicting jurisdictions confound effective planning.
Government agencies tend to manage the environ-
ment in a reactive. site-specific manner by making
isolated decislons about individual activities. The
process of making stich decisions is encumbered by
controversies about public versus private interests,
conflicting goals among different segments of soci-
ely, and inadequate information for making good
decislons. Rarely is attention paid fo proactive as-
sessment of social godls for achieving bafance be-
hween economic development and conservation of
a hedithy environment. Conseguently, environmen-
tal management suffers from Inadequate broad-
based information and Ineffective policies and
procedures to address such concerns. For planning
to be effective at the landscape level, all players
{government entifies; private, public, fribal, and cor-
porate landholders; sclentists; educators; and other




citizens) must discuss their leng-ferm and short-term
godals.

Michligan has the largest area of state-owned
land of any state except Alaska. Many of these land
holdings include substantial porlions of watersheds,
All of our rivers and streams flow into the Great Lakes,
and many of the associated watersheds are smail
enough fo be included within state-owned fands.
Michigan has a unigue oppoeriunity to demonstrate
that good land-use design and management can
be both good ecologically and sconomically.

Accidenial Releases and Responses

Glven the statfistical likelihood of accidental
spills—and based on experience—federal, state,
and local governments have developed rules to re-
quire mitigation of such spills as well as rules Influenc-
ing the transport of potentlally dangerous materials.

We live In a world of uncerfainty that reflects
circumstances and events that are a result of human
behavior, design and operation of technology, and
"acts of God” (climatic and geological changes that
are unpredictable). It is not surprising then that un-
foreseen events and circumstances can combine to
precipitate problems to human health and the envi-
ronment. The frequency of such evenfs, however,
may be influenced by populafion density: both the
incidence of an accldentdl release of toxic sub-
stances as well as the severity of the conseguences
may Increase along with commercial activities.
Damage to the environment, however, knows no
urban boundaries, and therefore ne location is im-
mune to the problems associated with accidental
spills or relecses. This has been amply ilustrated re-
cently by the Bxxon Valdez incident, in which o pe-

froleum spill occurred in Alaska’s Prince William
Sound. Mere than 10 milion gailons of oil spilled into
the water, spread over an area the size of Delaware,
and affected more than 300 miles of beach. The
effects of the spill were apparent more than 250 miles
from the splil site. On another occasion, here in
Michigan a tanker ship exploded and caught on fire
in the Saginaw River on September 16, 1990,

Within the state of Michigan and its boundary
waters is Included an array of potential problems that
reflect cur wide range of commercial actlvifies and
uniguely disparate ecological habifats, Commercial
activities range from highly concenfrated heavy in-
dustry, intensive agriculture, small manufacturing
companies in rural areas, and petroleum production
and processing o remote sparsely populated re-
gions through which run major roadways assoclated
with Interstate commerce. The ecology of the state
Is equally diverse ranging from éxtensive coastlines
bordered by large bodies of water and exfensive
wooded areas to densely populated environs both
on shorelines and in the inferior. This diversity requires
a wide array of strategies in resporse to spills. There
is no “standard solution” to an accidental release.

Risks from the accidental releases of foxic sub-
stances to the atmosphere may be both direct and
indirect. In the former case, direct inhalation of pol-
lufants may precipitate problems to human health
and animal life. Such atmospheric poliutants may
result from direct fransfer from combustion or volatil-
ization from chemicals in liquid or solid form. Longer
term Indirect effects may reflect deposition of dimo-
spherlc pollutants with moisture and dissclved parfic-
ulates that may enter food chains or cause
deleterious effects more directly on the viability of
plant and aquatic life through the deposifion of acid
rains. These effects are similar fo long-ferm releases
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Annucit Emissions of Sulfur Dioxide, 1984
{miflions of tons)
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at low concentrations but may require shorf-term
solutions to minimize threatfs fo human populations
and the environment, since such indirect effects may
occur guickly. Generally, such accidental releases
of toxic substances may be associated with high
concentrations of a particular agent and. therefore,
there is the danger of exposure to high concentra-
tions, albeit over a short period of time.

In the case of accidental releases of hazardous
and foxic chemicails, many of the consequences o
human hedith and the environment mirror those
identified for the long-term release at low concentra-
tions of the same materials. In the case of accidental
releases. however, high concentrations of sub-
stances in fransport or In sforage may pose speclal
problems. Not only may such materials be pofen-
tially toxic, but inmany instances, such materials may
be flammable and constitute a hazard of explosion
or fire. Furthermore, such materials may quickly
reach potable water supplies elther by infiltration of
aquifers used for adjacent domestic water supplies
or fransportation by lakes and rivers fo popufation
centers, where they may enfer domestic water sup-
plies. In addition, some materials when exposed to
alir or moisture may chemically react, leading to the
formation of foxic fumes. which if inhaled may be life
threatening.

if the response to an accidentdl spill is quick,
much of the material can be contained or removed
frorm the site, leaving lesser amounts to be removed
or freated over alonger period of ime, though prob-
ably from q larger area. The availablity of elther
commercial sector or state personnel to accomplish

" the cleanup will influence directly the time required
to mitigate the spill to acceptable levels. 1t follows
that responsible and competent organizations
should be Identified who can perform such remediai
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cleanups on demand or within a short time. informa-
fion concerning capabllity and past performance
should be readily available to responsible parties and
concemed local officials. It seems reasonable to
assume that the sooner the cleanup begins, the
sooner the problems at hand will be reduced. This
can be faclitated by prior knowledge of response
capabilities available from the state and private sec-
tors. The greatestrisk is from highly toxic materials that
can disperse very rapidly over wide areds prior to
containment responses; for example, the explosionin
Bopal, india, in 1984 Inwhich an estimated 3,350 died
Qs d result of exposure fo methyl isocyancate.,

Acid Deposition

Acid deposition is the process by which acidic
material in the atmospehere from anthropogenic and
biogenic sources is deposited onto the surface of the
earth. Acid deposition includes acidic rain, snow,
aerosols, fog, and gases, Wet acid deposition occurs
through rain or snow, with H25C4 and HNO3 being
the princieal components dissolved. Dry deposition
involves acidic gases, primarily HNO3, or particles
from the aimosphere, such as acid sulfate particles,
belng retained by the earth’s surface. Dry deposl-
tion, while being more difficult fo measure, is esti-
mated to be of about the same magnitude as wet
deposition,

The chemical precursors responsible for the pro-
duction of acid deposition are sulfur dioxide (502>
and oxides of nifrogen (NOy). H Is worth noting that
these are pollutants regulated by the Federal Clean
Air Act, National Ambient Air Quality Standards
{(NAAQS) exist for these fwo pollufants, and they are
among fthe success stories for the Federal Clean Air
Actand federal and state regulaters. Few nonattain-



ment areas in the United States exist for these two
pollutants. No monitored nonattalnment areas exist
in Michigan. These precursors react with other com-
pounds present in the atmosphers, and/or in the
presence of sunlight, fo form acids. The reaction
ratesvary depending upon the compound, weather,
iafitude, time of day, and presence of other com-
pounds. Acidic deposition may take place near the
source of can involve a receptor fens or hundreds of
miles from the source.

In addressing earlier nonatfainment problems
ceoncermning sulfur dioxide, Michigan indirectly took
aninifiative In dedling with acid deposition. A signif-
icant effort was made fo limit the sulfur content of
fossll fuels, such as codl or il, bumed in power-gen-
erating facllities. It wasrequired thatlarge coal-burn-
ing facilities use coal having a maximum sulfur
content of cne percent by July 1, 1978, While exten-
sions were granted, all major power generating facil-
ities in the sfate now meet this requirement,

Michigan's initiation and Implementation of a
one-percent maximum sulfur content in fuel is in
sharp contrast to the nelghboring industrial states:
llinois, Indiana, Chio, and Pennsylvania. These states
are major coal producers, with massive reserves of
codl with sulfur confent in excess of 2 percent, Mich-
igan currently has no viable codl mining industry.

Maost of the wet acid depesifion In Michigan Is
imported from these states that use high sulfur codal.
With the exception of part of the Upper Peninsula,
however, Michigan’s fakes and solls are adequately
buffered so that adverse ecological effects of acid
deposition do not appear to be occurring. In the
eastern Upper Peninsula, gbout® percentofthe lakes
are naturally acidic, so acid deposition could en-
hance their acidification. It is not clear, however,

whether this s occurring. Fish specles are fewer in
these lakes, but evidence for historical declines is
fimited,

Alteration of Surface Water and
Groundwater Hydrology, Including
the Great Lakes

Michigan’s Great Lakes coastline is longer than
3,200 miles. including porflors of lakes Michigan, Su-
perior, Huren, and Erle. More than 346,000 miles of
streams and rivers drain the watersheds of the stafe.
Inland lakes number in excess of 11,000 and have a
combined surface area of more than 1,000 square
miles. The major uses of water in the state are: ther-
moelectric power generation (75 percent), self-sup-
plled industry (12 percent), public supply (11
percent), and irrigation (approximately 2 percent).
Approximartely 90 percent of the fotdl water use is
drawn from the Great Lakes and connecting water-
ways. Groundwater resources provide the drinking
water supply for more than 40 percent of the state’s
population and nearly all of the water used for irr-
gated agriculture, Use for irigation, though only ap-
proximatsely 2 percent of the totdl, is a concem, since
the practice has grown significantly in the past three
decades,

Glven that Michigan’s boundaries account for
more than 40 percent of the Great Lakes, and nearly
half of all Great Lakes shoreiines, the state has been
challenged to maintain a leadership position in the
protection and development of the Great Lakes
ecosystem. The extent fo which existing land and
water contamination sources have been identified
provides o perspective on the magnitude of the
challenge to the state. It is clear, however, that
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substantially more in-depth analysis and regulafory
attention need to be focused on the direction of
Michigan's leadership role in water resource man-
agement, remediation, and profection.

