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ABSTRACT

A POLICY ANALYSIS MODEL FOR THE
EVALUATION OF DIOXIN REGULATIONS IN MICHIGAN

By

Erich Peter Ditschman

A policy analysis model using the economic concept of "optimality," is used to
assess Michigan’s dioxin policy by evaluating potential private costs to the pulp and
paper industry and the social benefits of decreased risk to adverse effects of dioxin
contaminated surface water. Mead Corporation’s Escanaba integrated mill and the
Delta County fish eating population are used to illustrate the model. Three different
bioconcentration factors are used to evaluate Michigan Department of Natural
Resource’s water quality based effluent limits and Michigan Department of Public
Health’s health advisory triggers. Three willingness to pay values were used along
with mill abatement costs to derive a total cost of pollution. Results indicate that the
current effluent limit of 0.022 parts per quadrillion for the Mead mill is not pareto

optimal; it places an undue burden upon the mill at a cost that society is unwilling to

pay.
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CHAPTER ONE: INTRODUCTION

1.1  The Policy Making Environment

Regulating toxic substances is similar to spending a day at a three ring circus.
In one ring, scientific professionals measure, analyze and conjecture truth and justice
in an attempt to explain the risks associated with the toxins in people’s daily lives. At
the opposite end, in a dimly lit ring, federal and state regulatory agencies juggle
platitudes from industry, environmental interest groups, and the scientific community
such as "The discharges contribute to a pollution that leads to birth defects, cancer,
respiratory problems and death" (Port Huron Times Herald, 8 April 1990), "What we
are resisting is the attempt to impose discharge limits that are unrealistically low"
(Onstream, 1989), and "Cabbage and broccoli contain a chemical whose breakdown
products behave in the body in much the same way as dioxin one of the most feared
industrial contaminants" (University of California, 1990).

In the center ring, the main attraction, surrounded by high intensity spotlights,
are the ace reporters who excite, bemuse, and befuddle the unsuspecting audience
with explosive headlines, "Paper Mill Dioxin Pose Threat, EPA: Eating fish from
downstream raises cancer risk," (Port Huron Times Herald, 1 May 1990) colorful
placards reading, "Dioxins: Dancing with Death," (Port Huron Times Herald, 8
April 1990) and flaming editorials, "Dioxin: Oops Never Mind" (Detroit News, 10
June 1990).

This is the policy making environment in which government agency personnel
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must develop policies to regulate toxic substances. Risk managers' base the creation
of policy on science, public perception and political climate. At any time during the
policy making process any one of these three factors may be weighted differently,
with the resulting policy having very real impacts. Risk managers must have
information concerning the magnitude of these impacts if they are to develop and
implement policies that maximize the health, welfare, and safety of society.

This research develops a policy analysis model that can be used to examine the
impacts of regulating toxic substances in surface water. The model is rooted in
pollution cost theory, which accounts for the costs to industry of abating pollution as
well as the costs society incurs from exposure to pollution. First, using the flow rate
of a river and the concentration and discharge rate of an industrial effluent, an amount
of toxin in fish is calculated. Second, estimates of damages suffered by a population
from consuming toxin tainted fish are made. Third, estimates are made of the
private costs associated with decreasing or eliminating the toxin in the industrial
effluent. Finally, the damages to a population and the costs incurred by a polluting
firm are compared in an effort.to evaluate one particular impact: total cost to society.

This policy analysis model is applied to a particular regulatory situation in
Michigan which involves the toxic substance 2,3,7,8-TCDD and the Mead

Corporation’s kraft pulp mill in Escanaba. The total cost to society of the dioxin

who

' The term risk manager refers to the regulatory agency personnel which
develop and implement rules and regulations in response to legislative action.
In developing rules and regulations risk managers attempt to minimize risks in
an effort to protect the health, welfare and safety of society.
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regulations developed by the Michigan Department of Natural Resources (MDNR),

Michigan Department of Public Health, and U.S. Food and Drug Administration are

evaluated.

1.2 The Environmental Concern of Dioxin

There has been significant debate over the actual risks that dioxin poses to
human health and the environment. As the scientific community continues to assess
the risks, public perception of dioxin as one of the most carcinogenic substances
known to humankind prevails. Until the health risks of dioxin are more fully
understoodz public perception of risk will be a dominant factor in shaping federal and
state policy. Governmental agencies can ill afford to risk public health, welfare and
safety, and as a result will err conservatively in policy development.

Dioxin is the unintended side effect of a number of industrial activities and is
also found naturally in the environment. Dioxin generically refers to a family of 75
similarly related compounds, polychlorinated dibenzo-p-dioxins, of which 2,3,7,8-
TCDD is one. A class of related compounds, polychlorinated dibenzo-furans
(furans), are generally found in close association with dioxin, which, although they
share similar chemical characteristics, are less toxic than dioxins. This research is
devoted exclusively to the study of 2,3,7,8-TCDD (referred to in this study as
dioxin).

In the absence of human health data on the effects of dioxin exposure, the

results of animal tests are extrapolated to give some indication of potential risks to
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human health. A number of toxicological studies have been conducted to assess }the
impacts of dioxin on animals. Results of these studies indicate a variety of adverse
health effects, including ihe occurrence of cancer (Kociba et al. 1976, Kociba et al.
1978, Murray et al., 1979, Allen et al., 1977), on a number of animal species at
various doses. Kociba et al. (1978) reported various cancers of the liver in female
rats at extremely low doses of dioxin, 0.01 microgram per kilogram (ug/kg). On the
basis of these and other studies, current federal and state regulation of dioxin is based
on the assumption that dioxin is carcinogenic. Whether or not dioxin is actually
carcinogenic in humans is widely debated. While the debate continues, regulatory
agencies have taken the conservative position of presuming dioxin to cause cancer in
humans. This presumption creates a policy environment based on imperfect
information which can result in significant resource expenditures by industry to meet
a standard that provides an uncertain level of protection to society.

Because of dioxin’s intense toxicity there is concern for exposure at very small
doses. Scientific instrumentation has developed to the extent that toxic substances can
now be measured at extremely low concentrations. Dioxin has been found in the
parts per trillion (ppt) range in fish, and in the parts per quadrillion (ppq) range in
pulp mill effluent. Current Michigan Department of Natural Resource regulations
require the discharge of dioxin from a new pulp mill to be below 0.01 ppq level,
which is below current scientific measurement capabilities (presently limited to the 3-
4 ppq range). Table 1.1 puts these measurements in perspective; they have been

adapted from comparisons made by Warren B. Crummett of the Dow Chemical



Company (Kagel).

Table 1.1 Comparison of Trace Concentration Units

Unit 1 part per trillion 1 part per quadrillion

Length 1 inch/16,000,000 miles 1 inch/16,000,000,000 miles
Time 1 second/320 centuries 1 second/320 millenniums
Money $.01/$10,000,000,000 $.01/$10,000,000,000

Weight 1 pinch salt/10,000 1 pinch salt/10,000,000
potato chips potato chips

Action 1 bogey/3,500,000,000 1 bogey in 3,500,000,000,000
golf tournaments golf tournaments

Quality 1 bad apple per 1 bad apple per
2,000,000,000 barrels 2,000,000,000,000 barrels

Rate 1 dented fender per 1 dented fender per

10,000,000 car lifetimes  10,000,000,000 car lifetimes

There are two primary properties that can increase the hazard potential of
dioxin to humans and the environment: persistence and bioaccumulation. Dioxins are
generally resist;ent to biological breakdown and can persist in the environment for
years. Dioxins are also lipid (fat) soluble and tend to be accumulated by living
organisms.