The auantity of Michigan’s surface water and
groundwater resources is significant, and the sysfems
are very closely linked. Chemical stresses (contami-
nant release and transport, transformations, and so
forth) and physical stresses (sedimentation, coastal
erosion, and seo forth) active within these hydrologic
systems have confinued to affect humanand natural
. ecosystemns.

Perhaps one of the most froublesome and ill-rec-
ognized problems In water resources management
results from the “mining” of groundwater for con-
sumptive uses (for Instance, irigation) that may have
consequences far beyond Immediate concerms of
sustaining agriculural production or groundwater
discharge. Incomplete understanding of shallow
groundwater flow systems and their influence on the
surface waters canresult in drastic reductions in flow,
lack of water availdbility for direct withdrawal, and
habitat loss during drought periods. With regard fo
physical stresses on human and natural ecosysterns.
some attention also has been focused on the loss of
coastal shoreline and wetlands, sedimentation and
bank erosion in streams, runoff, and fleed coniral,

Hydrologic diferafions have been part of the
state’s water history, The conseguences of these
attempts fo capifalize on or engineer relief from nat-
ural water occurrence, distribution, and flow dynam-
ics cross-cut a number of areas of environmental
concern and residudal risk.

Many publications and datasets point out the
critical hydraulic inferactions between groundwater
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and surface water systems. This khowledge argues
for a holistic approach fo the management and use
of Michigan’s water resources. Since Michigan lies
aimost entirely within the Great Lakes Basin it shouid
be evident that Internafional, regional, and state
water management efforts must work together, oth-
erwise a high-quality water supply available for a
varlety of uses and the viabiiity of both aquatic and
terrestrial ecosystems cannot be guaranteed.

As a basis for action, the state shoutd develop an
overall water budget that, even if based initially on
incomplete data on water flow, use, loss, storage,
and so forth, would provide d reasonable framework
for evaluating potential risks involved In new or con-
Hinuing hydrologic alterations. The preliminary water
budget would atleast identify the most crifical needs
for information on which to base an accounting
systemn that would be responsive to future state water
planning efforts.

Atmospheric Transportation and
Deposition of Air Toxics

There are thousands of commerclal chemicals
used in the United States. Hundreds of these sub-
stances are emitted into the atmosphere and may af
certaln concentrations have the potential fo ad-
versely affect human heatth or the health of certain
ecosysfems. Some are known of suspected carcine-
gens. The 1990 Clean Air Act Amendments identified
189 of these chemicals and classes of chemicals as
air toxics, while the Michigan Department of Natural
Resources lists 250 subsfances as air foxics and is in
the process of developing emission limitations for
fhem.,



LitHe Is known, however, about the concentra-
tlons of these substancesin the ambient alr and their
affect on public health and the environment. In
Michigan the main health risk from inhalation is
thought fo be from some of the carcinogens. A
review of two preliminary air toxic studies in the De-
trolt Metropolifan area leads to the conclusion that
evenwhen the most conservative worst-case cancer
risk estimates are used, the excess cancers due to
exposure to air toxics would be indistinguishabie from
cancers caused by all other sources. As a result, it
appears that inhalation of air foxics at the concen-
trations presently found in Michigan does not pose a
significant public heaith risk.

However, there are a number of air toxics which,
because of their stability in the environment, can be
transperted in the atmosphere for weeks or months
before depositing on water or land. This persistence
has made some of these compounds ubiquitous in
Michigan’s environment even though they may not
be emitted in Michigan. The substances of greatest
concern are those that bioaccumulate in the food
chain and thus pose healih risks to both wildlife and
humans. Eleven of these substances have been
identlfled to be of particular concern for the Great
Lakes Bagin, they are: polychlorinated biphenyls
(PCBs); DDT and meitabolifes; dieldrin; toxaphene:;
2.3.7.8-TCDD (dioxin): 2,37 8-TCDF (furan): mirex:
hexachiorobenzene; mercury; alkylated lead; and
benze(a)pyrene (BaP). The first eight substances are
chiorinated hydrocarbons that include a number of
pesticides as well as PCBs, dioxins, and furans. Mer-
cury and alkylated lead are metdls, Benzo(a)pyrene
(BaP) s a ubiquitous product of incomplete combus-
tion.

Although there are a number of potential
sources (point sources, runoff, confaminated sedi-

ments) from which these chemicals may enter
Michigan’s watersheds, a magjor seurce appears fo
be atmospheric deposition. Once deposited, the
substances eventudlly will seffle into the sediments
and enfer the food chaln to some degree via bottom
feeding organisms. High concentraiions of mercury
found in fish in inland lakes and high concentrations
of PCBs found in fish In the Great Lakes are the
primary reasons fish consumption advisories are pres-
ently ineffect. Consumption of contaminated fish by
wildlife has resulted in reproductive fallures and de-
formities of predators such as herring gulls, cormo-
rants, and mink. Tumors in fish have been related to
the presence of BaP,

Data on sediments and fish fissue indicate that
the concentrations of most of the toxics dre decreas-
Ing because direct discharges were eliminated or the
substances were banned from use. However, recent
frends indicate that the concentrafions of some of
the toxics may be leveling off at concentrations
above desired values. The remaining residuals are
thought to be due largely to atmospheric deposition.
One substance that has not exhibited a downward
frend Is mercury, and this problem is not unigue fo
Michigan. Besides having nafural sources, mercury is
emitfed from coal burning and incineration.

Biodiversity and Habifat Modification

Biodiversify can be defined as the variety and
variability among living organisms and the habifats in
which they live. In nature many species share com-
mon habltat requirements, and hundreds of specles
can coexist in close proximity., Habitats are de-
graded when they can no longer support associa-
tlons of plants and animals In a natural condition.
Erosion of native biodiversity is manifested as species
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extinctions, restriction of geographic range, unusual
populdation fluxes, reproductive failures, and deple-
fion of genetic diversity. Lost are potentidlly valuable
organisms and blologlcal compounds for agriculture,
silviculture, and medicine. '

Habitat degradation and erosion of biadiversity
are exfremely difficult—If not impossible—to regain,
Since all manner of human existence is dependent
on environmenial hedlth, maintenance of natural
habitats and native biodiversity are inexorably linked
to human health and welfare.

The degradation of naturai habifats and erosion
of native biodiversity are caused directly or indirectly
by humans and originates from both oulside and
inside Michigan. For example, gicbal climate

"change and acid depwosition result from national and

global activities, yet their effects are felt by
Michigan’s native biota. Deforestation in the new
world tropics may result in changes in our native
bicdiversity by causing a reduction of nectropical
migrant birds that breed in Michigan.

Most sources of the problem, however. are in
Michigan, Habitat degradation. and associated
losses In biodiversity, resulf directly from such diverse
stresses as recregtional activity, impoundment of riv-
ers, agrlculture, forest practices, wildfire suppression.
wildlife and fisheries management, urban sprawl,
wetland dredging and filing. and construction of
highways and fransmission corridors. Sometimes nat-
ural habitats are degraded by overpopulation of
native species or infroduction of nonnative species
{exofics). With each population loss, unique genetic
diversity Is lost. The ecological functions that these
discrete populations perform are also lost,
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Aguatic, wetland, and terrestrial hablfals are in-
tricately infermeshed. Siresses on one habitat inevi-
tably result in slresses on another. The effects of single
activities may be local In nature and apparently of
litle consequence. When taken collectively, how-
ever, the cumulative effect may be large with the
irreversible loss of natural habitats or ecosystems and
a concomitant loss in biodiversity. Wetlands are ex-
tremely important ecosystems. In Michigan we have
lost more than half of our original weflands due to a
variety of human activities. Unfortunately, no-net-
loss poiicies for wetlands focus attention on total
welland acreage and divert attention from impor-
tant issues of individual wetland size, configuration,
locationin the watershed, connections to other wet-
lands, and habitat heterogeneity. These atiributes
often impart a karge portion of the functions and

‘value of a wetland.

Habitat modification of terrestrial systems is also
a significant problem in Michigan. Our current land-
scape is comprised of mixed ownerships and sup-
ports mulfiple uses that include wildemess, natural
preseives, working (managed) forests, farmlands,
urban and rural residential aregs, and paved sur-
faces. As an example, the northern Michigan land-
scape is dominated by working forests in corporate,
state, tibal, and federal ownership. Much forest
management occurs without a landscape perspec-
five, resulting in degraded habitats, poor spatial po-
slitening of habitat blocks, few cormdors appropriate

“for movement of organisms, and inadequate buffer

zones between areas of intensive human activity and
adjacent natural habitats,

In Michigan. overpopulafion of some native spe-
cles coniribute to the erosion of native blodiversity.



These instances of overpopulation result directly from
intentional game management and indirectly from
foresiry and agricultural practices. An obvious ex-
ample is the overabundance of whife-talled deer.
Currently, high deer populations threaten blodiversity
of both plant and animal communifies in Michigan,
Qverbrowsing by deer harms native ftora (including
economicdlly important tfree species and rare plants)
and the thousands of animals that depend on this
flora. Extracordinarily high deer populations dlso pose
direct threats to human heaith (car-deer collisions
and Lyme disease) and agricultural crops. In other
landscapes, beavers, grackles, crows, and brown-
headed cowhbirds have deleterious effects on the
overall biodiversity. Exarmples of nafive plants that
have proliferated because of human activities and
now threaten native biodiversity are quack grass and
witch grass. '

Infroductions of exolic species of animals and

plants dlso pose extrerne threats to native biodivers- -

Ity. These infroductions can be intentional (as is the
case with ring-necked pheasants and chinoock
salmon} or inadvertent (as with the zebramussel, rusty
crayfish, European starling. ragweed, Norway rat,
purple loosestrife, buckthorne, European hawk-
weeds, spotted knapweed, and Russlan thistle). Eco-
logical communities are associations of biotic
species that have co-evolved and interact by way
of predation, competition, mutuallsm, symbilosls, and
obligatory physical associations. Some of these as-
sociations are 50 interdependent that the fates of
entire groups of species are inseparably bound. In
additicn fo the direct ecological impact, manage-
ment for exotic game and fish species (i.e.. fish stock-
ingj frequently takes an inordinate proportion of the
effortand money available for natural rescurce man-
agement,

Wlthin Michigan, state and federai resource
agencies devote much management attention
{and money) either to those organisms that we In-
tend to harvest directly through activities such as
fishing. hunting. lumbering. or agriculture or to organ- '
isms that are on the brink of extinction (threatened
and endangered species). All other plants and anl-
rals are managed by default as corollaries to game,
fish, forest, and agriculiure management, As a result
of the limited attention that these “in-between” or-
ganlsms recelve, very little Is known about their hab-
itat requirements, distribution. and population levels.

Populations of rare species are generally given
expensive, emergency management attention. Un-
fortunately, many endangered species recovery
plans deal with captive breeding, stocking, and han-
dling of individual organisms. This very costly “last
resort” management Is avoidable by mainfaining
intact natural habltats in the landscaps.

Contaminated Sites

There are currently 3,396 sites included on the list
of sifes of environmental contamination that is pre-
pared annually by the DNR under the Michigan Envi-
ronmental Response Act (1982 PA 307, as amended:
hereafter called Act 307). Inaddition, there are more
than 6,600 confimed releases from leaking under-
ground sforage tanks that are not included on the
Act 307 site list, The site counts have increased ap-
proximately 30 percent per year in recent years.
Contamination sites are found In. every county in
Michigan.

Hazardous substances present af contamination
sites can pose risks fo the public hedlth and environ-
ment through a number of exposure pathways, Ap-

Appendix: Issue Summaries 29



proximately 50 percent of Michigan’s residents use
groundwater as their source of drinking water; haz-
ardous substances have been found In groundwater
at thousands of sites. Hazardous substances in sur-
face water and sediments can result in contaming-
tion of biota and impairment of other surface water
uses. (See “Contaminated Surface Water Sedi-
ments” issue.) Some materials pose health risks pri-
marity through inhalation: sites where these
hazardous substances are uncoentrolled can
threaten nearby residents. An important exposure
pathway for many confamination sites is direct con-
fact with hazardous substances (.e., dermal alsorp-
tion oringestion), This is an issue at sites where access
is unrestricted and hazardous substances are present
in soll, in leaking containers, or in waste pits. Finally,
hazardous substances sometimes pose fire and ex-
plosion hazards. This is a problem cormmonly associ-
ated with leaks from underground storage tanks that
result in flammable vapors enfering nearby base-
ments or utility frenches.

Some of the hazardous substances most com-
monly found at centamination sites are benzene,
ethylbenzene, toluene, xylenes, and polynuclear ar-
omatic hydrocarbons (PAHs). These confaminants
are often found at leaking underground storage tank
sites and other sites where petfroleum has been re-
leased. Industrial solvents such as frichioroethylene,
dichloroethane, and vinyt chloride dre associated
with many industrial contamination sites. PCBs and
heavy metdis (e.g.. lead, cadmium, and chromium)
are other categories of hazardous substances,
Acute and chronic human health effects associated
with these materials span a broad range from cancer
(benzene) to impaired neurclogical function (child-
hood exposure o lead).
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The DNR uses public funding, made avdilable
through the $425 millon Environmental Protection
Bond program approved by Michigan votersin 1988,
to address approximately 20 percent of the known
contamination sltes.  State-funded efforts have fo-
cused on actions that address immediate threats fo
human health or the environment. This includes pro-
viding 455 water sUppIy repiacerments and conduct-
ing “surface cleanups” at 247 sites. Surface cleanups
can include removal of drums of waste or restricting
access to hazardous substances. Responsible par-
fles (e.g.. slte owners and operators) are providing for
response activity af approximately 60 percent of the
remaining sites. Approximaiely 20 percent of the
total number of sites are not currently belng ad-
dressed. Funding for cleanup of many leaking under-
ground storage tank sites is provided by
7/8-cent-per-gallon tax on refined petroleum prod-
ucts. Estimates of the cost for remedial action at the
nearly 10,000 contamination sites approach $8 bil-

lion,

Eighty-three Michigan sites are on the Nationai
Priorities List. making them eligible for funding under
the federal Comprehensive Envirecnmental Re-
sponse, Compensation and Liability Act (CERCLA or
"Superfund”). Congress created Superfund in 1980
to dedal with the most serious sttes across the nation.
There are currently about 1,200 sites on the National
Priorities List.

In contrast to some other issues evaluated In the
relative risk project, contaminated sites may pose
relatively high risks to individuals or the local environ-
ment while posing a lesser risk fo the populationasa
whole. Because of this characterlstic, risk should be
evaluated on a case-by-case basis,



Contaminated Surface Water
Sediments

Sediments usually have been thought of as con-
taminated when naturally occurring substances are
markedly elevated above background concentra-
tions or when synthetlc substances are detected by
chemical andlysis. Unacceptable biologlcal effects
are not the primary basis for defermining contamina-
fion of sediments and remedial actions. Sediment
contaminants canbe piacedinthe following groups:
metais {ncluding heavy metals and metallolds). nu-
trienfs, petfroleumn products, polynuclear aromatic
hydrocarbons (PAHs), and synthetfic organic com-
pounds (pesficides, polychlorinated bipheny! (PCBs),
dioxins, and furans}. '

Atmospheric transport and deposition is proba-
bly the most important loading source for many sed-
iment contaminants of concermn in the Great Lakes
basin af this fime. Many sediment contaminants
have Increased markedly in lake sediment core pro-
fiies over the past 75 years in the region. Recently,
some sediment confaminants have begun to de-
crease, most nofably in areas where peint-source
discharges have been controlled or use of cerfain
products has been curtailed or eliminated.

Some Michigan harbors, connecting channels,
and boundary waters and several Inland lakes and
rivers have high concentrations of contaminants In
sedments due to past discharges, About a milion
cuble meters of material are dredged in Michigan's
Great Lakes connecting channels and harbors annu-
ally. Fortunately, polliution contfrol programs over the
past two decades have resulted In significant de-
creases in sediment contaminant concentrations in
navigation channels near discharges.

An array of physical, chemical, and bid!ogical
conditions Influence the fate of sediment contami-
nants in fakes and streams, including: water furbu-
lence and sediment particle size: sedment biota,
which play a major role in fransferring sediment con-
taminants; and sediment contaminants, which also
can be released directly to the ovetlying water as o
result of changing conditions at the sediment/water
interface. '

The piimary effect of sediment contaminants is
on the biotic community living in or on the sediments,
Under highly confaminated condifions, sediment
dwelling animais and plants cannot exist. and the
blota is composed of microorganisms at best. This
loss of species diversity exemplifies an unstable and
unhedlthy ecosystern. Some sediment contami-
nants, both natural and- synthetlc, can also induce
growth anomalies, reduce growth, and cause repro-
ductive problems in sediment dwelling animais.

Important secondary effects of contaminantsre-
leased from sediments occur at higher frophic levels
In food webs. The greatest risks fo humans and other
animais at higher trephic levels occurs through con-
sumption of organisms that have blomagnified chlo-
rinated organic compounds (some PCBs, furans,
pesticides, and dioxins). other persisfent organic
compounds, and mercury. In addition to acute or
chronic foxic effects to both micro- and
macroinvertebrate biota, some sediment contami-
nants have been found tfo cause thyroid dysfunction,
decreased fertllity. decregsed hatching success,
gross birth deformities, metabolic abnormalifies, be-
havloral abnormalities, changes in sex ratfios, com-
promised immune systems, tumor induction, Kdney
and fiver fallure, and growth anomalies in verte-
brates. Humans would be expected to exhibit simiiar
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effects if exposure via food was sufficient, especially
in the emloryonic or fefal stages of development,

The greatest risks from sediment contaminants
exist where sediment concentrations are high and
biclogically available. Dredging and disposal of sed-
iments has occurred over many years in some of our
most highly contaminated areas. Some sediment-
bound contaminants are released fo the water col-
umn during dredging and disposal operations but
readily setile near the dredging site or in the disposal
facliity. Where dredging exposes highly conftami-
nated sediments to the water column, releases of
confaminants may occur for an extended period
following dredging. Since almost dil of the contami-
nant load remcains bound fo sediments, risks associ-
afed with dredging and proper disposal would be
rnuch fower than risks from leaving highly contami-
nated sediments in areas where shipping or high flow
events and strong currents could redistribute and
expose confaminants 1o the water column. In areas
" where contaminated sediments would remain undis-
turbed, leaving them in place for final burial would
pose the least risk.

Due to pollution confrol programs, confaminant
levels have decreased In sediments over the past
decade, dalthough in some areas not o acceptable
levels, Decreases in sediment contaminants and fish
contamination occurs within a few years after lead-
Ings cease and In most cases a decade or two of
natural deposifion would bury or ditute most contam-
inated sediments. While sornerisk is involved in doing
nothing other than reducing centaminant loads, his-
fory suggests this is a reasonable way fo proceed.
Natural processes of transport and deposition, deg-
radation, binding. and burial deeper in sediments
may be the only thing that can be done at this fime
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for moderately contaminated but widely distributed
sedlments.