The bioaccumulation property of dioxin poses a potential threat to Great Lakes
anglers who consume their catch. Fish bioaccumulate dioxin, magnifying the
concentration in water from parts per quadrillion to parts per trillion in their flesh.
This increased dioxin concentration makes the consumption of sport fish a higher risk
to the human population than that of exposure to the skin, or the drinking of dioxin

tainted surface water.



1.3 Dioxin in the Great Lakes

A number of studies have detected dioxin throughout the Great Lakes Basin.
Kaczmar et al. (1985) reported detectable residues of dioxin in bottom feeding fish
ranging from 17 to 586 nanogram per kilogram (a ng/kg is equivalent to a ppt) in
many Michigan watersheds. Analyses conducted on fish from Lake Ontario, Lake
Erie, and the Hudson River (Smith et al., 1983) and Lake Huron (Stalling et al. 1983)
indicated dioxin in a variety of fish species with concentrations ranging from non-
detectable (at 3.2 ng/kg) to 107 ng/kg.

A number of analysés have been conducted on Michigan rivers receiving
dioxin laden discharge from industry. Results of a 1988 analyses conducted on the
Menominee River downstream from Champion Paper Company’s Quinnesec pulp and
paper mill indicated the presence of dioxin in redhorse sucker, smallmouth bass,
northern pike, and walleye in the range of non-detectable (at 0.11 ng/kg) to 1.97
ng/kg (MDNR, 1988a). A 1988 sampling of walleye from the Tittabawassee River at
Midland near Dow Chemical Company, confirmed that dioxin was present, ranging
from 1.3 to 5.61 ng/kg (MDNR, 1988b). The results of a 1989 analysis of fish in the
Escanaba River near the Mead Corporation’s Escanaba pulp and paper mill identified
northern pike, white sucker and smallmouth bass with detectable residues of dioxin
ranging from 2.86 to 23.4 ng/kg (MDPH, 1989).

The flushing time of the Great Lakes, particularly the deep Upper Great
Lakes, plays an important part in characterizing the potential harm from persistent

toxic substances. The flushing time to remove fifty percent of a conservative
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material, such as dioxin, from the Great Lakes ranges from 120 years for Lake
Superior, 50 years for Lake Michigan and Lake Huron, approximately 7 to 10 years
for Lake Ontario, and 2.5 years for Lake Erie, (Bennett, 1978, Rainey, 1967, Sly,
1967). Long flushing times increase the amount of time a material stays in the lakes

which increases the chances for the material to be bioaccumulated in fish.

1.4 Risk Management Approach to Regulating Toxic Substances

The regulation of toxic substances occurs at the federal, state, and local level.
These regulations are manifested in a variety of forms. There are federal laws that
affect the development, use, storage and disposal of toxic substances and the
protection of resources from the disposal of these substances. Examples of these laws
include the Federal Insecticide, Fungicide, and Rodenticide Act of 1972, Safe
Drinking Water Act of 1974, Toxic Substances Control Act of 1976, Clean Water
Act of 1972, and the Resource Conservation and Recovery Act of 1976. States
promulgate rules as a result of state and federal legislation. Michigan’s Water
Quality Standards are promulgated as rules (Part 4 of the General Rules of the Water
Resources Commission) under the Water Resources Commission Act, P.A. 245, of
1929 as amended. Local ordinances can also play a role in regulating toxic
substances through the siting of chemical production facilities. The primary process
used by both federal and state governments in regulating toxic substances in surface
water is risk management.

Risk management agencies use a risk management approach to protect the
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public health and environment from toxic substances such as dioxin. Risk
management refers to an optimal balance between uncertain benefits and uncertain
costs (Haimes, 1990). According to Haimes, risk is the measurement of the
probability and severity of adverse effects. Probability refers to the likelihood that an
event will occur and severity is a measure of the magnitude of the event’s effects. In
the case of dioxin, risk includes the likelihood of a human to contract cancer as a
result of being exposed to the chemical.

Risk management is the second part of a two part process that also includes
risk assessment. Risk assessment is defined by the U.S. National Academy of
Sciences (1983) as:

...the scientific activity of evaluating the toxic properties of a chemical and the

conditions of human exposure to it in order both to ascertain the likelihood that

exposed humans will be adversely affected and to characterize the nature of the
effects they experience.
Wentz (1989) points out that "risk assessment techniques include environmental
impact assessment, systems analysis, cost-benefit analysis and probability analysis,"
and explains that "risk assessment is really based upon environmental impact
assessment in that it quantifies the potential hazards of economic development and
technological change."”

In developing protection policies based on risk assessment and risk

management, risk managers must address four questions:
1. What can go wrong?

2. What is the likelihood that it will go wrong?

3. What are the consequences?
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4. What can be done (Haimes, 1990)?

Besides risk, policies must also address the issue of safety. Measuring risk is an
empirical, quantitative, scientific activity, while judging safety is a normative,
qualitative, political exercise. Judging safety is judging the acceptability of the risks
(Haimes, 1990).

While risk assessment and risk management are independent activities, they are
often linked by nsk managers to provide a system for devising risk based protection

policies (Figure 1.1).

Risk Assessment

Hazard ldentification

Dose Response Risk
Assessment Characterization

Exposure Assessment

Risk Management / Risk
» Communication

Development of
Regulatory Options

v
Evaluation of Options
¥
Agency Decisions and Actions

Figure 1.1  The Risk Assessment/Risk Management Process?

2 Adapted from Bedford et al., 1990 and the National Academy of Science, 1983.
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Risk assessment includes four steps:

Hazard Identification: The gathering of information to determine whether a
particular chemical is or is not causally linked to particular health effects.

Dose Response Assessment: The determination of the relation between the
magnitude of exposure and the probability of occurrence of the proposed
health effects.

Exposure Assessment: The estimation of the number of people which will be
exposed and the characteristics of the exposure before or after application of
regulatory controls.

Risk Characterization: The integration of hazard identification, dose response
assessment, and exposure assessment to describe the nature and often the
magnitude of human risk (Pollock et al., 1989).

After the results of risk assessment have been clearly articulated risk managers

apply risk management techniques to the decision making process. Risk management

includes three steps (Bedford et al. 1990):

1.

2.

3.

Development of regulatory options.

Evaluation of public health, economic, social, and political consequences of
regulatory options.

Consequent agency decisions and actions.

An important distinction between risk assessment and risk management is that,

ideally, risk assessment consists of objective, quantifiable determinations. Risk

management generally involves a multitude of unquantifiable factors including

perceptual, economic, cultural, and political influences (Wentz, 1989). Risk

Communication is a separate component shared by both processes. It refers to the

communication of relevant information to pertinent audiences.

Bedford et al. (1990) suggest that risk communication is the most important
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element in the risk assessment/management process. It is the element that either
"convinces the public that the system is working and that their health is being
protected or leads to distrust of the message and the involved parties.” For risk
communication to be effective it is necessary for the agencies involved to deliver the
same message to the same audience. Bedford et al. stateg,"it is important that the
results of the risk assessment process be as uniform as is reasonably possible given
the different purposes for its use within individual state agencies as well as balance
between agencies.” The concept of uniformity in risk assessment methods can also
be expanded to include consistency between states as well as between federal and state
agencies.

The current sophistication in measurement and the techniques used to
determine the effects of toxic substances on certain species are activities pursued in
the realm of scientific inquiry. However, the utilization of these data for risk
management and safety judgement is done outside the realm of science in the political
arena. It is in the political arena that federal and state agencies are left to deal with
the question of what is a safe level of exposure, or "how safe is safe?"

The protection polices developed by agencies do not directly answer the
question of "how safe is safe?" rather they provide a range of risks. Agencies use
mathematical models to "estimate the upper boundary (95 percent) on risk of
increased incidence of cancer over background cancer rates for a population exposed
to certain concentrations of a chemical over a lifetime of exposure under assumed set

of conditions (MDNR, 1984)." The result of this cancer risk assessment is generally
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expressed in terms of additional cases of cancer in a given number of individuals.
For example, the U.S. Environmental Protection Agency (EPA) bases its protection
policies on risk assessments relating risks to one excess case of cancer per one
million exposed population. The Michigan Department of Natural Resources and the
Michigan Department of Public Health both use measures of risk relative to one
excess case of cancer per 100,000 exposed population. Risk managers can compare
the risks associated with a certain toxic chemical to risks in people’s lives.

On a daily basis people are faced with numerous risks both unavoidable, such
Aas being 'struck by lightening and being in an automobile accident, and avoidable,
including skiing, swimming, and hunting. By evaluating the range of avoidable and
unavoidable risks, a risk manager can choose a limit that relates the risk associated
with being exposed to a toxic chemical that provides some margin of safety that

exceeds the majority of risks that people face.

1.5  Michigan Dioxin Policy

The Clean Water Act of 1972 (33 U.S.C. 1251 et seq.) specifies a number of
mandates to achieve its rigorous goal of maintaining the integrity of the Nation’s
waters. The Act calls for the elimination of pollution discharges into navigable
waters and declares a national policy "that the discharge of toxic pollutants in toxic
amounts be prohibited.” In the development of the Act a number of non regulatory
"market" mechanisms, including tax-sﬂbsidy approaches and pollution certificates,

were proposed to control pollution. However, in the end, Congress adopted a
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regulatory approach which direét.ly addresses the quantity of pollution discharged

(Goldfarb, 1988).

The Act provides for the development of w;ter quality-based effluent limits
and technology-based limits to control pollution. According to Goldfarb, the Act’s
principal control mechanism "is uniform national technology-based effluent
limitations, progressively tightened until a ’zero discharge’ goal is reached.” As an
interim step, until these téchnology-based effluent limitations are developed, water
quality-based effluent limits are used by states to control the amount of toxic
substances entering surface waters. Federally authorized state agencies generally use
a risk management approach in developing state water quality-based effluent limits
(referred to as effluent limits).

The Michigan Department of Natural Resources (MDNR) uses risk
management to formulate policies to protect the population from the potential adverse
health effects of exposure to dioxin contaminated surface water. The MDNR
develops effluent limits as part of an EPA authorized state National Pollutant
Discharge Elimination System (NPDES) program. ’These limits act as warnings that
no discharge will be tolerated if it disrupts the integrity of a body of water (Goldfarb,
1988). The MDNR established an effluent limit of 0.01 parts per quadrillion (ppq)
for new discharges of dioxin into Great Lakes tributaries. The current NPDES permit

for the Escanaba Mead pulp and paper mill® is 0.022 ppq dioxin for discharges to

There are 104 bleach kraft mills in the U.S. Each mill has its own specific process
configuration, however, the mills generally share a number of similar characteristics
such as the use of a chlorine based bleaching process and kraft pulping technology.
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the Escanaba River.

The Department of Public Health (MDPH) uses risk management to develop
sport fish consumption advisories and corresponding health advisory triggers to
inform the public of the risks associated with eating sport fish burdened with toxic
substances. The MDPH has set 10 ppt as the health trigger for dioxin in fish. If a
body of water has been identified as having fish with a body burden of 10 ppt or
greater of dioxin, an advisory is issued warning individuals not to eat the
contaminated species. The question that must be addressed is what relationship
exists, if any, between water quality based effluent limits and health advisory
triggers?

Both the MDNR and MDPH use risk management in developing dioxin
regulations. However, the differences in an agency’s application of risk management
techniques, in the development of effluent limits or health triggers, may have
significant effects on social welfare when they are implemented. Combs et al. (1989)
state:

. . .subjectivity is a factor in the interpretation of the data upon which the

standard is based. Two standard setting bodies, using the same toxicological

information, and equally qualified personnel to interpret that information, may
produce numerical standards that are markedly different. This subjectivity in
the interpretation of the data has led to many questions about the
appropriateness of various numerical standards and to the belief by many that

the numbers represent little more than "black magic."

Although the MDPH health trigger is not a numerical standard, but rather a

The Mead Corporation’s Escanaba Mill is representative of the characteristics found
in the majority of the U.S. bleach kraft mills.
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mechanism for communicating risk, it is an integral part of Michigan’s policy to
control human exposure to dioxin. The MDNR’s effluent limit is the target the
discharging firm must meet, while the health trigger is a value that indicates the level
at which a fish can be burdened by a toxic substance and still be safe to eat. Having
two agencies independently formulate dioxin policy ¢an cause miscommunication,
provide for inconsistencies, and raise serious questions concerning the effectiveness of
these policies in protecting human health.

The term effectiveness, when used in the context of gauging policies that
protect human health, refers to whether or not a policy is protecting a population to a
given level of risk, or in some cases, a range of risks. The risk level defines the
region in which agencies have judged exposure to be safe.

One inconsistency between agency responses is their cancer potency factors.
Both agencies use the linearized multistage model* for extrapolating animal data to
humans, an assumed risk of one excess case of cancer per 100,000 exposed
population, and the same animal study (Kociba et al. 1978). However, because of
different risk H5$&sment assumptions they derive potencies that are significantly
different. The MDNR uses a potency factor of 1.51 x 10° mg/kg/day and the MDPH
uses a factor of 3.57 x 10* mg/kg/day. Because the potency value is critical to

determining the cancer risk of a toxic substance, this magnitude of difference in the

The linearized multistage model is used to fit animal laboratory data which was
generated in a high dose range to a dose response curve in order to predict responses
to a particular carcinogen at low doses. The model assumes that there is a risk of
cancer being developed at any dose.



16

factor alone will have a significant effect on the safety margin of a particular
protection policy. Other inconsistencies between regulatory responses to dioxin

control are identified in Chapter 3.

1.6 Study Objectives

The desirable approach to the assessment and management of any particular
chemical includes the analysis of all relevant information (Bedford et al., 1990).
Bedford et al. suggest that ideally this evaluation would be conducted by a panel of
experts composed of representatives from the disciplines of medicine, toxicology,
ecology, sociology, economics, and other relevant fields. However, such a panel
would require tremendous expenses in terms of money, time, and effort, all of which
are in limited supply in state and federal agencies.

In the absence of such a panel, agency personnel are left with limited
information on which to base the development of toxic substance policy. To assist
risk managers in making decisions, a policy analysis model based on biological and
economic data is developed which provides information on the exposure and
associated risks of a toxic substance as well as the associated costs.