Criteria and Related Air Pollutants

in the early 1970s the U.S, Envlironmental Protec-
fion Agency (EPA) established National Ambient Air
Quality Standards (NAAQS) for “criteria” pollutants.
These were the first air pollutants to atiract the atten-
tion of regulators because they were ubiquitous,
there was evidence linking them o health effects at
high concentrations. and some of them were known
phytotoxicants. The criteria pollutants include sulfur
dioxide (502). nitrogen dioxide (NO2), carbon mon-
oxide (CO). PM10 {particulate matier with a diame-
ter less than or equal o 10umy}, ozone (03), and lead
(Pb). Because of the known lisks presented by these
poliutants at high concentrations, extensive re-
sources have been commiffed to confroling and
measuring these pollutants in Michigan. This issue
focuses on the criteria pollutants except for O3 and
lead, which are covered separately in the Issues of
phofochemicalsmogand trace metals. respactively.
In addition, fhis Issue Includes pollutant issues related
to the criteria pollufanis—acid aerosols and visual air
quality. A third related Issue, acid deposition, Is con-
sidered separately.

In Michigan concentrafions of SO2, NO2, CQ,
and PM10 are below the NAAGS. Because of existing
regdlations, future concentrations are expected fo
be even lower, ' '

§O2--At high concenfrations SOz has been as-
sociated with the aggravation of existing respirafory
and cardiovascular disease and increased mortaiity.,
aspecidlly in the presence of elevated concentra-
tions of parficulate matter.



NO2—In high concenfrations NO2 has been
linked to impaired respiratory deferse mechanisms
and increased susceptibility fo infection.

CO—The concern with CO s Its abliity to com-
bine with the hemoglobin in the blood stream. At
high concentrations it can Inferfere with mental
judgement, cause fatigue and headaches, and ag-
gravate symptoms in individuals with heart or clrcu-
latory disorders. The largest source of CO Is motor
vehicles. Since the 1960s, however, CO emission
rates from passenger cars have been reduced by 96
percent, and this has dramafically reduced concen-
trations of CQ in the ambient air despite an increase
in the vehicle miles traveled.

PM1g—Epidemiclogic studies have associated
high concentrations of particulate matter with ag-
gravoﬁoh of asthma and chronie lung disease, chest
discomfort, and even Increased moriality. Related
Alr Pollution Issues—There is some Information that
suggests that some of the adverse effects attributed
to exposwre 1o high concentirations of ambient PM10
or total suspended particulates (TSP) might be due to
the acid aerosol component of the parficulates.
Very imited acid aerosol datasuggest that the levels
observed in Michigan do not metlt concem. How-
ever, this issue should be revisited in the future when
studies now under way have been completed.

The sulfate haze that frequents southeasfern
Michigan is formed primarily from the oxidation of
SO2 emissions in the high emissions areds In the lower
Midwest, There is strong evidence that this haze has
significantly deteriorated visual alr quality in Michi-
gan inrecent decades. Reductions in SO2 emissions
mandated by the 1990 Clean Air Act Amendrments
should reduce both the concentrations of acid sul-
fates, the predominant contributor fo aerosol acidity,

and visibility-reducing haze, although the degree of
the reduction cannot be quantified.

Degradation of Urban Environments

Most Michigan residents live in cities, A variety of
utiliies, products, and services are required o sup-
port densely populated areas. and as a resulf there
is a concenftration of consumption in urban areas.
Many environmental problems are caused or exac-
erbated by this Intfense consumption, which includes
a variety of materials and energy. The concentration
of stressors in the urban environment is also a function
ofindustrial and commercial activities in urban areas.

Although social, economic, racial, housing, and
otherissues are related to urban environmental qual-
ity. they are beyond the scope of this project. It is
important to remember, however, that these factors
affect all or parts of the issues identified. Thus, the
urban environment is unigue in that it is affected by
all of these problems and, in many cases, the effect
is greater because of urban cenditions.

One must consider how certain environmental
issues are related to the urban environment in order
o understand the importance of recognizing urban
areas as a special component of Michigan's environ-
ment. For example. alr quallty problems dre fre-
quently most Intense In urban areas where
incinerators, power plants, and factories are located.
Lead emissions from automobiles that burned
leaded fuel are believed to be the source of high
lead levalsin urban soils, and water quality s affected
by the nonpolnt-source runoff from streets. parking
lots, comblned sewser overflows, and changes in
water courses.
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Degradation of urban environments aiso in-
cludes problems related fo the aging of drinking and
waste water systems, urban sprawl, abandoned and
confaminated industial sites, and the failure to pro-
tectnatural feafuressuch aswetlands, woodlofs. and
green belts.

Problems of parficular importance, and unique
tfo urban areas. include preschoot children’s expo-
sure fo lead, problems assoclated with using other-
wise valuable land for indusfrial development
because of contamination, and the household use
of pesticides.

These factors make Michigan’s urban residents
more susceptible fo many environmental problems.
Risk reduction, therefore, has the potential to benefit
especially these residents just as inattenfion to envi-
ronmental problems could pose greater risks.

Eiectromagnetic Field Effects

The first epidemiological report about the possi-
ble increased risk of leukemia in chifdren living near
high voltage power lines appeared in 1979, The
authors concluded that the increased incldence re-
sulted from exposure fo electromagnetic fields
(EMFs) produced as electricity surged hrough the
wires. Since that ime more than three dozen epide-
miclogic reports concermning EMFs have been pub-
lished. Biclogical studies, however, have yet to prove
a cause-and-effect relationship.

The report engendered a controversy over
whether electric power lines, electrlc switch boxes,
electric blankets, microwave ovens, hair dryers,
black and white television, or household appliances
might be related to increqsed leukemia in children,
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high levels of breast cancer in males, brain fumors, '
lymphoma. or cancer in general,

A major difficulty ininterpreting the epidemiolog-
ical data has been the absence of simple, objective,
and rellable measures of exposure. Some indirect
measures have been qpplied, such as for occupa-
tional exposures. Studies have not been able fo link
the dosage of EMFs directly to their effect on the
subjects.

Until sclentific research provides some explana-
fion of how EMFs can affect biologledl systems, the
epidemioclegic data will be subject fo challenge.
Some sclentists also contend that conventional phys-
ics is unable to explain any mechanism of EMF effect
on the body.

In Michigan and Wisconsin over the past 25 years
there has been a running battle between citizen’s
groups oppesing EMFs and the U.8. Navy over the
installation of project ELF. a $400-million web of an-
tennae for communicafing with submarines around
the world. This exiremely low frequency system Is in
two locations—one part in upper Michigan and the
other in Wisconsin. Along the way there have been
protests, There were many revislons of plans and
reductions of the size of the project. What was origi-
nally planned as an underground grid of about 3.000
miles of cable ended up as 56 miles on telephone
poles in Michigan and 10 miles in Wisconsin. ELFis 75
Hz frequency modulated to 72-78 Hz; power lines are
60Hz. The Navy renamed the project Naval Commu-
nications Unit, headguartered outside Margquette,
and activated it in 1989.

Marginal relationships of EMFs to certain kinds of
cancer, which In most cases are statistically weak,
fentative, or the subject of controversy among scien-



Fuel Sources of Power Generated in Michigan

Hydroslectric 0.6%

Nuclear 26.4%

0il 0.3%
Goai B5.6%

Natural Gas 7.1%

tists, make the data insufficient as a basls for declsions
about power lines, Many skeptics remain unswayed,
if. however, Itis proven with subsequent research that
there Is a definite effect on the health of the popula-
fion. especidally children, measures must be taken to
modify the exposure of our citizens to EMFs,

Energy Production and Consumpfion:
Practices and Consequences

Michigan is primarily an energy consuming state,
Michigan Imporfs approximately 89 percent of its
petroleum supplies, 80 percent of its natural gas, and
100 percent of Its coal. In the state pefroleum sup-
plies approximately 35 percent of our energy needs:
natural gas, 28 percent; and codal, 30 percent, The
remcining 7 percent is supplied by nuclear, hydro-
eleclic., and wood. Michigan does have limifed
energy production—approximately 5,000 producing
ol and natural gas wells. These wells represent an
ongoing risk to the environment. Michigan's reliance
on durable goods manufacturing, tourism, and agri-
culture all place Michigan in a relatively vulnerable
position with respect to the economic sffects of the
cost of energy.

Energy resources can be divided into three cat-
egorles: electric power, fransportation, and other
noneleciric uses.

Electic Power—Many of Michigan’s exlsting
electric generating plkants were builtin the 1950s and
early 1960s. Approximately 28 percent of the state’s
generating capacity is more than 30 years old. New
electric generation being built differs from existing
generation in two significant ways: (1) 1t is almost
entirely based on natural gas rather than coal and
nuclear power, and (2) it is generated by nonutility

companies rather than as part of the utility’s inte-
grated system. Each of these differences presents
potential difficulties. Although utilifles have not been
building new generating plants in recent yvears, they
have been playlng a greater role in assisting
customers in meeting thelr needs by using energy
more efficienfly. There can be little doubt that im-
proved energy efficiency s essential if we expect fo
compete effectively in the global economy.
Whether measured in terms of consumption per ca-
pita or per dollar of gross domestic product, the
United States consumes almost twice the electriclty
as Japan or most European countries. Because of
the changing sfructure of slectric power generation,
aging generating plants, and the reliability of new
generation, the role of conservation should be con-
sidered in evaluating Michigan's electric future,

Transportation—Iin Michigan approximately 25
percent of all energy consurned Is Used for tfranspor-
tation. In addition, as the mgjor automobile manu-
facturing state, Michigan Is acutely affected by this
incusiry. The automobile has been almost totally
powered by gascline refined from crude oil. Approx-
imately 63 percent of the oil consumed in the United
States is used for transportation.

Other Nonelectric Uses—Natural gasis by far the
largest source of heat for residential and commercial
buildings—more than 80 percent of Michigan homes
use natural gos.

The threats posed by potential global climate
change, air poliutien, and dependence on oil im-
ports are infimately linked to energy use, mainly fossil
fuel combustion. Burning fossil fuels (coal, oil, and
natural gas) releases carbon dioxide, which repre-
sents 55 percent of the total greenhouse gases that
many believe will lead to global climate change.
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Fuel burning also releases pollutants thatiead to acid
rain and photochemical smog (urban smog). The
United States is importing a growing portion of its oil
supply—a pattern that poses long-term financial and
national security risks.