A model is merely an abstraction of reality. To gain utility from a policy
analysis model, several factors must be addressed which, when combined, lead to an
outcome which the policy was designed to effect. The first key factor that must be

addressed by the policy analysis model is a firm’s choice of abatement methods. For
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example, an effluent limit for a toxic substance is developed in order to prevent the
further contamination of a water resource from a particular contamination source.
The effluent limit adopted by the risk manager is determined to be at a level that
protects the health, welfare and safety of a particular population. This effluent limit
sends a message to the source that it will face regulatory action if it does not comply
with the limit. The source, usually an industrial firm, in turn adopts technologies in
order to decrease the concentration of the toxic substance in the effluent to the
prescribed level. Until the source is in compliance, and even after it reaches the
effluent limit, the toxic substance will be released at some level into the environment.

Each firm is faced with a set of choices in determining which abatement
technology to adopt. These choices are limited by a number of constraints including
the cost and effectiveness of the technology. A firm will generally seek to just meet
the effluent limit using the least cost technology. The effectiveness of the technology
will determine the amount of toxic substance that enters a water body.

The fate of the toxic substance is the second key factor that must be
addressed. Once the toxic substance is in the aquatic environment it may adsorb to
particulate matter and immediately settle on the bottom of the water body or it may be
transported some distance before it settles; it may also be consumed by aquatic
organisms. The substance could also dissolve in the water or volatilize into the
atmosphere.

If the toxic substance is incorporated into fish tissue then the fate of the

contaminated fish must be identified. If the fish is eaten by predatory species such as



18

herons, bears or humans, the third factor in the model is to identify the effects on the
species which consume the contaminated fish. If the consumption of contaminated
fish causes harm, a fourth factor is to determine the costs associated with this harm.
Each of these factors must be examined within the policy analysis model if a complete
picuIre of the effectiveness of the effluent limit is to be developed.

The policy model developed in this research is based on the economic theory
of social welfare maximization which states that the most desirable condition for any
society is maximum social well-being (welfare) at a minimum cost’. When applied
to the problem of assessing the impacts of toxic substances on public health, the key
component of the model is the amount of a toxic substance that ends up in fish tissue.

There are three primary factors governing the amount of toxins in fish tissue:
effluent concentration of a toxic substance, rate in which effluent enters a water body,
and rate of flow of the water body. Other ancillary factors will be discussed in
Chapter 2. Once established, the amount of the contaminant in fish can be used to
identify potential exposure to a specific population. This exposure can then be used
to characterize the risk of contracting cancer for the population.

Economic valuing techniques are applied to a population’s risk of contracting
cancer in an effort to determine a damage cost for dioxin exposure. Economists have
recently begun to quantify what individuals would be willing to pay for reducing their

risk of death. Although the risk of death is one (everybody will die) there are

Maximum social well-being is defined as a state "in which society is as well off as it
can possibly be, given its resource base, its productive technology, and the tastes and
preferences of its members" (Randall, 1987).
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activities which, if undertaken, have been statistically shown to provide a greater
chance of risk related death than other activities. For example, based on a fifty year
period a fire fighter has a 32 in 1,000 chance of dying on the job, while a service or
government worker has only a 40 in 10,000 chance of dying on the job in the same
period (Clark et al., 1987). The "value of life", as stated by Blomquist (1979), "is
based on changing the probability of survival by a small amount.” Because risk is not
traded in markets economists use various methods to determine what people are
willing to pay to reduce their risk of dying from specific avoidable behaviors.

Economists estimate a willingness to pay value to indicate the change in well-
being that would result from changing the risk of death related to specific activities.
They derive this estimate by measuring "how much of other goods and services a
person is willing to give up to get a reduction in the risk of death (Fisher et al.,
1989)." This concept of valuing the risk of death from avoidable behavior is critical
to the development of this policy model. A more detailed discussion will be provided
in Chapter 4.

By associating willingness to pay values with a population’s risk of contracting
cancer, the implied costs that the population incurs due to the exposure of a toxic
substance can be calculated. These costs are referred to as "damage costs”. In this
study, the damage costs are derived by applying values (found in the literature) that
people are willing to pay for reducing their risk of dying from specific activities to
the potential risk of death, from contracting cancer resulting from eating dioxin

burdened fish, faced by the Delta County sport fish eating population. Costs can



20

also be calculated to reflect what a discharging firm incurs to control the release of
the toxic substance to a regulated level. These costs are called "abatement costs. "

This policy model is used to evaluate both current and potential policies in
order to determine whether or not the pollution control level maximizes social welfare
and minimizes the costs to society--usually referred to as Pareto optimality®. This
model takes the earlier explained concept of effectiveness a step further by
incorporating the constraints of maximum protection at a minimum cost. The water
quality based effluent limits and the health advisories are developed to provide an
adequate margin of protection to society without much concern to the costs involved
in achieving the protection. This model adds potential damage costs and abatement
costs to the protection equation and extends the evaluation of whether or not a policy
is protecting a population to a given level of risk to include the costs imposed on
society of achieving a particular level of risk.

This study will attempt to determine whether or not the inconsistencies in
applying risk assessment/management to the development of standards and health
triggers by Michigan regulatory agencies provides a toxic substance policy that is
economically optimal (in the Pareto sense). A policy analysis model is developed and

applied to determine whether or not the application of the Michigan Department of

This concept of maximum welfare at a minimum cost is often referred by economists
as achieving a Pareto optimal solution. Named for the Italian economist Vilfredo
Pareto (1848-1923), the concept refers to a solution in which no one individual can be
made better off without necessarily making some other individual worse off. The
term Pareto efficiency is also used to describe such an allocation as "efficient if
conditions cannot be made unambiguously better (Nicholson, 1985)."
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Natural Resource’s 0.022 ppq dioxin effluent limit for Mead’s Escanaba kraft pulp

mill and a Michigan Department of Public Health dioxin health trigger.of 10 ppt in
fish for the sport fish eating population of Delta County leads to an efficient (Pareto
optimal) allocation of resources. The researchable gquestion for this study is: do the
private costs to the Mead Corporation’s Escanaba kraft pulp mill, incurred as a
result of the Michigan Department of Natural Resource’s dioxin effluent limit,
exceed the benefits of the reduced risk of contracting cancer, which are based on
MDPH and MDNR risk management approaches, received by the Delta County
sport fish eating population?

The objective of this thesis is to develop a policy analysis model that can be
used to evaluate toxic substance regulations in Michigan, by identifying the private
costs to industry and the benefits to society of décreased risk to adverse effects of
toxic contaminated surface water, and determining a range of Pareto optimal
solutions. A critical component of this study lies in translating a quantity of a
regulated effluent into a measurable quantity in fish in order to evaluate whether the
MDNR effluent limit provides the margin of safety required by the MDPH health
trigger without unnecessarily burdening the discharger. The U.S. Food and Drug
Administration risk management approach to dioxin regulation will also be evaluated
with this policy analysis model in order to compare the compatibility of federal and

state approaches to regulating dioxin.



CHAPTER TWO: DIOXIN CONTAMINATION

Dioxin has been at the forefront of the public’s interest since the early 1970s
discoveries of dioxin contamination in New York’s infamous "Love Canal" and at
Times Beach, Missouri. Since its discovery, the compound has been at the center of
policy debates between citizens and regulators, regulators and industry, and amongst
various regulatory agencies. It has also been the subject of intense scientific scrutiny,
especially the 2,3,7,8 TCDD. And, on a regular basis has been a prominent feature
in the developed world’s newspapers.