Aslong as electricity use continues to increase in
the United States and MiChigc:n and is generafed
mainly from fossil fuel, and as long as oil consumption
for ransportation grows In the absence of practical
altemnatives to the cil-based internal combustlon en-
gine, electric power production and fransportation
will remain the most important U.S. source of environ-
mental degradation (carbon dioxide emissions,
other air poliutants, and groundwater and land pol-
lution through rescurce extraction). [t is particularly
important that state and federal energy policies ap-
propriately consider environmental effects of energy
producﬁon and consumption.

Generation and Disposal of
Hazardous Waste

Hazardous wastes are generated abundantly in
Michigan (and in every cther stafe as well). However,
they are generated as part of processes that usually
have significant value for the personal and eco-
nomic well-being of all residents of the state. Many
types of hazardous waste are actually residuals from
waste freatrnent operations.

Undler completely uncentrolled conditions these
wastes have the potential for producing adverse
effects in humans and the environment, and there-
fore, they need to be properly managed in order fo
limit potential risks. The general management proce-
dures are well understood and driven by both eco-

nomics and regulatory pressures. They range from:
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process control leading to waste avoidance or waste
reduction, to reuse and recycling. fo waste treat-
ment or destruction, to the containment of residual
waste, It should be clear that these processes apply
in varying degrees to hazardous waste, Wastes that
have been generated in the past and are stiill present
In the environment pose significant challenges to
currently available management options.

There Is an exftensive legal, administrative, and
enforcement framework that governs the genera-
tion, tfransport, storage., treatment, and disposal of
presently produced hazardous wastes. There also is
a framework for dealing with emergencies arising
from spilled hazardous wastes, and for managing
hazardous wastes that had been generated and
disposed of improperly or before our present require-
rments for waste storage were developed,

in most states the management of hazardous
wastes falls under the confrol of the U.S. EPA. Four
states, including Michigan, have been authotized by
the EPA to substitute their own programs, which must
incorporate the major features of the nationatl pro-
gram and can be no less stringent than the national
program. The management of hazardous wastes
that are presently being produced are primarily con-
trolled through the Resource Conservation and Re-
covery Act (RCRA), and-the Hazardous Waste
Management Act (Act 64),

The Federal Hazardous and Solid Waste Amend-
rments of 1984 clarified issuesrelated fo the protection
of groundwater, specified the engineering require-
ments for land disposal, extended reguiation o in-
clude some small quantlty generators, regulated
underground sforage tanks. and banned certain
chemicals completely from land disposal.



Certain wastes are specifically excluded from
consideration. sometimes because they are already
regulated under other authorlty. Examples of ex-
cluded wastes are: waste wafer discharges. nuclear
wastes, ordinary household waste, coal combustion
waste, fertilizers, drilling fluids and brines, mining
wastes (overburden), and agriculturdl waste used as
fertilizer.

The process for managing hazardous wastes is
extrermely complex. If is characterized by extensive
paper work and a very high price fag. The reql risks
assoclated with hazardous waste are poorly defined,
because the process of waste management is not
driven by risk analysis, but rather by administrative
procedures. Cleanups under Superfund are driven
by the aspiration to remove every vestige of real or
potential risk, which has resulted in a continuing con-
froversy over "how clean is clean.” Because of the
extensive use of worst-case exposure analyses, the
risk assessments associated with Superfund sites may
overstate the real risks.

Generation and Disposal of High-level

Radioactive Waste

In producing electrlc power, nuclear plants also
generate radloactive waste., Because it requilres dif-
ferent care and disposal, this waste is generdlly clas-
sified as high-level (spent nuciear reactor fuel} and
low-level (all other). It has been estimated that it will
require between 1,000 and 10,000 yeaqrs for the radio-
active biological effects of spent nuclear fuel, high-
level radioactive waste, to decline to that of the
uranium ore from which it was made.

Apprdximofely 26 percent of electicity used
Michigan is generated by nuclear power plants at
four locations:

(a) Big Rock Paint (Consumers Power Co.) near
Charlevolx;

(&) Palisades (Consumers Power Co.) near Scuth
Haven:

{c) Fermi 2 (Deitroit Edlson Co.) nedr Monroe; and

{c) Cook Unifs 1 & 2 {Indiana Michigan Power
Co.) near Bridgeman.

High-level radicactive waste is currently being
stored at four nuclear power plant locations in Mich-
igan. While this sforage has been adequate to date,
the existing facilities are reaching thelr capacity and
new storage will be needed In the near future. Exist-
ing nuclear plants in Michigan are aging—B8ig Rock is
due to be decommissloned in 2000, Pallsades In 2007,
the Cook unifs in 2014 and 2017, respectively, and
Fermi in 2025.

Nearly all spent nuclear fuel is stored at the reac-
tor site In water poois. Pool stoerage has been used
for two reasons: (1) If provides a cooling medium for
removing the high radiocactive heat output in the .
initial period after the fuel is removed from the reac-
tor; and (2} it provides a convenient temporary stor-
age medium if the fuel Is to be reprocessed., as was
originally intended by the nuciear power Industry,
When pool storage Is filled. additional spent fuel Is
axpected to be stored in above-ground dry casks
located at the reactor site.

T'he federal government is scheduled fo con-
struct a temporary national storage facility by 1998
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and complete q permanent facllity by 2010 at the
Yucca Mountain, Nevada, site. However, these
schedules have repeatedly slipped Inthe past. Since
high-level nuclear waste presents health and envi-
ronmental risks, there are significant questions re-
garding the advisability of fong-term storage of these
wastes at facilifies that were intended for only shori-
termuse. All 34 states utilizing nuclear power face this
problem along with Michigan.

The U.S. Department of Energy {DOE) has made
lifle progress in the characterization of the Yucca
Mountainsite to determine if it is geclogically suitable
as a permanent reposifory. Even if the Yucca Moun-
tain site survives this process, the DOE must sfilf obtain
an operating license from the Nuclear Regulatory
Commission (NRC), which Is not assured. The poten-
tial for delays assoclated with this site are magnified
by the failure to pursue aliemnatives. The process of
designating the Yucca Mountain site has resuited in
at least femporary eliminafion of all other sites and
options before they were evaluated, Although the
Yucca Mountain site is the only permanentrepository

currently under consideration, the U.8. Office of the

Nuclear Waste Negoftiater is actively soliciting states
and indian fribes fo accept a radioactive waste
facility.

Risks to Michigan are due fo delays in the devel-
opment of a permanent repository and result from
the continued storage of high-level waste at operat-
Ing nuclear plants. Existing on-site storage was In-
tended fo be of short-term duration.

The merits of on-site sforage as a short-ferm rem-
edy to the nuclear waste problem have been dem-
onstrated, but these facilities cannoct be relied upon
to serve adequately for the 10,000 year period re-
quired for high-level wastes fo become harmiless. No
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one suggests using on-site pool or cask storage as
permanent repositories for this waste. Yetitis possible
that this unacceptable “solution” may be the one
ultimately derived by default rather than by any
consclous national decision.

Permanent on-site storage would have none of
the safeguards bullt into the process for clfing the
permanent national repository. The risks associated
with this scenario are clearly greater than with the first
option but are difficult to quantify due o the unknow-
able safety threats related fo maintaining hazardous
waste in short-ferm storage indefinitely. It would ap-
pear that some significant mobilizing event would be
necessary. since once the impefus to find a perma-
nentrepository islost, ifwould require a major adverse
development to galvanize public opinion fo develop
an alternative.,

Generation and Disposal of Low-level
Radioactive Waste

Low-tevel radioactive wastes are generated
abundantly in Michigan (and in every other state as
well). However, they are generated as part of pro-
cesses that usually have significant value for the per-
sonal and economic well-being of all citizens of the
state.

Under completely uncentrolled condlitions these
wastes have the potential for producing adverse
effects In humans and the environment, and there-
fore, they need fo be properly managed in order fo
limit potential risks.

The disposal of low-level radioactive waste is
govemed by the Low-level Radiocactive Waste Pollcy
Act (1980) and the Low-level Radicactlve Wastes



Policy Amendment Act (1986), which require the
states or state compacts to establish their waste dis-
posal capacity for commercially generated low-
level radicactive waste that has been produced
within their boundaries. The methods for managing
low-level radioactive wastes are prescribed in proce-
dures and rules that have been developed by the
U.S. Nuclear Regulatory Commission, the U.5. Depart-
ment of Energy, and the U.S. EPA and reviews by the
Naticnal Acddemy of Science and the Science Ad-
visory Board of the U.S. EPA. Separate rules are ap-
plicable to mixed hazardous and radioactive waste,
which is regulated under the RCRA.

in contrast to the procedures for some types of
hazardous wastes, low-level radioactive wastes can-
not be destroyed, and therefore the rmajor manage-
ment optfions are storage and containment. The
supporting sciences in dealing with containment de-
signs incorporate hydrogeological models, environ-
mental fransport and fate models, and risk
assessments. In the case of radicactive materlals the
measurement of the radiation is exceedingly simple,
when compared with the difficultlesinvolved Inmea-
suring large quantities of organic and inorganic
chemicals found in the usuat type of hazardous
waste site.

Most of the information used for the risk assess-
ments for radioactivity is based on information de-
rived from human exposures. The mlgrdﬂon pattems
ofradioactive materialshave been studied based on
actual experience at sifes such as Oak Ridge. Ten-
nessee, and Hanford, Washington.  Consequently,
the foundations for modellng environmental frans-
port of radicactive materials, the potential doses,
and the potential effectsin humans are better estab-
lIshed for radicactive materlals than for any other
contaminant. The dose and fisk projections approx-

imate worst-case conditions and are thought by
sorme 1o be highly censervative. The projected risks
are dependent upon the siting and the engineering
features incorporated info the site. Furthermore, the
physical, chemical, biclegical, and engineering Is-
sues related to malntaining the risks well within the
iimits that are accepted for other agents are better
understood for radioactive waste than for any other
class of waste,

The State of Michigan Is not parficioating In any
multistate compact for the disposal of low-evel ra-
dicactive waste, There are no concrate plans o
develop a disposal site in the state. Low-level radio-
active wastes condinue to accumulate in cellars and
sheds in hospitals, universifies, and other institufions.

Generation and Disposal of Municipal
and industrial Solid Waste

Americans produce more than 170 million tons of
municipal solid waste evety year—more than three
pounds per person each day—the highest per capita
rate armeng industrial nations. About 70 percent is
currently being landfiled, 17 petcent incinerated,
and 13 percent recycled. In Michigan approxi-
mately 12 million fons of solid waste is produced each
yedr. approximately 50 percent of which originates
from households. The majority of the sold waste
generated in Michigan s landfilled. It is important to
recognize that residential and municipal waste
streams contain some hazardous materials.

Some believe that options for safe and efficient
waste management are vanishing. [tis also believed
that landfill space wilt soon run out and that disposal
options such as new landfills and incineration are not
safe alternatives. Among the concerns about solid
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wdaste management are the lack of physical space
for new landfills, the actual composition of these
wastes, and the risks associated with current disposal
options such as air emissions from incineration;
leachates, soil, and groundwater contamination as-
sociated with landfill disposal: and residues from
treatment processes,

The remadining available space in Michiganiand-
fills should last about six years, at the current rate of
waste generation and due 1o plans to close out-of-
compliance landfills. Anticipated reductions in this
rate through aggressive recycling and composting
programs may postpone the crisis but will not provide
the needed long-term sclutions.

Comprehensive management of land disposal
units and the surrounding scit and water environ-
ments needs o be considered. Michigan depends
heavily onshallow groundwater resources for domes-
tic drinking water (approximately 50 percent of do-
mestic supplies). Inlarger municialities the proximity
of waste disposal units to residences or public water
supply well fields poses immediate challenges 1o
county or regional waste management srategies.
The state must be prepared to lead the way to long-
term risk management. The state’s regional master
planning process should be conducted with the
godals of minimizing the further contamination of soil
and water. The uiilization of appropriate, existing. or
past sifes of land disposal for future waste manage-
ment operations should be evaluated.

-On Cctober 29, 1990, a draft waste prevention
strategy proposed a goal of 30 percent reduction in
overdll selid waste generated by the year 2000, Most
of that goal would be achieved through composting
yard wastes and removal of recyclable materiais
from the waste stream.
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Cn bDecember?, 1991, the DNR prepared a Solld
Waste Management Planning Program that cails for
a comprehensive, statewide plan based on reglonai
(multicounty) rather than county-by-county pians.
This could lead to Improved strafegles, sitihg, and
sizing of new facllifies, Regional resource recovery,
waste-fo-energy, and landfil facilities could be lo-
cated away from high population areas.

Although some communifies have been willing
to support an additional $2 to $4 per week for curbs-
ide collection of recyclables, the economics of re-
processed goods does not support these programs,
The average cost to collect recyclablesis $40 per ton
versus $28 per ton to put the sarme materials in fand-
filis, The primary reason for recycling, however, is fo
achieve more efficient use of resourcss, such as with
reprocessed versus virgin aluminum. rather than
heatth-risk reductions or economics.

Recent experience with community programs
involving curbside collection of recyclables suggests
that from 5 percent to 10 percent of the solid waste
sfream can be deflected from landfills. These pro-
grams collect giass, cans, plastics, newspapers, and
cardboard.  Some economic incentives, such as
“buck-a-bag” for nonrecyclables and free collection
for recyclables, have the potential to improve the
percentage of the waste streom deflected from
landfills or incinerators, although not very much,

The nationwide characterizations of the solid
waste stream also suggest that community recycling
programs should be expected fo vield af least g 30
percent deflection from landfills and incinerators as
seen in the following table.



Composition of Solid Waste, 1988

Paper and paperboard 41.0%
Yard wastes 17.6
Metals 2.0
Rubber, wood. textiles, and leather 8.0
Plastics 8.0
Food waste 7.0
Glass _ 7.0
Miscellcaneous wastes 2.4

Source: Based on 1988 information by Frankiin Asscciares.

Global Climate Change

The greenhouse effect is a natural phenomenon
by which the atmosphere holds heat, Sunlight sirikes
the earth and is converted to heat. The earth then
re-emits the heat, which would be lost fo space if if
were not for the presence of greenhouse gases that
absorb some of the heat, Thus, the earth’s atmo-
sphere acts as the glass on a greenhouse. Without
this atmosphetic greenhouse effect, life on earth
would not exist. The annual additions of anthropo-
genic carbon dioxide (CO2), methane, nitrous oxide,
and chlorofluorocarbons (CFCs), howsver, has
caused an enhanced greenhouse effect, increasing
the heat retenfion capabilities of the atmosphere.
The resullis of global climate models indicate that this
will result in @ global warming trend—a condition that
could have serious conseguences by changing the
distribution of rainfall, increasing evaporation, ex-
panding deserts, melting polar ice, and flooding
coagstlines. In terms of human economics, these
changes could have disastrous effects onproduction
of food and timber and on fresh water supplies. Such
climafe changes also would result in the dislocation
of many ecosystems.,

The Unifed States contributes 21 percent of the
world's greenhouse gases. Michigan, as an industrial
and agricultural state, with 9.3 million people and a
high rate of resource use, likely contributes propor-
fionately more to the greenhouse effect than most
areas of equivalent size. The amount of CO2 in the
atmosphere has increased by more than 25 percent
in the past 200 years, and the sources are primarlly
anthropogenic: aimospherlc concentration of meth-
ane {CH4) has doubled in the last century.

There remaing considerable uncertainty abouf
the potfential climatic effects of greenhouse gases.
The globadl climate models do notinclude many pro-
cesses (such as cioud formation, ocean dynamics,
and so forth) that could act to mitigate or enhance
global warming. Also, the global climate models
indicate that the earth should have warmed already
by about 10 degrees Celsius (C), but the tempera-
ture records do not support that. Although there are
large uncertalnties, the potential consequences of
significant alterations in the global climate are enor-
mous. Computer models indicate that if current
trends continue, CO2 concentrations wilt double by
the year 2075, causing global temperatures fo rise

- 1.5-4.5 degrees C. The warming will not be evenly

distrbuted: some areas will warm more, others less,
The effects of other greenhouse gases could hasten
and intensify that effect.

The accumuiafion of most greenhouse gases Is
irreversible in the short term because the atmoesphere
residence fime of CO2 and some of the other green-
house gases Is on the order of hundreds of years. The
effects of global warming are not fotally predictable;
If nothing is done. however, and warming does
occur, It would probably be too late to plan for
changes or to reverse the process, The result of tak-
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ing no action could serously affect resource produc-
tion on edrth for centuries,

In Michigan a likely effect would be hotter and
possibly drier summers, Dryness and heat would
render the state’s main agricultural region in the
southern Lower Peninsula less productive. If the cur-
rent cllimatic conditions were shiffed northward 100-
200 miles. the northern Lower Peninsula and Upper
Peninsula might have longer and warmer growing
seasons, but the sandy and rocky seils that prevail
througheout that region would ke unlikely fo match
crop yields now obtained in the southern Lower Pen-
insula.

Indoor Pollutants

When one considers that most people spend
nearty 90 percent of their ime indoors, if becomes
evident that we should pay careful affention fo the
pollutants that may affect our health during this large
ameunt of time spent inside the home and the work-
place. There are nine major source-specific air con-
taminants:

¢ radon

¢ environmental fobacco smoke

¢ biclogical contaminants—including bacte-

ria, fungi. viruses, animal dander, caf saliva,
rat and mouse urine, mifes, cockroaches,
and pollen

« gases from sfoves, heaters, firepldces, and

chimneys--mainly carben monaoxide, nifro-
gen dioxide, and particulate matter

s household products—inciuding widely used

organic chemicals such as cleaning fluids,
paints, varnishes, wax, disinfectants. cosmet-
ics, and degreasing and hobby products

e formaidehyde
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+ pesticides
e csbestos
e lead

There is no comprehensive plan or act in Michi-
gan governing indoor air pollution, although specific
rules have been promulgated conceming restau-
rants and cerfain public buildings. Also, individual
companies and institutions have issued rules, partic-
ularly addressing the problem of fobacco smoke.
The Michigan Relative Risk Analysis Project consid-
ered only indoor pollutants in the home and non-Oc-
cupdgtion Safety and Heaith Administration (OSHA)
regulated buidings.

The Clean Air Act and a network of federal and
state regulations have strengthened air poliution
controls for outside air. Indoor air pollution, however.,
has not received much attention until recenfly, and
increasing energy-saving measures have resulted in
limited air turnover between indoor and outdoar alr,
In Michigan the temperate-fo-cool climate in the
winter resulfs in an increase in energy-saving bullding
practices that further reduce the exchange of air
from insicle to outside, As a result, levels of several
potentially harmful indoor air pollutants have risen,
bothin homes and in offices. Concentrations of most
alr toxics, for example, benzene and other volatile
organic solvents, are higher in Indeor than outdoor
air,

Lack of Environmental Awareness

Survival of the planet depends on whether pres-
ent and future generafions can become scologi-
cally Hterate—gain an awareness of the
interconnectedness of dll life. Itisincreasingly difficult
for people to keep abreasf of new scientific informa-



fion about environmentdl issues; fewer and fewer
have the opporiunity for regular experience wiih
nature. Compounding the problem is an uninformed
press that scrmetimes focuses attention away from
key Issues. Without a broad understanding of the links
between human welfare and the environment, envi-
ronmental protection inifiatives will face a host of
challenges. With popular support, however, these
challenges could be reduced or could be more
easily overcome. Few educational institutions have
Integrated the concept of building a sustainable
society info the leaming process. Such an education
requires fundamenial changes in many of our pres-
ent assumptions about schooling: the model of hu-
mans and nature needs to be replaced by the
alfernative model of humans in nature.