Through their investigations, scientists have identified a number of sources,
both natural and human based, of dioxin. The fate and transport of the chemical,
along with its chemical characteristics, is now fairly well understood in the scientific
community. As a result, industry is developing process changes to reduce the flow of
dioxin from industrial activities into the environment. However, even after significant
resource expenditures and countless hours of research, one key piece of information
remains uncertain: the effects of dioxin on wildlife and human health.

This chapter provides a limited literature review in an effort to provide a brief
summary of information concerning, ‘the sources, chemical characteristics, and health
effects associated with dioxin. The information will provide a foundation for

understanding the development of dioxin policy in the United States.

22



23

2.1  Sources of Dioxin Contamination

Dioxins are by-products unintentionally created in the manufacturing of other
chemicals. Regulatory concern for dioxin originated from the 1970s detections of
dioxin in the herbicide 2,4,5-T. Other sources identified in the 1970s included the
manufacturing of 2,4,5-trichlorophenol (2,4,5-TCP) and hexachlorophene. The
discovery of 2,4,5-T in waste oil still bottoms used in horse arenas in Times Beach,
Missouri and the leaking of wastes from earlier chemical production, including 2,4,5-
T, disposed of in the "Love Canal" in New York, provided the impetus for federal
and state regulatory policies for the compound.

In the late 1970s, reports surfaced of dioxin being released from combustion
sources, particularly municipal waste incinerators (Barnes, 1985). Dioxin is now
associated with metallurgical processes such as smelting, the manufacture of pulp and

paper and car exhausts (Rappe, 1988).

2.2 Environmental Characteristics of Dioxin

Specific polychlorinated dioxins are defined by the number of chlorine atoms
attached to the basic molecules, and by the position of the chlorine molecules. The
2,3,7,8 TCDD molecule is identified by its four chlorines, and is considered the most

toxic (Figure 2.1) (Rappe, 1988 p.137).
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Cl (0] Cl

Figure 2.1 The 2,3,7,8-TCDD molecule.

Dioxin is a colorless crystalline solid at room temperature. It is nearly
insoluble in water and tends to travel on particles or accumulate in sediments and
organisms (Wentz, 1989). The compound binds strongly with organic carbon and
sediments which S;CE_I:C_aEGL opportunities for the compound to volatilize to the
atmosphere, to be degraded by the sun, or react with water. Once the compound

enters an aquatic ecosystem there is very little chance of it exiting.

Bioaccumulation Because of its persistent nature, dioxin is available to be
bioaccumulated by fish. Bioaccumulation is the process by which an organism
accumulates a substance as a result of ingestion of water and food in which the
substance is dissolved or to which the substance is bound. Dioxin is also highly
soluble in fat which increase its opportunities to accumulating in the fatty tissue of
fish. A number of studies have shown the potential for fish to bioaccumulate dioxin
(Metcalf and Liu, 1973; Isenee and Jones, 1975; and Tsushimoto et al., 1982).

Dioxin uptake in fish varies significantly between species of fish and the organs
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within a fish (Keuhl et al. 1987, Muir et al. 1985). Body burdens (an amount of

toxic substance incorporated in fish tissue) of dioxin in fish result from dioxin
concentrations in several sources including river water, organic carbon consumed
directly by the organism either passively or actively, and food; and by several
species-specific parameters including: uptake, assimilation and feeding rates,
depuration, and growth (Anderson et al. 1990 p.8).

Bioaccumulation factors (BAF) and bioconcentration factors (BCF) are unitless
ratios of toxic substance concentration in water to the concentration of the toxic
substance in fish. Bioconcentration refers to the process by which a dissolved
substance can be taken up by an organism directly from water. The type of data and
its availability generally determines the method for estimating bioaccumulation or
bioconcentration factors.

It has been suggested that food chain models utilizing site-specific data with
their inherent kinetic properties are probably the best means of estimating body
burdens (Anderson et al. 1990 p.18). In the absence of food chain models, Anderson
et al. (1990) suggested utilizing site-specific data for a kinetic approach as the next
best method. Using a mean dioxin concentration from the analysis of twenty-two fish
(northern pike, smallmouth bass, and white sucker) of 10.69 ppt and an Escanaba
River dioxin concentration of 1.48 ppq, Anderson et al. calculated a site specific BAF
for dioxin of 7,238 (see Appendix A).

The BCF utilized by the MDNR s standardized to reflect the value for fresh

fish tissue having a lipid content of 9.6%, and is preferably determined using
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standardized laboratory tests. If bioconcentration factors are not available from
laboratory studies, field data may be used to determine a BCF. In the absence of
field data MDNR guidelines require the BCF be calculated using the following
equation:

log BCF, = 0.847 log Kow - 0.628 (MDNR, 1985)

where: log Kow = the log (base 10) of the ratio of the octanol to
water equilibrium concentrations of a compound.

BCF, = calculated bioconcentration factor from log Kow
or other regression equations.

The current laboratory derived BCF for dioxin is 51,600 for developing water quality
based effluent limits for dioxin in Michigan (Taft, 1990).

An EPA laboratory determination of lake trout dioxin bioaccumulation kinetics
specific to Lake Ontario fish exposure conditions concluded that 140,000 is a
reasonable BAF estimate (Cook, 1990). These three estimates of a BCF and BAFs
are a representative sample of the variability that exists in determining the potential
for fish to accumulate dioxin. The EPA (1990b) used similar BCFs of 5,000 and
50,000 in a recently published risk assessment study of dioxin contaminated receiving

waters from U.S. chlorine-bleaching pulp and paper mills.

Health effects There have been a number of accidental human exposures to dioxin.
These exposures have generally been workers who were accidently exposed to dioxin

during the production or handling of the 2.4.5-trichlorophenoxy acetic acid (2,4,5-T)



27

and products made from this chemical, or through the use of other herbicides
contaminated with dioxin. Studies of exposed individuals are at times contradictory
and are often inconclusive.

For example, a comparison study of 1,261 Agent Orange (a herbicide
containing the dioxin contaminated 2,4,5-T and 2,4-D used to defoliate jungle flora
during the Vietnam War) exposed personnel and 19,101 non exposed personnel
resulted in no statistical difference between cumulative mortality (Wolfe et al. 1989).
However, a Vietnamese study derived the tentative conclusion that the difference in
the infant mortality rates between the villages sprayed with agent orange and the non-
sprayed villages suggests that there may be increased health risk to infants consuming
dioxin-contaminated mother’s milk (Dai et al. 1989).

Bonsor et al. (1989) summarize the rampant uncertainty associated with
current dioxin epidemiological studies,

(1) People who lived in a trailer park at Times Beach, Missouri, where
[dioxin] contaminated oil was used for dust control, show serious impairment
of the body’s immune system, which has the function of protecting from
infectious agents. The effect has been noted in many studies with animals, and
is associated with a loss of lymph tissue. Therefore it was surprising that the
impairment in Times Beach people was not accompanied by increased
morbidity or mortality, and has not been documented in other human studies.
(2) An association between increased soft-tissue cancer and degree of exposure
to herbicides was shown in Swedish workers. The results cannot be directly
attributed to PCDDs because of the great mixture of chemicals included in the
exposures. (3) Liver damage, as measured by various tests of liver enzyme
function, was seen in at least 3 locations among the workers who showed
chloracne, and was also documented following the Seveso explosion, and
among Americans who had sprayed agent orange. Liver damage also shows
up in most sublethal studies with laboratory animals. (4) Damage to the
nervous system has been evident in several of the more severe exposures of
humans, mostly in the peripheral nerves, with loss of sensation. For each of
these items, there were other studies which failed to find such effects.
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The following four deficiencies are found in most if not all of the current
epidemiology studies making it difficult to derive a definitive conclusion on health
effects and the cancer risk of dioxin to humans: (1) lack of sufficiently measured
exposure, (2) lack of sufficient time between exposure and the study for disease
development, (3) a population too small for one to expect to find cases of soft tissue
sarcoma, and (4) possible lack of contamination of the commercial product with
dioxin (CDC, 1983 p.3).

In the absence of concrete human health data animal studies are used to make
extrapolations of adverse human health effects. The toxicity of a substance is
traditionally measured through the use of a bioassay. In a bioassay, a single dose of a
measured amount of a toxic substance is administered to rats or other species to
determine how many animals die. The dose at which 50 percent of the animals die is
considered as the LD50 (lethal dose). An oral LDS5O0 is derived by dosing the animal
by delivering the material to the stomach. The oral LD50 of dioxin varies
significantly among species, from 0.6-2 ug/kg in guinea pigs, and 44 ug/kg in rats to
about 5 mg/kg in hamsters (CDC, 1983 p.5). In spite of this range, among different
tested animals, dioxin is still considered extremely toxic (CDC, 1983).

Because of its accumulative property, after repeated dosing, dioxin is stored in
adipose tissue and to some extent, in the liver and other organs. Lifetime studies
conducted on rats and mice have concluded that dioxin affects reproduction in female
animals, depresses the cell-mediated immune response, is toxic to the liver, and

causes cancer (CDC, 1983). Through the evaluation of animal bioassays, the EPA
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(1984) independently concluded that several rodent studies establish dioxin as an
animal carcinogen in multiple species and organs and is probably carcinogenic in
humans.

The MDNR, in developing its regulatory response to toxic substances, assumes
that all animal carcinogens are human carcinogens. The MDNR assumes the
following: ,

since every known human carcinogen, with the exemption of arsenic, has also

been found to be carcinogenic in animals, prudent policy is to accept the use
of such data, rather then wait for proof of human carcinogenicity (MDNR,

1984 p.27).

In the Kociba et al. (1978) study animals were given dioxin in the doses of
0.001, 0.01, and 0.1 ug/kg/day. The animals in the highest dose group exhibited
various cancers of the liver in 11/49 female rats compared to 1/86 in the control
group. At the 0.01 ug/kg dose, hyperplasia of the liver and lung was observed. The
lowest dose group observed no adverse effects and was considered the no-observable-
adverse-effect-level (NOAEL’). The Kociba et al. (1978) study is the foundation for
quantitative risk assessments for dioxin made by the EPA, FDA, MDPH, and the

MDNR.

2.3  The Pulp and Paper Industry as a Source of Dioxin Contamination
After finding dioxin in native fish collected downstream from a number of

pulp and paper mills, the EPA and the paper industry undertook a study in 1986 to

7 The NOAEL refers to the highest level of toxicant that results in no observable
adverse effects to exposed test organisms (MDNR, 1985).
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determine the occurrence and fate of dioxins and related furans in five bleached kraft
mills. Results of the EPA/Paper Industry Cooperative Dioxin Screening Study,
released in 1988, indicated that dioxin is formed as trace contaminants during the
bleaching of kraft hardwood and softwood pulps with chlorine and chlorine
derivatives. The study also indicated that dioxin was found in treated wastewater
effluent from three of five of the kraft mills at levels ranging from 0.015 to 0.12 ppt
(USEPA, 1988a).

Kraft is both the Swedish and German word for strong. It refers to a
particular pulping process in which wood is separated into its individual fibers by
cooking wood chips under pressure and elevated temperature in a digester with strong
alkali, Figure 2.3 (Smook, 1982). The lignin and non-fibrous material are recovered
as black liquor at a 96 to 99.5 percent recovery rate. The remaining black liquor
becomes part of the mill effluent and can negativély impact the downstream aquatic
environment (Bonsor et al., 1989). The efficiency and reliability of the black liquor
recovery system is directly related to all effluent parameters except those related to
chlorinated organics such as dioxin (Bonsor et al., 1989).

The majority of the pulp is then bleached by chlorine and related chemicals
(Figure 2.3), and dried for sale or used on site to make paper. Traditional bleaching
processes cause up to 7 percent of the weight of the pulp to be discharged in the form
of a wide variety of compounds, including organochlorines. A minute amount of the
total organochlorine discharge consists of dioxins (Bonsor et al., 1989).

The Pulp and Paper Research Institute in Canada’s (PAPRICAN) 1988
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laboratory studies concluded that a "boundary line" of dioxin formation depends upon
the proportion of chlorine and chlorine dioxide used and the amount of bleach
chemicals added (Fales, 1988). Non-chlorinated contaminants, especially in defoamer
made from recycled oil, were identified as a second major potential source of dioxin
(Fales, 1988). New defoamers without dioxin precursors are now on the market

making this a fairly negligible source of dioxin in current pulping operations.

Fiter

Pulp
chest

Figure 2.3  Kraft pulp operation with a conventional bleach plant (USEPA, 1990a).
To reduce chlorine use the industry is examining a number of options. The

substitution of chlorine dioxide for molecular chlorine appears to be the most

promising approach for existing mills. A second option is the substitution of peroxide

as a final polishing stage where added brightness is desired. Oxygen delignification is
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an option for new mills or existing mills with adequate chemical recovery capacity.
Other measures such as improved pitch control, brownstock washing, improved
process control for good uniformity, and kappa factor control® are effective measures
which have generally been incorporated into current pulp mill processes (USEPA,
1990a).

The pulp and paper industry is examining several available and emerging
technologies to reduce dioxin formation in both the pulping and bleaching stages.
Technologies currently available for minimizing dioxin contamination through pulping
process changes include: extended delignification, oxygen delignification, polysulfide
cooking, and improved pulp washing. Current bleaching process technology changes
include: chlorine dioxide substitution, oxygen extraction, Monox-L substitution,
control of chemical dosage, improved mixing, split chlorine addition/pH control, and
monitoring of the chlorine multiple (USEPA, 1990a)°. Three wastewater treatment
technologies have shown some effectiveness in eliminating dioxin, these include
ultrafiltration, chemically assisted clarification, and enhanced photooxidation,
however, they are not widely used.

The Michigan Department of Commerce (MDC) has been marketing the state

as an ideal site for pulp and paper investments (MDC, 1982). MDC maintains that

¥ A kappa factor is a measure of lignin in pulp, according to a standard

laboratory procedure.

® See USEPA 1990a for a comprehensive treatment of available and emerging
technology for decreasing and eliminating dioxin formation in pulp and paper
production.
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Michigan can provide the required forest resources, freshwater, large land area and
accessibility to markets for the potential products. Bleached kraft pulp, sanitary paper
products, and printing/writing papers have been identified as the best use for the
forest resource (MDC, 1982).