Preserving the abillity of future generations fo
meet their needs will require a citizenry with an
awareness and ethic for environmental profection,
A sustalinable future depends on a hedalthy environ-
ment. To protect the environment we must change
the mindset of individuals, instifutions, communities.
and industry with respect 1o their surroundings.

Public concernabout environmental problems is
high and rising. In 1990 the Roper Organization. Inc.,
conducted a survey about public atfitudes and indi-
vidual behavior as it relates to the environment. In
this and other surveys, more than 90 percent of
Americans described themselves as environmental-
ists. Nevertheless, public involvement remains rela-
fively low, There is a clear gap between what
American people are saying and dolng. This gap
stems from the bellef thot an individual has a very
imited effect on environmental problems.

The first difficulty with environmental education
in Michigan is that it is fragmented. There is no state

leadership In environmental education, and there
are many endeavors. The difficulty arises in frying fo
ascertain exactly what is happening in the state.
Often the environmental education efforfs of one
group are not known to others. There is no easy way
to get information about environmental education
opportunities statewide. no coordinating agency. no
umbrrella organization, no central clearinghouse, no
phone number fo call. There are substantial mater-
als and programs that small groups, large groups,
and individuals have put together but liffle or no
connection between such groups. There are many
commitied and Interested people. but they have a
difficult ime finding out all the environmental educa-
tion opportunities in Michigan. Also, there is no long-
term state commitment fo funding environmental
education.

In 1988, in an effort to fackle the gaps in environ-
mental education in Michigan, the departments of
Natural Resources and Education signed a Mermoran-
dum of Understanding identifying several elements of
cooperation between the two depariments, inciud-
ing the establishment of an Interagency Task Force
{MDE-MDNR) and a Citizens Advisory Committee and
the development of a state environmental education
policy. The Environmental Education Citizens” Advi-
sory Commitfee draff report Is currently under review.

Nonpoint-source Discharges to
Surface Water and Groundwater,
Including the Great Lakes

Diffuse {nonpoint) poliution is increasingly recog-
nized as the primary source of surface water degra-
dation. Groundwater also has been shown fo be
vulnerable to nonpoint-source poliution (NPS). Many
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Sources of NOx in Michigon

Area scurces 10%,

Paint sources 62%

Highway vehicles 28%

Michigan water bodies do not meet designated uses
or are degraded because of NPS. In general, non-
point pollutants enter surface water and groundwa-
ter as aresult of precipitation thatleads toland runoff
or percolation through soils, Specific contaminants
include sediment, nutrents, pathogenic microorga-
nisms, and chemicals (including pesticides).

in an 1988 survey the MDNR found the major rural
sources of nonpoint-source pollution were sepfic sys-
temns, streambank erosion, and agricultural prac-
tices. Major urbansources included construction site
erosion and urban runoff. The effects of these
solurces were seen primarily as added sediment de-
posits, turbidity, excessive aguatic plants, nuisance
digae blooms, and oxygen deplstion,

The following land use categories were consid-
ered by the DNR to pose the greatest threats of
groundwater contfamination: petroleum product
manufacturing (including coal); junk yards and sal-
vage yards: vehicle maintenance services, Including
public and private garages: chemical paint and al-
lled products manufacturing; laundries and dry
cleaners; and electronic and other equipment, in-
cluding plating and chemical coating. In addifion,
more than fifty land use categories were identified as
posing a medium-high risk of groundwater contami-
nation, Including golf courses, unsewered resldential
development, household hazardous wastes, bulk
storage of agrichemicals, agricultural practices,
lown care businesses, municipal and state garages,
lumber and wood production, paper and dllied
products, prinfing and publishing. leather and leather
products, roads and dirports (deicing salts and liqg-
uids). and wastewater freatment facilities.

Nonpoint source pollution is by ifs very nature a
problem that requires an Iinfegrated approach to
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management, Nonpoint poliution is produced by
diverse land use activitles that cut across agencies
and organizations as well as program areas within
these groups. Prior to 1988 there was no coordinated
effort in Michigan fo assess the scope and extent of
NPS pollution much less control it. The sfate ad-
dressed nonpoinf-source poliution primarily through
a loose network of existing conservation programs
and projects.

Efforts fo control NPS pollution became better
defined and more comprehensive with the 1987
amendments to the Clean Water Act. These amend-
mentsrequired sfates toidentify watersheds affected
by nonpoint sources and fo develop a plan to man-
age these sources. The DNR management plan was
submitted fo the U.S. EPA in the fall of 1988 and
subsequently approved. Since approval of the DNR
(Nonpoint Source Advisory Commiffee and Nonpoint
Source Technlcgal Committees) plan, several of the
recommendations have been implemented. includ-
ing the development of best management practices
(BMP) for various land use activities. BMPs are meth-
ods, megsures, or practices to prevent or reduce
water pollufion, including structural and nonstructu-
ral controls, operations, and mainfenance proce-
dures and scheduling and distributlon of activities.
Currently, BMPs exist for construction sites, goif
courses, and forestry. Urban and agricultural BMPs
are in draft form and will soon be available for public
review.

Photochemical Smog

Photochemical smog is a compléx mixture of
constituents formed when volatile organic com-
pounds (VOCs) and nitrogen oxides (NOx) are irradi-
ated by sunlight. Ozone (O3) is the primary concern



and the most abundant compound formed In pho-
toechemical smog.

Photochemical smog is a summertime phenom-
enon in Michigan. Temperatures are too low and
sunlight is insufficient during the other seasons. De-
spite almost two decades of reducing VOC emissions
from stationary and mobille sources and NOy emis-
sions frorm mobile sources, progress in reducing O3 in
Michigan has fallen short of expectations as two
regions of the state, the western shore of Lake Mich-
igan and southeast Michigan, continue to have non-
attainment status for O3.

There are numerous reasons why Michigan's and
the nation’s progress in reducing O3 has fallen far
short of expeciations: Models were flawed: anfhro-
pogenic sources were grossly underestimated; the
importance of biogenic VOC emissions were not
redlized; control programs were assumed o be 100
percent effective in reducing VOC emissions but
were not; as well as others.

The standards for O3 were established by federal
National Ambient Alr Quality Standards (NAAQS) for
a one-hour period. This standard is not to be ex-
ceeded more than once per year or the areqais
classified fo be in nonaftainment status. The one-
hour NAAQS level was chosen because decrements
in lung function tests were observed in heavily exer-
cising adults at concentrations higher than the stan-
dard. In addition, numerous studies at high O3
concentrations have shown that the decrements In
the lung function tests are fransient; the subjects’ test
performance returns, In most cases within hours, 1o
their preexposure levels without any long-term con-
seguences. Otherdata suggest that repeated expo-
sure, rather than individual peaks or chronlc
exposure, may be of concern,

The ecological concerns of O3 exposure focus
on decreased agricultural crop yields and damage
fo forests. In high concentrations O3 Is a phytotoxic-
ant that produces visible injury to the foliage as well
as growth and yisld reductions. In addition, O3 is
suspected of being a contributor fo forest damage
in Europe and in parts of the United States.

Onafew daysevery summer, anumber of ozone
monitoring sites near Lake Michigan and in the De-
froit metropolitan area record ozone concentrations
in excess of the NAAQS for anhour or two. Near Lake
Michigan, the ozone is formed primarlly from emis-
sions in the Chicago and/or Milwaukee areas and Is
imporfed across the lake. In the Detroit area a signif-
icant fractlon of the observed ozone can be im-
poried from upwind areas, but a fraction Is also
produced from local emissions, At the concentra-
tions experienced in Michigan, only the very small
fraction of the population that is engaged in pro-
longed vigorous outdoor activity at the fime the
ozone standard is exceeded Is exposed to ozone
levels that may pose a measurable health risk. Agri-
cultural crop vield losses in Michigan appear to be
stafistically insignificant,

Point-source Discharges to Surface
Water and Groundwater, Including
the Great Lakes

Passage of the Clean Water Act in 1972 funded
and sef in motion a mostly successful national effort
to clean the nation’s waters, Discharges of un-
freated sanitary and industrial wastewater and
stormwater during decades of increasing urbaniza-
tion and industrialization had resulted in substanticl
degradation in many of Michigan’s water bodies.
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Beach closings, threatened drinking water supplies,
increased eutrophication, and fish kills wera com-
mon. After twenty years of extensive construction of
wastewater freatment facliities and regulation to
meet established effluent levels and freatment re-
guiremenis many successes have been redlized. Re-
ductions of conventional pollutants such as nutrients,
microcrganisms, chlorides, heat, ol and grease, bic-
loglcal oxygen demand, and suspended solids in
many surface waters have been documented, Eu-
trophication problemsinmany inland lakes, including
Lake Erie, have declined primarlly because of reduc-
fions In phosphorus and organic materialloads. Con-
cenfraffons of phosphorus in the Grand. Saginaw.
and Kalamazoo rivers have fallen an average of 70
percentsince 1970, principdlly due fo the phosphorus
detergent ban and wastewater freatment plant up-
grade and construction.  The Tiltabawossee and
Saginaw rivers at one time would not freeze because
of the heat and dissolved solids load. Now they
provide < healthy walleye population for ice fishers,

Although dramatic improvements in water quatl-
ity have occurred, the goal of the Clean Water Act
has not been fotally achleved. The national goal set
by the act was for the ellmination of all discharges of
poliutants info navigable waters by 1985. Point-
source pollution problems that need fo be addressed
in the future are combined sewer overflows (C50s;,
urban stormwater, persistent toxics both from histori-
cal and present discharges, aging municipal
wastewater tfreatment plants (WWIPs), and sewer
systems.

The control of water poliution by conventional
treatment of most point-scurce discharges of
wastewater from industry and municipalities over the
last twentyyearshasgreatly improved surface waters
in Michigan. Intermittent discharges of unfreated
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wastes via CSOs persist in many urbanized areas of
Michigan and are in violation of water quality stan-
dards, Storrmsewer discharges and urban runoff de-
grade aguatic resources in many areas. Discharges
of frace levels of persistent toxic substances exist and
may be untreafable by means of conventional tech-
nology.

Wastewater freatment systems are aging and In
need of substantial maintenance. upgrading, or re-
placerment to meet more stringent discharge limits
and increased waste volumes. Treatment of CSOs
will be required and stormwater discharges will be
addressed under the National Pollutant Elimination
Discharge Systermn (NPDES). Industrial wastewater
treatment facilities also must be maintained in order
to meet discharge limits. The public expenditures
over the next twenty years for the construction of
wastewater treatment facilities via grants, bonding:
and tax exemptions for sanitary and industrial
wastewater, as well as CSCs and stormwater, will
eqsily exceed the more than $4 billlon expended for
water pollution abatement over the-past twenty
years, Under the present systemn of funding for mu-
nicipal freqtment faciities, the local match for con-
struction will be 65 percent and not 20 percent, as it
was in the post.

Stratospheric Ozone Depletion

Ozone is the dominant gas in the upper almo-
sphere that prevents harmful solar ultraviolet radia-
tion from reaching the surface of the earth, Recent
sclentific studies have documented decreases in the
average ozene concentration worldwide, with adra-
matic decrease recorded over the Antarctic in the
spring and as much as 70 percent of the ozone
destroyed in some areas, It has been estimated that



for every one percent decrease in stratospheric
ozone there is a 2 percent increase in ulraviclet-B
(uv-B) radiation. the ultraviolet wavelengths of most
concern, penetrating the atmosphere.

This loss of upper atmospheric ozone and subse-
quentincrease inuv-B radiation at the earth'ssurface
can cause undesirable effects on humans such as
Increased rafes of skin cancer, cataracts, and possi-
bly suppression of the immune system. U.S5, EPA sci-
entists estimate that for every one percent depletion
inozone, one can expect 20,000 additional skin can-
cer deaths in the United States. The EPA also has
estimated “that ozone depletion will lead o an ad-
ditional 31,000 to 126,000 cases of melanocma among
U.S. whifes born before the year 2075 and an addi-
tional 7,000 to 30,000 fatalities.” In the same predic-
fions they estimated that “an additional 550,000 fo
2,800,000 Americans born before the year 2075 wil
have cataracts.”

-

it is believed that many biclogical species other
than humans can have susceptibllity to Increased
uv-B radiation. Stratospheric ozone depletfion also
canresult in crop damage; damage to aquatic eco-
systems, parficularly phytoplankton. zooplankton,
anrd the larval stage of certain fish; increased smog;
and increased damage to matericls such as making
plastics more britfle and fading paint. A very rapid
change In the amount of ulfraviolet radiation reach-
ing the earth’s surface also may negate the ability of
plants and animals te adapt naturcally, through ge-
netic development, fo increased uv-B radiation.

In addition fo biclogicai effects, there is also
concern that the global declines in femperature in
the stratosphere af about 50km that have been doc-
umented during the past ten years may be due to
the decline in ozone. This could be caused by less

absorption of solar ulfraviclet radiation af this level,
which, In fum, could affect stratospheric wind pat-
ferns and global climate. Such effects have world-
wide implications.

Current science shows that chlorine and bro-
mine compounds are primarily responsible for the
destruction of sirafospheric ozone., The principal
source of chlorine is chlorofluorccaroons (CFCs),
while bromine originates from halons. CFCs are syn-
thetic, stable, volatile compounds not normally pres-
ent in the atmosphere. They are important
commercially and widely used as refrigerants, sol-
vents, cleaners, aerosol propellants, medical sterl-
lants, and blowing agents in rfigld and soft feams.
Approximately 30 percent of the world CFC fotal is
produced in the United States. When released to the
open atmosphere they do not break down but mi-
grate upward, over a period of six to eight years, fo
the stratosphere where they can be broken down by
ulfraviolet light, releasing chlorine that is capable of
destroying ozeone., Even with the present scheduled
phcse—buf of these chemicals, it is predicted that
chlorine concentrations will continue to increase due
to past CFC releases, with a peak level being
reached in about the year 2010, These chemicals
can survive in the upper atmaosphere for more than
100 years and can recycte many fimes before being
removed. It has been estimated that on average.,
one chlorine atom may destroy 100,000 ozone mole-
cules before it is removed from the stratosphere,

Michigan contributes fo the stratospheric ozone
depletion problem in several ways. Te state is heav-
ity industriclized and has a number of companies that
directly release ozone deplefing chemicals to the
atmosphere as a result of thelr manufacturing activ-
Hies. In 1989, 145 companies released at least 6.5
millon pounds of the three ozone depleting chemi-
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cals (CFC-113, methyl chloroform, and carbon tetra-
chloride) that they are required to report under the
federal Community Right-to-Know Law. Reporting
compliance under this law is low; nnoreover, reporting
of other ozone depleting chemicals, such as the
CFCs with higher usage. has only recently been re-
quired (in 1992). Also, general consumers use many
products that either contain ozohe-depleting chem-
icals or were made using them. It can be assumed
that Michigan’s per caplta use/consumption of these
chemicals is around the United States average.
which is about 1.5 kg per capita annually.

Once the preblem of stratospheric ozone deple-
tion was recognized. govemnments and the scientific
community mobilized to mediate it. A major world
conference was held, and in 1987 the Montreal Pro-
tocol fo confrol CFCs and other ozene depleting
chemicals was agreed o by most of the world's
industrialized nations. it was ratified by the U.S. Con-

‘gress in 1988. Based on new scientific evidence and
increasing concern, the Protocol was revised in 1990
to call for a complete phase-out of the production of
CFCs, halons, and carbon tetrachloride by the year
2000 and methyl chicroform by the year 2005,

More significant from Michigan’s standpoint are
the new amendments to the federal Clean Air Act
passed in Noverber 1990, These established a com-
pletely new federal regulatory framework for the
confrol and phase-out of production and use of
ozone-depleting chermicals.

After the National Aeronautics and Space Ad-
minisiration (NASA) indicated if had new information
on high levels of CIO in the stratosphere on February
3, 1992, President Bush announced that the United
States would take unilateral action fo phase ouf the
production and use of CFCs by the end of 1995.
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Trace Metals in the Ecosystem

Trace metdls are metals and metalioids (e.g..
lead and arsenic, respectively) that typically occur
in low concentrations in the major elemental reser-
voirs of the earth: sediment, scil, rocks and minerals,
water, air, and biofa. Heclth problems associated
with frace metals in the envirenment have occurred
since ancient fimes. Mefals cannot be desfroyed,
are hard to remove from the environment, and can
be concenfrated In bicta. Not addressing the trace
retal issue (in part because of a lack of knowledge)
could result in serious consequences.

Some of these meftdls, such as the "heavy” met-
als arsenic (As), cadmium (Cd). mercury (Hg). and
lead (Pb). are foxic even af low concenirations.
Hence, the Infernationat Joint Commission (U.S. and
Canada) has fargeted these four metals as critical
confaminanis in the Great Lakes region. However,
with increasing concenfration in the environment,
metals not normaltly toxic, and even essential to life
atlow concentrations, become toxic. Thus, there are
potentially more frace metals (both heavy and tran-
sition) and forms {oxidationstate, methyiated, and so
forth) of the metals that may be of concemn in the
Great Lakes region than the four “critical” contami-

nants.

Assessments of metal poliution based on fotal
concentrations in soils, sediments, and so forth may
be misleading because metals have natural sources
and different toxicities as a function of their form in
the environment, Of major concern is the build-up of
metals in the environment due to anthropogenic
emissions, mainly from fossil-fuel combustion, waste
incineration, manufacturing processes, mining, and
smelfing. The relative importance of these sources
varies for each metal. The major anthropogenic



sources for As, Cd, Hg. and Pb are historical pesticide
use. codl burning, iron/steel production, and motor
fuel/Industry, respectively.

The east-north central states (Michigan, Wiscon-
sin, llinols, Indiana. and Chic) are a major source for
and recipient of trace metals. Trace meitals enter the
Michigan ecosystern both from within the state and
from oufside Michigan borders (fransboundary ef-
fect). Pathways for frace metals in Michigan (and
the Great Lakes region in general are: from atmo-
sphere to land and water (Great Lakes, inland lakes,
rivers); from land (added from the atmosphere and
from the weathering of minerals) to groundwaterand
rivers; and from groundwater and rivers to the Great
Lakes (as well as inland iakes).

Some of the problems with trace metals in the
Michigan ecosystem are obviocus. Ingesfion of

leaded paint by children, mercury in fish throughout
the inland lakes, and arsenic in groundwater In the
Bad Axe area are a few examples. Other problems,
such as the contfinual build-up of metals in scit, are
not as obvious. The geochemistry of frace metals
(and other elements as well) in the Michigan environ-
ment and how this geochemistry reiates fo healfh
and disease is poorly understocd.

As the heavy metal burden in the environment
(air, soll, and waten) increases, the threshold level af
which “safe” environments become poisonous s ap-
proached. This threshold level for most mefal-envi-
ronment-biologic interactions is poorly understood,
has already been surpassed (and may be unrecog-
nized) in some environments, and could be lowered
suddenly by changes in the environment due to such
factors as acld rain and glebal climate change.
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