Despite the current dioxin regulations pulp and paper mills continue to
investigate pulp and paper mill investment opportunities in Michigan. This is
exemplified by James River Corporation’s recent analysis concerning the suitability
for siting a puip and paper mill on Michigan’s Keweenaw Peninsula. Although,
James River ultimately decided against siting a mill on the Keweenaw, the potential
exists for future pulp and paper mill development in Michigan.

Because of Michigan’s attractiveness to pulp mill development and the ever
present need of increased employment and tax opportunities it is critically important
that state regulations be objectively exarﬁined to ensure that the health, welfare and
safety of the people of Michigan is preserved. The use of the policy analysis model
developed in Chapter 4 is one tool that is available to assist state regulators in
determining what pollution control level will maximize social welfare and minimize
the costs to society. However, before the model is presented a brief examination of
the current institutional setting for dioxin policy is necessary. The following chapter
will address federal and state responses to dioxin contamination as well as illustrate

some of the inconsistencies within Michigan’s dioxin policy.



CHAPTER THREE: INSTITUTIONAL SETTING FOR DIOXIN POLICY

Policy is a course of action adopted by governments to make decisions and
influence the behavior of firms and individuals (Morris, 1979). Policies are
generally made in response to a perceived or real threat to society, such as exposure
to pollution. The policy making process is one marked by perpetual evolution; as
policy is developed and implemented it is continually assessed and reformulated. The
dynamic nature of society forces policy to be receptive to change. This constantly
changing nature of environmental policy is exemplified by the recent passage of the
1990 Clean Air Act amendments which strengthened the 1977 amendments to the
1970 Clean Air Act.

Environmental policy is often differentiated by resource, (air, water, land)
with various agreements, laws and rules developed to address specific threats to the
quality of the resource. Pollutants that threaten human health or the aquatic
environment at relatively low concentrations are generally referred to as toxic
substances (Wentz, 1989). Three primary directives exist for restoring and protecting
the Great Lakes from toxic substances: (1) the Great Lakes Water Quality Agreement;
(2) the Federal Clean Water Act, and equivalent state laws; and (3) the Great Lakes
Toxic Substance Control Agreement. These agreements encompass international,
federal and state jurisdictions.

In the U.S., the Environmental Protection Agency and the Food and Drug

Administration (FDA) of the U.S. Department of Health and Human Services have

34
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primary jurisdiction for enforcing international and federal policy for protecting the
population from exposure to toxic substances, such as dioxin, in surface water. Great
Lakes States also enforce international policy, in the form of the Great Lakes Toxic

Substance Control Agreement, as well as implement state toxic substance regulations.

3.1  International Response to Toxic Substances in the Great Lakes

The Great Lakes Water Quality Agreement (GLWQA), signed in 1972, revised
in 1978 and amended in 1987, is an international commitment signed by the U.S. and
Canada, in cooperation with Ontario and the eight Great Lakes states, "to restore and
maintain the chemical, physical and biological integrity of the waters of the Great
Lakes Basin ecosystem (UC, 1989)." Article 2 of the agreement, commits Canada
and the U.S. to a policy requiring, that the discharge of toxic substances in toxic
amounts be prohibited and the discharge of any or all persistent toxic substances be
virtually eliminated (EPA, 1989).

The Great Lakes Toxic Substances Control Agreement, signed by the eight
Great Lakes Governors in 1986 and agreed to by Ontario and Quebec in 1988,
commits the states to actions congruent with the GLWQA. Specifically, Principle IV
states:

The signatory States commit to continue reducing toxics in the Great Lakes

Basin to the maximum extent possible. Such actions shall be consistent with

the Federal Clean Water Act goal of prohibiting the discharge of toxic

pollutants in toxic amounts, as well as the Great Lakes Water Quality

Agreements’s aim to “virtually eliminate" the discharge of all persistent toxic

substances.

The governors further agreed that the permitting process is the "best means now
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available” to regulatory agencies for controlling the release of toxic substances. The
Agreement also states that "discharges, emissions or releases of toxic substances will
be controlled by a regulatory permit process in order to reduce or eliminate the
negative effects of toxics on human health and the environment."

These international policies provide specific goals and objectives for
controlling the release of toxic substance. To achieve these goals agencies need to

implement and enforce federal and state protection policies.

3.2 Federal Response to Dioxin Contamination

The Federal Clean Water Act of 1972 (33 U.S.C. 1251 et seq.) is the primary
water pollution control law in the United States. Section 101 refers to the elimination
of pollution discharges as a specific goal:

The objective of this Act is to restore and maintain the chemical, physical, and

biological integrity of the Nation’s waters. In order to achieve this objective,

it is hereby declared that, consistent with the provisions of this Act,

(1) it is the national goal that the discharge of pollutants into
navigable waters be eliminated by 1985;

(2) it is the national goal that wherever attainable, an interim goal
of water quality provides for the protection and propagation of fish,
shellfish, and wildlife, and provides for recreation in and on the water
be achieved by July 1, 1983;

(3) it is the national policy that the discharge of toxic pollutants in
toxic amounts be prohibited;

In an attempt to achieve these rigorous goals, the act "combines two approaches to

water pollution control: a water quality-based approach and a technology-based
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approach” (Goldfarb, 1988 p. 167).

Water quality standards provide the foundation for water quality-based
pollution control, which up until 1972 characterized U.S. water pollution control
policy. Water quality standard are defined by Goldfarb Was having two parts:

(1)  a designation of the desired use for a given body of water, and

(2) the water quality criteria appropriate for that use.

The water quality criteria "are specific levels of water quality that, if not exceeded,
are expected to render a body of water suitable for its designated use." In order to
control the discharge of particular substances from an industrial firm, water quality
standards are translated into water quality-based effluent limitations. These effluent
limitations are "restrictions on quantities, rates, and concentrations in waste water
discharges measured at the discharger’s outfall pipe" (Goldfarb, 1988).

Although water pollution control policy was traditionally based on the water
quality-based approach, it has been generally deemed a failure due to the following
eight deficiencies identified by Goldfarb:

(1)  There is not yet an adequate scientific basis for tying water quality
criteria to designated uses.

(2)  Assigning wasteload allocations to discharges based on mathematical
models is still an uncertain enterprise because of the relatively primitive
nature of even the best advanced water quality models.

(3)  Modeling and wasteload allocation difficulties are compounded by the
concept of "mixing zones." A mixing zone is an area around a
discharge point in which a discharger is permitted to mix its wastes
without liability for violating water quality standards.

(4)  Even if waterbodies could be modeled precisely there would be thorny
problems of distributional equity in attempting to allocate wasteloads.
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(5)  The variability of water quality-based effluent limitations is also a
major obstacle to enforcement.

(6)  Because water quality-based effluent limitations are so difficult to set
and enforce, there are many waterbodies or segments of waterbodies
where state agencies have not established them, especially for toxic
pollutants.

(7) Many people consider the water quality-based approach to be morally
intolerable. It assumes that, to some extent,"pollution is the price of
progress.”

(8)  The bioassay is a highly useful tool for determining the toxicity of
mixed waste streams, but it has limitations with regard to water
pollution control in general. Bioassays are insensitive to long-term
effects, bioaccumulative effects, and synergistic or antagonistic effects
of multiple discharges.

In 1972, Congress redirected U.S. water pollution control policy to include
uniform national technology-based effluent limitations which are to be "progressively
tightened until a ’zero discharge’ goal is reached" (Goldfarb, 1988). The technology-
based approach is focused on preventing the causes of water pollution rather than
relying on a tolerable level of pollution. According to Goldfarb, the current CWA
debate "now involves whether further water quality improvement is worth the cost of
installing expensive control technology, and whether these more sophisticated control
mechanisms are necessary to restore or maintain desired waterbody uses."

While the move to water pollution policy is towards the prevention oriented
technology-based approach, until these limits are developed, water quality standards
will remain the primary state control mechanism for water pollution. The National

Pollutant Discharge Elimination System (NPDES) is the program in which states and

regional EPA offices translate effluent limitations into enforceable permit conditions.
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An NPDES permit contains three parts: effluent limitations and monitoring

requirements, monitoring and reporting, and compliance schedules. In general, each
regulated pollutant in a permit has effluent limitations expressed in terms of load and
concentration with each pollutant having a maximum daily discharge limitation and an
average monthly discharge limitation (MDNR, 1989¢c). For example, the Mead
Escanaba pulp mill’s NPDES permit requires a monthly average of 0.022 ppq dioxin,
however, it does not contain a daily maximum for dioxin. The permit also specifies
that for monitoring purposes samples must be made twice monthly using a 24 hour
composite effluent sample (MDNR, 1989c).

Reasserting the goals of both the 1972 CWA and the GLWQA, section 118 of
the 1987 CWA amendments states that the U.S. should "seek to attain the goals
embodied in the Great Lakes Water Quality Agreement of 1978 with particular
emphasis on goals related to toxic substances.” In Section 118(c)(1)(E) of the CWA,
Congress specifies the EPA as the lead agency to coordinate its actions with other
federal, state and local authorities to ensure their input and support in achieving the
objectives of the GLWQA (EPA, 1989a). Section 304(a) of the CWA requires the
U.S. EPA to establish criteria which enable states to adopt water quality-based
effluent standards, anti-degradation policies'®, and implementation procedures

necessary to achieve the goals of the CWA in the Great Lakes (EPA, 1989a).

19 The "restore and maintain" language of section 101 of the CWA provides a
national goal that not only requires the clean up of polluted waters but also
forestalls the degradation (referred to as anti-degradation) of current high-
quality waters (Goldfarb, 1988 p. 174).
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Discharge under the NPDES must meet the more stringent of either water
quality-based effluent standards or technology based limitations. Water quality-based
effluent limits are derived by states to meet state water quality standards. The EPA is
responsible for developing treatment based standards (technology-based approach).
The agency is expected to have proposed best available, economically achievable
technology limits by 1993, with final regulations by 1995 (USEPA, 1990b). These
effluent guidelines will focus on process changes designed to prevent pollution from
initially occurring (USEPA, 1990b).

The NPDES program requires all dischargers, industrial and municipal, to
obtain a discharge permit. The permit is "either a temporary privilege to use a
waterbody for waste disposal until improved pollution control technology is developed
or, where an ambient based variance is available, a warning that discharges that
disrupt the integrity of the water body are unacceptable” (Goldfarb, 1988, p. 208).
The program is administered by either an EPA regional office or by a state that has
received EPA permission to issue permits. The CWA sets provisions for the U.S.
EPA to delegate a NPDES program to a state, provided it possess the resources and

statutory authority to implement it.
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Environmental Protection Agency In 1983, the EPA issued its "National Dioxin

Strategy," which provided a systematic framework for investigating the nature of
dioxin contamination throughout the U.S.! This strategy was a first attempt at
comprehensively collecting information to assess the risks posed by dioxin in the
environment and to subsequently minimize (manage) any risks to human health or the
environment.

The strategy consisted of seven tiers of activity focusing on known and
suspected sources of dioxin contamination (Table 3.1). The first part of the strategy
dealt with production facilities of 2,4,5-T or its derivatives. The second part formed
the "National Dioxin Study," which included sampling air, water, soil and fish and
selected pesticide formulators, combustion sources, sites of commercial pesticide use,
and chemical manufacturing sites (Barnes, 1985).

Among the results from the National Dioxin Study, dioxin was identified in
native fish collected downstream from pulp and paper mills. The subsequent finding
of dioxin in bleached kraft pulp and paper mill wastewater sludge lead to the
development of a detailed process evaluation study conducted by the EPA and the
paper industry (EPA, 1988a). The findings of the cooperative study confirmed that

bleach kraft pulp mills were a source of dioxin contamination of surface waters.

' See Van Strum and Merrell for a comprehensive overview of early dioxin
regulatory issues.
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Table 3.1 An overview of the U.S. EPA National Dioxin Strategy'

Tier 1 2,4,5-Trichlorophenol (2,4,5, TCP) production sites

Tier 1A Waste sites associated with Tier 1 sites

Tier 2 2,4,5-TCP used as a precursor

Tier 2A Waste sites associated with Tier 2 sites

Tier 3 Formulators/Blenders of 2,4,5-TCP and derivatives

Tier 3A Waste sites associated with Tier 3 sites

Tier 4 Combustion Sources

Tier 5 Present/past use sites

Tier 6 Other manufacturing facilities where poor quality control might
result in formation of dioxin

Tier 7 "Background” sites

In response to these findings the EPA established an agency goal to eliminate
the presence of dioxin in discharges from pulp and paper mills to U.S. waters (EPA,
1988b). In support of this goal the EPA developed an interim strategy for the
regulation of dioxin discharges from pulp and paper mills. The strategy consists of:

(1)  aggressive action to fully implement or, where necessary, to develop

State water quality standards for dioxin applicable to water bodies

where mills using chlorine bleach processes are discharging;

(2)  collection of data on each of the 104 affected mills, including dioxin
levels in their pulp, effluent and sludge;

(3)  detailed technical evaluation of wastewater treatment technologies
and/or in-process changes to reduce or eliminate the presence of dioxin
in wastewater discharges; and

12" Adapted from Barnes, 1985.
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issuance of NPDES permits that regulate and require monitoring for
dioxin, examine effluent toxicity and provide for monitoring to tighten
controls consistent with the final strategy and requirements of the CWA
(EPA, 1988b).

In 1989, the EPA Region 5 Office, which has jurisdiction over the Great

Lakes States, developed a detailed approach for the regulation of pulp and paper mill

dioxin discharges as a follow up to the interim strategy. This approach was proffered

to states as a framework for setting water quality and technology based limits in paper

mill effluent. The major elements of the approach include:

o)

@

3

Placement in all bleaching mill permits of Best Management Practices
requirements, dioxin control plans, and interim limits for dioxin
designed to allow flexibility from mill to mill, yet require steady
progress toward the lowest possible levels of dioxin discharge. These
provisions would not take effect unless "triggered" by existing or future
confirmation of dioxin at the mills.

Placement of water quality based effluent limits for dioxin in permits
for all bleached kraft mills and all other bleaching mills where dioxin is
found. Compliance required by June 1992 if listed on the CWA 304 (1)
list. Non detection of dioxin with good quality assurance would be
defined as compliance.

Monitoring requirements for wastewater, sludge and fish tissue
(USEPA, 1989b).

Independent of the National Dioxin Study, EPA undertook risk

assessment/management activities to assess the health risks associated with d